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INTRODUCTION 
 

Early discoveries in the 20th century showed that the 

longevity of research animals could be extended by 

external factors such as caloric restriction [1, 2], and 

that mutations in specific genes, including age-1 from 

the insulin/IGF-1 signaling pathway, can significantly 

increase lifespan [3, 4]. These studies led to the 

assumption that aging is a modifiable process, creating 

a whole new scientific field. In the last decades, aging 

research has grown exponentially, revealing multitude 

of genes and signaling pathways regulating the aging 

process, as well as many interventions that increase 

lifespan and health span in animal models [5]. This 

growth in the number of research articles describing 

processes related to the BoA has driven several attempts 

to summarize the field [6–8]. These reviews of the 

literature have been tremendously helpful to focus on 

aspects of aging biology with the highest scientific 

evidence. However, while they have greatly influenced 

the field, they may have inadvertently concentrated 

research efforts on specific topics, leaving other 

emerging trends underexplored. As research becomes 

more focused on these subfields, the emergence of new 

narratives in aging research is becoming more 

challenging. Moreover, the field is now being more 
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ABSTRACT 
 

Aging research has advanced significantly over the past century, from early studies on animal models to a 
current emphasis on clinical and translational applications. As research literature expands exponentially, 
traditional narrative reviews can no longer capture the field’s complexity, highlighting the need for new, 
unbiased synthesis tools. Here, we leverage advanced natural language processing (NLP) and machine learning 
(ML) techniques to analyze 461,789 abstracts related to aging published between 1925 and 2023. By integrating 
Latent Dirichlet Allocation (LDA), term frequency-inverse document frequency (TF-IDF) analysis, dimensionality 
reduction and clustering, we delineate a comprehensive thematic landscape of aging research. Our results show 
a clear shift: early decades focused on cellular and molecular mechanisms, while recent years emphasize clinical 
studies, especially neurodegenerative disorders. Notably, we identify a persistent divide between the biology 
of aging (BoA) and clinical research, with minimal conceptual overlap between them. Furthermore, we identify 
distinct clusters representing key biological processes, some of which may have previously been overlooked as 
cohesive research domains. Finally, we highlight both established and underexplored interconnections that 
could guide future research. This study outlines shifting priorities and translational gaps in aging research and 
offers a scalable, data-driven alternative to conventional reviews. 
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populated by trends in healthcare and clinical studies, 

which have started to focus on aging as a key clinical 

variable and how it affects disease risk and progression. 

Yet the interaction between the BoA and clinical 

practice remains at a very premature stage. 

 

When trying to accomplish a comprehensive literature 

review, authors are always biased towards personal 

preferences and knowledge about that field. With the 

exponential rise in the number of published research 

articles related to aging, it is becoming increasingly 

complex to summarize the whole field. Therefore, we 

believe that analyzing scientific literature from an 

unbiased perspective using natural language processing 

(NLP) computational tools represents a powerful 

alternative to narrative or systematic reviews. Our goal 

in this study is to provide a comprehensive, data-driven 

synthesis of the aging research landscape. By leveraging 

large-scale computational approaches, we aim to 

uncover thematic structures, research trends, and 

translational gaps that are difficult to capture through 

traditional experimental or review-based methods. 

 

Here we leveraged different NLP techniques and 

machine learning (ML) models to perform an un-

supervised analysis of a dataset comprising all available 

abstracts in the PubMed database (1925-2023) that 

include the term “aging” (~500,000). By using topic 

modeling and TF-IDF analysis [9], we revealed the 

most dominant topics in the field, their relationships 

with other topics and how they have evolved in the last 

50 years. This analysis showed that while in the early 

years aging research focused on animal models, in the 

most recent years, clinical research and healthcare have 

emerged as dominant topics incorporating aging as a 

variable. Looking into specific tissues or systems, the 

diseases from the central nervous system (CNS), mainly 

Alzheimer’s disease (AD) and dementia, have 

concentrated research efforts, probably influenced by 

funding policies. 

 

Inspired by recent tools developed for single-cell RNA-

seq analysis [10], we used dimensionality reduction and 

clustering techniques to better understand how the 

manuscripts related to aging are distributed. To this end, 

we employed text vectorization to represent each 

abstract as a vector in a high-dimensional space, 

followed by Uniform Manifold Approximation and 

Projection (UMAP) embedding [11] and Leiden 

clustering [12]. This approach allowed us to extract a 

multitude of clusters that comprise different subfields in 

aging research, from healthcare to molecular biology. As 

one of the most prominent branches of aging research, 
we conducted a focused analysis on documents related to 

the BoA, being able to identify different clusters of 

manuscripts that encompass important themes in aging, 

including cellular senescence, telomeres or oxidative 

stress. By integrating the clustering information, the 

terms contained in each document, and the year of 

publication, we mapped the evolution of these clusters 

and how they are related to each other. 

 

Looking into specific terms, we studied the distribution 

of the hallmarks of aging [7] in these clusters, extracting 

valuable information about how the hallmarks are 

distributed in our unbiased BoA clusters. This analysis 

revealed that certain hallmarks of aging are confined to 

more isolated clusters of documents, such as those 

focusing on telomeres, autophagy, or mitochondria. In 

contrast, others, such as inflammation or metabolism, 

are more evenly distributed through the literature, 

indicating a higher degree of interconnection with other 

aspects of aging research. Notably, this analysis allowed 

us to uncover overlooked relationships in the BoA 

literature, such as the connections between metabolism 

and telomeres or autophagy and epigenetics. To broaden 

the scope of this analysis and find underrepresented 

relationships between the different subfields of aging 

research, both from a global perspective and BoA-

focused, we examined the presence of the top 

differential words from each cluster in every other 

cluster. This strategy unveiled the most extensively 

studied relationships and uncovered the least explored 

connections in the field, supporting the conclusion that 

the integration between BoA and clinical research 

remains immature and highlighting potential directions 

for future investigation. Overall, our analysis is a 

valuable resource for studying and tracing the evolution 

of key topics and themes in the aging field, identifying 

research opportunities, and serving as a versatile and 

scalable tool that streamlines literature analysis from an 

unbiased perspective. 

 

RESULTS 
 

Topic modeling reveals key topics, trends and 

interconnections in aging research 

 

Topic modeling has been widely applied across various 

domains, including social media analysis and market 

research, to extract abstract topics from textual datasets 

[13, 14]. In this study, we leveraged NLP and ML 

techniques commonly used in topic modeling to identify 

and analyze the evolution and interrelationships of key 

topics in aging research literature from an unbiased 

perspective. To achieve this, we retrieved the abstract 

text and publication year of all manuscripts containing 

the term “aging” or its variants in the abstract, title, or 

keywords using the NCBI Entrez API in the PubMed 

database. This process yielded 544,821 unique abstracts, 

with a limited number of abstracts available before  

1975, which were subjected to tokenization and filtering 
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steps, resulting in a final dataset of 461,789 unique 

abstracts with a median token count of 100 per abstract  

(Figure 1A, 1B). 

 

For topic modeling, we employed LDA, a generative 

probabilistic model widely used in NLP [13], designed 

to uncover hidden thematic structures (topics) within 

large corpus of textual data. LDA assumes that 

documents are mixtures of multiple topics, with each 

topic characterized by a probability distribution over 

words. To determine the optimal number of topics for 

training, we calculated the coherence score by 

iteratively training an LDA model with varying 

numbers of topics. This analysis identified 30 topics as 

the most coherent number (Figure 1C). Subsequently, 

we trained an LDA model to extract topics from the 

documents and analyzed the most distinctive words 

within each topic using TF-IDF scoring [9]. This 

statistical measure highlights the significance of a word 

in a specific document relative to a collection of 

documents. Notably, we identified 30 well-defined 

topics encompassing key concepts relevant to the field, 

including clinics and healthcare, cell and molecular 

biology, and specific tissues such as brain or muscle 

(Figure 1D and Supplementary Data 1). 

 

Among these, a topic containing general terms 

emerged as the most prevalent across the dataset, 

followed by topics related to healthcare and cell 

biology (Figure 1E and Supplementary Table 1). 

Regarding tissue-specific topics, the aging field is 

prominently represented by terms associated with the 

central nervous system (CNS) and associated 

neurodegenerative diseases, with four distinct topics 

linked to this system. Other tissues prominently 

represented in the model include skin, cardiovascular, 

muscle, bone, liver, and kidney. However, some 

systems, including the digestive, respiratory, and 

reproductive systems, seem to be less studied in the 

aging field, as the analysis lacks specific topics related 

to them. 

 

To analyze the temporal evolution of these topics over 

the last 50 years, we quantified the yearly topic 

proportions to identify trends for each topic (Figure 1F). 

The aging field appears to have transitioned from a 

predominantly biology-focused domain, characterized 

in earlier years by a higher proportion of topics related 

to cell biology, cell signaling, rodent studies or specific 

tissues, to a more clinically and human-oriented 

perspective. This shift is evidenced by an increased 

prominence of topics such as healthcare, analytics, 

demography, psychosocial aspects, therapeutics, risk 
factors, and physical activity in recent years. 

Interestingly, CNS is the only tissue-specific topic that 

exhibits a positive trend over time. 

To assess whether the field has become more varied or 

more concentrated in its focus over the years, we 

calculated the evolution of Shannon entropy of topic 

distributions (Figure 1G). Shannon entropy quantifies 

uncertainty in a distribution, with higher values 

reflecting greater diversity and lower values indicating a 

focus on fewer dominant themes. The observed 

decrease in Shannon entropy of topic distributions over 

time suggests a narrowing diversity in the topics being 

studied, pointing to a shift towards convergence within 

the field. Concurrently, the increasing prevalence of 

general terms may reflect the rise of more generalist 

manuscripts, likely influenced by the growing number 

of secondary research outputs such as narrative or 

systematic reviews and meta-analyses relative to 

original research [15, 16]. This could suggest field 

maturation, with researchers consolidating knowledge 

and building on established frameworks. However, it 

could also be interpreted as a sign of reduced diversity, 

with fewer novel ideas and a potential narrowing of 

intellectual breadth, a recently raised concern across 

many scientific fields [17]. 

 

To uncover the interconnections between topics, we 

analyzed their co-occurrence within the documents in 

the dataset (Figure 1H and Supplementary Figure 1). 

Unsurprisingly, broader topics like general terms, 

analytics, cell biology, and cell signaling emerged as 

central hubs, linking to a wide range of other topics. 

However, a clear pattern emerged: topics related to 

clinics and healthcare, such as therapeutics, psychosocial 

aspects, and risk factors, frequently appear together, 

while biology-focused topics show a similar tendency to 

co-appear. This division highlights the distinct focus 

areas within the aging field, with biological mechanisms 

and healthcare-related perspectives largely developing in 

parallel rather than being closely interconnected. As a 

final step, we performed a sentiment analysis of the 

documents and examined how it evolved over time. 

Words with positive sentiment included “strength,” 

“care,” “training,” and “healthy,” whereas terms like 

“cancer,” “depression,” and “damage” scored negatively, 

aligning with their intuitive meanings (Supplementary 

Figure 2A). Overall, sentiment remained positive 

throughout the analyzed period, rising in the initial years 

but starting to decline around the early 2000s, when 

research on the link between cancer and aging 

intensified (Supplementary Figure 2B, 2C). Assessing 

the sentiment associated with each topic showed that 

“muscle” and “healthcare” exhibited the most positive 

sentiment, whereas “oxidative stress” and “cancer” were 

the only topics displaying a negative sentiment score 

(Supplementary Figure 2D). 
 

These findings reveal clear trends in the aging field, 

including a shift from biological mechanisms toward 
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Figure 1. Topic modeling of aging related abstracts. (A) Workflow. (B) Distribution of number of words per abstract. (C) Coherence 

score of different number of topics using LDA topic modeling. (D) Intertopic Distance Map (PCA) of topics identified through LDA, distance 
between bubbles corresponds to the similarity between topics and the size represents the proportion of each topic within the corpus. (E) Top 
differential stems of each topic based on TF-IDF scoring. (F) Evolution of topic distributions along the whole corpus, each line represents the 
5-year moving average of each topic proportions (1975-2023). (G) Shannon entropy evolution of topics distribution (1980-2023). (H) Chord 
diagram illustrating the co-occurrence of topics in the document corpus. The width of each chord is proportional to the co-occurrence 
magnitude. 
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healthcare and clinical perspectives, alongside a 

narrowing diversity in topics. The dominance of CNS-

related topics highlights the central role of neuro-

degenerative diseases in aging research. Additionally, 

the separate grouping of biological and healthcare-

related topics suggests parallel developments with 

limited integration. 

 

Mapping the thematic landscape in aging research 

through document vectorization and clustering 

 

Aging research spans a diverse range of domains, from 

molecular mechanisms to clinical applications. To 

better understand how these themes are structured, we 

applied dimensionality reduction techniques to 

examine the relationships between key topics in the 

field. Preprocessed documents were transformed into a 

high-dimensional vector using TF-IDF vectorization 

[9], which considers the importance of each term in a 

document relative to the entire corpus. To represent 

each document in a 2-dimensional space, we employed 

Principal Component Analysis (PCA) and UMAP [11] 

embedding (Figure 2A), followed by Leiden clustering 

[12], which revealed a well-defined clustering of 

documents in different themes that contain cluster-

specific terms (Figure 2B and Supplementary Figure 3 

and Supplementary Table 2). Our analysis identified 

clusters corresponding to well-established domains, 

including cell and molecular biology, such as 

“Mitochondria” and “DNA damage”, “Cell cycle and 

senescence”, and “Oxidative stress”; clinical and 

healthcare-related clusters, such as “Healthcare”, 

“Depression and psychology”, and “Geriatrics”; and 

lifestyle and demographic factors, including “Exercise”, 

“Nutrition”, and “Risk factors”. Additionally, we also 

found clusters related to specific tissues and systems, 

such as, “Muscle”, “Bone”, and “Skin”, which tended 

to be well-separated from the rest of the corpus. The 

distribution of documents across these clusters (Figure 

2C) revealed that clusters containing broader terms, 

such as “Healthcare” and “Cell signaling and stem 

cells”, encompass a larger number of documents. In 

contrast, clusters containing more specialized terms, 

such as “Telomeres” and “Sleep”, exhibit smaller 

cluster sizes. 

 

To quantify the relationships between our clusters, we 

computed cosine similarity (Figure 2D), which 

measures their semantic proximity within the 

embedding space by averaging the TF-IDF vectors of 

all documents within each cluster. Pairs with higher 

cosine similarity, such as “Cell cycle and senescence” 

and “Cell signaling and stem cells” or “Diabetes” and 
“Nutrition”, indicate closely related research areas with 

significant conceptual overlap. In contrast, clusters such 

as “Skin”, “Muscle” or “Telomeres”, exhibit lower 

similarity scores with other clusters, highlighting their 

distinct focus and minimal conceptual intersection with 

the rest of the corpus. 

 

This analysis revealed a clear distinction between 

clinical and healthcare-related terms and those 

associated with the BoA within the 2D space  

(Figure 2E). Clinical and healthcare-related terms, 

such as “Healthcare”, “Patient”, and “Treatment”, are 

predominantly positioned in one region of the space 

(left), whereas biology-related terms, including “Cell”, 

“Molecular”, and “Protein”, cluster in a distinct and 

separate region (right). 

 

To integrate both topic modeling and clustering, we 

employed hierarchical clustering based on topic 

enrichment in each cluster (Figure 2F). This approach 

showed that clusters are generally highly enriched in 

topics that closely align with their defining terms. For 

example, the “Healthcare” cluster is predominantly 

associated with the healthcare-related topic, while the 

“Exercise” cluster exhibits strong enrichment for the 

physical activity-related topic, indicating a consistent 

thematic alignment across the dataset. Through this 

approach, we identified three distinct hierarchical 

groups within the clusters. The first hierarchy consists 

of clusters related to the BoA, which are primarily 

enriched with topics focused on cell and molecular 

biology (“DNA damage”, “Oxidative stress”, 

“Mitochondria”, etc). The second hierarchy includes 

healthcare and clinical clusters, which are pre-

dominantly associated with clinically relevant topics 

(“Healthcare”, “Dementia”, “Depression and 

psychology, etc). The third hierarchy comprises tissue-

specific clusters, including “Muscle”, “Bone”, and 

“Vascular”, which display a more diverse and sparse 

enrichment pattern across different topics. An 

interesting observation emerges when comparing the 

“Muscle” and “Exercise” clusters. While both are 

related to physical activity and musculoskeletal health, 

the “Muscle” cluster shows greater enrichment in topics 

associated with BoA. In contrast, the “Exercise” cluster 

is more aligned with lifestyle and clinical-related topics, 

highlighting the dual focus within musculoskeletal 

aging research. 

 

Our approach highlights clear thematic organization in 

well-defined clusters comprising different aspects of 

aging research, ranging from healthcare, clinical and 

social domains to fundamental biology. The relative 

scarcity of documents containing healthcare-related 

terms within biology-focused clusters, and vice versa, 

underscores the persistent divide between basic and 
clinical research. This pattern suggests that, despite 

growing interdisciplinary efforts, these domains largely 

remain separate in focus and scope. 
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Figure 2. Unsupervised clustering of aging related abstracts. (A) UMAP and Leiden clustering of vectorized documents in the dataset. 

(B) Heatmap showcasing top differential words in each cluster, color reflects the proportion of documents within each cluster containing any 
stem from the respective word group. (C) Number of documents per cluster. (D) Cosine similarity analysis between clusters based on TF-IDF 
vectors. (E) UMAP representation highlighting the presence of keywords related to clinics and healthcare vs. molecular and cell biology.  
(F) Hierarchical clustering heatmap of topic enrichment in each cluster, color reflects normalized enrichment score. 
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Temporal analysis of aging research clusters 

 

After characterizing the thematic composition of the 

clusters, we analyzed their temporal evolution to 

identify distinct trends reflecting shifting research 

priorities within the aging field. As expected from the 

steady growth in aging-related manuscripts over the 

years, we observed an overall increase in the number of 

published papers across nearly all clusters (Figure 3A). 

However, despite this general growth, the field has 

consistently shifted towards a stronger emphasis on 

clinical aspects (Figure 3B). Clusters related to 

“Healthcare”, “Dementia”, and “Cancer” have gained 

prominence, reflecting the increasing focus on aging as 

a key variable in clinical research. This shift occurred at 

the expense of clusters primarily focused on the BoA, 

which has seen a relative decline in their representation 

within the field. Notable exceptions to this trend include 

the “Oxidative stress”, “Cell cycle and senescence”, and 

“Genetics” clusters, which have increased over time. 

This trend is particularly evident in clusters related to 

CNS. While the proportion of papers related to 

“Dementia” or “Memory and learning”, clinically 

oriented clusters, has consistently increased, clusters 

such as “Alzheimer’s”, which have a clear focus on 

more fundamental aspects, have shown a declining 

trend from the early 2000s. 

 

We then calculated the mean publication year of papers 

within each cluster (Figure 3C) to examine which areas 

have gained prevalence in the last years, revealing that 

clusters such as “Mitochondria” and “Genetics” emerge 

as the most recent. The trajectory of the clusters related 

to animal models is particularly noteworthy. “Animal 

studies”, which represents the oldest area of research 

and is the only cluster where the absolute number of 

publications has declined from the early 2000s, contains 

mainly studies using rat as the animal model. 

Meanwhile, the “Mouse studies” cluster had a later 

development, showcasing the transition from rat-based 

models, which historically dominated earlier studies, to 

the increasing use of mice as the standard model in 

aging research. 

 

To further explore the stability and evolution of 

thematic focus within clusters, we analyzed the trends 

in temporal consistency of topic distributions using 

cosine similarity (Figure 3D). This analysis quantifies 

the degree of thematic consistency over time by 

calculating the similarity of topic distributions between 

consecutive years within each cluster. A steep positive 

trend indicates a rapid increase in thematic stability, 

suggesting that the cluster converged early and has 
maintained a consistent focus over the years. In 

contrast, clusters with a negative trend demonstrate 

greater variability, reflecting ongoing thematic shifts 

and relatively higher introduction of new concepts 

within those research areas. Overall, we observed  

an increase in cosine similarity across most clusters, 

indicating a trend towards greater thematic 

consolidation within the aging research field. Notably, 

clusters such as “Genetics”, “Oxidative stress” and 

“Telomeres” exhibit the steepest positive trends, 

implying earlier convergence and sustained thematic 

focus. Conversely, only the “Animal studies” cluster 

show a negative trend, suggesting a change in topic 

distribution over time. 

 

A clear evolution in research priorities emerges from 

our findings, indicating a growing emphasis on clinical 

and healthcare-related clusters at the expense of BoA-

focused clusters. However, key areas in BoA research, 

such as oxidative stress and cellular senescence, 

continue to expand. Additionally, our analysis suggests 

that thematic shifts within aging research are becoming 

less frequent, with clusters converging towards more 

stable topic compositions. 

 

Focused analysis uncovers thematic patterns in 

biology of aging research 

 

To accomplish a more detailed analysis of one of the 

most influential branches of aging research, we extracted 

abstracts whose main topic corresponded to one of the 

BoA-related topics from topic modeling, yielding 

approximately 94,000 documents. Then, we applied 

again dimensionality reduction (PCA and UMAP) to the 

vectorized documents (Figure 4A), followed by Leiden 

clustering, uncovering several clusters of documents 

containing terms specific to different domains of the 

BoA (Figure 4B and Supplementary Figure 4 and 

Supplementary Table 3). This focused analysis identified 

clusters corresponding to well-established domains in 

the BoA field, including “Senescence”, “Oxidative 

stress”, “Mitochondria”, “Epigenetics”, “Autophagy” or 

“Telomeres”. Additionally, clusters associated with 

aging-related diseases (“Alzheimer’s” and “Cancer”), 

also emerged, emphasizing their prominence within BoA 

research. This likely reflects a more intensive focus on 

their underlying biological mechanisms compared to 

other age-related diseases. Furthermore, two well-

separated tissue-specific clusters, “Muscle” and “Skin”, 

appeared, suggesting a distinct research focus on their 

fundamental biological processes within aging compared 

to other tissues. 

 

The identified clusters exhibit notable differences in 

document prevalence (Figure 4C). Broader research 

domains, such as “Oxidative stress”, “Immunology”, 
and “Senescence”, are represented in the largest 

clusters, reflecting their centrality and wide coverage 

within the BoA. In contrast, more specialized or niche 
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Figure 3. Temporal evolution of aging research clusters. (A) UMAP of vectorized documents distributed across decades. (B) Evolution 

of cluster proportions, each line represents the 5-year moving average of each cluster proportion (1975-2023). (C) Mean publication year of 
the documents in each cluster. (D) Cosine similarity trend analysis across clusters, results represent the slope of the 5-year moving average of 
the changes in cosine similarity within each cluster (1975-2023). 
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Figure 4. Unsupervised clustering of BoA-related abstracts. (A) UMAP and Leiden clustering of vectorized BoA-related documents.  

(B) Heatmap of top differential words in each cluster, color reflects the proportion of documents within each cluster containing any stem 
from the respective word group. (C) Number of documents per cluster. (D) Cosine similarity analysis between clusters based on TF-IDF 
vectors. (E) Dot plot of the relative presence of stems associated with the Hallmarks of Aging in each cluster, size and color of the dots 
represent the proportion of documents that contain a stem within a particular cluster. 
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themes, including “Sirtuins and mTOR”, “Autophagy”, 

and “RNA biology”, contain fewer documents and are 

usually more separated in the 2D space, highlighting 

their more focused and specific areas of research. 

 

Cosine similarity analysis (Figure 4D) revealed the 

conceptual relationships between clusters by measuring 

their semantic proximity. Stronger relationships emerged 

between clusters such as “Stem cells” and “Mesenchymal 

stem cells”, or “Epigenetics” and “Genomic stability”, 

indicating some thematic overlap. In contrast, clusters 

including “RNA biology”, “Autophagy”, and “Sirtuins 

and mTOR” displayed lower similarity scores with other 

clusters, underscoring their distinct thematic focus and 

limited conceptual intersection with broader research 

domains. 

 

Finally, to further investigate the distribution of 

hallmark-associated terms across our clusters and 

evaluate how each cluster aligns with the hallmarks of 

aging, we calculated the presence of hallmark-related 

terms within each cluster (Figure 4E). This analysis 

revealed that certain hallmarks are strongly represented 

within specific clusters, while others are more widely 

distributed across multiple clusters. For example, terms 

related to “Oxidative stress”, “Senescence”, and 

“Mitochondria” are predominantly concentrated within 

their corresponding clusters, reflecting a clear thematic 

alignment. Similarly, the “Telomeres”, “Autophagy”, 

“Epigenetics” and stem cell-related clusters show a 

strong association with their respective hallmarks. In 

contrast, hallmarks such as “Genomic instability”, 

“Inflammation”, “Metabolism” and “Altered intercellular 

communication” are more diffusely represented across 

multiple clusters, suggesting they are likely studied from 

more diverse perspectives. Notably, cellular senescence, 

oxidative damage, genetics and metabolism are the most 

prevalent terms across the entire document corpus. This 

comparison highlights how certain clusters align closely 

with specific hallmarks of aging, while others exhibit a 

more diffuse distribution without a clear hallmark 

association. 

 

A distinct and coherent thematic framework in BoA 

research becomes evident through our analysis, with 

clusters aligned to fundamental aging processes, 

diseases, and tissues. While some clusters closely 

correspond to individual hallmarks of aging, others do 

not map to a specific hallmark, suggesting that dividing 

the field into hallmarks does not fully encompass all 

areas of BoA research. 

 

Temporal dynamics in biology of aging research 

 

Following our assessment of the BoA clusters’ thematic 

composition, we examined their evolution over time  

to uncover shifts in research priorities. Consistent with 

the steady growth in aging-related manuscripts over  

the years, clusters generally showed an increase  

in the absolute number of published papers per year 

(Figure 5A). 

 

Further analysis of the evolution of cluster proportions 

reveals a notable shift in research focus over time 

(Figure 5B). Specifically, more generalist clusters such 

as “Immunology” and “Biochemistry” have declined in 

their proportional representation. In contrast, dedicated 

clusters like “Oxidative stress”, “Senescence” or 

“Mitochondria” have expanded, reflecting that as the 

field has evolved, research has tended to specialize. 

Additionally, clusters that were absent in the early 

stages of the field, namely “Telomeres” “RNA biology” 

“Autophagy” and “Sirtuins and mTOR”, exhibited steep 

increases once their relevance to aging was established. 

The analysis of the mean publication year (Figure 5C) 

supports this trend, highlighting that these clusters are 

among the most recent additions to the field. 

Meanwhile, “Cytokines” and “Alzheimer’s” stand as 

the oldest clusters. This does not imply that these 

subfields are no longer actively studied, it rather 

suggests that manuscripts focusing primarily on these 

areas have become less common over time, potentially 

integrating into other clusters. An intriguing observation 

is that the “Alzheimer’s” cluster, even though 

Alzheimer’s disease is one of the most studied areas at 

the present time, exhibits a clear decline, probably 

because it has been integrated in more clinically 

oriented or translational research frameworks. Classical 

studies focusing on the molecular and biological 

underpinnings of AD, particularly in relation to aging, 

appear to have decreased in relative volume. 

 

As previously implemented, we evaluated trends in the 

temporal consistency of topic distributions by applying 

cosine similarity (Figure 5D) to assess the evolution of 

thematic stability within each cluster. Overall, we 

observed an increasing trend towards thematic 

consolidation across most clusters within the BoA 

research field. Notably, clusters such as “Autophagy”, 

“Epigenetics”, and “Clinical genetics” exhibit the 

steepest positive trends, indicating rapid convergence 

and sustained thematic focus. In contrast, the 

“Cytokines” cluster is the only one to show a negative 

trend, suggesting a redistribution of scope during the 

evolution of this cluster. 

 

The evolution of BoA research clusters over time 

reflects a reorientation of thematic focus. While the 

total number of BoA-related manuscripts has increased, 
broader categories such as “Biochemistry” and 

“Immunology” have diminished in relative proportion 

as research has become more specialized. Furthermore, 
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Figure 5. Temporal evolution of BoA research clusters. (A) UMAP of vectorized documents distributed in decades. (B) Evolution of BoA 

cluster proportions, each line represents the 5-year moving average of each cluster proportion (1975-2023). (C) Mean publication year of the 
documents in each cluster. (D) Cosine similarity trend analysis across clusters, results represent the slope of the 5-year moving average of the 
changes in cosine similarity within each cluster (1975-2023). 
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assessment of temporal consistency indicates a clear 

trend toward convergence, with thematic shifts in each 

cluster becoming less frequent, consistent with the 

broader patterns observed when studying all documents. 

 

NLP–driven discovery of underexplored connections 

in aging research 

 

Ultimately, we employed NLP to explore potential 

research gaps by focusing on the interactions between 

different clusters through semantic overlap analysis. We 

leveraged TF-IDF scoring to quantify the distribution of 

cluster-specific terms. For each cluster, we calculated 

the mean TF-IDF vector by averaging the TF-IDF 

scores of all its documents and then identified the top 20 

distinctive words. Next, we measured how these top 

terms were represented in other clusters by averaging 

their TF-IDF scores across clusters. This approach 

enabled us to highlight over- and underrepresented 

relationships between clusters, revealing the most and 

least studied connections between subfields of aging 

research. 

 

First, we analyzed the dataset containing all documents 

(Figure 6A, 6B). In general, clusters with thematically 

similar research focuses exhibited a higher number of 

relationships. For example, clinical domains such as 

“Healthcare” and “Geriatrics”, “Muscle” and “Exercise”, 

as well as “Memory and learning” and “Dementia”, 

displayed a broader range of connectivity. In contrast, 

the least studied relationships are often found between 

clinical-focused clusters and biology-focused clusters. 

For instance, central biological processes, such as “Cell 

cycle and senescence”, “Oxidative stress”, or 

“Mitochondria”, show limited exploration in connection 

with clinical topics such as “Healthcare” or “Geriatrics”. 

This pattern highlights a research gap, suggesting that 

fundamental biological processes are insufficiently 

connected with clinical outcomes, in line with previous 

results discussed in this manuscript. 

 

Then, we examined relationships in the dataset focused 

on BoA clusters (Figure 6C, 6D). As expected,  

certain relationships are well-studied, reflecting their 

established importance in aging biology. For example, 

“Senescence” and “Cancer”, a central axis in age-

related diseases, shows a relative over-representation. 

Similarly, “Mitochondria” and “Oxidative stress”, a 

cornerstone of aging theories, exhibit strong research 

connections. Other well-explored relationships include 

“Gene regulation” and “Epigenetics” and “Cancer” and 

“Senescence”, reflecting a tighter interconnection 

between these fields. 
 

In contrast, the connection between several fundamental 

aging processes remains underexplored, revealing 

opportunities for new discoveries. For instance, despite 

their shared roles in cellular aging, “Senescence”  

and “Mitochondria” show limited research overlap. 

Similarly, “Oxidative stress” and “Epigenetics”, two 

key players in cellular damage and aging, remain poorly 

connected. Other notable examples of under-represented 

relationships include “Telomeres” and “Alzheimer’s” 

and “Autophagy” and “Epigenetics”. 

 

Together, these findings underscore the opportunity for 

more integrative, cross-disciplinary research approaches 

to bridge biological mechanisms with clinical contexts. 

Focusing on the BoA clusters, our analysis reveals both 

well-explored areas and significant gaps in the 

interconnections between fundamental aging processes, 

highlighting key opportunities for future research into 

aging mechanisms. 

 

DISCUSSION 
 

This study represents, to our knowledge, the first large-

scale, unbiased computational analysis of aging 

research literature spanning nearly a century. By 

leveraging advanced natural language processing (NLP) 

and machine learning (ML) techniques on over 460,000 

PubMed abstracts dating from 1925 to 2023, we have 

delineated the evolving thematic landscape of aging 

research. Our integrated approach combining topic 

modeling, TF-IDF weighting, dimensionality reduction, 

and clustering, provides a comprehensive map of the 

field, uncovering both well-established domains and 

emerging subfields. Our work not only charts historical 

shifts from fundamental biological investigations using 

animal models to a predominantly clinical and 

translational focus but also reveals underexplored 

interconnections between fundamental aging processes. 

 

A central finding of our study is the marked evolution in 

research priorities over the past 50 years. Early decades 

were dominated by a focus on animal models and 

cellular mechanisms, which laid the groundwork for our 

mechanistic understanding of aging. In contrast, recent 

decades show a pronounced shift toward clinical 

research and healthcare applications, reflecting both 

technological advances and changing societal priorities 

as populations age. This transition is further underscored 

by our temporal analysis of topic proportions and 

Shannon entropy, which suggest a consolidation of 

research themes around a few dominant topics; most 

notably, those related to healthcare and clinics, and an 

intensive emphasis on neurodegenerative diseases where 

AD and dementia have emerged as the most studied 

conditions in the aging field. Such convergence, while 

indicative of maturation within the field, may also signal 

a narrowing of intellectual diversity that could constrain 

novel discoveries in less-explored areas. Importantly, the 
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Figure 6. Mapping underexplored connections in the aging research literature through semantic overlap analysis. (A) Heatmap 

of average TF-IDF score of the top 20 most significant words from each cluster when evaluated against documents in every other cluster 
using the dataset containing all documents. Rows represent the source clusters from which the top 20 words were selected based on their 
TF-IDF score. Columns represent the target clusters where the mean TF-IDF scores of these words were computed. Color represents the 
magnitude of the average TF-IDF score. (B) Top 3 most and least studied relationships among clusters (all documents). (C) Heatmap of 
average TF-IDF score of the top 20 most significant words from each BoA cluster when evaluated against documents in every other BoA 
cluster using the dataset containing only BoA-related clusters. Rows represent the source clusters from which the top 20 words were selected 
based on their TF-IDF score. Columns represent the target clusters where the mean TF-IDF scores of these words were computed. Color 
represents the magnitude of the average TF-IDF score. (D) Top 3 most and least studied relationships among BoA clusters. 
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overwhelming dominance of AD and dementia research 

may not solely reflect emerging scientific trends but 

could also be partially driven by funding policies. For 

instance, agencies like the National Institute on Aging 

have historically allocated a substantial proportion of 

their research funding to Alzheimer’s and related 

dementias, shaping the field’s research priorities. 

 

Our clustering analysis revealed distinct thematic 

groups that not only segregate clinical and basic 

biological research but also highlight specific tissue- 

and system-focused studies (e.g., those related to the 

CNS or skeletal muscle). Links between BoA clusters 

(such as oxidative stress and cellular senescence) and 

clinically oriented clusters remain sparse. This suggests 

that despite the overall growth in aging research, a 

significant gap persists between fundamental aging 

mechanisms and their translation to clinical settings. 

Addressing this gap could open new avenues for 

integrative, cross-disciplinary research and ultimately 

improve patient outcomes. 

 

Beyond differences in funding distribution, several 

structural and conceptual barriers contribute to the 

persistence of this gap. These include disciplinary silos 

that limit collaboration between basic aging biologists 

and clinical researchers, the absence of shared conceptual 

frameworks and standardized vocabularies linking 

molecular hallmarks of aging with clinical phenotypes, 

and methodological mismatches in experimental design, 

model systems, and outcome measures [8, 18]. Together, 

these factors can hinder the integration of fundamental 

biological insights into clinical practice and slow the 

development of translational interventions. 

 

Building on these observations, we propose several 

strategies to bridge this divide and foster a more 

integrated research landscape. One key step is the 

development of interoperable ontologies that explicitly 

map molecular and cellular aging processes to clinical 

outcomes, aligning experimental models with human 

health endpoints. The creation of standardized 

terminologies and shared conceptual frameworks 

across basic and clinical domains would further  

unify vocabularies and enable cross-disciplinary data 

integration. In addition, cross-disciplinary consortia 

and collaborative initiatives that bring together gero-

scientists, clinicians, computational biologists, and 

epidemiologists could help break down institutional 

and conceptual barriers, promoting dialogue and 

shared research priorities. 

 

We also highlight the need for open, multimodal datasets 
that link biological markers, preclinical models, and 

patient-level clinical data, providing a foundation for 

robust translational studies. Prospective longitudinal 

cohort studies incorporating molecular aging biomarkers 

alongside clinical outcomes could generate the critical 

evidence needed to validate mechanistic insights in 

human contexts. Moreover, incorporating geroscience 

endpoints into ongoing clinical trials for age-related 

diseases could accelerate translation by linking 

biological hallmarks to therapeutic responses. Together, 

these strategies would support a more cohesive and 

bidirectional research ecosystem, accelerating the 

translation of fundamental discoveries into interventions 

that improve human healthspan. 

 

Beyond these broad trends, a focused analysis on the 

BoA research literature uncovered distinct clusters 

corresponding to fundamental aging processes. When 

we compared these clusters with the well-established 

hallmarks of aging, we found that while some clusters 

align closely with these predefined categories, others do 

not clearly fit into them. This discrepancy suggests that 

the BoA is more diverse than what the classical 

hallmarks scheme alone might capture. This comparison 

underscores the value of our unbiased, data-driven 

approach in revealing research themes beyond 

predefined frameworks. 

 

In addition to mapping research trends, our analysis 

uncovered several underrepresented or overlooked 

relationships in the aging field. By quantifying the 

differential presence of cluster-associated terms, we 

outlined areas where potential synergies remain 

underexplored. For example, clusters related to clinical 

domains such as “Healthcare” and “Geriatrics”, or 

“Muscle” and “Exercise”, demonstrated considerable 

vocabulary overlap, reflecting well-established 

connections in applied research. In contrast, clusters 

representing biological processes, such as those involved 

in the cell cycle, oxidative stress, and mitochondrial 

function showed limited intersections with clinical 

topics. Notably, while certain links between fundamental 

BoA processes, such as “Senescence” and “Cancer” or 

“Mitochondria” and “Oxidative stress”, are extensively 

studied, our data reveal that other potentially critical 

relationships, for instance “Senescence” and 

“Mitochondria” or “Autophagy” and “Epigenetics,” 

remain underexplored. These insights offer a powerful 

roadmap for the aging research community to identify 

and investigate underexplored relationships that may 

hold potential for advancing the field. 

 

Traditional narrative or systematic reviews have 

invariably been limited by subjective biases and  

the growing volume of scientific literature. Our 

unsupervised, data-driven approach circumvents these 
limitations, offering an unbiased synthesis of research 

trends that is highly scalable and adaptable, with 

potential applications beyond aging research. 
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Nevertheless, our study is not without limitations. One 

key limitation is the abstraction-level bias inherent in 

our dataset: the analysis is based on article abstracts 

rather than full texts, which may lead to a loss of nuance 

and contextual information. Abstracts provide concise 

summaries and are suitable for large-scale topic 

modeling, but they do not capture the complete depth of 

the underlying studies. This limitation may influence 

topic representation and should be considered when 

interpreting our results. An additional limitation of this 

study arises from potential biases introduced by 

PubMed’s indexing practices. The scope, structure, and 

curation policies of the database influence which studies 

are included, how they are categorized, and how 

searchable metadata are assigned. These factors may 

shape the thematic patterns captured by our analysis, 

potentially emphasizing certain types of research or 

publication formats over others. Our analysis is shaped 

by the conceptual and technical characteristics of  

the LDA and TF-IDF framework. These methods  

make some simplifying assumptions, such as topic 

independence and the conditional independence of 

words within topics, which, while effective for 

capturing broad thematic structures, may limit the 

ability to fully reflect polysemy, semantic nuance, or 

hierarchical relationships among topics. More advanced 

transformer-based language models could potentially 

address some of these challenges by capturing richer 

contextual relationships, but their application at this 

scale and for this type of bibliometric analysis remains 

computationally intensive and recent advances now 

make their use in bibliometric analyses increasingly 

feasible, representing a promising direction for future 

work [19, 20]. 

 

It is important to note that the topic and cluster labels 

presented in the manuscript are intended to enhance the 

interpretability and readability of the results; they are 

not claimed to represent definitive or exhaustive 

categorizations of the research landscape. To promote 

transparency and enable independent interpretation, we 

provide the full list of TF-IDF-derived top words  

for each topic and cluster, as well as an interactive  

LDA visualization. This resource will allow readers  

to explore topic identities, thematic relationships,  

and interpretations based on their specific research 

questions. 

 

In summary, our study provides a transformative 

perspective on aging research by systematically 

mapping its historical evolution, elucidating complex 

thematic interrelationships, and identifying research 

gaps. These findings may serve as a catalyst for further 
interdisciplinary collaboration and the development  

of innovative strategies to bridge the gap between 

fundamental aging research and clinical application, 

while also laying a scalable foundation for future 

studies leveraging emerging NLP methods and 

expanded datasets. 

 

MATERIALS AND METHODS 
 

Abstract fetching and data preprocessing 

 

To generate the dataset, we used the Entrez API through 

the Biopython library [21] and searched for the 

manuscripts that contained the word “aging” in the 

abstract, title, or keywords from 1925 to 2023. For each 

manuscript, title, abstract and year of publication were 

retrieved. A function to remove duplicates was applied 

to the dataset. The corpus was retrieved using English 

search terms, which naturally yields an English-based 

dataset. Although no explicit language filter was applied 

during preprocessing, a post hoc language analysis 

using the langid Python library identified only 172 non-

English records across the entire dataset. Abstracts were 

tokenized using the preprocess_string function from 

Gensim library [22], breaking each abstract into 

individual tokens and applying standard preprocessing 

steps, including lowercasing, removal of punctuation, 

and elimination of common stop words (listed in 

Supplementary Table 4). To ensure enough semantic 

content for topic inference while minimizing noise from 

atypical documents, only abstracts containing between 

30 and 500 tokens were retained. Abstracts shorter than 

30 tokens typically lacked enough contextual 

information to support stable topic modeling, while 

those exceeding 500 tokens were usually outliers,  

often reflecting non-standard abstract formats that 

disproportionately increased noise. We empirically 

evaluated several token-length ranges, and the 30-500 

token window consistently produced the most coherent 

and interpretable topic structures. A dictionary of tokens 

was generated using the Gensim library to map each 

unique token to an identifier. To further stabilize the 

vocabulary and improve topic coherence, we applied 

frequency-based token pruning. Tokens appearing in 

fewer than 5,000 documents were excluded because 

they were too sparse and tended to introduce highly 

specific but statistically insignificant terms that biased 

topic formation. Conversely, tokens present in more 

than 30% of documents were removed due to their non-

discriminative nature. These empirically determined 

thresholds minimized noise and optimized topic 

coherence. Finally, the preprocessed documents were 

converted into a bag-of-words representation, capturing 

token frequencies for structured computational analysis. 

 

LDA topic modeling 

 

LDA was employed to uncover latent topics within the 

preprocessed abstracts [13]. Coherence scores, which 
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measure the interpretability and semantic consistency of 

topics, were calculated using the Gensim library’s 

CoherenceModel function. A range of potential topic 

numbers, from 5 to 50 topics in increments of 5, was 

evaluated. For each specified number of topics, an LDA 

model was trained on the bag-of-words representation 

of the dataset. The coherence score for each model was 

computed using the c_v metric, based on the agreement 

of word co-occurrences within topics. The number of 

topics with the highest coherence score (30) was 

selected as the optimal model configuration. Once the 

optimal number of topics was determined, a final LDA 

model was trained using 20 passes over the dataset to 

ensure convergence. The model was implemented using 

Gensim’s LdaModel function, with the number of topics 

set to 30 and the preprocessed dictionary as input. 

 

To assess the interpretability and relevance of the 

resulting topics beyond quantitative coherence metrics, 

we manually examined the TF-IDF-derived top words 

associated with each topic to verify their alignment with 

well-established thematic areas in aging research. This 

review confirmed that the top terms were consistent 

with meaningful and recognizable domains within the 

field. As an additional validation step, we randomly 

selected 30 representative abstracts from the corpus  

and identified the dominant topic assigned to each.  

This analysis, provided as Supplementary Data 1, 

demonstrated strong alignment between the model-

assigned topics and the actual content of individual 

abstracts, further supporting the interpretability of the 

topic structure. To facilitate the exploration and 

presentation of the LDA model, interactive visualization 

was performed using the pyLDAvis library [23]. 

 

TF-IDF modeling 

 

To further refine the characterization of topics 

generated by the LDA model, a TF-IDF model was 

applied [9]. TF-IDF assigns a weight to each term in a 

document, reflecting its relative importance across the 

corpus. The TF-IDF model was trained on the bag-of-

words representation (bow_corpus) using Gensim’s 

TfidfModel. The resulting TF-IDF matrix provided a 

weighted representation of the corpus, where each 

word was assigned, a score based on its frequency  

in a document relative to its prevalence across  

all documents. For each document, the topic 

distribution was computed using the LDA model’s 

get_document_topics function. The TF-IDF scores 

were then aggregated for each word within each topic, 

weighted by the topic distribution scores for the 

corresponding documents. This allowed for the 
computation of differential word importance across 

topics, providing a more nuanced understanding of 

topic-specific vocabulary. 

Topic proportion evolution 

 

To analyze the temporal dynamics of topics, the yearly 

proportions of topics were calculated based on the LDA 

model’s topic distributions across the corpus. A five-year 

moving average was applied to smooth the data, reducing 

short-term fluctuations while preserving long-term trends. 

 

Shannon entropy calculation 

 

Shannon entropy was calculated to quantify the 

evolution in the diversity of topic distributions within 

individual documents. Topic probabilities for each 

document were extracted from the LDA model. Entropy 

values were computed using the entropy function from 

the scipy.stats module [24], which measures the 

variability in topic assignment. Higher entropy values 

indicate greater diversity in the topic proportions within 

a document. Entropy values were paired with their 

corresponding publication years, and the mean entropy 

was calculated for each year. A 10-year rolling average 

was applied to smooth the data. 

 

Topic co-occurrence 

 

To analyze the relationships between topics, a topic co-

occurrence matrix was constructed based on the top topic 

probabilities per document. For each document, the five 

topics with the highest probabilities were identified from 

the LDA model’s topic distribution. Co-occurrence was 

defined as the simultaneous presence of any two topics 

within this top-5 set. A symmetric co-occurrence matrix 

was created where each cell represented the number of 

documents in which two topics co-occurred. The matrix 

was normalized by the total number of documents to 

calculate relative co-occurrence frequencies. To visualize 

the co-occurrence patterns, D3Blocks library chord 

function was used with links representing topic pairs 

exceeding a threshold of 0.033. 

 

Sentiment analysis 

 

Sentiment analysis was conducted to assess the emotional 

tone of abstracts and explore temporal sentiment 

dynamics. Sentiment scores were computed using the 

VADER (Valence Aware Dictionary and sEntiment 

Reasoner) tool from the nltk library [25]. For each 

abstract, a compound sentiment score was computed, 

providing a single measure of overall sentiment. 

Keywords were extracted from the corpus using the TF-

IDF method, selecting a maximum of 500 features. The 

extracted keywords were used to investigate sentiment 

trends in the dataset. A dictionary was created to store  
the sentiment scores associated with each keyword and 

the average sentiment per keyword was computed. To 

examine sentiment trends over time, the dataset was 
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grouped by publication year, and the average sentiment 

scores for each keyword were calculated annually. 

 

Documents UMAP embedding and clustering 

 

Document embeddings were generated and clustered to 

identify patterns and groupings within the corpus. First, 

the preprocessed documents were transformed into a 

high-dimensional vector using TF-IDF vectorization, 

retaining a maximum of 500 features to focus on the 

most significant terms. PCA with 50 components was 

applied to the TF-IDF matrix, UMAP was then used to 

project the PCA-transformed data into a two-

dimensional space. To identify discrete clusters, Leiden 

clustering was performed on PCA result. The clustering 

was implemented using the AnnData framework from 

the Scanpy library [10] with a 0.7 resolution. 

 

We used a relatively low number of neighbors (5) and 

retained 50 PCs, which together explained approximately 

30% of the variance. This parameter selection was based 

on empirical observations that higher numbers of 

neighbors or PCs led to over-smoothed and noisier 

clustering, diminishing the capture of semantically 

meaningful topics. In high-dimensional textual data such 

as scientific abstracts most of the variance captured by 

the top PCs often reflects general language structure or 

high-frequency but non-informative terms. Consequently, 

retaining a smaller number of components can better 

preserve domain-specific variation. Similarly, using 

fewer neighbors in graph-based community increases 

local sensitivity, allowing the algorithm to better 

distinguish between fine-grained thematic areas. In 

contrast, in our experience using a high neighbor count 

tended to blur boundaries between conceptually distinct 

clusters, particularly in corpora with overlapping 

vocabulary but divergent contextual usage. 

 

To identify the most distinctive words for each cluster, 

documents were assigned to clusters based on Leiden 

clustering results, and the mean TF-IDF score for each 

term within each cluster was calculated. Differential 

scores were computed for each term by comparing its 

mean TF-IDF score in a cluster to the maximum mean 

TF-IDF score across other clusters, highlighting words 

that were most specific to each cluster. Each document 

was checked for the presence of 3 top words using 

regular expression matching. The proportion of 

documents within each cluster containing these words 

was calculated, normalizing by the total number of 

documents in that cluster. 

 

Cosine similarity 

 

Cosine similarity was used to measure the semantic 

similarity between clusters based on their mean TF-IDF 

representations. Preprocessed documents were 

transformed into TF-IDF vectors with a maximum of 

500 features to balance computational efficiency and 

representation of significant terms. Documents were 

assigned to clusters according to Leiden clustering 

results, and the mean TF-IDF vector was calculated for 

each cluster by averaging the TF-IDF vectors of all 

documents within the cluster. A cosine similarity matrix 

was computed between the mean TF-IDF vectors of all 

clusters, providing a pairwise measure of similarity. 

 

Topic enrichment and hierarchical clustering of 

documents 

 

Topic enrichment analysis was performed to identify 

the overrepresentation of specific topics within 

document clusters. For each cluster, topic distributions 

were aggregated across all documents, and enrichment 

scores were calculated by comparing observed  

topic proportions to expected values under a null 

distribution. Expected values were computed based on 

the overall topic distribution across the entire dataset, 

accounting for the size of each cluster. Enrichment 

scores were calculated using the log2 ratio of observed 

to expected values, with adjustments to avoid division 

by zero. To visualize the relationships between 

clusters and topics, hierarchical clustering was 

employed based on Euclidean distance and average 

linkage, with enrichment scores normalized to enhance 

interpretability. 

 

Evolution of document clusters 

 

The temporal evolution of document clusters was 

analyzed by examining their proportions over time. 

Documents were assigned to clusters using Leiden 

clustering results, and their corresponding publication 

years were extracted. The mean publication year for 

each cluster was calculated to capture the average 

temporal distribution of documents within that cluster. 

Additionally, for each year, the proportion of 

documents belonging to each cluster was computed by 

normalizing cluster counts by the total number of 

documents published that year. To smooth temporal 

trends, a five-year moving average of these yearly 

proportions was applied. 

 

Cosine similarity trend 

 

The temporal trends in topic distributions within 

document clusters were analyzed using cosine similarity 

to quantify changes in thematic consistency over time. 

For each cluster, annual topic distributions were 
averaged across all documents, resulting in yearly 

cluster-specific topic vectors. Cosine similarity was 

calculated between consecutive years to measure the 
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degree of similarity in topic distributions, with values 

closer to 1 indicating higher thematic stability. To 

visualize long-term trends, a five-year moving average 

of cosine similarity was calculated for each cluster. 

Additionally, linear regression was applied to the five-

year moving averages to quantify the direction and 

magnitude of trends in cosine similarity for each cluster. 

Clusters were ranked based on the slopes of these 

trends, identifying whether thematic stability was 

increasing or decreasing over time. 

 

BoA-related documents UMAP embedding and 

clustering 

 

Documents related to the BoA were identified by 

filtering documents whose dominant topics included 

specific themes related to molecular and cell biology, 

yielding a total of 96,696 documents. The dominant 

topic for each document was determined based on the 

highest-probability topic in the document’s topic 

distribution from the LDA model. Similarly to our 

previous approach with all the documents, the filtered 

documents were transformed into high-dimensional 

vectors using TF-IDF vectorization, retaining 500 

features, reduced to 30 dimensions with PCA, and 

further embedded into a two-dimensional space using 

UMAP. Leiden clustering was applied to the PCA 

result to identify subgroups within the BoA-related 

documents with a resolution of 0.7 using Scanpy. 

Distinctive words for each cluster were identified  

by calculating differential scores based on mean  

TF-IDF values, highlighting terms most specific  

to each cluster. Finally, the proportion of documents 

containing the top three words was computed for  

each cluster, normalized by the total number of 

documents. 

 

Hallmarks of aging presence in BoA clusters 

 

The presence of hallmarks of aging related terms was 

analyzed across clusters by examining the proportion 

of documents containing predefined stems. The 

analyzed stems included ‘oxid’, ‘inflamm’, ‘senesc’, 

‘mitochondri’, ‘genom’, ‘stem’, ‘insulin’, ‘metabol’, 

‘telomer’, ‘epigenet’, ‘autophagi’, ‘nutrient’, ‘microbi’, 

and ‘intercellular’. Documents were assigned to 

clusters based on Leiden clustering, and the presence 

of each stem was checked in each of the documents. 

The proportion of documents containing each term was 

calculated for every cluster. 

 

Evolution of BoA-related documents and cosine 

similarity trend 

 

The temporal evolution of document clusters related to 

the BoA was analyzed as previously described for the 

entire dataset, by examining their mean publication year 

and proportions over time. Additionally, cosine similarity 

trend was also calculated following the same strategy as 

the one described for the whole dataset. 

 

Semantic overlap analysis between clusters using 

TF-IDF scoring 

 

The relationships between clusters were explored by 

analyzing the distribution of top cluster-specific words 

across other clusters using TF-IDF scores, both in the 

whole dataset and in the BoA-focused. For each 

cluster, the mean TF-IDF vector was calculated by 

averaging the TF-IDF scores of all documents within 

the cluster. The top 20 words with the highest TF-IDF 

scores were identified for each cluster, representing 

the most distinctive terms. To quantify the 

representation of cluster-specific words in other 

clusters, the mean TF-IDF scores of the top words 

from one cluster were calculated across all other 

clusters. This analysis highlighted the cluster-specific 

vocabulary that was over or underrepresented in other 

clusters. 

 

Data and code availability 

 

All the data needed to generate all the figures, as well 

as preprocessed data is available either in 

Supplementary Data or through Figshare: 

https://doi.org/10.6084/m9.figshare.c.7711070. An 

interactive visualization of the LDA model can be 

found at https://github.com/jsanzros/aging_literature. 

Analyses were carried out using Python 3.11.12  

with Google Colab TPU as backend. All code used  

for the analysis is publicly available online 

(https://github.com/jsanzros/aging_literature). 
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SUPPLEMENTARY MATERIALS  

 

Supplementary Figures 
 

 

 
 

Supplementary Figure 1. Topic co-occurrence in aging research literature. (A) Heatmap of co-occurrence probability among all 

topics from LDA model with bar plots showcasing top and bottom 5 co-occurring topics. 
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Supplementary Figure 2. Sentiment analysis of aging research literature. (A) Words with the highest and lowest sentiment score in 
all the corpus. (B) Evolution of sentiment score in the whole dataset. (C) Evolution of the proportion of documents containing the word 
cancer (word with the lowest sentiment score). (D) Average sentiment score per topic. 
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Supplementary Figure 3. UMAP visualizations (all documents). (A) Normalized word count per document. (B) UMAP visualization 

highlighting the presence of the three most distinctive words per cluster, identified using TF-IDF scoring. 
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Supplementary Figure 4. UMAP visualizations (BoA documents). (A) Normalized word count per document. (B) UMAP visualization 
highlighting the presence of the three most distinctive words per BoA cluster, identified using TF-IDF scoring. 
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Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Tables 1–4. 

 

Supplementary Table 1. Top 20 stem terms and their TF-IDF scores across topics. 

 

Supplementary Table 2. Top 10 differential words between all clusters based on TF-IDF score. 

 

Supplementary Table 3. Top 10 differential words between BoA clusters based on TF-IDF score. 

 

Supplementary Table 4. Stopwords used for abstract text preprocessing. 
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Supplementary Data 
 

Supplementary Data 1. Representative abstracts for each LDA topic. 
 

Dominant topic: general terms 

 

The recent research on ageing processes in mammals 

throws new light on the biochemistry of circadian clock. 

The already known regulatory pathways for biological 

rhythms and metabolism, combined with newly 

discovered functions of sirtuins, unveil a perspective for 

new hypotheses, regarding possible links between 

ageing and circadian rhythms. The NAD World 

hypothesis - postulated as a systemic regulatory 

network for the metabolism and ageing, linked with 

mammalian, NAD+ dependent Sirtuin 1 - conceptually 

involves two critical elements. One is the systemic, 

Nampt-controlled NAD+ (nicotinamide phospho-

ribosyltransferase) biosynthesis, where Nampt 

(nicotinamide phosphoribosyltransferase) acts as 

“propulsion” for metabolism and the other is NAD+ 

dependent deacetylase (SIRT1) - a regulator responsible 

for various biological effects, depending on its 

localisation in organism. In this approach, the role of 

sirtuins, which are evolutionary conservative, NAD+ 

dependent histone deacetylases, may be very important 

for the mammalian metabolic clock. This paper is a 

review of current research on possible links among 

SIRT1 (Sirtuin 1), metabolism and ageing with 

particular consideration of the NAD World hypothesis. 

 

Dominant topic: healthcare 

 

NHS continuing healthcare is a package of care that is 

arranged and funded solely by the NHS where an 

individual has been found to have a ‘primary health 

need’. Individuals who may be eligible have a right to 

be assessed for NHS continuing healthcare, and this 

assessment is undertaken by healthcare professionals 

using a national framework. However, there is a lack of 

literature on continuing healthcare and its assessment 

process. The aim was to review the literature on 

undertaking and providing continuing healthcare in 

terms of workforce roles, education and training, and 

competencies. A literature search was undertaken to 

identify relevant literature on continuing healthcare. 

Primary searching of electronic internal databases and 

indices at the Royal College of Nursing and King’s 

College London was used, alongside a further database 

search and hand searching. A narrative synthesis of the 

literature was used to synthesise the findings, and a 

thematic analysis was undertaken to identify themes 

from the literature. The literature search identified 100 
articles, of which 84 were excluded because they did 

not meet the inclusion criteria or provided insufficient 

details in the abstract. A total of 18 articles were 

included and examined in detail. Four themes were 

identified in the literature: complexity of care in 

transitioning care from hospital to home; different care 

models; importance of education of healthcare 

professionals; and role of continuing healthcare. 

Healthcare professionals - including nurses - should 

receive further training in caring for older people, 

especially in relation to continuing healthcare. Since 

there is an increasing ageing population, there is an 

increasing requirement for continuing healthcare, and 

thus further research examining all aspects of this care 

is required. 

 

Dominant topic: cell biology 

 

Most T lymphocytes, including regulatory T cells (Treg 

cells), differentiate in the thymus. The age-dependent 

involution of this organ leads to decreasing production 

of T cells. Here we found that the output of new Treg 

cells from the thymus decreased substantially more than 

that of conventional T cells. Peripheral mouse and 

human Treg cells recirculated back to the thymus, 

where they constituted a large proportion of the pool of 

Treg cells and displayed an activated and differentiated 

phenotype. In the thymus, the recirculating cells exerted 

their regulatory function by inhibiting interleukin 2 (IL-

2)-dependent de novo differentiation of Treg cells. 

Thus, Treg cell development is controlled by a negative 

feedback loop in which mature progeny cells return to 

the thymus and restrain development of precursors of 

Treg cells. 

 

Dominant topic: genetics 

 

Age-dependent changes in gene expression profiles 

were studied in vegetative Pinus radiata buds by means 

of differential display. Among several candidate 

cDNAs, a 327 bp fragment that shows high homology 

with an Arabidopsis thaliana 20S proteasome ATPase 

designated RPT5a was found. Northern hybridization 

confirmed that the accumulation of this transcript 

increases with tree ageing, suggesting a possible role of 

this AAA-ATPase gene in development-related specific 

proteolysis. 

 

Dominant topic: analytics 

 

Harmonizing measures in order to conduct pooled data 

analyses has become a scientific priority in aging 
research. Retrospective harmonization where different 

studies lack common measures of comparable constructs 

presents a major challenge. This study compared 
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different approaches to harmonization with a crosswalk 

sample who completed multiple versions of the measures 

to be harmonized. 

 

Dominant topic: cell signaling 

 

The efflux of K+ from aged human erythrocytes is 

regulated by Ca2+: 5--100 mumol/l Ca2+ stimulate and 

1--5 mmol/l Ca2+ inhibit K+-efflux. In fresh 

erythrocytes Ca2+ is virtually without effect on 

transport of K+. 3,7-Dimethyl-1-(5-oxohexyl)-xanthine 

(pentoxifylline) (5.5 mmol/l) decreases the K+-efflux 

from fresh erythrocytes by 10%. Similar effect of 

pentoxifylline is observed on the Ca2+-induced K+-

efflux from aged erythrocytes. The ATPase-activity of a 

human erythrocyte membrane is stimulated in in vitro 

experiments by 1--100 mumol/l Ca2+. Increased 

concentration of Ca2+ (1--5 mmol/l), inhibits ATPase-

activity. Pentoxifylline (0.5 mmol/l) modulates the 

effect of Ca2+ (conc. 1 mmol/l) on ATPase. It can be 

suggested that the rheological effect of pentoxifylline 

(possibly chelated with Ca2+) is caused by the decrease 

of Ca2+-caused K+-efflux and by the regulation of 

ATPase-activity of erythrocyte membrane. 

 

Dominant topic: demography 

 

Although research suggests racial/ethnic disparities in 

influenza vaccination and mortality rates, few studies 

have examined racial/ethnic trends among US 

adolescents. We used national cross-sectional data to 

determine (1) trends in influenza vaccination rates 

among non-Hispanic white (hereinafter, white), non-

Hispanic black (hereinafter, black), and Hispanic 

adolescents over time and (2) whether influenza 

vaccination rates among adolescents varied by 

race/ethnicity. 

 

Dominant topic: clinical tests 

 

The age-related changes on free plasma testosterone 

(T), dihydrotestosterone (DHT) and oestradiol (OE2) 

were determined in 82 healthy adult males. Forty-six 

subjects were between 22 and 61 years of age (group I), 

36 between 67 and 93 years (group II). The percentage 

of free, non-protein bound hormone was determined by 

equilibrium dialysis of undiluted plasma against 

isotonic phosphate buffer at 37 degrees C. Total 

hormone concentrations were measured by radio-

immunoassay. The percentage of free T was 2.24% 

(median), 1.65-3.42 (95 percentiles) in group I and 

1.65% (1.24-2.26) in group II. The percentage of free 

DHT decreased from 1.17% (0.80-2.03) in group I to 
0.83% (0.52-1.55) in group II. The decrease in % free 

Oe2 was only very small: group I = 2.49% (2.13-2.96), 

ad group II = 2.31% (1.95-3.17). The fall in free T by 

43.3% from 12.2 ng/100 ml (6.74-25.0) in group I to 

6.90 ng/ml (3.57-10.6) in group II was twice as high as 

that of total T, which decreased on an average by 

20.6%. Free DHT decreased by 25.8%: group I = 578 

pg/100 ml (266-987), group II =429 pg/100 ml (168-

723), while total DHT was not significantly different 

between the two groups (-1.9%). Free Oe2 was 

increased in old age: group I = 42.4 PG/100 ML (26.0-

69.4), GROUP II = 55.7 PG/100 ML (35.8-118.9). The 

increase in free Oe2 by 31.4% was almost as high as 

that of the total Oe2 (46.9%). 

 

Dominant topic: age-related decline 

 

Differences between young and old adults in matching a 

motor response to arrival of a moving stimulus may be 

partially attributable to age group differences in eye 

movements. In Experiment 1 the eye movement patterns 

used by young and old adults during performance of a 

coincidence-anticipation task were recorded. Age group 

differences in preferred pattern were noted but did not 

appear to be linked to task performance level. In 

Experiment 2, eye tracking error was recorded for 

young adults and many of the old adults tested in 

Experiment 1. Age group differences were attributable 

to task performance rather than eye tracking error. 

Further, the preferred eye movement pattern did not 

appear to be stable over time among the subjects 

retested. The eye-movement reaction time of the old 

adults was significantly longer than that of the young 

adults, but this did not appear to hamper the ability of 

the old adults to distinguish the stimulus speeds. Little 

evidence was found for linking visual search to task 

performance error. 

 

Dominant topic: rodent studies 

 

The capacity of hpGRF (1-44) to induce release of GH 

in young (3-4 month old) versus old (19-21 month old) 

male rats was compared in vivo and in vitro. Injection 

of 1 ug/kg hpGRF to rats anesthetized with sodium 

pentobarbital increased plasma GH concentrations in 

young animals to greater than 1600 ng/ml within 5 min, 

and a dose of 10 ug/kg hpGRF increased GH levels to 

approximately 1900 ng/ml at 10 min. In old rats, plasma 

GH concentrations were increased after hpGRF but the 

increases were significantly lower than in the young rats 

at 5, 10, and 20 min after injection (P less than 0.01). 

The total GH released in old animals was calculated to 

be approximately 50% of that in young animals. In vitro 

release of GH from anterior pituitary slices incubated 

with hpGRF was also compared between young and old 

animals. After 20 min incubation with hpGRF (10(-9) 
or 10(-7) M) or vehicle, both young and old animals 

demonstrated a dose related and equivalent increase in 

GH release. These results indicate a reduced capacity of 
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hpGRF to stimulate GH release in vivo in aged as 

compared to young male rats. This decline is believed to 

be due to a hypothalamic influence on the anterior 

pituitary since the in vitro response of anterior pituitary 

tissue to hpGRF was similar in young and old rats. The 

reduced response to hpGRF in old male rats in vivo may 

be due to increased release of or enhanced sensitivity to 

somatostatin. 

 

Dominant topic: clinics 

 

Although great advances have been made in both 

radiological diagnosis and antibiotic therapy of 

microbial infections, the treatment of spinal infections 

remains a major clinical challenge. Many of the patients 

affected are referred to spinal units with long delays. 

The general population is ageing and the number of 

immunocompromised patients, as well as the number of 

operative procedures for spinal disorders are increasing. 

The aim of our study was to evaluate the clinical 

presentations of spinal infections, options for their 

diagnosis, indications for treatment and their risk factors 

and the results of surgery. 

 

Dominant topic: psychosocial 

 

The current study examined how a perceived 

neighborhood environment was associated with older 

adults’ walking activity and the experience of positive 

affect. Study sample comprised 10,700 older adults, 

aged 65+, sampled from the Health and Retirement 

Study 2014-2015 in the United States. Results indicated 

that neighborhood social cohesion was significantly 

predicting older adults’ walking and positive affect. It 

was also revealed that walking engagement significantly 

contributed to the measure of positive affect. However, 

perceived neighborhood physical disorder did not 

account for additional variance in walking and positive 

affect. Final structural model involved three latent 

factors-neighborhood social cohesion, walking, and 

positive affect-and the goodness-of-fit indices of the 

model indicated an acceptable fit to the sample data. 

Public health and physical activity intervention in the 

context of neighborhood environment should facilitate 

social integration and informal social support that the 

neighborhood creates. 

 

Dominant topic: oxidative stress 

 

Hypoxia and aging determine on mammalian cells  

a stress response which implies modified production  

of oxidants, reactive oxygen species or reactive 

nitrogen species at the mitochondrial level, interfering 

with cell-signaling proteins and inducing mito-

chondrial damage, apoptosis occurrence and functional 

consequences. 

Dominant topic: physics 

 

(2,3-Epoxypropoxy)propyltrimethoxy silane surface 

modified layered double hydroxides (KH560-LDHs) 

were prepared and used to improve the ultraviolet 

ageing resistance of asphalt. The results of X-ray 

photoelectron spectrometry (XPS) indicated that KH560 

has been successfully grafted onto the surface of LDHs. 

The agglomeration of LDHs particles notably reduced 

after KH560 surface modification according to scanning 

electron microscopy (SEM), which implied that the 

KH560 surface modification was helpful to promote the 

dispersibility of LDHs in asphalt. Then, the influence of 

KH560-LDHs and LDHs on the physical and 

rheological properties of asphalt before and after UV 

ageing was thoroughly investigated. The storage 

stability test showed that the difference in softening 

point (Î”<i>S</i>) of LDHs modified asphalt decreased 

from 0.6 Â°C to 0.2 Â°C at an LDHs content of 1% 

after KH560 surface modification, and the tendency 

became more pronounced with the increase of LDH 

content, indicating that KH560 surface modification 

could improve the stability of LDHs in asphalt. After 

UV ageing, the viscous modulus (<i>G’’</i>) of asphalt 

significantly reduced, and correspondingly, the elastic 

modulus (<i>G’</i>) and rutting factor (<i>G</i>*/sin 

Î´) rapidly increased. Moreover, the asphaltene 

increased and the amount of “bee-like” structures of the 

asphalt decreased. Compared with LDHs, KH560-

LDHs obviously restrained performance deterioration of 

the asphalt, and helped to relieve the variation of the 

chemical compositions and morphology of asphalt, 

which suggested that the improvement of KH560-LDHs 

on UV ageing resistance of asphalt was superior to 

LDHs. 

 

Dominant topic: therapeutics 

 

Background: Oral chemotherapy use is increasing due 

to new drug approvals as well as the convenience of the 

administration of oral drugs. This increased use also 

raises concern regarding drug-drug interactions (DDIs) 

with concomitantly administered drugs, resulting in loss 

of therapeutic effect, decreased tolerability, and/or 

increased toxicity. 

 

Objective: The objective of this study was to review 

existing evidence of the clinical impact of DDIs with 

oral chemotherapeutic agents. 

 

Methods: A comprehensive search of literature using 

PubMed was conducted in April 2018 for studies of 

DDIs associated with oral chemotherapy. Included 
studies were in English. We included randomized 

clinical trials, observational studies, and case reports 

evaluating a DDI between any oral chemotherapy drug 
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and any other drug. Included studies needed to have at 

least one outcome of clinical relevance potentially 

attributed to the DDI, for example, effects on survival 

or toxicity. The quality of the articles was determined 

using published metrics appropriate for the study 

design. 

 

Results: There were 2626 studies identified in the 

initial search, of which 35 met all eligibility criteria. 

These included 15 retrospective cohort studies, 16 case 

reports or case series and four post hoc analyses of 

clinical trials. Among these, DDIs contributed to a 

statistically significant change in a clinical outcome in 

12 studies. Eight of these studies evaluated overall 

survival and progression-free survival and found that 

the presence of the DDI was associated with reduced 

survival. 

 

Conclusion: Our findings suggest that more real-world 

studies evaluating the association between oral 

chemotherapy DDIs and clinical outcomes are needed. 

The adverse clinical outcomes due to DDIs may  

be a reason for treatment failures and therapy dis-

continuation. 

 

Dominant topic: risk factors 

 

Diabetes is a growing public health concern, and animal 

models of this disease are necessary for a full 

understanding of disease pathogenesis, progression, 

clinical sequelae, and treatment options. In particular, 

nonhuman primate models of diabetes are important 

because of their close genetic relationship to humans. 

Although numerous Old World primate models have 

been described, few studies have examined the 

possibility of using New World monkeys as an animal 

model for this disease. Streptozotocin (STZ) is a 

common diabetogenic drug that selectively destroys 

beta cells after uptake via the GLUT2 glucose 

transporter. Induction of diabetes using STZ was 

attempted in common marmosets (Callithrix jacchus). 

These animals showed increases in blood glucose 

consistent with diabetes only at STZ doses markedly 

greater than those used in other primate species. 

Additionally, all animals showed pathological evidence 

of acute renal and liver toxicity secondary to the 

treatment. In a subsequent comparative study of various 

nonhuman primates, GLUT2 immunostaining in 

pancreatic islets was used as a marker for sensitivity to 

STZ. Immunostaining of islets from a variety of 

nonhuman primate species indicated a reduced 

expression of pancreatic GLUT2 in New compared with 

Old World monkeys; this finding explains their 
resistance to diabetic induction with STZ. Furthermore, 

there were age-dependent differences in GLUT2 

expression, with aged and infant macaques showing 

reduced expression. We conclude that New World 

monkeys are an inappropriate model for diabetes 

induction with STZ and that, with all primate species, it 

is important to consider the animals’ age before diabetic 

induction with STZ is attempted. 

 

Dominant topic: development 

 

The fertile period for natural mating in dogs extends 

from before ovulation until day 5 post ovulation (PO) 

and involves a delay in oocyte maturation until 2-3 days 

PO and viability of secondary oocytes for 48-60 h or 

more. Spermatozoa do not enter the uterus after vaginal 

insemination in late oestrus. Cervical closure appears to 

occur on average 5 days PO, but conception may occur 

following intrauterine artificial insemination (IUAI) up 

to 8 days PO. Therefore, the present study was 

conducted to clarify the duration of fertility of canine 

ova. Using IUAI at 6, 7, 8 and 9 days PO (n = 5 bitches 

each) conception rates were 100%, 71.4%, 37.5% and 

0%, respectively, with an average litter resorption rate 

of 30.8%, and with mean litter sizes and times to 

delivery PO being 4.3 +/- 1.6 and 64.3 +/- 0.3 days, 4.0 

+/- 1.4 and 66.3 +/- 0.4 days, and 2.5 and 68 days for 

IUAI at 6, 7 and 8 days, respectively. The high 

pregnancy rates with IUAI at 6 and 7 days PO confirm 

that many canine oocytes are fertile at 4-5 days after 

maturation. The high rate of resorption was presumably 

because of aging of ova or asynchrony between 

embryonic development and the intrauterine 

environment. 

 

Dominant topic: cognition 

 

Previous research suggests that everyday discrimination 

is associated with worse concomitant performance in 

several cognitive domains, as well as faster subsequent 

declines in episodic memory. This study aimed to 

extend knowledge on the specificity, durability, and 

mechanisms of associations between everyday 

discrimination and cognition by using a comprehensive 

neuropsychological battery and a longitudinal mediation 

design. 

 

Dominant topic: CNS diseases 

 

The head retraction reflex consists of a brief, 

involuntary extension of the neck on tapping the upper 

lip. This reflex was found to be present in 17.2% of 

patients with Parkinson’s disease, but in only 4.9% of 

normal controls and 8% of cases of senile dementia. In 

addition there was a correlation between the severity of 

the Parkinson’s disease and the presence of the reflex. 
This suggests that the reflex is specifically related to the 

Parkinson’s disease process rather than to aging or the 

presence of dementia. 
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Dominant topic: skin 

 

Age-related changes in the reducible cross-links of 

soluble and insoluble collagens from the human skin and 

aorta were evaluated. Histidinohydroxymerodemosine 

decreased with age up to the fifth decade and then 

remained constant in the insoluble skin collagen but 

could not be detected in the insoluble aorta collagen. 

Dihydroxylysinonorleucine could be observed, if in a 

small amount, in the insoluble aorta collagen but not in 

both the soluble and insoluble skin collagens. 

Hydroxylysinonorleucine seemed to be present in only a 

small amount, although coeluting unknown substances 

made it difficult to evaluate correctly. Two unknown 

components decreasing with age were found; the one in 

the insoluble skin collagen and the other in the insoluble 

aorta collagen. Difference in reducible cross-link was 

indicated between the skin and aorta collagens. 

 

Dominant topic: neural tissue 

 

This study of the fine structure of sciatic nerve branches 

in normal old cats provides evidence indicating that 

segmental demyelination may account, in part, for the 

significant decrease with age in the mean axonal 

conduction velocity in these hindlimb nerves. Fibers of 

different diameters exhibited focal abnormalities of their 

myelin sheath. Lipid-like droplets and granulo-vacuolar 

debris were present in distended portions of the inner 

adaxonal rim and in the outer cytoplasmic compartment 

of the Schwann cell. These inclusions extended into the 

cytoplasm of the paranodal myelin loops and clefts of 

Schmidt-Lantermann. There also occurred disruption of 

the axoglial junctions and separation of the myelin loops 

from the paranodal axolemma which widens the nodes of 

Ranvier. Complete disruption of one or more contiguous 

segments of the myelin sheath was produced by 

interlamellar splitting and ballooning along the major 

dense and intraperiod lines. Axonal degeneration occurred 

less frequently and was not present in all hindlimb nerves. 

 

Dominant topic: brain structure 

 

Increasing evidence suggests that retinal 

microvasculature may reflect global cerebral atrophy. 

However, little is known about the relation of retinal 

microvasculature with specific brain regions and brain 

networks. Therefore, we aimed to unravel the 

association of retinal microvasculature with gray matter 

changes and structural covariance network using a 

voxel-based morphometry (VBM) analysis. 

 

Dominant topic: cancer 

 

Cancer is an age-related disease, as incidence and 

mortality for most types of cancer increase with age. 

However, how molecular alterations in tumors differ 

among patients of different ages remains poorly 

understood. Recent studies have shed light on the age-

associated molecular landscapes in cancer. Here,  

we summarize the main findings of these current 

studies, highlighting major differences in the genomic, 

transcriptomic, epigenetic, and immunological land-

scapes between cancer in younger and older patients. 

Importantly, some cancer driver genes are mutated more 

frequently in younger or older patients. We discuss the 

potential roles of aging-related processes in shaping 

these age-related differences in cancer. We further 

emphasize the remaining unsolved questions that could 

provide important insights that will have implications in 

personalized medicine. 

 

Dominant topic: metabolism 

 

Obesity and insulin resistance are associated with an 

impaired sensitivity to anabolic stimuli such as dietary 

protein (anabolic resistance). Omega-3 polyunsaturated 

fatty acids (n-3 PUFA) may be protective against the 

deleterious effects of saturated fatty acids (SFA) on 

insulin resistance. However, the contribution of excess 

fat consumption to anabolic and insulin resistance and 

the interaction between SFA and n-3 PUFA is not well 

studied. 

 

Dominant topic: physical activity 

 

Physical function is not routinely measured in older 

adults receiving dialysis. We evaluated the appropriate-

ness of repeated measurements of physical function, 

including Short Physical Performance Battery (SPPB), 

handgrip strength, and activities of daily living (ADLs), 

in older adults receiving dialysis. 

 

Dominant topic: cardiovascular 

 

Age is associated with increases in elastic artery 

stiffness and pulse wave velocity, which cause profound 

changes in arterial pressure waves, including increases 

in the augmentation index (AIx) and wasted left 

ventricular (LV) energy. We examined the impact of 

aging on the central blood pressure (BP) waveform and 

wave reflection responses during exercise. 

 

Dominant topic: gender 

 

By establishing a statistical profile of the average sexual 

behaviour of women during the climacteric period, an 

attempt was made to determine what influence the 

climacteric had on female sexual activity. With the 
advancement of age, the sexual activity of women tends 

to decline. The menopause itself tends to further reduce 

the retrogression of the sexual activity in women. 
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Dominant topic: muscle 

 

Aging of skeletal muscle is characterized not only by a 

decrease of muscle quantity but also by changes in 

muscle quality, such as an increase in muscle stiffness. 

The present study aimed to investigate the effects of 

supplementation with quercetin glycosides (QGs), well-

known polyphenolic flavonoids, combined with 

resistance exercise on muscle quantity and stiffness. 

 

Dominant topic: bone 

 

The increase in bone fragility after menopause results 

from reduced periosteal bone formation and increased 

endocortical resorption. Women with highest remodeling 

had greatest loss of bone mass and estimated bone 

strength, whereas those with low remodeling lost less 

bone and maintained estimated bone strength. 

 

Dominant topic: liver and kidney 

 

The use of liver allografts from an older donor (OD) 

(age>50 years) is a widespread strategy to manage the 

disparity between supply and demand of organs for liver 

transplantation. This study determines the effect of OD 

allografts on fibrosis progression and graft survival after 

liver transplantation in patients with and without 

infection caused by hepatitis C virus (HCV). 

 


