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Objective: We utilized bibliometric and data visualization techniques to discern the primary research domains and emerging frontiers in the field of adult hippocampal neurogenesis (AHN).
Methods: We systematically searched the Web of Science database for AHN-related articles published between 2004 and 2023. The retrieved articles were filtered based on publication types (articles and reviews) and language (English). We employed CiteSpace, VOSviewer, and the online bibliometric platform (bibliometric.com) to visualize and analyze the collected data.
Results: In total, 1,590 AHN-related publications were discovered, exhibiting a steady increase in yearly publications over time. The United States emerged as the leading contributor in AHN research in terms of both publication quantity and national influence. Among all research institutions in the field of AHN, the University of California System exhibited the highest impact. Kempermann, Gerd was the most active author. The publications of the top three active authors primarily focused on the functions of AHN, and reversing hippocampal damage and cognitive impairment by improving AHN. An analysis of reference co-citation clustering revealed 8 distinct research clusters, and the notable ones included “adult hippocampal neurogenesis,” “neurogenesis,” “hippocampus,” “dentate gyrus,” “neural stem cell,” and “depression.” Additionally, a burst keyword detection indicated that ‘anxiety’ is a current research hotspot in the field of AHN.
Conclusion: This in-depth bibliographic assessment of AHN offers a deeper insight into the present research hotspots in the field. The association between AHN and cognitive diseases, such as Alzheimer’s disease (AD) and anxiety, has emerged as a prominent research hotspot.
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 adult hippocampal neurogenesis; neurogenesis; web of science; bibliometric analysis; Citespace; VOSviewer; co-citation analysis


1 Introduction

The process of adding new neurons to the hippocampal region throughout life is referred to as adult hippocampal neurogenesis (AHN) (Kempermann et al., 2015). For decades, AHN has been extensively studied in rodents and non-human primates (Zhang et al., 2023), and many studies have also determined the extent of lifelong neurogenesis in humans (Spalding et al., 2013; Boldrini et al., 2018; Sorrells et al., 2018). Hippocampal neural stem cells in the subgranular zone (SGZ) of the dentate gyrus (DG) primarily differentiate into dentate granule neurons, which constitute the majority of excitatory neurons in the DG region (Denoth-Lippuner and Jessberger, 2021). Functionally, the DG receives input from the entorhinal cortex and sends information to CA3 and CA1 through a trisynaptic circuit, playing a key role in learning and memory (Babcock et al., 2021). AHN is the most robust form of plasticity in the adult brain and may contribute to the development of memory (Goncalves et al., 2016). Studies have shown that AHN enhances the plasticity of the hippocampus, which may be related to spatial memory, emotional memory, pattern separation, cognitive flexibility, and emotional regulation. Abnormal AHN can disrupt cognition, leading to memory deficits (Altman, 1963). Considering the importance of AHN for healthy brain function, many studies deciphered the physiological mechanisms of AHN.

Abnormal AHN has been well-documented in various diseases of the central nervous system, including neurodegenerative and neuropsychiatric disorders (Lazarov and Hollands, 2016). The morphology of adult-born dentate granule cells was abnormal in autopsy specimens of patients with various neurodegenerative diseases, such as amyotrophic lateral sclerosis, Huntington’s disease, Parkinson’s disease, Lewy body dementia, and frontotemporal dementia. In addition, changes were observed in the expression of differentiation markers of these cells. The proportions of hippocampal neural stem cells change in the resting and proliferative phases, altering the dynamic balance of the neurogenic niche. These changes reduce the phagocytic ability of microglia, trigger astrogliosis, and alter the microvascular structure of the DG, leading to hippocampal dysfunction in the physiological and pathological aging process of humans (Terreros-Roncal et al., 2021). Several studies have shown that AHN is reduced in patients suffering from depressive disorders such as Major Depressive Disorder (MDD) (Berger et al., 2020). MDD is a prevalent mental illness, primarily manifested as anxiety, low spirits, and slowed cognition. Studies on human post-mortem brain tissue have shown a decrease in the number of hippocampal neurons in patients with MDD and reduced angiogenesis in the neurogenic niche (Boldrini et al., 2012). These changes may be the main reasons for abnormal regulation of emotion, depression, and anxiety. Whether AHN has other potential functions, in addition to cognitive function and emotional regulation, still requires further scientific research.

Research on the mechanism of AHN primarily focuses on the initiation and maintenance of AHN. The neurogenic niche plays a crucial role in the production and functional maintenance of AHN. The composition of niche cells includes neural stem cells (NSCs), neural progenitor cells, neuroglial cells, endothelial cells, and immune cells, such as microglia and macrophages (Li et al., 2022). Under steady-state conditions, NSCs provide signaling molecules, such as the neurotransmitter GABA and the Notch ligand Delta-like 1 (Dll1) (Kawaguchi et al., 2013), through autocrine and paracrine manners to regulate the dormant state of NSCs. Microglia phagocytose apoptotic IPCs (Sierra et al., 2010), and astrocytes release cytokines, such as IL-1β and IL-6, to promote the neuronal differentiation of NSCs (Barkho et al., 2006). The presence of antibody plaques and tau tangles in the brain of patients with AD, and even the interaction of amyloid peptides with hippocampal niche macromolecules, such as palmitic acid and metals, can lead to chronic inflammation, oxidative stress, microglial activation, and abnormal function of astrocytes (Babcock et al., 2021). This affects NSC survival, neuronal differentiation, and the maturation and integration of newborn neurons (Li et al., 2022). Considering the importance of the neurogenic niche in the generation and maintenance of AHN changes in niches and their effect on AHN in different diseases need further in-depth research.

Bibliometric analysis utilizes statistical techniques to measure numerical data associated with scientific endeavors. It provides structured knowledge systems by handling the characteristics of references like journals, authors, institutions, and so on. Nevertheless, quantitative approaches are rarely employed in the field of AHN. We analyzed AHN studies to assess global research patterns and prospective areas of interest from 2004 to 2023. Additionally, we forecasted the direction of research in this domain for the upcoming years.



2 Methods


2.1 Data source and search strategy

On March 15, 2024, we completed the search on the Web of Science Core Collection database (Science Citation Index Expanded (SCI-EXPANDED) – 1900-present). The search strategy was: ‘Adult hippocampal neurogenesis’ (Title) or ‘Adult hippocampal neurogenesis’ (Abstract) or ‘Adult hippocampal neurogenesis’ (Author keywords). The search spanned from January 1, 2004, to December 31, 2023. Detailed information, such as publication types (articles or reviews), author details (full names, addresses, and affiliations), citation data (times cited in Web of Science core collection and all databases), and publication characteristics (year, date, volume, issue, page range, DOI, PubMed ID, research areas, and open access designations), were collected from the Web of Science database on the same day. All analyses were performed using the acquired data to prevent biases arising from citation information updates.



2.2 Data extraction and statistical analysis

The dataset for this study comprised the full records of the retrieved papers, such as titles, authors, abstracts, and cited references. These data were exported as plain text. We analyzed the number and year of publication, total citations, average citations per publication, countries/regions, institutions, authors, references, and keywords. Data were then uploaded to the Online Analysis Platform of Literature Metrology,1 VOS viewer (Version 1.6.20, Leiden University, Netherlands,), and CiteSpace (Version 6.2.R4, 64-bit, Drexel University, Philadelphia, PA, United States) for bibliometric analysis.

CiteSpace is specialized visual analysis software designed to analyze trends and dynamic changes in scientific literature. It identifies key points within a given field (Chen and Song, 2019). In this study, CiteSpace was used to analyze the collaborative relationships and co-citation of institutions, cited authors, subject categories, and references and detect citation bursts for references. We initiated our analysis by setting suitable parameters, which included the width of the time slice and the threshold. To simplify the network, we opted for the “Pathfinder Network Scaling Algorithm.” The “Logarithmization” option was employed to maintain a balanced link distribution within the network. Furthermore, we activated the “Burst Citation Detection” option, a method specifically designed to detect emerging trends in scientific literature.

VOS viewer is a software used to construct bibliometric networks of the scientific literature (Yeung et al., 2020). In this study, we employed this software to analyze and visualize co-occurrence networks of keywords. The relatedness in co-occurrence analysis was determined based on the number of documents, in which keywords occurred together. Different nodes represent different elements in the network maps generated by the VOS viewer, while the size of nodes is proportional to the number of publications or frequency. The color of nodes and lines indicates different appearance years or clusters. The line between the nodes represents the associations such as co-authorship or co-citation. The strength of links was assessed by the indicator of total link strength. When visualizing the results, we chose the “Cluster View,”
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Gene Primer Sequence (5'to 3’ Targeting exons
FLNA Primer 1-F GGAAGAAGATCCAGCAGAACA Exon 3
Primer 1-R CCTCCAACAGCGCGATAA Exon 3
FLNA Primer 2-F GGAACCTGAAGCTGATCCTG Exon 3
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FLNA Primer 4-F GCGCTGCTTGTCTTCTTTG Exon 48
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Variables (mean PLC t-value

No. of subjects ‘ 67 (Male) 72 (male)

Age ‘ 2209 £ 244 [ 2169 £ 257 [ 0931 [ 0353

EQ score ‘ 37.87 £ 1337 4012 % 13.68 ~0984 0326

ASQ score ‘ 2154 £ 887 2021 %742 [ 0954 [ 0338

BDI score ‘ 6.15 + 5.55 5.18 + 5.59 1.025 0.307

STAI score ‘ 3991 985 3937+ 977 0364 [ 0716

PANAS (POS) ‘ 27.07 £7.92 27.20 £ 7.93 ~0.07 0914

PANAS (NEG) ‘ 1443 £ 582 15.05 + 587 [ 0653 0514

Abbreviations: Becks Depression Inventory (BDI), State-trait Anxiety Inventory (STAD; EQ, empathy quotient; ASQ, autism spectrum quotient; Positive and Negative Affect Schedule
(PANAS); SD, Standard Deviation; POS, positive; NEG, negative.
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FDR-corr indicates FDR-corrected p values, all <0.001. *For healthy males, the topological effect of treatment compared the difference values (OT, minus PLC) between groups.
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Cancer group Non-cancer group

(288) (322)
Gender* Male 46 (33.86%) 90 (66.14%) 12.60 <0.01
Female 242 (51.15%) 232 (48.85%)
Age* 50+ 12 38£16 9443 <0.01
Psychiatric diagnosis * Depressive episode 22 (45.83%) 58 (54.17%) 14.44 <0.01
Anxiety disorders 94 (51.14%) 90 (48.86%)
Comorbid depression and 172 (49.72%) 174 (50.28%)
anxiety
Episode Type First 244 (48.70%) 257 (51.30%) 2.17 0.14
Relapse 44 (40.37%) 65 (59.63%)
Antidepressants* 36.50 <0.01
(categories and dose)
Duloxetine 15 (65.20%) 8 (34.80%)
Dose(mg) 52.50 £ 14.88 61.33 £ 22.00 —1.14 0.27
Escitalopram 246 (54.10%) 209 (45.90%)
Dose(mg) 14.59 + 3.61 14.50 4 3.87 0.27 0.79
Sertraline 12 (21.14%) 45 (78.86%)
Dose(mg) 75.00 £ 33.71 88.89 +41.48 —1.20 0.24
Venlafaxine 20(32.25%) 42(67.75%)
Dose(mg) 116.25 + 61.92 142.86 £+ 61.56 —1.58 0.12
Vortioxetine 2 (15.40%) 11 (84.60%)
Dose(mg) 15+7.07 15 +4.47 0.00 1.00
Combined trazodone* Yes 195 (54.56%) 166 (46.43%) 16.43 <0.01
No 93 (37.36%) 156 (62.64%)
Scale assessment* PHQ-9* 13.50 4+ 5.85 14.70 £+ 6.52 6.37 0.01
GAD-7 12.97 £ 5.13 13.20 £5.33 0.40 0.52
VAS 2.77 £ 3.64 2.87 £2.63 1.24 0.26
PHQ-15* 11.16 +4.58 1213+ 5.37 4.54 0.03
PSQI* 13.68 +4.51 12.16 +4.43 18.25 <0.01

p: p-values (2-tailed); *p < 0.05; PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder Questionnaire-7; VAS, Visual Analog Scale; PHQ-15, 15-item Patient Health
Questionnaire; PSQI, Pittsburgh Sleep Quality Index.
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Variables Categories GAD-7 PHQ-9

scores scores
Follow-up time Baseline 0 0
Week 4 —7.46 (0520 | —7.45 (0.58)***
Week 8 —8.93 (0.68)** | —9.58 (0.76)***
Cancer status Cancer 0 0
Non-cancer —0.04 (0.44) 0.22 (0.48)
Episode Type First 0 0
Relapse 0.27 (0.53) 0.45 (0.59)
Antidepressants Escitalopram 0 0
Duloxetine —0.48 (1.05) —1.05 (1.15)
Sertraline —1.04(0.72) 0.28 (0.80)
Venlafaxine 0.57 (0.67) 1.63 (0.74)*
Vortioxetine —1.36 (1.41) 1.02 (1.56)
Combined Yes 0 0
trazodone
No 0.76 (0.67)* | —1.27 (0.46)**

Interaction effects (influencing factors x time)

Week 4—baseline

Cancer status group (non-cancer) x time —0.31 (0.64) —0.88(0.72)

Episode Type(relapse) x time 0.36 (0.77) 0.77 (0.86)

Antidepressants group x time

Escitalopram 0 0
Duloxetine 2.63(2.28) 3.34(2.54)
Sertraline 2.69 (1.07)* 1.68 (1.20)
Venlafaxine 1.4 (1.04) 0.99 (1.16)
Vortioxetine 3.40 (2.17) 3.27 (2.43)
Combined trazodone(no) x time 0.76 (0.67) 2.06 (0.74)**

Week 8 - baseline

Cancer status group (non-cancer) x time 0.70 (0.81) 0.47(0.91)

Episode Type(relapse) x time 0.16 (1.11) 0.19(1.24)

Antidepressants group x time

Escitalopram 0 0
Duloxetine —0.64 (3.1) 1.62 (3.47)
Sertraline 3.77 (1.81)* 3.75(2.02)*
Venlafaxine 0.02 (1.30) —0.74(1.45)
Vortioxetine 1.82(2.52) —1.57(2.81)
Combined trazodone (no) x time 0.88 (0.88) 1.55 (0.98)

Values represent estimated effect sizes (B) and corresponding standard errors (SE); *p < 0.05,
*p < 0.01, **p < 0.001; PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized
Anxiety Disorder Questionnaire-7.
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