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ABSTRACT

The objective of the present study is to analyze the field of application of
Adiponectin, physical exercise, and their derivable aspects in healthy individuals
and those with pathologies. The methodology used was developed based on an
exploratory analysis of descriptive and inferential data, using the Science Tree
algorithm for a field search within the Web of Science (WoS) and Scopus
databases. Initial results indicate the existence of roots corresponding to classical
topics in the field of Adiponectin and its relationship with insulin sensitivity, as it is
a hormone that mitigates the spread of metabolic and cardiovascular diseases. The
trunk refers to Adiponectin synthesis versus different types of exercise training,
demonstrating a close relationship between physical exercise and Adiponectin
depending on the type of training. The leaves represent three branches that
bifurcate towards specific topics such as the relationships evident between
Adiponectin and physical exercise, the optimization of physical exercise

interventions to increase Adiponectin levels, and the physiological effects in the
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presence of exercise and diet in healthy individuals and those with underlying
pathologies. It can be concluded that the total citation network contains highly
relevant articles of interest to healthcare professionals. Future studies may indicate
the need and interest in improving physical exercise interventions in association

with other protective factors to increase Adiponectin levels in humans.

Keywords: adiponectin; exercise; obesity; insulin; bibliometrics; tree of science.

RESUMEN

El objetivo del presente estudio fue analizar el campo de aplicacion de la
adiponectina, el ejercicio fisico y sus aspectos derivados en individuos sanos y
aquellos con enfermedades. La metodologia utilizada se desarroll6 a partir de un
anadlisis exploratorio de datos descriptivos e inferenciales, utilizando el algoritmo
Science Tree para una busqueda en el campo, dentro de las bases de datos Web of
Science (WoS) y Scopus. Los resultados iniciales indican la existencia de raices
que corresponden a temas clasicos en el campo de la adiponectina y su relacion
con la sensibilidad a la insulina, ya que es una hormona que mitiga la propagacion
de enfermedades metabdlicas y cardiovasculares. El tronco se refiere a la sintesis
de la adiponectina frente a diferentes tipos de entrenamiento fisico, lo que
demostré una estrecha relacién entre el ejercicio fisico y la adiponectina,
dependiendo del tipo de entrenamiento. Las hojas representan tres ramas que se
bifurcan hacia temas especificos como las relaciones evidentes entre la
adiponectina y el ejercicio fisico; la optimizacion de las intervenciones de ejercicio
fisico para aumentar los niveles de adiponectina; y los efectos fisioldgicos en
presencia de ejercicio y dieta en individuos sanos y aquellos con enfermedades
subyacentes. Se puede concluir que la red total de citas contiene articulos
altamente relevantes, de interés para los profesionales de la salud. Los estudios
futuros pueden indicar la necesidad e interés en mejorar las intervenciones del
ejercicio fisico en asociacion con otros factores protectores para aumentar los

niveles de adiponectina en humanos.
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Introduction

Adiponectin is a hormone secreted by adipose tissue with anti-inflammatory
properties linked to insulin sensitivity.( In this context, increasing or maintaining
adiponectin concentrations in plasma could serve as a protective factor to
counteract metabolic and cardiovascular diseases. One mechanism to augment
this hormone is physical exercise; hence, various studies have sought to elucidate
the relationship between adiponectin and physical exercise with the aim of
understanding physiological mechanisms to maximize the efficacy and outcome
of this association.2®) From this perspective, it has been suggested that the
increase in adiponectin concentrations is achievable through the practice of
physical exercise in different populations. However, other studies indicate that
significant results are only observed with high-intensity exercises. This does not
imply that light or moderate physical exercise does not have positive effects on
people's health, but superior results that are maintained over time are evident with

high intensity.

Physical exercise is framed as a protective practice for health, but the literature is
ambiguous as to whether physical exercise alone increases adiponectin
concentrations. Some studies have associated this practice with diet to enhance
outcomes, but there are chronological gaps that provide clarity about the
mechanisms by which adiponectin is modified in humans. Currently, systematic
reviews® and meta-analyses®%7) offer clarity about the functions of physical
exercise on adiponectin in people with overweight/obesity and metabolic diseases.

However, these reviews are framed in patients with underlying pathologies. While
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they conclude the benefits of physical exercise in relation to adiponectin, it is also
necessary to consider it in healthy individuals. In that sense, the objective of this
article is to analyze the field of application of Adiponectin, physical exercise, and

their derivable aspects in healthy individuals and those with pathologies.

Methods

The output of the methodology was split into two sections: scientometric mapping
and Tree of Science (ToS) from a search in Web of Science (WoS) and Scopus,
following recent suggestions.®9 Table 1 showed the specific parameters in the
search equation; for example, we used the words "adiponectin" and "exercise
training" to identify relevant literature. Additionally, the merging process of the
datasets was done using bibliometrix and tosr.((%The results demonstrated the
importance of taking into account both databases; for example, 407 (41.25%)

documents were found in WoS but not in Scopus.

Table 1 - Parameters used in adiponectin and exercise training

Parameters Web of Science Scopus

Range 2000-2023

Date July 9, 2023

Document types Papers, books, chapters, and conference proceedings.
Search field Title, abstract, and keywords

Words “Adiponectin” AND (“exercise training”)
Results 626 770

Total 1396

Duplicates 407

Total (Wos + Scopus) 989

We showed the PRISMA flow chart adapted in figure 1 to represent the general

procedure used to obtain and process the data. In the screening process, we
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applied text mining and web scraping techniques to split and disaggregate the data
from the main file. This process generated an Excel file with cleaned data from

references and integrated the Scimago Journal Ranking.
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Fig. 1 - PRISMA flow chart adapted.

Scientometric Mapping

The scientometric mapping in this study is partitioned into three distinct segments.
The initial segment elucidated the evolution of scientific production pertaining to
adiponectin, contrasting the Web of Science (WoS) and Scopus databases and
tracking their respective citation trajectories over time. The subsequent segment
presented a country-specific analysis, employing three metrics: production volume,
impact, and quality. The third segment highlights the most productive journals and
their associated thematic groups. Ultimately, we scrutinized the collaboration

network among researchers.

Tree of Science
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The Tree of Science (ToS) recommended papers based on their importance in the
citation network by applying the SAP algorithm.(") The SAP algorithm acted as a
metaphor for the sap process in plants, once the papers in roots, trunks, and leaves
are identified, it starts to flow a metric from roots to leaves and then returned to the
roots. In this vein, SAP algorithm improved the initially proposed algorithm.('2 ToS
was been applied in different research topics such as engineering® and water

governance.(13)

Results and Discussion

Scientific production

Next, a detailed analysis will be carried out on figure 2, which shows the total
scientific production between adiponectin and physical exercise in two databases,
WOS and Scopus. The figure provides an overview of annual production and
citations from 2002 to the present. In this figure, a red line represents the total
number of academic publications without duplicates, while a purple line indicates

the annual citations received.
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Fig. 2 — Annual Scientific Production of Adiponectin and Exercise.
Initiation Period

From 2002 to 2011, there is a positive growth (25.64%), which corresponds to the
increase in scientific production of 219 articles. The growth of scientific production
according to the linear trend R2 is 0.86, indicating a proportional increase between
production and time in years. In the initial phase, scientific production has higher

rates in the WOS database, except for the year 2011.

Finalization Period

From 2012 to 2022, there is also positive growth (6.27%), but it is lower compared
to the previous period. This may be due to an ambivalent behavior with peaks and
valleys. However, when analyzing the linear trend of the graph, the result is R2 =
0.65, indicating that the relationship between years and scientific production is not
as strong compared to the previous period. Starting from the year 2011,
publications are higher in Scopus, except for the year 2018. The highest peak of
scientific production related to adiponectin and physical exercise occurs in the year
2022 (90 articles), while in 2020, the difference in the number of publications

between WOS and Scopus is more relevant, with Scopus having a higher number.
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Country Analysis

In this section, the scientific dynamics of countries are analyzed with respect to
three variables: article production, impact measured by the number of citations
received for all articles, and quality measured in quartiles according to the Scimago
SJR and JCR classification (table 2).

Table 2 - Classification of scientific production of each country according to quartiles

Country Production Citation Q1 Q2 | Q3 | Q4
USA 201 | 19.14% | 9030 | 28.81% | 134 | 34 | 11 0
Iran 108 10.29 936 2.99 18 22 | 24 | 29
Brazil 102 9.71 2048 6.53 46 32 9 1
Japan 60 5.71 1459 4.66 31 18 3 1
China 57 5.43 566 1.81 27 11 3 7
Italy 47 4.48 1679 5.36 20 17 2 1
Korea 43 41 968 3.09 19 10 3 3
France 41 3.9 1638 5.23 26 8 1 1

Australia 39 3.71 1105 3.53 24 8 2 0
Canada 35 3.33 1102 3.52 20 9 1 1

The country with the highest academic productivity in the field of adiponectin and
physical exercise is the United States, with a total of 201 articles. Moreover, it also
possesses the most highly cited articles, with a total of 9030 citations (28.81%).
The most cited article in the United States is the work by authors Nakamura MT,
Yudell BE, and Loor JJ{* who conduct a review on lipid metabolism, particularly
focusing on long-chain fatty acids and the activation of alpha and delta peroxisome

proliferation. Alpha peroxisomes induce beta-oxidation and ketogenesis to regulate
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low energy expenditure, while delta peroxisomes contribute to oxidation in
combination with fasting and aerobic endurance exercise. This correlation is
consistent since adiponectin is primarily synthesized in adipocytes, and exercise

aims to decrease or mobilize triglycerides and low-density lipoprotein cholesterol.

In terms of impact, the United States (USA) holds the top position as it has been
cited 9030 times (28.81%). When considering quality, USA also ranks first, with 134,
34, and 11 articles classified in the Q1, Q2, and Q3 categories, respectively
(Scimago). It is worth noting that Iran has the second highest article production
(108), but with a significantly low impact (2.99%), as the majority of scientific output
from this country falls within the Q4 category of Scimago, comprising 29 articles
(Table 2). Upon examining the trendline (R2) of the Q1, Q2, Q3, and Q4 quartiles for
the top ten countries, we observe values of 0.34, 0.75, 0.52, and 0.16, respectively.
Notably, the Q2 quartile is closer to 1, indicating a strong relationship among the

ten countries within that quartile.

Regarding the relationship between authors from different countries and the
affiliations of their researchers, the analysis reveals the formation of four groups of
countries that form nodes with broad coverage. The first community is led by the
United States (USA) and exhibits a close relationship between the United Kingdom
and Germany. Interestingly, Iran shows a strong collaboration with the USA, with 26
joint efforts. One such collaboration is the work of Hosseiniet al.,('9) which explores
the effect of an interval training program on the plasma concentrations of lipocalin-
2 and adiponectin in rats with induced myocardial infarction. These two adipokines
are molecules that regulate inflammation and energy metabolism and are
implicated in cardiovascular diseases. The study found that interval training
increased levels of adiponectin, an anti-inflammatory and cardioprotective
adipokine, but also elevated levels of lipocalin-2, a pro-inflammatory and
atherogenic adipokine. These results suggest that interval training may have
counterproductive effects on improving cardiac damage related to myocardial

infarction.(®

On the right side of figure 3, the number of countries within each community is

displayed. Community one consists of approximately twenty countries, while
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community four only includes two countries (Portugal and Costa Rica).
Interestingly, the Node and Link Figure over time shows a growth in the number of
links relative to the percentage of nodes, indicating that the community of countries

studying adiponectin has been consolidating over time.

Regarding the established communities shown in the figure, it is evident that in
community three, France and Iran have the highest proportion of scientific
production on the current topic. However, as mentioned earlier, Iran has a stronger
collaboration with the USA, which leads community one. For instance, USA and Iran
have collaborated in studies such as the effect of aerobic interval training on
adipokines levels in women with multiple sclerosis and effects of exercise training
on inflammatory and cardiometabolic health markers in overweight and obese

adults.(1617)
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Fig. 3 — Scientific Collaboration among Countries.

Journal Analysis

Table 3 showcases the leading ten journals in terms of their academic productivity
concerning adiponectin and exercise. Overall, it reveals the presence of six journals
in the Q1 category, indicating that the articles pertaining to this subject possess a

high level of quality, as classified by SJR y JCR. Additionally, it demonstrates a
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balanced distribution of scientific output across both the WoS and Scopus
databases. Notably, the journal with the highest impact factor is Metabolism:
Clinical and Experimental, which has published studies investigating the impact of

exercise on insulin fluctuations.(®

Table 3 - Top 10 journals of adiponectin and exercise

Impact H
Journal Wos | Scopus Quantile
Factor index
Medicine and Science in Sports and Exercise 26 19 1.73 251 Q1
Plos One 16 19 0.89 404 Q1
European Journal of Applied Physiology 20 15 0.88 151 Q1
International Journal of Environmental Research
10 9 0.83 167 Q2
and Public Health
Metabolism: Clinical and Experimental 0 15 2.89 155 Q1
Nutrients 8 11 1.29 178 Q1
Frontiers in Physiology 10 9 01.03 140 Q1
Journal of Sports Medicine and Physical Fitness 12 9 0.5 74 Q2
Applied Physiology, Nutrition and Metabolism 0 11 0.86 102 Q2
Iranian Journal of Endocrinology and
0 11 0.11 15 Q4

Metabolism

The journal with the highest number of articles is Medicine and Science in Sports

and Exercise. This journal publishes articles related to sports medicine,
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epidemiology, and physiology.('®2% The second journal with the most articles and
the highest h-index is PLOS ONE, a more generalist journal but with specialized
articles in the area of medicine and exercise.??? In conclusion, the academic
productivity surrounding adiponectin and exercise maintains high standards of
quality, as evidenced by the caliber of the journals in which these articles are

published.

Journal citation analysis facilitates the identification of the themes of a collection
of papers; for instance, figure 4 depicts three clusters (groups) of papers revolving
around a similar topic. Cluster 1 represents topics concerning obesity and exercise,
such as the negative influence of exercise on the inflammation of certain tissues.(®)
The second cluster focuses on circulatory problems.('®) The final cluster is more
closely related to adiponectin and exercise in terms of endocrine effects.? The
figure of nodes and links over time reflects the growth in the strength of the themes
over time. There are increasingly more links in proportion to the nodes (journals),
which allows for the observation of the consolidation of research around

adiponectin and exercise.
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Fig. 4 - Citation network of journals in adiponectin and exercise.

Author Collaboration Network
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Table 4 presents the ten authors with the highest academic productivity on
adiponectin and exercise. Latin America has established itself as a global reference
on this topic. For instance, Professor Fabio Santos Lirais renowned for his research
within the framework of physical exercise from various perspectives, such as
aerobic training, strength training, concurrent training, and its variability in response

to potential scenarios faced by the population. (2526

Table 4 - Production of the top 10 authors in adiponectin and exercise

Total Scopsh-
No. | Researcher Affiliation
articles* index
Universidade Estadual Paulista "Julio de Mesquita
1 LiraF 13 39
Filho", Sao Paulo, Brazil
2 Tabka Z 13 38 Faculty of Medicine Sousse, Sousse, Tunisia
Pennington Biomedical Research Center, Baton
3 Kirwan J 12 64
Rouge, United States
Center for Sports Science in Gangwon, Chuncheon-
4 Park K 12 2
si, South Korea
Universidade Federal de Sao Paulo, Sao Paulo,
5 Tock L 12 24
Brasil
Universidade Federal de Sao Paulo, Sao Paulo,
6 Tufik S 12 78
Brazil
Universidade Federal de Sdo Paulo, Sao Paulo,
7 Damaso A 11 32
Brazil
Universidade Federal de Minas Gerais, Belo
8 DeMM 1 54
Horizonte, Brazil
Universidade Federal de Sao Paulo, Sao Paulo,
9 Oyama L 11 37
Brasil
Kangwon National University, Chuncheon, South
10 Kang S 10 13

Korea
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Figure 5 illustrates the ego-networks (personal networks) of the researchers listed
in table 1. The figure reveals four communities formed around the most productive
researchers. The largest cluster comprises professors from the Universidade
Federal de Sao Paulo, confirming the influence of geographical proximity in the
formation of scientific teams.('? An example of this is the collaborative work
conducted by Professors Lian Tock and Ana R. Damaso on obesity in

adolescents.@”)
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Fig. 5 — Personal social network of most productive researchers.

Tree of Science

Root

The "Homeostasis Model Assessment" (HOMA)®@8) is a tool used to evaluate the
relationship between fasting glucose and insulin. It quantifies insulin resistance,
which occurs when the body's cells do not respond properly, leading to alterations
in blood glucose levels, adipose tissue, and their association with Non-

Communicable Chronic Diseases (NCDs). This indicates that adipose tissue is not
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simply a storage site but is considered an organ with endocrine, paracrine, and
autocrine activity, influencing the body's metabolism. Adiponectin, a 244-amino
acid hormone highly homologous to collagen VIII, X, and complement factor C1q,

plays a role in this context.(29

When analyzing adiponectin concentrations in patients with risk factors and
physical exercise, it has been reported that patients with diabetes have low serum
adiponectin levels.®9 However, some studies indicate that exercise may not modify
this condition since adiponectin is not a contributing factor to exercise-related
improvements in insulin sensitivity.®") On the other hand, other studies suggest that
12-week exercise interventions in overweight and obese populations significantly
increase insulin sensitivity and plasma adiponectin concentrations.(3233)
Nevertheless, the magnitude of effort translated into exercise intensity plays a
crucial role in maintaining adiponectin levels over time, as other studies have found
significant results with high-intensity exercises.®43% Apparently, there is no clear
consensus regarding the role of physical exercise in relation to adiponectin
concentrations, which prompted a systematic review on the effects of exercise on
adiponectin levels. The review found that exercise with different prescriptions
increases serum adiponectin levels, emphasizing the need for studies with a more

robust design.®

Trunk (10)

The role of adiponectin as a biomarker is increasingly being investigated due to its
clinical importance and potential therapeutic target. The synthesis of this
adipocytokine is not exclusive to adipose tissue but also occurs in other systems,
including the musculoskeletal system. Its significance is such that its potential
therapeutic impact is being examined in muscular dystrophy, cognitive function,
and other conditions.®”) Physiologically, adiponectin participates in muscle
development, protein turnover, and the regulation of inflammatory signaling. The
relationship between physical activity (quantity, quality/type) and the local and
circulating isoforms of adiponectin (trimers, hexamers, HMW, and globular forms)

remains unclear.®
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Adiponectin regulates energy metabolism, and elevated levels are associated with
cardioprotection and prevention of type Il diabetes. Physical exercise increases
circulating adiponectin levels in obese adults and patients with type 2 diabetes, with
personalized training programs®® or individualized exercise programs®“? being
more effective. In this regard, High-Intensity Interval Training (HIIT) enhances
substrate metabolism and insulin sensitivity. This effect may be attributed to the

secretion of adiponectin-related proteins triggered by a single episode of HIIT.*"

However, caution must be exercised to avoid fatigue as it can lead to chronic
fatigue syndromes, overtraining, and potential damage to immune, endocrine, and
inflammatory functions. Furthermore, oxidative stress increases under
uncontrolled fatigue and negative energy balance. Therefore, oxidative stress and
inflammation contribute to the reduction in serum adiponectin concentrations,

which can have negative implications for health.*?

When evaluating the isolated effect of strength training (ST) on lipid profile
concentrations, C-reactive protein, and adiponectin in adults, it was found that this
type of training stimulates an increase in HDL cholesterol and adiponectin
concentrations and induces a decrease in triglyceride, total cholesterol, and LDL
cholesterol levels. Therefore, ST training could be used as a therapeutic measure
to improve inflammatory states and as a potential metabolic regulation in high-

density lipoprotein synthesis.“3

For example, the effects of moderate and intense exercise on inflammation and
oxidative stress in athletes practicing basketball, swimming, soccer, and cycling
showed an increase in adiponectin levels, possibly in response to reduced
inflammation and muscle adaptation, which is a characteristic of effective training.
These conditions can be altered by prolonged fatigue, overexertion, and training
stress. Although athletes develop a good antioxidant defense system, oxidative
stress can lead to a deterioration in athlete performance. In this regard, the use of
redox markers becomes important among the indicators of appropriate training.*4
As mentioned earlier, aerobic exercise is beneficial for reducing fat deposits.
However, resistance exercise is associated with muscle preservation in children

and adolescents with a body mass index greater than 25.4% In overweight/obese
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individuals, adipokine levels change according to acute or chronic physical activity
(PA). However, the mode, intensity, duration, frequency, and type of physical
exercise can alter the magnitude of the effect. Therefore, exercise modulates the
complications of obesity, but the effectiveness of interventions directly related to
adiponectin synthesis is still unknown.®® In resistance training, adiponectin

significantly increases compared to those who do not exercise.*”)

Figure 6 displays the citation network of adiponectin with the three main clusters

(subareas). In the next section, we explain each subarea in detail.
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Branch 1 - Relationships

In the initial domain, characteristics has been delineated based on existing
modifications of glucose, insulin, and adiponectin concentrations resulting from
physical exercise interventions in diverse populations. Elevated adiponectin
concentrations are associated with a protective factor for health. Certain studies

suggest that sedentary behavior is closely linked with triglycerides which in turn are
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negatively associated with adiponectin as well as visceral fat and insulin

resistance.(®)

It is noteworthy that potential modifications can vary based on physical exercise,
but these concentrations have shown differences according to the intensity of
practice. In this case, investigations employing moderate-intensity physical
exercise protocols discovered that it induces metabolic and anti-inflammatory
improvements such as adiponectin, whether or not a non-communicable chronic
disease is present.*® A similar study with diabetic patients found analogous
outcomes indicating an increment in adiponectin levels post-training.(?)
Furthermore, high-intensity physical exercise shows more positive outcomes than
moderate-intensity exercise. These improvements were found to be associated
with low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), adiponectin, waist circumference, triglycerides (TG), and total
cholesterol (CT) in obese women.5" Now, this same intensity was used to
intervene in adolescent students with attention deficit/hyperactivity disorder

(ADHD), yielding outcomes similar to the previous study.(?

From another perspective, physical exercise encompasses diverse intervention
modalities. In the previous paragraph, findings based on intensities were observed,;
however, there exist physical training programs centered on aerobic resistance that
relate to adiponectin. The increase in plasma adiponectin concentration is triggered
by aerobic or anaerobic physical exercise practice, but after 30 days post-

intervention, it reverts to its basal concentrations.3)

In studies carried out in healthy rats, the effect of moderate and high-intensity
physical exercise on adiponectin levels in fast and slow contraction muscles was
investigated, concluding that no changes were observed in adiponectin levels at
either of the two intensities.®*¥ A comparable study obtained results contrary to
these; after six weeks of intervention in rats with breast cancer, an increase in
adiponectin levels was found in all tissues except the tumor. Additionally, tumor

growth decreased and muscular resistance increased.%
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Branch 2-Optimization

In the domain of optimization, research endeavors have been implemented that
apply physical exercise protocols with the intent to optimize modifications in
adiponectin levels among populations with overweight/obesity conditions and
metabolic and cardiovascular diseases. Within this context, a study was carried out
with the aim of scrutinizing the long-term exercise effects on adiponectin and other
inflammatory adipokines in patients afflicted with Type 2 diabetes and coronary
disease. Intriguingly, the findings of this study indicated that long-term physical
exercise did not impart significant effects on adiponectin levels and other
adipokines in adipose tissue or plasma among the aforementioned patients.
However, a correlation was detected between alterations in circulating adiponectin

levels and enhancements in peak V02.()

Outcomes divergent from the previous studies were observed in another research
endeavor aiming to investigate the effects of an eight-week aerobic interval
exercise regimen on omentin-1, resistin, and adiponectin in elderly men diagnosed
with Type Il diabetes. The results suggested that the eight-week interval aerobic
training resulted in a significant decrease in resistance levels accompanied by a
substantial increase in the levels of omentin-1 and adiponectin. Currently, within the
context of high-intensity interval aerobic exercises, comparable outcomes have
been observed for both short and long-term durations.(®”) Additionally, certain
studies indicate that physical exercise alone does not significantly alter adiponectin

levels, underscoring the need to consider it in conjunction with diet.(58)

Within this framework, multiple systematic reviews articulate their findings
indicating a positive relationship between physical exercise and adiponectin levels,
thereby improving metabolic and cardiovascular health owing to their anti-
inflammatory and protective properties.®® These findings echo those of other
systematic reviews with meta-analyses.(®®%") However, another similar study
asserts that the relationship between physical exercise and adiponectin may be
influenced by other factors, such as diet, hence the combination of both exercise

and diet can exert a positive impact on leptin and adiponectin concentrations,
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which is pertinent for addressing obesity and enhancing metabolic health within
this population (DOI: https://doi.org/10.1016/j.advnut.2022.10.001).

Branch 3-Effects

This section primarily identifies the effects of physical exercise on adiponectin
levels. Throughout the article, benefits are observed with aerobic physical
exercise, 263 and metabolic exercise,®¥ yet resistance training also presented
alterations in adiponectin levels.@?) This emphasizes the significance of physical

exercise both at the cardiovascular and muscular levels.

Conversely, physical exercise interventions have been carried out on mice with
metabolic syndrome induced by a diet high in fats and sugars. Physical training
reversed some adverse effects of the diet, such as improving glucose tolerance and
controlling caloric intake. However, no changes were observed in the production of
adiponectin (https://doi.org/10.1186/s12986-016-0138-2). Similar studies were

performed on diabetic mice in which they found an increase in the expression of
AdipoR1 in skeletal muscle and the liver. AdipoR1 could mediate the beneficial

effects of adiponectin on glucose and fatty acid metabolism in these tissues.©56%)

Considering the existent scientific production, there are systematic reviews with
meta-analyses that showcase the positive effect of adiponectin levels in relation to
physical exercise. However, the duration and intensity of the exercise were factors
influencing the results.®® Regarding intensities, pilates, for instance, is a training
method that improves strength, flexibility, balance, and body posture. When
combined with celery consumption (a vegetable that can reduce caloric intake and
has antioxidant, anti-inflammatory, and diuretic properties), it significantly

increases adiponectin levels in women with obesity.(¢7°

There is an expansion in the publication of research manuscripts focused on the
adiponectin and physical exercise dyad. To date, up until the year 2022, the topic
maintains its relevance, resulting in the United States and Iran emerging as the
countries with the most significant scientific output on the subject. Furthermore,

the journals offering the most substantial volume of contributions in this field are
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"Medicine and Science in Sports and Exercise" and "Plos One", both positioned in
the Q1 quartile.

A notable aspect of the analysis is that the majority of nations associated with the
citation and academic production regarding adiponectin and physical exercise are
located in Europe and North America. However, only three South American
countries are represented (Brazil, Mexico, and Colombia). It is noteworthy that the
author with the most significant scientific output in this field is of Brazilian

nationality, representing 50% of the ten most productive authors.

The implementation of the "tree of science" approach enables the identification of
the initial links in the relationships between adiponectin and physical exercise, as
well as the optimization of interventions aimed at maximizing protective factors for
health and physiological effects in various population groups. These include

healthy adults with metabolic, coronary, or cancerous conditions.

Adiponectin levels are mostly modulated by physical exercise, but high-intensity
exercise demonstrates greater benefits in terms of training and post-training time.
On the other hand, pathologies such as type Il diabetes mellitus, inflammation, and
obesity show increased adiponectin levels when a physical exercise intervention is
introduced. However, the intensity of physical exercise and diet play a crucial role
in adiponectin synthesis. There is a need for greater clarity in the association of
specific physical exercise methods and types of diet to increase adiponectin levels
in humans. Future investigations could corroborate these relationships in patients
with cancer or mental illnesses, given the emerging evidence obtained in laboratory

rats.
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