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Background

Depression is a highly heterogeneous disorder with complex mechanisms. Given converging evidence implicating the amygdala in its pathophysiology, a systematic and quantitative synthesis is warranted to map the research landscape, hotspots, and emerging trends.





Objective

To systematically characterize the research landscape of depression–amygdala studies from 2015 to 2024 using bibliometric and visualization analyses, identify core hotspots and emerging themes, and track their evolution to inform subsequent mechanistic research and precision interventions.





Methods

Using data from the Web of Science Core Collection and Scopus (2015–2024), we conducted a bibliometric analysis of English-language publications on depression and the amygdala with Bibliometrix and VOSviewer. Publication trends, country and institutional contributions, highly cited papers, and keyword co-occurrence/clustering were analyzed to delineate the field’s structure and evolution.





Results

A total of 5,999 publications were included. Annual output increased steadily from 399 in 2015 to a peak of 831 in 2024. The United States (1,813, 30.2%), China (1,122, 18.7%), and Germany (357, 6.0%) were the top contributors. The ratio of multi-country publications (MCP) was highest for Germany (28.3%), followed by the United Kingdom (28.1%) and Canada (24.6%). At the institutional and journal levels, the University of California system, Harvard University, and Harvard Medical School ranked among the leading contributors. The international collaboration network exhibited a U.S.-centered structure, with frequent partnerships between the United States and China (n = 113), the United States and the United Kingdom (n = 86), and the United States and Germany (n = 81). Keyword co-occurrence and clustering analyses revealed four major thematic clusters: emotion regulation networks, biological signaling and regulation, developmental risk factors, and animal models. Overall, the field has evolved from region-specific studies toward network- and system-level integration, highlighting the amygdala’s pivotal role in the neurobiological mechanisms of depression and its potential as a candidate neuromarker.





Conclusion

Bibliometric evidence indicates that research on depression–amygdala relationships is moving toward multi-dimensional and cross-disciplinary integration. The amygdala’s involvement in emotion regulation and early-life stress is increasingly recognized; alterations in its functional connectivity show promise as a neuromarker of depression, though clinical translation requires multi-center validation and standardized analytic workflows.
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1 Introduction

Mental disorders are a group of conditions characterized by persistent disturbances in emotion, cognition, or behavior that significantly impair functioning in learning, work, and interpersonal life. Major categories include depressive disorders, bipolar and related disorders, anxiety disorders, trauma- and stressor-related disorders, obsessive–compulsive and related disorders, psychotic disorders, and substance use disorders (1). Among these, depressive disorders are the most prevalent and represent major causes of disability and socioeconomic burden, thereby attracting sustained attention from both society and the scientific community (1–3). Depression is a common psychiatric disorder characterized by persistent low mood, loss of interest or pleasure, and reduced motivation, often accompanied by cognitive impairment, sleep disturbances, appetite changes, and other physiological or psychological symptoms (4). It severely affects emotional well-being, daily functioning, and overall quality of life, imposing substantial burdens on social and occupational performance (5). In recent years, the global prevalence of depression has continued to rise, with high relapse and disability rates making it one of the most pressing public health challenges worldwide (6). According to the World Health Organization (WHO), over 350 million people are affected by depression globally, with notably high incidence among adolescents, the elderly, and women (7). Forecasts suggest that by 2030, depression will rank among the top three causes of global disease burden, particularly in low- and middle-income countries where its societal and health impacts are more pronounced (8). Despite ongoing advances in research, clinical diagnosis still primarily relies on interviews and self-report scales, with a lack of objective and quantifiable biological markers (9). Consequently, identifying brain regions with potential as biomarkers—particularly those exhibiting functional abnormalities—has become a critical direction in elucidating the pathophysiology of depression.

Among these regions, the amygdala has garnered significant attention due to its pivotal role in emotion and cognitive processing. As a core structure of the limbic system, the amygdala is extensively connected to the cerebral cortex, subcortical areas, and brainstem, functioning as a hub in brain networks that support emotion regulation, learning, memory consolidation, attention allocation, and executive function (10, 11). In emotional processing, the amygdala is highly responsive to negative emotions such as fear and anger, rapidly activating upon exposure to threatening stimuli and initiating autonomic responses that modulate affective states (10, 12). In memory-related functions, the amygdala plays a key role in encoding and consolidating emotionally salient memories, particularly by interacting with the hippocampus and modulating neurotransmitter activity (13). While these functions support environmental adaptation, they may become dysregulated in pathological conditions. Neuroimaging studies indicate that, in response to negative emotional stimuli, patients with depression commonly exhibit amygdala hyperactivation (14–22), accompanied by reduced functional connectivity between the amygdala and prefrontal cortical regions (23–25). This neural phenotype is consistent with the negative information-processing bias, deficits in emotion regulation, and alterations in emotional memory observed in depression, and may contribute to the persistence and exacerbation of symptoms (26–29). As such, amygdala dysfunction is considered a central node in the neural mechanisms of depression and a potential target for intervention and neuroimaging-based biomarker development (30).

In recent years, bibliometric analysis—an approach based on publication, citation, and text-mining data—has been increasingly employed to assess research trends and scientific landscapes across disciplines (31). By quantifying relationships among authors, institutions, keywords, and publications, bibliometric methods reveal developmental trajectories, research hotspots, and the knowledge structure of a given field (31). This includes not only descriptive statistics such as publication volume and citation frequency but also advanced network analyses such as keyword co-occurrence, collaboration networks, and document clustering (32). Based on this, the present study focuses on literature addressing “amygdala” and “depression” from 2015 to 2024, employing bibliometric and visualization approaches using VOSviewer, ggplot2, and Bibliometrix. Through analyses of publication trends, country and institutional contributions, high-frequency keywords, co-occurrence networks, and literature clustering, this study aims to systematically map the central role of the amygdala in depression research, identify thematic hotspots, and elucidate the field’s evolutionary patterns. The findings are expected to provide theoretical and data-driven support for future mechanistic studies and the development of optimized intervention strategies. Meanwhile, advances in artificial medical intelligence and the Internet of Medical Things (IoMT) have opened avenues for multimodal integration of genetic and hormonal indicators with neural circuit–level readouts (33, 34). This technological convergence complements the amygdala-centered perspective of the present study and provides a foundation for hypothesis generation and translational exploration.

This study makes four key contributions. First, it merges and deduplicates Web of Science and Scopus records from 2015 to 2024 and applies a reproducible bibliometric workflow to map amygdala-related depression research. Second, it quantifies the global structure by characterizing a collaboration network centered on the United States, and by examining differences in the proportion of multi-country publications, thereby linking research output to patterns of knowledge flow. Third, it robustly identifies four major themes—emotion regulation networks, molecular and neural regulation, developmental risk factors, and animal models—demonstrating a shift toward system-level integration. Fourth, it highlights amygdala functional connectivity as a potential neuromarker for patient stratification and treatment prediction.




2 Methods



2.1 Data sources and literature search strategy

This bibliometric analysis was conducted using the Web of Science Core Collection (WoS) and Scopus databases—two of the most authoritative and widely used academic literature repositories (35). WoS indexes approximately 12,000 high-impact journals and is known for its precise citation tracking, standardized data, and broad subject coverage (36). Scopus includes over 24,000 journals and is recognized for its strong subject representation and robust search capabilities (37). Both databases adopt rigorous journal selection criteria, ensuring high data quality, credibility, and reproducibility. To enhance the comprehensiveness and robustness of the results, both WoS and Scopus were used as data sources in this study.

The search strategy focused on the keywords “depression” and “amygdala,” using the query TS = (“depression”) AND TS = (“amygdala”) for WoS and TITLE-ABS-KEY = (“depression”) AND TITLE-ABS-KEY = (“amygdala”) for Scopus. The inclusion criteria were as follows (1): English-language publications (2); document type limited to “Article”; and (3) publication years between 2015 and 2024. Exclusion criteria included conference abstracts, proceedings, book reviews, editorials, and other non-peer-reviewed materials. All searches and data exports were completed on April 27, 2025, to ensure consistency and reproducibility. Exported records were saved in.txt format, including core metadata fields such as article titles, authors, publication years, journal names, keywords, abstracts, and citation counts. The literature selection process is illustrated in Figure 1. The time window was restricted to 2015–2024 to enhance comparability within the DSM-5 diagnostic framework and to reflect the relative stability of MRI acquisition and preprocessing pipelines, while focusing on contemporary research trends.

[image: Flowchart depicting the process of selecting articles on depression and the amygdala. Web of Science shows 7756 articles, and Scopus shows 8555. Exclusion criteria include unrelated studies, non-academic articles, duplicates, and publication year between 2015-2024. Data is merged using the “bibliometrix” package, resulting in 5999 articles.]
Figure 1 | Flowchart of literature screening and data processing for bibliometric analysis.




2.2 Literature screening and data processing

After the initial data export, all records were manually reviewed and cleaned. Publications not meeting the inclusion criteria were removed, and duplicates were eliminated. Only peer-reviewed original research articles and review papers were retained. Records from the two databases were subsequently merged, and duplicate entries were systematically removed. The final dataset included information pertaining to key bibliometric indicators, such as publication volume, total citations, keyword distribution, author and collaboration networks, research institutions, countries/regions, journal sources, and cited references. In addition, cross-disciplinary studies have demonstrated the effectiveness of systems mapping combined with network visualization in identifying thematic structures and tracing knowledge evolution (38). Bibliometric research in the Internet of Medical Things (IoMT) domain has likewise demonstrated the feasibility of network-based hotspot detection and topic evolution tracking (39), providing methodological precedent and external validation for the visualization framework used in this study.




2.3 Data analysis and visualization

To comprehensively identify developmental trajectories, research hotspots, and emerging themes in the field of depression and the amygdala, this study employed a combination of bibliometric tools and visualization software, including Bibliometrix (v4.4.3), ggplot2 (v3.5.1), and VOSviewer (v1.6.19). Bibliometrix (v4.4.3) was used to perform fundamental bibliometric analyses, including annual publication trends, author and institutional productivity, citation frequencies, journal distributions, and country-level contributions. It also generated time-series plots, collaboration networks, and thematic evolution maps (31). ggplot2 (v3.5.1) was utilized to enhance the visual presentation of results, generating trend charts, heatmaps, and keyword distribution plots for improved clarity and aesthetic quality (40). VOSviewer (v1.6.19) was employed to construct keyword co-occurrence networks, co-citation networks, and cluster visualizations (41). In these network maps, node size represents keyword frequency or the number of publications, edge thickness indicates co-occurrence or co-citation strength, and node color differentiates between clusters or time periods.





3 Results



3.1 Annual publication trends

Figure 2 illustrates the annual publication trends in amygdala–depression research from 2015 to 2024. A total of 5,999 publications were included, consisting of 4,819 original articles and 1,180 review papers. Overall, the number of publications showed a consistent upward trajectory, increasing from 399 articles in 2015 to 831 in 2024. The growth was particularly evident from 2020 onwards, with 753 and 760 articles published in 2021 and 2022, respectively. Although a slight decline was observed in 2023, the number of publications rebounded in 2024, reaching an all-time high.

[image: Bar chart showing the number of articles published annually from 2015 to 2024. Numbers increase from 399 in 2015 to 831 in 2024, with notable rises in 2021 and 2022.]
Figure 2 | Annual publication count on amygdala and depression research from 2015 to 2024.




3.2 Analysis of country, institution, journal, and author distributions

In the field of amygdala–depression research, scientific output showed a marked concentration across countries, institutions, journals, and authors. Among 71 countries and regions, the United States ranked first in publication output (N = 1,813, 30.2%), followed by China (N = 1,122, 18.7%) and Germany (N = 357, 6.0%). Germany showed the highest rate of multiple-country publications (MCP = 28.3%), indicating stronger engagement in international collaboration, followed by the United Kingdom (28.1%) and Canada (24.6%) (Table 1).


Table 1 | Top 10 countries or regions by depression and amygdala publication volume from 2015 to 2024.
	Country
	Articles
	Articles %
	SCP
	MCP
	MCP%



	USA
	1813
	30.2
	1620
	193
	10.6


	China
	1122
	18.7
	984
	138
	12.3


	Germany
	357
	6
	256
	101
	28.3


	Canada
	240
	4
	181
	59
	24.6


	United Kingdom
	221
	3.7
	159
	62
	28.1


	Italy
	189
	3.2
	157
	32
	16.9


	Japan
	184
	3.1
	168
	16
	8.7


	Australia
	137
	2.3
	109
	28
	20.4


	Korea
	135
	2.3
	122
	13
	9.6


	France
	113
	1.9
	95
	18
	15.9







In terms of institutional output, the top three institutions were the University of California System (N = 435), Harvard University (N = 403), and Harvard Medical School (N = 376), as shown in Figure 3A. A total of 1,037 journals published literature in this field, with the top 10 journals contributing 1,103 papers. The Journal of Affective Disorders published the most articles (N = 210), followed by Translational Psychiatry (N = 133), Frontiers in Psychiatry (N = 122), and Behavioral Brain Research (N = 103) (Figure 3B). The most cited journal was Biological Psychiatry (9,638 citations), followed by NeuroImage (8,364) and the Journal of Neuroscience (6,724) (Figure 3C). A total of 27,564 authors contributed to this research domain. The top five most productive authors were Wang Y (N = 110), Zhang Y (N = 83), Li Y (N = 66), Wang J (N = 59), and Dannlowski U (N = 50), collectively contributing 368 publications, accounting for 6.13% of the total output (Figure 3D).

[image: Four panel chart displaying academic publication data: Panel A: Bar chart showing the number of articles by top institutions, with University of California System leading at 400 articles. Panel B: Bar chart of top journals, with Journal of Affective Disorders publishing around 200 articles. Panel C: Bar chart showing top journals by total citation count, with Biological Psychiatry leading at about 10,000 total citations. Panel D: Bar chart of top authors, with Wang Y leading at about 100 articles.]
Figure 3 | Top 10 institutions, journals, and authors in amygdala and depression research from 2015 to 2024. Each colored circle represents a distinct institution, journal, or author, with larger circles indicating higher counts. (A) Displays the top-ranking institutions by publication volume, reflecting their academic contribution and influence in this field. (B) Shows the journals with the highest number of publications, highlighting the core journals with strong academic impact. (C) Illustrates the top journals by total citation count, indicating their influence in knowledge dissemination and research recognition. (D) Depicts the top 10 most prolific authors, emphasizing their output and role in shaping this research domain.




3.3 Country and regional collaboration analysis

Figure 4 presents the global collaboration network in amygdala–depression research. The figure uses a geographical visualization to illustrate inter-country scientific cooperation, where the density and distribution of connecting lines reflect collaboration intensity. As shown in Figure 4; Table 2, the United States occupies a central position in the international collaboration network, maintaining strong research ties with multiple countries. The most frequent collaboration occurred between the United States and China (n = 113), followed by the United Kingdom (n = 86), Germany (n = 81), and Canada (n = 78). The United States also maintained active partnerships with Australia (n = 51) and the Netherlands (n = 44). Within Europe, Germany demonstrated notable regional collaboration, particularly with Switzerland (n = 49), the United Kingdom (n = 48), and the Netherlands (n = 39). Overall, the international collaboration network was primarily concentrated in North America, Western Europe, East Asia, and Oceania, forming a multilateral structure centered on the United States and radiating toward Germany, China, the United Kingdom, and other key countries. Frequent collaborations between China and the United States, and between the United States and European countries, highlighted a high degree of international integration in this research domain, facilitating global knowledge exchange and advancing the study of amygdala–depression relationships.

[image: World map titled “Country Collaboration Map” showing countries in varying shades of blue, with lines connecting different countries primarily in North America, Europe, and Asia, indicating collaboration. The lines converge mostly in central Europe and North America.]
Figure 4 | Country and regional collaboration in amygdala and depression research (2015–2024). The color segmentation includes blue (with publications) and grey (without publications). The thickness of the red lines indicates the number of co-published papers. The color intensity corresponds to the number of publications).


Table 2 | Top 10 collaboration pairs among countries in amygdala and depression research from 2015 to 2024.
	From
	To
	Frequency



	USA
	China
	113


	USA
	United Kingdom
	86


	USA
	Germany
	81


	USA
	Canada
	78


	USA
	Australia
	51


	Germany
	Switzerland
	49


	Germany
	United Kingdom
	48


	USA
	Netherlands
	44


	Germany
	Netherlands
	39


	USA
	Sweden
	31










3.4 Global literature co-citation analysis

Global citations are a key bibliometric indicator, reflecting the total number of times a document has been cited across databases. They serve as a measure of a publication’s overall influence within the academic literature. In amygdala–depression research, the most globally cited publication was a 2017 review by Salim S., titled “Oxidative Stress and the Central Nervous System,” published in Journal of Pharmacology and Experimental Therapeutics, with 961 citations. This article emphasized the critical role of oxidative stress in central nervous system dysfunction. The second most cited work was by Foster J.A., also from 2017, titled “Stress and the Gut–Brain Axis: Regulation by the Microbiome,” published in Neurobiology of Stress, with 832 citations. It highlighted the role of gut microbiota in modulating stress responses through the gut–brain axis. Ranked third was a 2020 review by Van den Bergh B.R.H., titled “Prenatal Developmental Origins of Behavior and Mental Health: The Influence of Maternal Stress in Pregnancy,” published in Neuroscience & Biobehavioral Reviews, with 717 citations. This work systematically explored the long-term effects of prenatal stress on neurodevelopment and mental health outcomes (Table 3).


Table 3 | Top 10 most globally cited publications in amygdala and depression research (2015–2024).
	Number
	First author
	Article name
	Journal name
	Year
	Global citations



	1
	Salim S.
	Oxidative Stress and the Central Nervous System.
	J Pharmacol Exp Ther
	2017
	961


	2
	Foster JA
	Stress & the gut-brain axis: Regulation by the microbiome.
	Neurobiol Stress.
	2017
	832


	3
	Van den Bergh BRH
	Prenatal developmental origins of behavior and mental health: The influence of maternal stress in pregnancy.
	Neurosci Biobehav Rev
	2020
	717


	4
	Jurek B
	The Oxytocin Receptor: From Intracellular Signaling to Behavior.
	Physiol Rev.
	2018
	658


	5
	Hiser J
	The Multifaceted Role of the Ventromedial Prefrontal Cortex in Emotion, Decision Making, Social Cognition, and Psychopathology.
	Biol Psychiatry.
	2018
	607


	6
	Grace AA
	Dysregulation of the dopamine system in the pathophysiology of schizophrenia and depression.
	Nat Rev Neurosci.
	2016
	598


	7
	Pinto-Sanchez MI
	Probiotic Bifidobacterium longum NCC3001 Reduces Depression Scores and Alters Brain Activity: A Pilot Study in Patients With Irritable Bowel Syndrome.
	Gastroenterology
	2017
	564


	8
	Bubb EJ
	The cingulum bundle: Anatomy, function, and dysfunction.
	Neurosci Biobehav Rev
	2018
	525


	9
	Liu W
	The Role of Neural Plasticity in Depression: From Hippocampus to Prefrontal Cortex.
	Neural Plast
	2017
	516


	10
	Belujon P
	Dopamine System Dysregulation in Major Depressive Disorders.
	Int J Neuropsychopharmacol
	2017
	508










3.5 Keyword co-occurrence and research hotspots

To visually demonstrate the distribution of research themes in the field of amygdala and depression, word cloud and pie charts were generated based on author keywords. Additionally, the “KeyWords Plus” field was extracted using Bibliometrix, yielding a total of 20,355 keywords. High-frequency terms were primarily related to brain structure, psychiatric disorders, population characteristics, and research methodologies. The most frequently occurring keywords were “amygdala” (3,778 occurrences, 7%) and “depression” (3,125 occurrences, 6%), underscoring their central role in this research area. Other frequently occurring terms included “male” (2,679), “female” (2,197), “brain” (1,918), “hippocampus” (1,716), “anxiety” (1,556), “controlled study” (1,485), and “prefrontal cortex” (1,262), reflecting a strong research focus on sex differences, emotional disorders, and the relationship between brain structure and function (Figure 5A).

[image: Treemap visualization labeled “A” displays psychological and neurological research topics, with “amygdala” as the largest category, followed by “depression,” “male,” and “human.” Bubble chart labeled “B” shows keyword clusters in a similar domain, with larger bubbles for more frequent terms like “amygdala,” “female,” “human,” and “hippocampus,” colored to indicate different topic groups.]
Figure 5 | Keyword clustering analysis in depression–amygdala research. (A) Dendrogram of the top 50 keywords in the field. (B) Keyword co-occurrence cluster map (2015–2024) generated by Bibliometrix.

In addition, a comprehensive keyword co-occurrence analysis was conducted using VOSviewer, with the parameters set to “All keywords” and “Full counting.” A total of 750 keywords with a minimum occurrence of 40 were identified and grouped into four thematic clusters, visualized in red, green, blue, and yellow, reflecting the multidimensional thematic structure of the field (Figure 5B). Cluster 1 (Red) focuses on neuroimaging features, abnormal brain function, and cognitive impairment; Cluster 2 (Green) emphasizes neurotransmitter regulation, gene expression, and pharmacological mechanisms, reflecting the biological underpinnings of depression; Cluster 3 (Blue) highlights emotional regulation and developmental risk factors, particularly the impact of early-life adversity on emotion processing and amygdala function; and Cluster 4 (Yellow) comprises animal model–based experimental research, focusing on neural circuitry, endocrine regulation, and behavioral mechanisms. Collectively, these results indicate that research on amygdala–depression spans multiple domains, including neuroimaging, biological mechanisms, psychological development, and experimental neuroscience.





4 Discussion

In recent years, research on the amygdala and depression has shown a marked increase and conceptual shift. The bibliometric results of this study reveal that global publications have risen sharply since 2020, with research focus gradually moving from single region functional analyses toward multilevel explorations of neural networks and systemic mechanisms. This trend reflects not only advances in neuroimaging and data analytics but also a growing consensus within the scientific community that the pathophysiology of depression has shifted from a “localized abnormality” model to a “systems integration” framework. Close collaboration among research institutions in the United States, China, and Europe has further accelerated this transition, propelling the field from fragmented studies toward a globally connected and mechanistically integrated stage of development.



4.1 Global landscape and research evolution: from regional abnormalities to systemic integration

The continuous expansion of research on depression and the amygdala reflects an increasingly sophisticated understanding of the core emotional circuitry underlying mood disorders. Early investigations primarily focused on structural alterations or activation differences within the amygdala, whereas more recent high-impact studies have revealed broader system-level mechanisms. Salim (2017) identified oxidative stress as a key contributor to central nervous system dysfunction (42); Foster (2017) and Pinto-Sanchez (2017) extended this concept to the gut–brain axis, emphasizing that microbiota can influence amygdala activity through immune and metabolic pathways, thereby modulating emotional regulation (43, 44). Van den Bergh (2020) demonstrated that prenatal stress disrupts the development of amygdala–prefrontal circuits, providing a neurodevelopmental basis for early preventive interventions (45).

In addition, several pivotal studies have expanded this mechanistic framework by linking the amygdala to neurotransmitter and structural pathways. Jurek (2018) and Hiser (2018) revealed that oxytocin and its receptor modulate connectivity between the amygdala and ventromedial prefrontal cortex (vmPFC), offering potential therapeutic targets (46, 47). Grace (2016) and Belujon (2017) reported that anhedonia in depression may stem from dysregulation of dopaminergic input from the amygdala and ventral hippocampus (48, 49). Structurally, Bubb et al. (2018) highlighted the cingulum bundle as a crucial tract linking the amygdala to the frontal lobe, suggesting that its disruption may underlie impaired emotion–cognition integration (50). Collectively, these findings converge on the amygdala as a multimodal hub integrating oxidative, immune, endocrine, and neurocircuit mechanisms—laying the groundwork for emerging systems-level frameworks of depression.

Consequently, the neurobiological model of depression has evolved from a single-region abnormality paradigm to a cross-system dysregulation framework, in which oxidative stress, inflammation, hormones, and neurotransmitters converge on the amygdala to jointly modulate emotion and cognition. This mechanistic transition parallels the bibliometric trends observed in this study, with a marked increase in interdisciplinary collaborations and multimodal imaging projects since 2020. These initiatives emphasize the interplay among functional connectivity, inflammatory signaling, and behavioral phenotypes, reflecting a collective shift in the field—from identifying isolated abnormalities to elucidating integrated mechanisms and constructing multilevel explanatory models.




4.2 Thematic clusters and scientific implications: integrating multi-level mechanisms

Keyword clustering analysis revealed four major thematic clusters within the depression–amygdala research field. These clusters are not independent but together form a continuum that bridges neural network dynamics, molecular regulation, developmental processes, and behavioral manifestations.

Cluster 1 focuses on resting-state functional connectivity and emotion-regulation networks, highlighting dysregulation within the prefrontal–amygdala circuitry. Numerous studies have demonstrated reduced amygdala–prefrontal and amygdala–limbic connectivity in patients with depression, indicating impaired top-down emotional control (47, 51–54). Such “prefrontal inhibition failure” corresponds closely to the negative emotional bias characteristic of depression and represents one of the most consistent neuroimaging signatures across studies. Cluster 2 encompasses molecular and neuroregulatory mechanisms, emphasizing the coupling between emotional circuits and neurotransmitter systems. Abnormal amygdala–ventral hippocampal connectivity has been linked to dopaminergic imbalance, providing a neural basis for anhedonia (46, 49). Oxytocin signaling enhances amygdala–prefrontal coupling, suggesting a potential neurobiological target for emotion regulation (46, 47). Meanwhile, chronic stress–induced microglial activation within the amygdala supports an inflammatory mechanism by which impaired synaptic plasticity contributes to mood dysregulation (55, 56). Cluster 3 addresses early-life stress and developmental emotion regulation, underscoring how environmental adversity shapes neural development. Prenatal and childhood stress have been shown to alter amygdala maturation and functional connectivity, establishing early emotional vulnerability (45, 57–59). Maternal depression, prenatal stress, and early abuse are all associated with disrupted amygdala–prefrontal connectivity in offspring, providing a neural basis for the intergenerational transmission of depression risk (45, 57, 60). Cluster 4 concerns animal models and systemic regulation, emphasizing the integration of physiological systems and neural circuitry. Animal experiments have demonstrated that oxidative stress, gut microbiota, glutamatergic transmission, and oxytocin signaling can modulate amygdala activity, providing direct evidence for neuro-immune-metabolic integration in depression pathophysiology (61–63). Taken together, these four thematic clusters delineate a hierarchical framework spanning molecular, neural, and behavioral levels. They underscore the amygdala’s pivotal role as an integrative hub within multidimensional regulatory networks and provide empirical foundations for the unified theoretical model proposed in the next section.




4.3 Theoretical integration: the amygdala as a cross-level emotional hub

Integrating bibliometric findings with mechanistic evidence, this study proposes a unified framework positioning the amygdala as a key intermediary node linking molecular biology, neural circuitry, and emotional behavior. Abnormalities in inflammation, stress hormones, and neurotransmission may alter the balance among the frontoparietal network (FPN), default mode network (DMN), and salience network (SN) through amygdala-centered modulation, leading to impaired emotional regulation and core depressive symptoms such as anhedonia.

Within this framework, the neuropathological features of depression can be understood as an imbalance between heightened emotional reactivity and weakened cognitive regulation. The amygdala and related limbic structures exhibit excessive sensitivity to negative emotional stimuli, persistently transmitting amplified negative signals to cortical regions. Meanwhile, the prefrontal cortex—particularly the dorsolateral prefrontal cortex (DLPFC) and ventromedial prefrontal cortex (vmPFC)—shows diminished regulatory and inhibitory control, failing to constrain amygdala hyperactivation. This “enhanced emotion generation–limited regulation” pattern of circuit-level dysfunction has been validated by multiple neuroimaging studies (15, 64, 65). Functional MRI research has demonstrated heightened amygdala responses to negative stimuli in patients with depression (15, 64), along with reduced prefrontal activation during cognitive reappraisal or inhibitory tasks (64). Meta-analyses and resting-state studies further reveal decreased amygdala–prefrontal connectivity, reflecting impaired emotional control (66, 67). Comprehensive reviews support this framework, suggesting that hyperactive emotion-processing networks maintain persistent negative affect, while inefficient prefrontal regulation amplifies sustained negative thinking and cognitive bias (65, 68).

Therefore, amygdala-based functional dysconnectivity represents more than regional hyperactivation—it reflects a breakdown in the coordination between emotional generation and cognitive control systems. This circuit imbalance provides a coherent neurobiological explanation for the heterogeneity and symptom persistence observed in depression. In summary, the amygdala has evolved from a passive marker of emotional response to an active hub of emotional regulation and therapeutic intervention. This integrative model offers new insights into the multidimensional neuropathology of depression and establishes a theoretical foundation for precision diagnosis and circuit-targeted interventions in affective disorders.




4.4 Clinical and translational implications: from neural biomarkers to therapeutic targets

Current evidence indicates that amygdala functional connectivity has three advantages as a candidate biomarker for depression: it is quantifiable, interpretable, and amenable to intervention. First, in diagnosis and patient stratification, individual differences in resting-state amygdala connectivity can help identify age- and sex-specific neural signatures across different disease stages (52, 53). When combined with peripheral inflammatory markers or neurotransmitter profiles, these connectivity alterations may serve as cross-modal biomarkers, bridging brain imaging and molecular indices to refine diagnostic precision.

Second, in prognosis and treatment prediction, baseline amygdala–insula connectivity strength has been shown to predict subsequent symptom remission and treatment responsiveness (54). This suggests that circuit-level metrics could be used as dynamic indicators for tracking therapeutic outcomes and guiding personalized interventions.

Third, in intervention and neuroplasticity modulation, noninvasive neuromodulation techniques—such as repetitive transcranial magnetic stimulation (rTMS), transcranial direct current stimulation (tDCS), theta-burst stimulation (TBS), and real-time fMRI neurofeedback—can effectively restore the functional integrity of the prefrontal–amygdala circuitry. Preclinical findings further support this translational potential: animal studies have demonstrated that oxytocin and glutamatergic pathways modulate amygdala excitability, providing mechanistic targets for circuit-specific therapies (46, 47, 61, 62).

In parallel, advances in artificial intelligence (AI) and the Internet of Medical Things (IoMT) are paving the way for the digitization of amygdala-based biomarkers (34, 39). Functional connectivity features may soon be transformed into computational indicators for multimodal prediction, remote monitoring, and relapse prevention. Establishing standardized protocols for imaging acquisition, preprocessing, and data sharing across centers will be essential for ensuring reproducibility and scalability. Collectively, these developments highlight the translational promise of amygdala-centered neural markers in achieving precision prevention, personalized intervention, and long-term management of depressive disorders.




4.5 Limitations and future directions

Several limitations should be acknowledged in this study. First, the use of only the Web of Science Core Collection (WoS) and Scopus databases may have introduced coverage bias. Second, the restriction to English-language publications and a fixed search time window may have excluded recent or non-English studies. Third, differences in cross-database deduplication procedures and parameter settings may affect the precision of clustering results. Moreover, this study did not perform country-level thematic comparisons to avoid attribution bias caused by multi-institutional and multi-country authorship. Finally, variations in citation definitions and threshold criteria across databases prevented the listing of highly cited papers within each cluster.

Despite these limitations, this study integrated global bibliometric evidence with mechanistic research findings to reveal the systematic evolution and knowledge structure of depression–amygdala research. Future research should focus on three key directions: (i) longitudinal and multimodal validation of the amygdala’s causal role as a neural regulatory hub; (ii) construction of multicenter imaging–molecular–behavioral databases to identify replicable and generalizable neural biomarker systems; and (iii) development of individualized intervention models based on amygdala functional connectivity, achieving a closed loop from mechanistic understanding to precision treatment.

Overall, abnormalities in amygdala functional connectivity reflect a system-level disequilibrium spanning from molecular to network levels in depression. The amygdala has thus evolved from a passive structure of emotional reactivity to an active integrative hub in affective regulation. The findings of this study not only map the intellectual evolution of the field but also provide a theoretical foundation for future research on multidimensional mechanisms and circuit-guided interventions in affective disorders.





5 Conclusion

Using data from the Web of Science Core Collection and Scopus, this bibliometric study mapped the 2015–2024 landscape of amygdala-related depression research. Publication output rose markedly after 2020, and the field has shifted from single-region accounts to systems-level frameworks. Keyword and clustering results converge on four themes: emotion-regulation networks, molecular and neural regulation, developmental risk factors, and animal models. Across these themes, amygdala functional connectivity emerges as a promising candidate neuromarker for stratification and treatment prediction. Despite limitations (database scope, language/time window, cross-database harmonization), the overall trajectory points to mechanistic precision and system integration. Future work should adopt harmonized, multicenter, multimodal designs with age/sex stratification, and integrate peripheral biomarkers and AI-enabled analytics to translate candidate markers into scalable clinical readouts.
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