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Resume: INTRODUCTION The introduction 
outlines the global burden of depressive 
disorders, emphasizing their impact on 
quality of life and the economy. It traces the 
historical development of neuroimaging in 
psychiatry, highlighting the importance of 
various imaging techniques such as MRI, 
fMRI, PET, and SPECT in uncovering the 
neurobiological underpinnings of depression. 
Key brain regions affected by depression, 
including the prefrontal cortex, hippocampus, 
and amygdala, are discussed, alongside 
neurotransmitter imbalances and default 
mode network (DMN) disruptions. The role 
of neuroinflammation, genetic influences, 
chronic stress, and gender differences in 
neuroimaging findings are also explored. 
OBJETIVE To review and synthesize current 
findings on structural brain abnormalities 
in depressive disorders. METHODS This is 
a narrative review which included studies in 
the MEDLINE – PubMed (National Library 
of Medicine, National Institutes of Health), 
COCHRANE, EMBASE and Google Scholar 
databases, using as descriptors: “Descriptors” 
AND “Neuroimaging Techniques” AND 
“Depressive Disorders” AND “Brain Structure 
and Function” AND “Treatment Response” 
AND “Neurobiological Markers” in the last 
years. RESULTS AND DISCUSSION This 
section delves into specific neuroimaging 
findings associated with depressive disorders. 
It discusses structural abnormalities such as 
reduced grey matter volume in critical regions 
like the prefrontal cortex and hippocampus, 
and functional connectivity changes within 
networks like the DMN and salience network. 
The discussion includes the impact of 
chronic stress and neuroinflammation on 
brain structure, the role of genetic factors, 
and the distinct neuroimaging profiles of 
treatment-resistant depression. Furthermore, 
the effects of therapeutic interventions, 
including antidepressants, psychotherapy, 

and neuromodulation techniques, on brain 
structure and function are analyzed. Gender 
differences, the relationship between cognitive 
impairment and neuroimaging findings, and 
the impact of sleep disturbances, substance 
abuse, and physical exercise on brain changes 
in depression are also covered. CONCLUSION 
The introduction outlines the global burden of 
depressive disorders, emphasizing their impact 
on quality of life and the economy. It traces 
the historical development of neuroimaging 
in psychiatry, highlighting the importance 
of various imaging techniques such as MRI, 
fMRI, PET, and SPECT in uncovering the 
neurobiological underpinnings of depression. 
Key brain regions affected by depression, 
including the prefrontal cortex, hippocampus, 
and amygdala, are discussed, alongside 
neurotransmitter imbalances and default 
mode network (DMN) disruptions. The role 
of neuroinflammation, genetic influences, 
chronic stress, and gender differences in 
neuroimaging findings are also explored.
Keywords: Depression; Neuroimaging; 
Functional Connectivity; Brain Structure; 
Treatment Response.

INTRODUCTION
Depressive disorders, including major 

depressive disorder (MDD), represent a 
significant global health burden, affecting 
millions worldwide and contributing to 
substantial disability¹. Characterized by 
persistent feelings of sadness, loss of interest 
in activities, and a range of cognitive and 
physical symptoms, depression adversely 
impacts daily functioning and quality of 
life¹. Epidemiological studies indicate a 
high prevalence of depressive disorders 
across various populations, with significant 
implications for public health and clinical 
practice². The pathophysiology of depression 
is complex, involving genetic, environmental, 
and neurobiological factors that interact to 
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influence the onset and progression of the 
disorder². The application of neuroimaging 
techniques in psychiatry has significantly 
advanced our understanding of the neural 
underpinnings of mental disorders, including 
depression³. Early neuroimaging studies 
focused on structural abnormalities using 
techniques such as computed tomography 
(CT) and magnetic resonance imaging 
(MRI)4. Over the past few decades, functional 
imaging modalities, including functional 
MRI (fMRI), positron emission tomography 
(PET), and single-photon emission computed 
tomography (SPECT), have provided 
insights into the functional connectivity and 
activity patterns associated with psychiatric 
conditions5. These advancements have paved 
the way for a more nuanced understanding of 
the brain-behavior relationship in depressive 
disorders5. 

Neuroimaging has emerged as a crucial tool 
in unraveling the complex pathophysiology 
of depressive disorders6. By visualizing 
structural and functional brain alterations, 
neuroimaging studies have identified key 
neural circuits implicated in mood regulation, 
cognitive processing, and emotional response. 
These findings have not only enhanced 
our understanding of the neurobiological 
basis of depression but have also informed 
the development of targeted therapeutic 
interventions6. Furthermore, neuroimaging 
biomarkers hold promise for improving 
diagnostic accuracy, predicting treatment 
response, and monitoring disease progression 
in clinical settings7. Various neuroimaging 
techniques have been employed to investigate 
the neural correlates of depression, each 
offering unique insights into brain structure 
and function8. MRI provides high-resolution 
images of brain anatomy, enabling the 
identification of structural abnormalities8. 
Functional MRI (fMRI) measures brain 
activity by detecting changes in blood flow, 

offering insights into functional connectivity 
and neural activation patterns. PET and 
SPECT use radioactive tracers to visualize 
metabolic activity and neurotransmitter 
systems, providing a functional assessment of 
brain regions involved in mood regulation9. 
Each of these techniques contributes to 
a comprehensive understanding of the 
neurobiological alterations in depressive 
disorders9. 

Structural neuroimaging studies have 
consistently reported alterations in brain 
regions implicated in mood regulation 
and cognitive function in patients with 
depression10. Reduced gray matter volume 
in the prefrontal cortex, hippocampus, and 
anterior cingulate cortex (ACC) are among the 
most robust findings. These regions are critical 
for executive function, emotional regulation, 
and stress response10. Hippocampal atrophy, 
in particular, has been linked to the duration 
and severity of depressive episodes, suggesting 
a progressive impact of the disorder on 
brain structure11. Functional neuroimaging 
studies have highlighted disruptions in brain 
activity and connectivity in depression11. 
Decreased activity in the prefrontal cortex 
and increased activity in limbic regions, such 
as the amygdala, are common findings12. 
These alterations reflect impaired top-down 
regulation of emotions and heightened 
sensitivity to negative stimuli12. Additionally, 
abnormalities in the default mode network 
(DMN), which is involved in self-referential 
thinking and mind-wandering, have been 
observed, contributing to the pervasive 
rumination and negative thought patterns 
characteristic of depression13.

The prefrontal cortex plays a pivotal 
role in cognitive control, decision-making, 
and emotional regulation14. In depression, 
structural and functional abnormalities in 
the prefrontal cortex have been extensively 
documented14. Reduced gray matter volume 
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and hypometabolism in the dorsolateral 
prefrontal cortex (DLPFC) and ventromedial 
prefrontal cortex (VMPFC) are associated 
with cognitive deficits and impaired emotion 
regulation15. These findings underscore the 
importance of targeting prefrontal cortex 
dysfunction in therapeutic interventions 
for depression15. The amygdala, a key 
region involved in emotional processing 
and reactivity, exhibits increased activity in 
depressive disorders16. This hyperactivity 
is thought to contribute to the heightened 
emotional reactivity and negative affective 
bias observed in depression16. Functional 
connectivity studies have shown altered 
interactions between the amygdala and 
prefrontal regions, suggesting impaired 
regulation of emotional responses17. These 
alterations in amygdala function highlight 
its role in the pathophysiology of depression 
and its potential as a target for therapeutic 
interventions17. 

The hippocampus, involved in memory 
formation and stress regulation, shows 
significant volume reductions in patients 
with depression18. Hippocampal atrophy has 
been linked to prolonged exposure to stress 
hormones, such as cortisol, and is associated 
with cognitive impairments and increased 
vulnerability to recurrent depressive 
episodes18. Longitudinal studies suggest that 
hippocampal volume reductions may serve 
as a biomarker for the chronicity and severity 
of depression, emphasizing the need for early 
and effective treatment strategies19. Alterations 
in neurotransmitter systems, particularly 
serotonin, dopamine, and glutamate, play 
a critical role in the pathophysiology of 
depression19. Neuroimaging techniques 
such as PET and SPECT have been used to 
visualize these neurotransmitter systems 
in vivo20. Reduced serotonin transporter 
availability and altered dopamine receptor 
binding have been observed in depressed 

patients, reflecting dysregulation of these 
neurotransmitter pathways21. These findings 
support the development of pharmacological 
treatments targeting specific neurotransmitter 
systems to alleviate depressive symptoms22.

The default mode network (DMN), a 
network of brain regions active during rest 
and self-referential thinking, exhibits altered 
connectivity in depression23. Decreased 
connectivity within the DMN, particularly 
between the medial prefrontal cortex and 
posterior cingulate cortex, has been linked 
to increased rumination and negative self-
focused thought24. These disruptions in DMN 
connectivity contribute to the pervasive 
cognitive and emotional symptoms of 
depression and offer potential targets for 
therapeutic interventions aimed at restoring 
network function24. Neuroinflammation 
has emerged as a critical factor in the 
pathophysiology of depression, with 
neuroimaging studies providing evidence of 
increased inflammation markers in the brain25. 
Microglial activation and elevated levels 
of pro-inflammatory cytokines have been 
observed in depressed patients, suggesting 
an immune response component to the 
disorder25. Neuroimaging techniques such as 
PET can visualize these inflammatory changes, 
offering insights into the neurobiological 
mechanisms linking inflammation and 
depression and identifying potential targets 
for anti-inflammatory treatments26.

Genetic factors significantly influence 
neuroimaging findings in depression, with 
specific polymorphisms affecting brain 
structure and function27. Variations in genes 
such as SLC6A4 (serotonin transporter) 
and BDNF (brain-derived neurotrophic 
factor) have been associated with alterations 
in brain morphology and connectivity28. 
These genetic influences underscore the 
heterogeneity of depression and the need for 
personalized approaches to diagnosis and 
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treatment based on genetic and neuroimaging 
profiles28; Chronic stress is a major risk 
factor for the development of depressive 
disorders, exerting profound effects on brain 
structure and function29. Prolonged exposure 
to stress hormones, particularly cortisol, 
leads to hippocampal atrophy, prefrontal 
cortex volume reductions, and amygdala 
hyperactivity29. Neuroimaging studies have 
documented these changes, highlighting the 
importance of stress management and early 
intervention in preventing and mitigating the 
neurobiological impact of chronic stress on 
depression30.

Gender differences in the prevalence and 
clinical presentation of depression are well-
documented, with women more likely to 
experience depressive episodes than men30. 
Neuroimaging studies have revealed gender-
specific alterations in brain structure and 
function, with women typically showing 
greater hippocampal atrophy and reduced 
prefrontal cortex volume compared to men31. 
These differences may reflect hormonal 
influences and social factors, emphasizing the 
need for gender-sensitive approaches to the 
diagnosis and treatment of depression31. The 
identification of neuroimaging biomarkers 
for depression holds promise for improving 
diagnostic accuracy and tailoring treatment 
strategies32. Structural and functional 
abnormalities in brain regions such as 
the prefrontal cortex, hippocampus, and 
amygdala, as well as altered neurotransmitter 
activity, have been proposed as potential 
biomarkers32. However, the clinical application 
of these biomarkers requires further validation 
and standardization to ensure reliability and 
efficacy in diverse patient populations33.

Neuroimaging studies have explored 
the predictive value of brain structure and 
function in determining treatment response 
in depression33. Baseline abnormalities in 
the prefrontalactivity, connectivity patterns 

within the default mode network (DMN), 
and neurotransmitter system functionality 
have been correlated with clinical outcomes34. 
For instance, pre-treatment hyperactivity 
in the amygdala and reduced connectivity 
in the DMN have been associated with 
poorer responses to standard antidepressant 
therapies, indicating the potential of 
neuroimaging markers to guide personalized 
treatment plans34. These predictive markers 
could revolutionize the management of 
depression, leading to more targeted and 
effective interventions tailored to individual 
neurobiological profiles35. 

OBJETIVES
To review and synthesize current findings 

on structural brain abnormalities in depressive 
disorders.

SECUNDARY OBJETIVES
1. To evaluate functional connectivity 
changes in the brains of individuals with 
depression.
2. To analyze the predictive value of 
neuroimaging markers for treatment 
response in depression.
3. To investigate the neurobiological 
mechanisms underlying treatment-
resistant depression.
4. To explore gender differences in 
neuroimaging findings in depressive 
disorders.
5. To examine the impact of chronic 
stress on brain morphology and function 
in depression.
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METHODS
This is a narrative review, in which the main 

aspects of current findings on structural brain 
abnormalities in depressive disorders in recent 
years were analyzed. The beginning of the study 
was carried out with theoretical training using 
the following databases: PubMed, sciELO and 
Medline, using as descriptors: “Descriptors” 
AND “Neuroimaging Techniques” AND 
“Depressive Disorders” AND “Brain Structure 
and Function” AND “Treatment Response” 
AND “Neurobiological Markers” in the last 
years. As it is a narrative review, this study does 
not have any risks. 

Databases: This review included studies in 
the MEDLINE – PubMed (National Library 
of Medicine, National Institutes of Health), 
COCHRANE, EMBASE and Google Scholar 
databases.

The inclusion criteria applied in the 
analytical review were human intervention 
studies, experimental studies, cohort studies, 
case-control studies, cross-sectional studies 
and literature reviews, editorials, case reports, 
and poster presentations. Also, only studies 
writing in English and Portuguese were 
included. 

RESULTS AND DISCUSSION
Neuroimaging studies have consistently 

documented structural brain abnormalities 
in patients with depressive disorders, with 
the prefrontal cortex, hippocampus, and 
anterior cingulate cortex (ACC) being 
most frequently implicated36. Reduced 
grey matter volume in these regions is a 
hallmark of major depressive disorder 
(MDD), suggesting a neurodegenerative 
component to the disease36. The prefrontal 
cortex, crucial for executive functions and 
emotional regulation, often shows significant 
atrophy in depressed individuals, correlating 
with the severity of cognitive deficits and 
mood dysregulation observed clinically36. 

Hippocampal atrophy, linked to prolonged 
exposure to glucocorticoids and chronic 
stress, reflects the cumulative neurobiological 
impact of recurrent depressive episodes37. 
These structural changes underscore the 
need for early and sustained intervention to 
mitigate the progression of brain atrophy in 
depression37.

Functional connectivity alterations in 
depression have been extensively studied using 
resting-state fMRI (rs-fMRI) 38. Disruptions 
in the default mode network (DMN), 
salience network, and central executive 
network are common findings38. The DMN, 
which includes the medial prefrontal cortex, 
posterior cingulate cortex, and angular gyrus, 
exhibits decreased connectivity in depressive 
patients, particularly between the prefrontal 
cortex and posterior regions38. This decreased 
connectivity is associated with increased 
rumination and negative self-referential 
thinking, core features of depression39. 
Additionally, increased connectivity within 
the salience network, which includes the 
amygdala and insula, has been observed, 
reflecting heightened emotional reactivity 
and sensitivity to negative stimuli39.

The prefrontal cortex (PFC) plays a pivotal 
role in cognitive control, decision-making, 
and emotional regulation40. In depression, 
both structural and functional abnormalities 
in the PFC have been documented. Reduced 
grey matter volume and hypoactivity in 
regions such as the dorsolateral prefrontal 
cortex (DLPFC) and ventromedial prefrontal 
cortex (VMPFC) are commonly observed, 
correlating with cognitive impairments 
and difficulties in emotion regulation40. 
These alterations in the PFC are thought to 
underlie many of the cognitive and emotional 
symptoms of depression, including impaired 
concentration, indecisiveness, and emotional 
lability41. Therapeutic interventions that 
target PFC dysfunction, such as transcranial 



 7
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1594542414069

magnetic stimulation (TMS) and cognitive-
behavioral therapy (CBT), have shown 
promise in alleviating depressive symptoms 
by enhancing PFC activity and connectivity41.

The amygdala, a critical region for 
emotional processing and reactivity, 
exhibits hyperactivity in depressive states41. 
Neuroimaging studies using fMRI and 
PET have consistently shown increased 
amygdala activation in response to negative 
emotional stimuli in depressed individuals42. 
This heightened activity is associated with 
increased emotional reactivity, anxiety, and 
negative affect, core features of depression42. 
Furthermore, altered connectivity between 
the amygdala and prefrontal regions, 
particularly the medial prefrontal cortex, 
impairs the top-down regulation of emotions, 
contributing to persistent negative mood and 
affective instability42. These findings highlight 
the amygdala’s role in the pathophysiology 
of depression and its potential as a target for 
therapeutic interventions aimed at reducing 
emotional reactivity and improving emotion 
regulation43.

Hippocampal atrophy is a well-documented 
finding in depression, with studies 
consistently showing reduced hippocampal 
volume in depressed patients compared to 
healthy controls43. This atrophy is particularly 
pronounced in individuals with chronic, 
recurrent episodes of depression, suggesting 
a cumulative effect of prolonged exposure 
to stress and depressive symptoms on 
hippocampal integrity44. The hippocampus 
plays a crucial role in memory formation and 
stress regulation, and its atrophy is associated 
with cognitive impairments and increased 
vulnerability to future depressive episodes44. 
Longitudinal studies have shown that effective 
treatment and remission of depressive 
symptoms can partially reverse hippocampal 
atrophy, highlighting the importance of timely 
and sustained intervention in mitigating the 

neurobiological impact of depression45.
Neurotransmitter imbalances, particularly 

involving serotonin, dopamine, and 
glutamate, are central to the pathophysiology 
of depression46. Neuroimaging techniques 
such as PET and SPECT have been used to 
visualize these neurotransmitter systems in 
vivo, providing insights into their role in 
depressive disorders47. Reduced serotonin 
transporter availability in the midbrain and 
altered dopamine receptor binding in the 
striatum have been observed in depressed 
patients, reflecting dysregulation of these 
neurotransmitter pathways47. Additionally, 
altered glutamate levels, detected using 
magnetic resonance spectroscopy (MRS), 
suggest a role for excitatory neurotransmission 
in depression48. These findings support the 
development of pharmacological treatments 
targeting specific neurotransmitter systems to 
alleviate depressive symptoms48.

The default mode network (DMN), a 
network of brain regions active during rest 
and self-referential thinking, exhibits altered 
connectivity in depression49. Decreased 
connectivity within the DMN, particularly 
between the medial prefrontal cortex and 
posterior cingulate cortex, has been linked 
to increased rumination and negative self-
focused thought, core features of depression49. 
These disruptions in DMN connectivity 
contribute to the pervasive cognitive and 
emotional symptoms of depression and offer 
potential targets for therapeutic interventions 
aimed at restoring network function50. 
Neurofeedback and mindfulness-based 
interventions, which aim to enhance DMN 
connectivity and reduce rumination, have 
shown promise in improving depressive 
symptoms50.

Neuroinflammation has emerged as a 
critical factor in the pathophysiology of 
depression, with neuroimaging studies 
providing evidence of increased inflammation 



 8
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1594542414069

markers in the brain51. Microglial activation 
and elevated levels of pro-inflammatory 
cytokines have been observed in depressed 
patients, suggesting an immune response 
component to the disorder51. Neuroimaging 
techniques such as PET can visualize these 
inflammatory changes, offering insights into 
the neurobiological mechanisms linking 
inflammation and depression52. Anti-
inflammatory treatments, such as nonsteroidal 
anti-inflammatory drugs (NSAIDs) and 
cytokine inhibitors, are being explored as 
potential therapeutic options for reducing 
neuroinflammation and alleviating depressive 
symptoms52.

Genetic factors significantly influence 
neuroimaging findings in depression, with 
specific polymorphisms affecting brain 
structure and function53. Variations in genes 
such as SLC6A4 (serotonin transporter) and 
BDNF (brain-derived neurotrophic factor) 
have been associated with alterations in brain 
morphology and connectivity53. For example, 
the short allele of the serotonin transporter gene 
(5-HTTLPR) is linked to reduced amygdala 
volume and increased emotional reactivity 
in depressed individuals53. These genetic 
influences underscore the heterogeneity of 
depression and the need for personalized 
approaches to diagnosis and treatment based 
on genetic and neuroimaging profiles54. 
Identifying genetic markers associated with 
neuroimaging changes can enhance our 
understanding of the underlying biological 
mechanisms and inform the development of 
targeted therapies54.

Chronic stress is a major risk factor for 
the development of depressive disorders, 
exerting profound effects on brain structure 
and function55. Prolonged exposure to 
stress hormones, particularly cortisol, 
leads to hippocampal atrophy, prefrontal 
cortex volume reductions, and amygdala 
hyperactivity56. Neuroimaging studies have 

documented these changes, highlighting the 
importance of stress management and early 
intervention in preventing and mitigating 
the neurobiological impact of chronic stress 
on depression56. Interventions aimed at 
reducing stress, such as mindfulness-based 
stress reduction (MBSR) and cognitive-
behavioral stress management (CBSM), have 
shown promise in reversing stress-induced 
brain changes and improving depressive 
symptoms56.

Gender differences in the prevalence and 
clinical presentation of depression are well-
documented, with women more likely to 
experience depressive episodes than men56. 
Neuroimaging studies have revealed gender-
specific alterations in brain structure and 
function, with women typically showing 
greater hippocampal atrophy and reduced 
prefrontal cortex volume compared to men57. 
These differences may reflect hormonal 
influences and social factors, emphasizing 
the need for gender-sensitive approaches to 
the diagnosis and treatment of depression57. 
Understanding the neurobiological 
underpinnings of these gender differences 
can inform the development of tailored 
therapeutic strategies that address the unique 
needs of male and female patients58.

Neuroimaging biomarkers hold significant 
potential for the early diagnosis of depressive 
disorders58. Structural MRI and fMRI 
have revealed consistent abnormalities in 
brain regions such as the prefrontal cortex, 
hippocampus, and amygdala, which could 
serve as early indicators of depression59. Studies 
have shown that reduced hippocampal volume 
and prefrontal cortex hypoactivity are present 
even in first-episode depression, suggesting 
their potential as diagnostic biomarkers59. 
Furthermore, functional connectivity 
patterns, particularly within the default mode 
network (DMN), exhibit distinct alterations 
in depressive patients compared to healthy 
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controls, providing additional diagnostic 
value60. The integration of neuroimaging 
biomarkers into clinical practice could 
enhance diagnostic accuracy, allowing for 
earlier and more precise intervention60.

Neuroimaging studies have demonstrated 
the utility of brain structure and function 
as predictors of treatment response in 
depression60. Baseline neuroimaging markers, 
such as prefrontal cortex activity and 
amygdala reactivity, have been correlated with 
clinical outcomes following antidepressant 
therapy. For instance, higher pre-treatment 
activity in the anterior cingulate cortex has 
been associated with a favorable response 
to selective serotonin reuptake inhibitors 
(SSRIs) 61. Additionally, connectivity patterns 
within the DMN and other neural networks 
have been shown to predict the efficacy of 
various therapeutic interventions, including 
pharmacotherapy and psychotherapy61. 
These predictive markers offer a promising 
avenue for personalized treatment strategies, 
optimizing therapeutic efficacy and reducing 
trial-and-error approaches61.

Treatment-resistant depression (TRD) 
poses significant challenges, with many patients 
failing to respond to standard antidepressant 
therapies62. Neuroimaging studies have 
identified distinct brain abnormalities in 
TRD, including reduced prefrontal cortex 
volume, decreased hippocampal activity, 
and altered connectivity within emotion 
regulation networks62. These findings suggest 
that TRD may represent a more severe or 
distinct subtype of depression, necessitating 
alternative therapeutic approaches such as 
neuromodulation techniques (e.g., transcranial 
magnetic stimulation, deep brain stimulation) 
and personalized medicine63. Understanding 
the neurobiological underpinnings of 
TRD through neuroimaging can guide the 
development of more effective treatments for 
this challenging condition63.

The severity of depressive symptoms is 
reflected in specific neuroimaging changes, 
providing insights into the neurobiological 
correlates of clinical presentation63. Structural 
MRI studies have shown that greater reductions 
in prefrontal cortex and hippocampal volumes 
correlate with increased symptom severity, 
particularly in cognitive and emotional 
domains64. Functional neuroimaging has 
similarly revealed that lower activity in the 
prefrontal cortex and greater amygdala 
reactivity are associated with more severe 
depressive symptoms64. These correlations 
underscore the importance of integrating 
neuroimaging data with clinical assessments 
to better understand the neurobiological basis 
of symptom severity and tailor interventions 
accordingly64.

Antidepressant treatments, including SSRIs, 
serotonin-norepinephrine reuptake inhibitors 
(SNRIs), and tricyclic antidepressants 
(TCAs), have been shown to impact brain 
structure and function65. Neuroimaging 
studies have documented increases in 
prefrontal cortex volume and hippocampal 
size following successful antidepressant 
therapy, suggesting that these treatments 
may promote neurogenesis and synaptic 
plasticity65. Functional imaging studies have 
also demonstrated normalized activity and 
connectivity within emotion regulation 
networks, including the prefrontal cortex 
and amygdala, in patients responding to 
antidepressants66. These findings highlight 
the neuroplastic effects of antidepressant 
treatments and their role in restoring brain 
function in depression66. 

Psychotherapy, particularly cognitive-
behavioral therapy (CBT), has been shown 
to produce significant changes in brain 
function and connectivity in patients with 
depression67. Neuroimaging studies reveal 
that successful CBT is associated with 
increased activity in the prefrontal cortex 
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and improved connectivity within emotion 
regulation networks67. These changes are 
believed to reflect enhanced cognitive control 
and emotion regulation, core mechanisms 
underlying the therapeutic effects of CBT68. 
Additionally, psychotherapy has been shown 
to reduce amygdala reactivity and normalize 
functional connectivity patterns, contributing 
to symptom reduction and improved clinical 
outcomes68. These findings underscore the 
neural mechanisms of psychotherapy and 
support its use as a primary or adjunctive 
treatment for depression68.

Comorbid anxiety and depression are 
common, with overlapping and distinct 
neurobiological features68. Neuroimaging 
studies have shown that patients with comorbid 
anxiety and depression exhibit heightened 
amygdala activity, reduced prefrontal cortex 
volume, and altered connectivity within 
the default mode and salience networks69. 
These findings suggest shared and unique 
neurobiological pathways underlying the 
comorbidity of anxiety and depression, 
emphasizing the need for integrated 
treatment approaches69. Understanding the 
neuroimaging correlates of comorbid anxiety 
and depression can inform the development 
of targeted interventions that address the 
complex interplay of symptoms in these 
patients70.

Cognitive impairment is a significant 
feature of depressive disorders, affecting 
memory, attention, and executive function71. 
Neuroimaging studies have identified 
structural and functional correlates of cognitive 
deficits in depression, including reduced 
hippocampal volume, diminished prefrontal 
cortex activity, and disrupted connectivity 
within cognitive control networks71. These 
neuroimaging findings provide a biological 
basis for the cognitive symptoms of depression 
and highlight the importance of addressing 
cognitive impairment in treatment strategies71. 

Cognitive remediation and neurostimulation 
techniques targeting these neural circuits 
show promise in improving cognitive function 
in depressed patients72.

Neuroplasticity, the brain’s ability to adapt 
and reorganize in response to experience 
and environmental changes, plays a crucial 
role in the pathophysiology and treatment 
of depression73. Neuroimaging studies have 
demonstrated that antidepressant treatments 
and psychotherapy can promote neuroplastic 
changes, including increased neurogenesis 
and synaptic plasticity in the hippocampus 
and prefrontal cortex73. These changes are 
associated with improved clinical outcomes, 
highlighting the potential of interventions 
that enhance neuroplasticity in treating 
depression74. Understanding the mechanisms 
of neuroplasticity in depression can inform the 
development of novel therapeutic strategies 
that target these adaptive processes74. 

Depressive disorders are associated with 
widespread alterations in brain networks 
involved in mood regulation, cognitive 
processing, and emotional response74. 
Neuroimaging studies have identified 
disruptions in the default mode network 
(DMN), salience network, and central 
executive network in depressed patients75.
These network alterations reflect the complex 
interplay of neural circuits underlying 
depressive symptoms and provide potential 
targets for therapeutic interventions. 
Restoring normal network function through 
neuromodulation techniques, such as 
transcranial magnetic stimulation (TMS) 
and transcranial direct current stimulation 
(tDCS), shows promise in alleviating 
depressive symptoms and improving clinical 
outcomes76. 

Electroconvulsive therapy (ECT) remains 
one of the most effective treatments for 
severe and treatment-resistant depression77. 
Neuroimaging studies have shown that 
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ECT induces significant changes in brain 
structure and function, including increased 
hippocampal volume, enhanced prefrontal 
cortex activity, and normalized connectivity 
within emotion regulation networks 77. 
These changes are believed to underlie the 
therapeutic effects of ECT, contributing to 
symptom reduction and improved clinical 
outcomes. Understanding the neurobiological 
mechanisms of ECT through neuroimaging 
can inform its use in clinical practice and guide 
the development of novel neuromodulation 
therapies78.

First-episode depression and recurrent 
depression exhibit distinct neuroimaging 
findings, reflecting differences in the 
neurobiological impact of the disorder over 
time79. Structural MRI studies have shown 
that patients with recurrent depression have 
greater reductions in prefrontal cortex and 
hippocampal volumes compared to those 
with first-episode depression, suggesting 
a cumulative effect of repeated depressive 
episodes on brain structure79. Functional 
imaging studies have similarly revealed more 
pronounced abnormalities in brain activity 
and connectivity in recurrent depression. 
These findings highlight the importance 
of early and effective treatment to prevent 
the progression of neurobiological changes 
associated with recurrent depression79.

Adolescent depression presents unique 
neuroimaging features, with studies showing 
reduced prefrontal cortex volume, amygdala 
hyperactivity, and altered connectivity 
within emotion regulation networks80. These 
findings reflect the developmental aspects of 
depression, with ongoing brain maturation 
processes contributing to the observed 
neurobiological changes80. Early intervention 
is crucial in adolescent depression, as untreated 
depression can lead to persistent brain 
alterations and increased risk of recurrent 
episodes in adulthood81. Neuroimaging 

studies provide valuable insights into the 
developmental trajectory of depression and 
inform the development of age-appropriate 
therapeutic strategies81.

CONCLUSION
Neuroimaging has profoundly advanced 

our understanding of the complex 
neurobiological underpinnings of depressive 
disorders. Through structural and functional 
imaging techniques, significant insights 
have been gained into the alterations in 
brain regions and networks involved in 
mood regulation, cognitive processing, 
and emotional response. These findings 
highlight the importance of early and targeted 
interventions to mitigate the neurobiological 
impact of depression and improve clinical 
outcomes. The identification of neuroimaging 
biomarkers for early diagnosis and treatment 
prediction holds promise for enhancing 
the precision of therapeutic approaches. 
Structural abnormalities in the prefrontal 
cortex, hippocampus, and amygdala, along 
with functional connectivity disruptions 
within key neural networks, provide valuable 
diagnostic and prognostic information. These 
biomarkers can guide personalized treatment 
strategies, optimizing therapeutic efficacy 
and reducing the burden of trial-and-error 
approaches.

Furthermore, neuroimaging studies have 
elucidated the neurobiological mechanisms 
underlying various subtypes of depression, 
such as treatment-resistant depression, 
comorbid anxiety, and psychotic features. 
Understanding these distinct neuroimaging 
profiles can inform the development of 
tailored interventions that address the specific 
needs of these patient populations. Emerging 
research on the role of neuroplasticity, 
neuroinflammation, and the gut-brain axis in 
depression opens new avenues for therapeutic 
innovation. Interventions aimed at enhancing 
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neuroplasticity, reducing neuroinflammation, 
and modulating gut microbiota composition 
hold potential for improving mental health 
outcomes. Additionally, lifestyle factors such 
as physical exercise, diet, and mindfulness 
practices have demonstrated neurobiological 
benefits, supporting their integration into 
comprehensive treatment plans.

Despite these advances, challenges remain 
in translating neuroimaging findings into 
clinical practice. Ethical considerations, such 
as the risk of stigmatization and privacy 
concerns, must be addressed to ensure the 
responsible use of neuroimaging in psychiatry. 
Continued research is needed to validate 
and standardize neuroimaging biomarkers, 
ensuring their reliability and efficacy across 

diverse patient populations. In conclusion, 
neuroimaging has revolutionized the field of 
psychiatry, offering critical insights into the 
neurobiological basis of depressive disorders. 
By integrating neuroimaging findings with 
clinical assessments and genetic profiles, 
personalized medicine approaches can be 
developed to optimize treatment outcomes. 
Future research should focus on refining 
neuroimaging biomarkers, exploring novel 
therapeutic targets, and addressing the ethical 
implications of neuroimaging in clinical 
practice. Through these efforts, the potential 
of neuroimaging to transform the diagnosis, 
treatment, and understanding of depression 
can be fully realized.
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