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ABSTRACT

Background: Human aging is often associated with dis-
eases that limit quality of life. Therapeutic anti-aging inter-
ventions, such as calorie restriction, can slow its progression.
Analyzing the main areas of interest in the scientific literature
allows us to understand the trends in research on calorie re-
striction in aging. This research aimed to conduct a compre-
hensive bibliometric analysis to determine the approaches
and areas of research activity related to studying calorie re-
striction in aging and its use as a therapeutic intervention to
slow its development.

Methods: A bibliometric analysis was conducted based on
publications deposited in Scopus using its API and VOSViewer.

Results: A total of 5565 published documents were re-
viewed. The main keywords were analyzed and grouped into
five study groups: risk factors and pathological consequences,
biochemical mechanisms linked to caloric restriction and ag-
ing, experimental issues and clinical studies, functional as-
pects of the cell and caloric restriction, and his experimental
study. The study shows the trend of increasing publications.
Most of these articles are written in English and published in
the United States.

Conclusions: Calorie restriction in aging is a topic of interest
to researchers, and more research is needed to improve its
understanding and therapeutic application.
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INTRODUCTION

Human longevity is increasing globally, particularly in more
developed countries. It is essential to ensure that people
live longer and enjoy a high quality of life. The “anti-aging
medicine” field aims to implement various studies to develop
effective strategies for clinically slowing or limiting the aging
processi.

One of the most effective therapeutic interventions for de-
laying aging is dietary-metabolic modulation. This method
generally involves restricting energy or nutrient intake while
ensuring the individual does not experience malnutrition.
This aspect is a priority, as it could negatively affect the in-
dividual’s health?.

The support for these strategies is based on their impact on
various metabolic pathways studied to promote longevity in
experimental models3. These pathways are responsible for
the different physiological adaptations related to improve-
ments in health.

Calorie restriction, a dietary intervention that involves reduc-
ing energy intake without causing malnutrition, holds im-
mense potential. It is a well-researched non-genetic, non-
pharmacological approach that has been shown to extend
lifespan and promote health in experimental animals, spark-
ing curiosity about its potential in humans.

Implementing energy restriction offers a ray of hope to indi-
viduals, providing enhanced protection against pathophysio-
logical changes* to aging. This includes heart and metabolic
health, neurodegeneration, obesity, and cancer, instilling opti-
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mism about the potential of calorie restriction as a therapeu-
tic intervention.

The aging process affects the long human lifespan, various
lifestyle habits, and non-physiological factors such as cus-
toms, culture, and socioeconomic conditions. However, it is
challenging to assess the effectiveness of calorie restriction as
a therapeutic tool for extending life. However, it is possible to
improve overall health by following a diet with moderate en-
ergy restriction and balanced nutrients.

While there is limited and recent clinical research on con-
trolled calorie restriction in humans, it is crucial to emphasize
the need for more comprehensive and long-term studies. This
urgency is underscored by the fact that certain important epi-
demiological aspects, such as mortality and longevity, have
not been clearly defined yet.

Several clinical trials are being developed to evaluate various
aspects of energy re-striction and its benefits in slowing the
progression of age-related pathologies. Other factors related to
good health have also been confirmed, including improved
sleep quality, better mood, and increased sexual appetite.
However, a lower mineral density in the bones was observed®5.

Caloric restriction and other dietary modifications have gained
popularity for their potential health benefits. To date, no bib-
liometric analysis has examined the patterns of scientific lit-
erature in this area, which could help guide the development
of future research. Bibliometric analysis is a valuable tool for
quantitatively evaluating and interpreting literary production
across various fields of study. This study method uses statis-
tical techniques to analyze multiple publications, extracting
useful information about patterns and trends in scientific re-
search. Using bibliometric analysis makes it possible to obtain
quality information on relevant publications, the direction of
re-search trends in that field, and even the discovery of gaps
or potholes in the development of research that are not de-
tectable in any other way.

This research aimed to conduct a comprehensive bibliometric
analysis to determine the approaches and areas of research
activity related to studying calorie restriction in aging and its
use as a therapeutic intervention to slow its development.

MATERIALS AND METHODS

To conduct this study, we searched the Scopus database and
used its API to locate the articles published up to March 2024.
Our research strategy was ((TITLE-ABS-KEY (“caloric restric-
tion”) AND TITLE-ABS- KEY (aging)). The data was recovered
in April 2024.

The scientific clusters were analyzed based on keywords and
the connections between countries or authors using the
VOSViewer software version 1.6.20, which allows the con-
struction of graphic representations of the relative distribution
of bibliometric elements.

The software allows the analysis of the coexistence of key-
words by graphically representing the relationships between
keywords in a set of data or texts of the same type, such as
selected scientific articles.

The processing of the information carried out makes it possi-
ble to identify different re-search groups and point out ele-
ments of high research productivity that make it possible to
mark trends in research and its direction, providing interest-
ing information.

The possibility of having a representation between keywords
facilitates the identification and analysis of the most impor-
tant themes of a set of texts, which, among other things, can
serve to focus new research.

RESULTS

The search retrieved 5565 publications, which were analyzed
in various aspects: research trends, distribution by countries
and institutions, types of documents and languages, thematic
category, sources and authors, country collaboration network,
and keywords.

Research trends

The search for documents initially had a limited amount of
time on production (Figure 1a). Research results on the sub-
ject were published regularly from 1998 onwards.

There has been a clear publishing trend since 2000, with the
highest number of publications reached in 2013: 285. This
trend has been consistent, with more than 200 literary con-
tributions produced each year from 2006 to 2023, indicating
that this is an emerging area of research.

The slight decrease in the years 2022 and 2023 is not very sig-
nificant. This is especially true when considering that 86 arti-
cles were published in the first quarter of 2024 alone. This
suggests that there may have been an extensive literary con-
tribution throughout this year, confirming the positive trend in
research interest in this subject.

3.2. Distribution by countries and institutions

The data we extracted indicates that at least 73 countries and
160 institutions have participated in contributing literature on
the topic of study. Figure 1b shows the 15 nations that have
published the most articles.

Seven countries published over 250 articles: the United States,
Italy, and the United Kingdom were the most productive, con-
tributing 2,925, 420, and 398, respectively. They comprise
52.6%, 7.54%, and 7.15%, over half of all global publications.

The most surprising thing about these results is China’s re-
markable capacity for literary production, which, in the first
four months of 2024, has published practically half of the ar-
ticles it produced throughout 2023.

Nutr Clin Diet Hosp. 2024, 44(3):131-141
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Figure 1. a) The trend over time in publications on calorie restriction in aging

b) Publications by country (15 most productive countries)

The top 15 institutions that have published the most on this
subject are in North America. Specifically, the institution with
the highest affiliation contributing to the literature is the
National Institute on Aging (NIA) (4%), followed by the
University of Texas Health Sciences Center at San Antonio
(3.45%) and the National Institutes of Health (NIH) (3.36%).

The first non-American institution that appears in the rank-
ing of the most literary productive on the subject in ques-

Table 1. Publications made by the institutions

Affiliation Documents
National Institute on Aging (NIA) 224
University of Texas Health Science Center
. 192

at San Antonio
National Institutes of Health (NIH) 187
Joe R. & Teresa Lozano Long School

et 164
of Medicine
University of Wisconsin-Madison 161
University of Wisconsin School of Medicine 139
and Public Health
Harvard Medical School 129
Pennington Biomedical Research Center 120
William S. Middleton Memorial Veterans

- 102

Hospital
Washington University School of Medicine
. - 94
in St. Louis
Others 4.053
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tion is The University of Sydney, which is in 21st place in
the ranking above.

Regarding citations, it's important to note that a group of au-
thors from various European institutions has the most signifi-
cant citations, totaling 10,875.

Table 2 displays the top ten most cited documents analyzing
calorie restriction. Interestingly, none of them belong to the
institutions with the most publications on the subject.

Types of documents and languages

The analysis of the published documents (Table 4) reveals
that articles (55.5%) are the most frequently occurring docu-
ment type, followed by reviews (29.8%). Conference papers
(3.6%), book chapters (3.0%), editorials (2.7%), short sur-
veys, (2.5%), notes (2.2%) and other document types col-
lectively represent less than 0.7% of the analyzed records, in-
dicating their lower frequency.

The analyzed documents have been written in 19 different
languages. English is the most frequent language (97.2%).
However, many publications appear in other languages,
mainly French, Japanese, German, Chinese, and Spanish
(1.9%). The remaining languages (<1%) include Russian,
Italian, Ukrainian, Czech, Hungarian, Portuguese, Polish,
Korean, Swedish, Persian, Malay, Greek, and Croatian. This di-
versity is not an issue for indexing in Scopus since it only re-
quires that the title, abstract, and keywords be published in
English, which is necessary for locating the publications.

Thematic category

The analysis considered various thematic areas within literary
production on the subject. Most publications were in the field
of biochemistry (40.0%), followed by medicine (28.6%).
Other thematic areas such as were also represented although
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Table 2. Most cited documents that analyze calorie restriction

Title Authors Year | Citations | Country

Free radicals gnd antioxidants in normal physiological functions Valko, N. et al. 2.007 10,875 EUR
and human disease
Oxidants, antioxidants, and the degenerative diseases of aging Ames, B.N. et al. 1.993 5.573 USA
Resveratrol improves health and survival of mice on a high-calorie diet Baur, J.A. et al. 2.006 3,802 USA
Mitochondria, oxidants, and aging Balaban, R.S. et al. 2.005 3.576 USA
Small_n_wolef:ule activators of sirtuins extend Saccharomyces Howitz, K.T. et al. 2.003 3.301 USA
cerevisiae lifespan
Nutrient control of glucose homeostasis through a complex
of PGC-1a and SIRT1 Rodgers, J.T et al. 2.005 2.715 USA
Oxidative stress, caloric restriction, and aging Sohal, R.S., Weindruch, R. | 1.996 2.694 USA
Extending healthy life span from yeast to humans Fontana, L. et al. 2.010 2.287 USA
The human intestinal microbiome in health and disease Lynch, S.V., Pedersen, O. 2.016 2.185 USA

- . . . . Shigenaga, M.K., Hagen,
Oxidative damage and mitochondrial decay in aging TM., Ames, B.N. 1.994 1.875 USA

to a lesser extent, neuroscience (6.8%), nursing (5.4%), and
pharmacology (3.5%). Mathematics and engineering had the
lowest participation.

Sources and authors

During the period under review, we analyzed various journals
that have published articles on calorie restriction and aging to
assess research trends. This analysis allowed us to obtain
valuable information on the results approach, quality, and vis-
ibility. In total, 159 journals have published articles on this
topic. Table 3a lists the top ten journals where scientific col-
laborations have been published.

The scientific journals included in this analysis have each
published more than 70 articles on the topic being studied.
The provided table displays the ranking of these journals
based on the total number of publications and the citations
received for their contributions. The table also presents the
leading bibliometric indicators for the top ten journals un-
der review. It is worth noting that 4 of the top 10 WoS-JCR
journals in this field are in the first quartile, while another
four are in the second quartile, underscoring the signifi-
cance of the researched topic. Regarding the number of
publications, Experimental Gerontology leads the way, with
25% more publications than the next journal in the ranking,
Mechanisms Of Aging And Development.

The author who contributed the most published documents
(as shown in Table 3b) was D.K. Ingram from the Pennington
Biomedical Research Center in Baton Rouge, United States,

followed by R. Weindruch from the University of Wisconsin
School of Medicine and Public Health in Madison, United
States. The author with the highest h-index (104) is Rafael De
Cabo, who ranked sixth on the list of authors with the most
published documents.

The analysis of the collaboration network among authors who
have contributed more than 20 documents to the scientific lit-
erature is shown in Figure 4. The figure illustrates nine clus-
ters, with the largest being red, including eleven authors, with
Rafael De Cabo as a central member. The second most signif-
icant group is green, with five authors, followed by blue, yel-
low, and purple, each composed of four authors. Lastly, there
are four groups - brown, cyan, orange, and light blue - each
of 2 authors. Figure 2 displays the collaboration networks
among authors with more than 20 documents on this topic.

Country Collaboration Network

A collaboration network has been established to show the
countries of origin of the institutions responsible for the dif-
ferent research Figure 3 display the countries for each group
and the leading country for each study.

The key countries in this collaboration network are the United
States, United Kingdom, China, Spain, Italy, Germany, and
South Korea. The largest group is led by the United Kingdom,
which maintains strong connections with other Central
European countries while being linked to other nations, par-
ticularly the United States.

Nutr Clin Diet Hosp. 2024, 44(3):131-141
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Table 3a. Top ten journals where scientific collaborations have been published

Source Title N ISSN SJR SNIP CS JCR IF
Experimental Gerontology 274 0531-5565 0.937 1.017 6.7 Q 3.9
Mechanisms of Ageing and Development 203 0047-6374 1.380 1.124 9.9 Q> 5.3
Journals _of Ger_ontology Series A Biological Sciences 194 1079-5006 1.703 1.522 99 Q 51
and Medical Sciences
Aging Cell 182 1474-9718 2.738 1.580 15.0 Q 7.8
Ageing Research Reviews 109 1568-1637 3.007 2.673 17.5 Q1 31.1
Biogerontology 104 1389-5729 0.907 0.969 8.3 Q. 4.5
Age* 95 0161-9152 6.5 Q1 (2018)
Aging** 90 0394-9532
Annals of The New York Academy of Sciences 73 0077-8923 1.626 1.878 11.0 Q 4.0
Rejuvenation Research 71 1549-1684 0.522 0.724 5.4 Qs 2.6

* Since 2017, known as GeroScience ISSN: 2509-2715 CS 9.6 SJR 1,570 SNIP 1,199 Q2 1.26 IF.
** Since 1989 known as Aging clinical and experimental research ISSN:1594-0667 CS 7.3 SJR 0.982 SNIP 1.306 Q2 0.83 IF.

Table 3b. Top 10 authors on caloric restriction in aging research

. R Most contributed topics
Rank Author N | h-index Affiliation, Country [2018-2022)
Pennington Biomedical Research Center, Caloric Restriction; Animals;
1 Ingram, D.K » 8 Baton Rouge, United States Fasting
. University of Wisconsin School of Medicine Caloric Restriction; Animals;
2 Weindruch, R. 7 78 and Public Health, Madison, United States Fasting
SIU School of Medicine, Springfield, Somatotropin Receptors;
3 Bartke, A. 7> 86 United States Animals; Laron Syndrome
4 Roth, G.S. 69 64 Prolongevity Tecr_mologles LLC, Pylesville, Caloric Restrlct_lon; Animals;
United States Fasting
. . . . Intermittent Claudication;
5 | Leeuwenburgh, C. | 62 | 89 University of Florida College of Medicine, Ankle Brachial Index;
Gainesville, United States . o
Peripheral Arterial Disease
6 De Cabo, R. 59 104 National Institute on Aging [NIA) Bethesda, Caloric Restrlctllon; Animals;
United States Fasting
7 Lane, M.A. 57 47 National Institute on Aging [NIA), Bethesda,
United States
8 Fontana, L. 52 70 Faculty of Medicine angl Health, Sydney, Caloric Restnct.|on; Animals;
Australia Fasting
9 Chung, H.Y. 51 79 Pusan National University, Busan, South Korea Melanogenesis; M?nophenol
Monooxygenase; Extract
10 Yu. B.P 49 60 University of Texas Health Science Center Signal Transduction; Group III
re at San Antonio, United States Histone Deacetylasis; Srt1720

Nutr Clin Diet Hosp. 2024; 44(3):131-141
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Figure 2. A network of authors who have published more than 20 articles on calorie restriction and aging

Figure 3. Countries network collaboration

Nutr Clin Diet Hosp. 2024; 44(3):131-141
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The first group, led by China, cooperates with nearby coun-
tries such as Australia, New Zealand, and the United States.
The second group, led by India, includes Israel, Malaysia, and
Denmark. The third group, led by Germany, collaborates with
Canada, the United States, and the United Kingdom. The
fourth group, led by Spain, has connections with practically all
the participating nations in this research.

However, the United States is the clear leader in directly con-
necting with the world’s leading research nations. Also, to a
lesser extent, there are small groups led by Russia and Italy.

Keywords

The primary keywords in the documents have been analyzed,
including protein, aging, cell, calorie restriction, metabolism,
longevity, priority, transcription, human, animal, and gene. A
word cloud has been created to identify the most frequently
used keywords in each topic efficiently. This approach has the
potential to uncover areas within the field of research that
need further attention and highlight those that are heavily re-
searched from a bibliometric standpoint.

The keywords related to the research analyzed here have
evolved, as shown in Figure 4a. The graph uses the size of
the term to indicate its occurrence in a certain period and the
color it has. More guides about the occurrence were provided
during the period studied.

Our research found that older documents often contain key-
words like body weight, animal experiment, body fat, and diet
reduction. In contrast, recent publications feature sirtuin,

metformin, frailty, epigenesis, genetics, life extension, and in-
termittent fasting.

A network has been created with the main keywords used by
the different research communities on the topic under study
(Figure 4 b). In the graphic representation, the keywords are
grouped into clusters of various colours depending on their
defining keywords the green cluster groups terms related to
the biochemical mechanisms linked to caloric restriction and
aging. The blue cluster refers to words that point to aspects
associated with experimental issues and clinical studies.

The red cluster is connected to topics related to risk factors
and pathological consequences. The yellow cluster is associ-
ated with the functional aspects of the cell. Finally, the purple
cluster encompasses words directly linked to calorie restriction
and its study in experimental animals. A detailed description of
the clusters with their keywords is shown in Table 4.

DISCUSSION

The main aim of this study was to analyze the scientific ad-
vances related to calorie re-striction and aging. The bibliometric
analysis includes all scientific and literary pro-duction to provide
information on research trends, institutions, and countries. A to-
tal of 5565 publications, including 3089 articles and 1658 re-
views, were included in this study. Publications in this field
showed an increasing trend starting in 1999, reaching peak pro-
duction in 2013. As far as we know, this is the first bibliometric
analysis study specifically focused on caloric (energy) restriction
and its relationship with the biological aging process.
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Figure 4. a) Evolution trend of keywords on calorie restriction in aging publications
b) Network of keywords on calorie restriction in aging publications
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Table 4. The main keywords used by the communities detected the topic of calorie re-striction in aging

Colour Keywords . .
Cluster | by cluster Main Keywords Topic
Red 382 Hum_an/ humans, review, |anamma_t|on,_ Risk factors and pathological consequences
pathophysiology, senescence, degenerative disease
Signal transduction, protein expression, Biochemical mechanisms linked to calorie
Green 248 L ) . - )
enzyme activity, gene expression, genetics restriction and aging
Blue 216 Contro!leq study,. maI.e, female, a.rtlcle, a”'".‘a' cell, Experimental issues and clinical studies
caloric intake, insulin, aged, animal experiment
Yellow 82 Omdapve stres§ ! reactlye oxygen metapollte, Functional aspects of the cell
mitochondria, reactive oxygen species
Purple 67 Caloric restriction, pr!orltY journal, animals, Calorie restriction and its experimental study
nonhuman, longevity, life span, mouse

Most of the contributions consist of original articles in bio-
chemistry and medicine written in English. The authors come
from 160 different research centers in over 70 countries. The
leading institutions in terms of literary production on this sub-
ject are the National Institute on Aging (NIA), the University
of Texas Health Science Center at San Antonio, the National
Institutes of Health (NIH), Joe R. & Teresa Lozano Long School
of Medicine, University of Wisconsin-Madison, University of
Wisconsin School of Medicine and Public Health, and Harvard
Medical School. The most significant sci-entific production in
this field comes from research centers in universities and med-
ical schools, primarily in the United States. The United States
publishes the most publications by a wide margin, leading to
most institutions and citations related to this subject being
from the United States.

A total of 159 authors contributed to this field. The most pro-
ductive were Ingram, K., Weindruch, R., Bartke, A. Roth, G.S.,
Leeuwenburgh, C., and De Cabo, R., All with affiliations to
American research centers.

When studying the effects of calorie restriction on aging, it's
interesting to observe how the keywords associated with this
topic have evolved. The earlier studies focused on experi-
mental methods and included terms like age, animal experi-
ment, mammalian, rodent, and body weight. However, in
more recent research, there is a shift towards using terms
such as sirtuins, epigenesis, genetic intermittent fasting, and
disorders of mitochondrial function. The recent publications
show a significant change in focus. They are now more inter-
ested in the mechanisms of action of calorie restriction and its
potential benefits in aging, such as the role of sirtuins’.
Likewise, the documents focus on studying physiological fac-
tors related to cells, such as mitochondrial dysfunction in ag-
ing® or epigenetic effects®.

One objective of a bibliometric study is to analyze the key-
words used by researchers in published documents and iden-

tify any connections between them. This aspect helps deter-
mine the scientific groups into which the different subjects of
a study can be categorized!®11,

The study of calorie restriction in aging often involves re-
search on experimental animals such as nonhumans, mice,
Drosophila, or C. elegans. This finding can be explained be-
cause testing dietary interventions focused on aging in hu-
mans is complex due to the long duration of human life and
other factors that can influence aging independently of diet.
Therefore, conducting numerous tests on experimental ani-
mals is necessary for this research!,

When studying the keywords associated with the leading
countries that have made significant contributions to scien-
tific literature in this field, it is evident that the most preva-
lent ones are Caloric Restriction, Aging, Nonhuman, Animals,
and Human.

The analysis of keyword clusters enables their classification
into distinct groups based on research trends!3. The subjects
are grouped into five categories in our study. The most im-
portant one is “red,” linked to risk factors and pathological
consequences in aging. The keywords used guide toward the
indicated topic and include terms such as human/humans, re-
view, inflammation, pathophysiology, senescence, and degen-
erative disease. Aging is a degenerative physiological process
that originates from various biological factors!# that imply the
appearance of associated pathological problems due to differ-
ent impairments in molecular and cellular functions'®16 that
represent a deterioration in the quality of life of individuals. In
the literature produced by this group, we also observe the
presence of keywords related to oncological processes and
degenerative diseases!”'!8, as these pathological events share
some biological mechanisms!920,

The cluster highlighted in green is the second most impor-
tant based on the number of publications contributed. These
documents study the biochemical mechanisms related to

Nutr Clin Diet Hosp. 2024, 44(3):131-141
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calorie restriction and aging. Within this cluster, keywords
such as sirtuin, signal transduction, protein expression, and
longevity are prevalent. Calorie restriction is an intervention
that can modulate metabolic processes associated with ag-
ing, with sirtuins playing a prominent role, for example?!:22,
Understanding the mechanisms involved in the aging process
and its associated diseases is essential for designing inter-
ventions to limit it, such as calorie restriction?3:24, Metabolic
signaling pathways2>:26 are a primary focus in understanding
how to reduce the impact of aging on individuals.

The next most important group is the blue one related to ex-
perimental issues and clinical studies. The main terms that
appear as keywords are controlled study, male, female, arti-
cle, animal cell, caloric intake, insulin, aged, and animal ex-
periment. The effects of potential interventions to limit the ef-
fects of aging, such as calorie restriction, can be measured
and analyzed?”28, This group includes certain words, such as
insulin, which are closely linked to the metabolic changes re-
sulting from calorie re-striction?®, and caloric intake, which
refers to the energy amount ingested through the diet3031.32,
We can expect new research on this topic in the coming
years, as one of the most significant interests is to demon-
strate the effectiveness of these dietary proposals in limiting
the adverse effects of aging.

The fourth most important group, concerning the presence
of keywords, has a much lower number than the previous
ones. This group focuses on studying the functional aspects
of the cell, including topics such as oxidative stress, reactive
oxygen metabolite, mitochondria, and reactive oxygen
species. Although this topic is related to the mechanisms of
aging, which are primarily studied in another cluster, this
group re-searches specific aspects of abnormal cellular func-
tioning energy generation and the damage that can affect
cells3, They also discuss the investigation of oxidative pro-
cesses?6:34 as limiting factors in mitochondrial functionality
that cause an abnormal metabolic response. Naturally, words
related to antioxidant activity, such as manganese superox-
ide dismutase, are mentioned, as this action protects cells
from damage caused by oxidizing agents that disturb mito-
chondrial functionality35:36,

The purple group primarily researches caloric restriction and
its impact on longevity, particularly in experimental animal
models. The main keywords used in their research include
caloric restriction, priority journal, animals, nonhuman,
longevity, life span, and mouse. Since human life spans are
too long to accurately measure the effects of different inter-
ventions on longevity and life expectancy, keywords such as
mouse, animal, or nonhuman are used, as studies are con-
ducted on much shorter-lived experimental animals, allowing
for better evaluation of the interventions37.38, Relating caloric
restriction to lifespan or longevity is another area of interest
for this re-search group, as it seeks to assess the effective-
ness of various dietary strategies in aging3-40, We understand

Nutr Clin Diet Hosp. 2024; 44(3):131-141

that extensive knowledge will soon be generated in this re-
gard due to the conclusion of clinical trials showing their re-
sults in this field for the blue group.

Limitations and strengths

This research has some limitations. Despite being method-
ologically precise, it is impossible to guarantee that all docu-
ments have been extracted for production. The key-words
used have attempted to cover most of the literature, although
we understand that it is only sometimes possible when it
comes to a topic as specific as the one that is the object of the
study. This search could have been expanded by modifying the
equation for this purpose and introducing other terms such as
treatment or anti-aging effect. Still, we have considered the
formula valid because it better adapts to the true meaning of
the intended bibliometric evaluation. Furthermore, it can suffi-
ciently define the search, as other bibliometric studies have
similarly proposed, providing ap-propriate information to es-
tablish research trends in the chosen area. The quality of the
documents analyzed was not a primary focus as they were not
the main subject of the study. However, we acknowledge that
the database from which the publications were retrieved en-
sures their quality. The scientific impact of the obtained docu-
ments should have been explicitly considered. Still, efforts
were made to demonstrate the significance of the leading pub-
lishing journals we collaborated with, as they are ranked in the
first two quartiles (9 out of 10) in terms of impact.

This study also has some strengths. The methodology used
is not only rigorous but also systematic, a standard ap-
proach employed in many other areas of knowledge and
published after review by prestigious publishers. This sys-
tematic and rigorous approach, combined with the use of
Scopus as a database for document extraction, ensures the
quality and credibility of the results obtained. Therefore, we
believe that this study could serve as a solid foundation for
future analyses to observe the progress of research trends
in the chosen subject.

CONCLUSIONS

Although scientific literary production has decreased slightly
in the last two years, there has been exciting progression dur-
ing the first quarter of this year, and this trend is expected to
continue. Additionally, different studies and clinical trials in
humans regarding the analyzed topic are being concluded,
and the publication of their results is likely to lead to an in-
crease in published documents in the coming months.

The bibliometric analysis of caloric restriction in aging iden-
tified several research groups with different approaches
within the literature. The study of risk factors and patholog-
ical consequences, biochemical mechanisms linked to caloric
restriction, functional aspects of the cell, and the study of
experimental calorie restriction are the most prominent.
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New approaches will likely appear in the investigation of
calorie restriction in aging, providing new dietary formulas,
supported or not, in the presence of nutraceutical supple-
ments that facilitate the completion and development of this
as an effective therapeutic intervention capable of limiting
the incidence of pathological events typical of advanced
age. This is relevant to reduce the morbidity and mortality
that aging produces. This research aims to minimize the
frailty of older adults, improve their quality of life, and re-
duce the economic and social costs associated with aging
and the dependency that it causes in older people.

Direct research toward assessing the economic and social
cost of interventions focused on reducing the effects of aging
to understand their potential impact on society. More studies
are needed to address specific gaps in our knowledge, such
as applying optimal dietary-nutritional interventions about
caloric restriction and assessing their long-term results in the
human race.

These findings are essential for understanding the research on
calorie restriction in aging and determining future study trends.
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