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The objective of this study was to conduct a comprehensive review of the current
evidence regarding neuropsychological factors that are linked to brain abnormalities in
patients with major depressive disorder (MDD) combined with anxiety symptoms. The
researchers conducted a systematic review of all selected articles from January 2000 to
April 2024, utilizing specific keywords in international databases such as Google
Scholar, PubMed, ProQuest, Embase, PsycINFO, and Scopusthrough a systematic
review. Using the PRISMA framework, 692 English articles were evaluated based on
quality assessments and inclusion criteria. Following a final qualitative evaluation, 26
articles were selected and analyzed to address the research questions. The findings
revealed that MDD, anxiety, and cognitive-executive dysfunctions are extensively
interconnected and highly prevalent in a variety of populations. Cognitive deficits, such
as impaired executive functioning, processing speed, and working memory, continue to
exist during stable phases of the disorders. Novel treatments, including repetitive
transcranial magnetic stimulation and transcranial direct current stimulation, have
demonstrated beneficial outcomes in terms of cognitive performance and the reduction
of depressive symptoms. The comorbidity of anxiety and MDD exacerbates symptom
severity and cognitive deficits, showing a significant association with structural and
functional changes in critical brain regions such as the amygdala and hippocampus.
This research emphasized the significance of targeted interventions, such as brain
stimulation, to alleviate symptoms and enhance cognitive functions, even in comorbid
conditions, as MDD with anxiety is strongly associated with neuropsychological
impairments and structural abnormalities in the brain.
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Neuropsychological Factors in Brain Abnormalities of Patients with Major Depression Disorder
with Anxiety Symptoms: A Systematic Review Study

Extended Abstract
Aim

Major depressive disorder (MDD) is among the most prevalent psychiatric conditions, profoundly
affecting individuals’ physical, psychological, and social well-being (He et al., 2019). Recognized as a
leading cause of disability worldwide, MDD is characterized by persistent symptoms, including profound
sadness, loss of interest in daily activities, extreme fatigue, impaired concentration, and recurrent thoughts
of death or suicide (Wang et al., 2021). Its high prevalence has made MDD a priority for psychiatric and
neurological research (Besteher et al., 2020). Global lifetime prevalence estimates range from 2% to 21%,
with the highest rates observed in certain European countries and the lowest in Asian nations (Gutiérrez-

Rojas et al., 2020). Moreover, factors such as divorce, female gender, childhood abuse, intimate partner
violence, and comorbid physical or mental disorders are strongly associated with MDD (Qi et al., 2023).

A critical aspect of MDD research is its frequent comorbidity with anxiety disorders, which
complicates clinical presentation and treatment (Tozzi et al., 2024). More than half of individuals with
MDD experience significant anxiety symptoms, which exacerbate disease severity and reduce treatment
responsiveness (Elderkin-Thompson et al., 2003). Patients with comorbid anxiety often experience
heightened emotional distress, cognitive impairments, and social dysfunction, increasing the risk of suicide
(Chen et al., 2023). Neuroimaging studies reveal structural and functional abnormalities in brain regions
such as the amygdala, hippocampus, and prefrontal cortex, contributing to dysregulated emotional
processing (Mauri et al., 2014). Additionally, imbalances in neurotransmitter systems—including serotonin,
dopamine, and norepinephrine—play a crucial role in sustaining depressive and anxious symptoms
(Pizzagalli et al., 2002). Overactivation of the hypothalamic-pituitary-adrenal (HPA) axis further amplifies
stress responses, reinforcing a cycle of emotional dysregulation and neurobiological impairment (Bourke et
al., 2012).

MDD accompanied by anxiety symptoms represents one of the most complex challenges in
psychiatry, owing to its high prevalence, severe symptomatology, and substantial psychological, social, and
economic consequences (Gaspar et al., 2024; Oathes et al., 2015). Conducting a systematic review of
existing evidence on brain abnormalities in MDD with anxiety symptoms can advance understanding of its
underlying mechanisms and inform the development of targeted therapeutic interventions.

Methodology

This systematic review, conducted in accordance with the PRISMA framework, examined
neuropsychological factors associated with brain abnormalities in patients with MDD and comorbid anxiety
symptoms (Bodnaruc et al., 2025). A comprehensive literature search was performed across multiple
databases, including Google Scholar, PubMed, ProQuest, Embase, PsycINFO, and Scopus, covering
studies published between January 2000 and April 2024. The search employed keywords such as “MDD,”
“brain abnormalities,” “anxiety,” “HPA axis,” “cognitive impairments,” and ‘“neurotransmitter
dysregulation.”

Articles were selected based on predefined inclusion criteria, including relevance, structured
methodology, and publication in reputable journals, while studies lacking full texts, editor letters, or
abstracts were excluded. To ensure comprehensive coverage, the reference lists of selected studies were
also examined. Following independent screening and evaluation, 26 relevant articles were included for
content analysis (Page et al., 2021).

The quality of the included studies was assessed using a structured checklist that evaluated research
objectives, study populations, methodologies, sampling procedures, data collection instruments, statistical
analyses, inclusion and exclusion criteria, ethical considerations, and overall relevance to the research aims.
Each article was rated on a binary scale, with exclusion thresholds set at <4 for quantitative studies, <6 for
experimental and quasi-experimental studies, and <8 for qualitative studies. Out of 692 initially retrieved
articles, only 26 met the inclusion criteria and were analyzed in detail.

Findings
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In this study, 26 eligible English-language research articles viewed. The findings regarding
neuropsychological factors associated with brain abnormalities in patients with MDD and comorbid anxiety
symptoms are summarized below (Table 1).

Table 1. Examples of Reviewed Articles on Neuropsychological Factors and Brain Abnormalities in Depression

Authors Purpose Sample Country Results
1 He et al. Functional 75 untreated China Depressed patients exhibited severe anxiety and reduced
(2019) connectivity of the depressed patients functional connectivity in the amygdala, particularly in
amygdala and its role ~ and 42 healthy regions linked to the prefrontal-parietal system and
in the relationship individuals temporal lobe. Patients with lower anxiety showed
between anxiety and milder depression and stronger amygdala connectivity,
depression in MDD whereas higher anxiety was associated with more severe
patients depression and weaker connectivity. Mediation analysis
indicated that amygdala connectivity directly explains
the relationship between anxiety and depression.

2 Afshari Cognitive and 64 schizophrenia, 68  Iran Patients with schizophrenia, bipolar disorder, and major
et al. executive deficits in bipolar disorder, 62 depression demonstrated poorer cognitive and executive
(2020) patients with major depression functions compared to healthy controls. Major

schizophrenia, bipolar  patients, and 75 depression patients had lower cognitive performance

disorder, and major healthy individuals than the other clinical groups, while bipolar disorder

depression patients performed worse than schizophrenia patients.
Regarding executive functions, major depression patients
scored higher than both bipolar disorder and
schizophrenia patients, with schizophrenia patients
outperforming bipolar disorder patients. Cognitive and
executive deficits persisted even during the stable phase
of illness.

3 Wanget  Prevalence and 1,683 patients with Germany Between 1.14% and 15.5% of patients developed
al. (2021) bidirectional traumatic brain moderate to severe major depression within three to

relationship of major injury twelve months after traumatic brain injury, while 8-9.5%

depression and developed generalized anxiety disorder. Depression and

generalized anxiety anxiety demonstrated  bidirectional and  stable

disorder in the first relationships over time. Early depression significantly

year following influenced anxiety at six months, with reciprocal effects

traumatic brain injury observed from six to twelve months. Risk factors
included female gender, injury severity, ICU stay, and
severe extracranial injuries.

4 Qietal. Identification of 38 patients with China Depressed patients showed higher power spectral density
(2023) functional brain generalized anxiety in the alphal and beta bands, and greater phase entropy

differences between disorder and 34 in the beta band, compared to patients with generalized

generalized anxiety patients with MDD anxiety disorder. Significant differences in brain

disorder and MDD connectivity were observed, with machine learning

using analyses indicating that the primary differences occurred

multidimensional in the beta band and connectivity. Depressed patients

signal features exhibited increased power and complexity in the beta
band, with reorganized brain networks across all
frequency bands.

5 Gaspar et Impact of biological, 616 participants Portugal  Depressive symptoms were associated with anxiety,
al. (2024) psychological, and (73.8% women) aged psychological and environmental quality of life, and

social factors on 50-90 years sleep habits. Anxiety symptoms correlated with
psychological depression, physical quality of life, and sleep patterns.
symptoms and Neuropsychologically, individuals with anxiety showed
neuropsychological deficits in recognition and motor skills, while those with

functioning in aging

depression exhibited broader deficits across memory,
language, recognition, motor skills, and executive
function (e.g., prefrontal cortex tasks).
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The reviewed studies, conducted between 2000 and 2024 in countries including Iran, the U.S.,
Germany, New Zealand, and China, encompassed participants with MDD, anxiety, OCD, schizophrenia,
bipolar disorder, and brain injuries. Sample sizes ranged from 16 to 1,683, with the majority being middle-
aged and predominantly female. Depression prevalence ranged from 14% to 62%, frequently co-occurring
with anxiety (8-55%) and cognitive impairments. Structural and functional brain abnormalities—
particularly in the amygdala, hippocampus, prefrontal cortex, and anterior cingulate cortex—were strongly
correlated with symptom severity. The amygdala played a central mediating role in depression-anxiety
interactions, with reduced connectivity linked to more severe symptoms.

Intervention studies indicated that repetitive transcranial magnetic stimulation (TMS) and transcranial
direct current stimulation (tDCS) improved depressive symptoms and cognitive functions such as working
memory. Cognitive-behavioral therapy (CBT) effectively managed both anxiety and depression. Overall,
the findings highlight the strong interconnection between depression, anxiety, and cognitive deficits, with
comorbidity exacerbating symptom persistence and severity. Targeted treatments—including
neurostimulation, behavioral therapy, and comprehensive cognitive assessments—may improve patient
outcomes. Moreover, evaluating neuropsychological impairments remains critical, even in the absence of
subjective cognitive complaints.

Conclusion

This study examined the neuropsychological factors associated with brain abnormalities in patients
with major depressive disorder (MDD) and comorbid anxiety. The findings indicate that these conditions
were closely linked to cognitive deficits, particularly in working memory, processing speed, and executive
function. These impairments persist even when clinical symptoms stabilize, significantly impacting daily
functioning, emotional regulation, and social interactions (Bourke et al., 2012). Structural and functional
abnormalities in key brain regions—including the amygdala, hippocampus, and prefrontal cortex—further
exacerbate symptom severity. Reduced functional connectivity in the amygdala and decreased hippocampal
volume are especially pronounced in individuals with severe depression and anxiety, contributing to
heightened emotional distress and cognitive dysfunction (Tozzi et al., 2024).

Regarding treatment, innovative interventions such as repetitive transcranial magnetic stimulation
(rTMS) and transcranial direct current stimulation (tDCS) have demonstrated potential for alleviating
symptoms and enhancing cognitive abilities (He et al., 2019). These approaches help regulate neural
activity, improving cognitive flexibility and emotional stability. However, their long-term efficacy remains
uncertain, highlighting the need for further investigation (Chen et al., 2023). Moreover, integrating
neuropsychological assessments with targeted therapies—such as cognitive-behavioral interventions—may
enhance symptom management (Mauri et al., 2014). A comprehensive, personalized approach that
combines biological and psychological treatments can improve patient outcomes, elevate quality of life,
and address the complex interplay of MDD and anxiety comorbidity.

This review was limited by restricted access to some relevant studies and its focus on English-
language publications, which may have excluded valuable evidence. Variations in sampling, assessment
tools, diagnostic criteria, and study designs also complicated direct comparisons. Most studies emphasized
structural and functional brain alterations in depression with anxiety, with less attention given to cultural,
social, and environmental influences. Although interventions like rTMS and tDCS showed short-term
benefits, evidence regarding long-term effects and combined interventions targeting both symptoms and
cognition remains limited.

Future research should aim to expand access to relevant literature, employ standardized multicenter
methodologies, investigate the long-term effects of brain stimulation and integrated treatments, consider
psychosocial influences, and develop personalized interventions informed by both biological and
psychological factors to optimize patient outcomes and quality of life.

Keywords: Anxiety Symptoms, Brain Abnormalities, Major Depression Disorder, Neuropsychological
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