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Introduction: Chlorogenic acid (CGA) is a natural chemical discovered in a variety of
plants that has been associated with numerous health benefits. Recent evidence suggests
that CGA impacts reproductive hormone regulation, thus linking metabolic health and
endocrine function. Understanding trends and gaps in research at this intersection is
crucial. This study characterizes global research patterns, collaboration, and thematic
evolution on CGA's antidiabetic activity and its influence on reproductive hormones
through bibliometric analysis.

Methods: Data were retrieved from the Scopus database using the keywords
("Chlorogenic Acid") AND ("Antidiabetic") AND ("Reproductive Hormone" OR
"Testosterone" OR "LH" OR "FSH" OR "Estrogen" OR "Sperm" OR "Fertility") OR
("Reproductive Hormone" OR "Testosterone" OR "LH" OR "FSH" OR "Estrogen" OR
"Sperm" OR "Fertility"). Publications from 2015 to 2025 were included. Bibliometric
analysis was performed using VOSviewer and Biblioshiny to visualize co-authorship
networks, keyword co-occurrence, publication trends, source dynamics, and thematic
clusters.

Results: A total of 162 relevant publications were identified, with a consistent increase
observed from 2015 and a peak in 2024. Egypt, China, South Korea, and Saudi Arabia
emerged as leading contributors, concentrating research in Asia and the Middle East. The
primary journals were Molecules, Nutrients, and Frontiers in Pharmacology. Keyword
mapping identified three principal clusters: phytochemical and antioxidant
characterization, metabolic and antidiabetic mechanisms, and hormonal and molecular
regulation. Thematic analysis revealed a shift from compound characterization to
mechanistic and translational studies integrating metabolism and reproductive
endocrinology.

Conclusion: Global research increasingly highlights CGA as a bridge between metabolic
and hormonal regulation. Our findings show a shift toward interdisciplinary, molecular
investigations, but reveal significant gaps in clinical validation and formulation research.
Unlocking CGA’s therapeutic potential in metabolic and reproductive health will depend
on advanced multiomics, enhanced formulations, and greater global research partnerships.
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INTRODUCTION

Metabolic and reproductive disorders such as type 2 diabetes mellitus (T2DM), polycystic ovary syndrome
(PCOS), obesity, and hormonal dysregulation are global health challenges. Over the past two decades, these disorders
have become interconnected (1). Chronic hyperglycemia and insulin resistance harm glucose metabolism. They
disrupt the hypothalamic pituitary gonadal axis, causing ovulatory dysfunction, infertility, and altered steroidogenesis
in both males and females (2). Oxidative stress, systemic inflammation, and lifestyle factors such as poor diet and
inactivity worsen these conditions (3). Conventional drugs often fail to address the complex causes of these disorders
and may cause side effects. This drives interest in natural bioactive compounds with multitarget actions.
Understanding the link between metabolic pathways and hormonal regulation is vital in biomedical and nutritional
sciences (4,5).

Chlorogenic acid (CGA) is a polyphenolic compound found in coffee, fruits, and medicinal plants (6). It is a
promising agent connecting metabolic and reproductive health (7,8). CGA has potent antioxidant, anti-inflammatory,
and metabolic regulatory effects (9). It acts through pathways like AMP-activated protein kinase (AMPK), nuclear
factor erythroid 2-related factor 2 (Nrf2), and peroxisome proliferator-activated receptor gamma (PPARYy) (10,11).
Recent studies show that CGA improves glucose homeostasis, lowers insulin resistance, and modulates lipid
metabolism in diabetic models (5,12). CGA may also benefit reproductive function by affecting sex hormone
synthesis, promoting follicular development, and reducing oxidative stress in ovarian tissue, especially in PCOS and
endocrine dysfunction models. CGA’s impact on gut microbiota and metabolic endotoxemia may also affect gonadal
hormone secretion. These findings suggest that CGA is key to connecting metabolic regulation and reproductive
endocrinology (13).

Despite recent progress, few studies map the research trends linking chlorogenic acid, metabolism, and
reproductive hormones. Most current studies focus on CGA’s antioxidant or antidiabetic effects and often overlook
its role in the endocrine system. No bibliometric analysis has examined collaborative networks or tracked how CGA
research themes evolve in metabolism and reproduction. This study analyzes Scopus-indexed literature from 2015 to
2025. It focuses on the overlap between CGA’s antidiabetic properties and research on reproductive hormones. The
analysis identifies publication patterns, leading countries and institutions, top journals, and new themes. It aims to
give a structured overview of current knowledge and future research in phytochemical endocrinology.

Research Objectives

This study comprehensively maps and analyzes global scientific trends in chlorogenic acid (CGA) research.
It focuses on CGA's associations with reproductive hormones and antidiabetic activity. Using a bibliometric approach,
the study examines Scopus-indexed publications from 2015 to 2025. It identifies patterns in research productivity,
leading countries, institutions, journals, and influential authors in this field. The analysis covers keyword co-
occurrence networks, author collaborations, and thematic evolution. This demonstrates the progression of CGA
research, including the shift from phytochemical characterization to the study of metabolic and hormonal
mechanisms. By combining these methods, the study gives a holistic overview of the global CGA research landscape.
It identifies knowledge gaps at the intersection of metabolism and reproductive endocrinology and proposes future
research directions. The findings support phytochemical and nutraceutical innovations aimed at improving metabolic
and reproductive health outcomes.

METHOD
Study Design

A descriptive bibliometric design mapped and analyzed global research trends on Chlorogenic Acid (CGA)
in relation to reproductive hormones and antidiabetic activity. Data were collected from Scopus for publications from
2015 to 2025. Boolean search terms included “Chlorogenic Acid”, “Antidiabetic”, and reproductive hormone-related
keywords (Testosterone, Estrogen, LH, FSH, Sperm, Fertility). The dataset was refined using PRISMA 2020
guidelines, yielding 162 eligible publications after screening and deduplication. Bibliometric analyses used
VOSviewer (v1.6.20) to map and visualize co-authorship, keyword co-occurrence, and thematic clusters. Biblioshiny
(from Bibliometrix R-package v4.1.3) supported performance and trend analysis, including publication growth,
source dynamics, and thematic evolution. The study primarily aimed to identify patterns in scientific productivity,
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collaboration networks, and thematic development regarding CGA, reproductive hormones, and antidiabetic activity.
As typical in bibliometric research, individual study quality was not assessed. The objective was to visualize and
interpret research structures, not evaluate methodological rigor or experimental outcomes.

Data Collection

Data were collected from Scopus, a comprehensive source of peer-reviewed literature in the biomedical,
pharmacological, and biochemical fields. Scopus was chosen for its rich metadata, such as author affiliations,
citations, keywords, and journal metrics, all of which are vital for bibliometric analysis. The search was performed
using the following Boolean query ("Chlorogenic Acid") AND ("Antidiabetic") AND ("Reproductive Hormone" OR
"Testosterone" OR "LH" OR "FSH" OR "Estrogen" OR "Sperm" OR "Fertility") OR ("Reproductive Hormone" OR
"Testosterone"” OR "LH" OR "FSH" OR "Estrogen" OR "Sperm" OR "Fertility"). The search included publications
from 2015 to 2025, representing the latest decade of output in this area. Only English articles were included,
conference proceedings, reviews, book chapters, editorials, and non-peer-reviewed works were excluded. Screening
followed the PRISMA 2020 framework for transparency and replicability. Database searches yielded 739 records.
Automation tools removed 434 ineligible records, leaving 305 studies for title and abstract screening. Of these, nine
were irrelevant, and eight could not be retrieved. This left 288 reports for eligibility assessment. Screening excluded
126 that did not meet the inclusion criteria, resulting in 162 studies in the final bibliometric dataset for analysis.

All bibliographic data were exported in CSV format and analyzed using VOSviewer and Biblioshiny.
VOSviewer visualized co-authorship networks, keyword co-occurrences, and thematic clusters using the association
strength normalization method (minimum keyword occurrence = 5). Biblioshiny was used to identify yearly
publication trends, citation patterns, and shifting themes over time.

Identification of new studies via databases and registers
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Figure 1. PRISMA Flowchart search process
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Data Analysis

Bibliographic data were extracted from the Scopus database and exported in CSV format. The dataset was
analyzed in Biblioshiny (Bibliometrix R-package, version 4.1.3) for descriptive and performance analyses, including
publication trends, citation patterns, and thematic evolution. VOSviewer (version 1.6.20) was used to visualize
bibliometric maps of keyword co-occurrence, collaboration patterns, and thematic clusters. Biblioshiny provided
quantitative analysis, while VOSviewer highlighted relationships and clusters. Their combined use offered
comprehensive insights into global research on chlorogenic acid, supporting an understanding of its scientific
evolution in metabolic and reproductive health (14).

RESULTS
Scientific Production

Publication trends from 2015 to 2025 show a clear upward trajectory in research on chlorogenic acid,
diabetes, and reproductive hormones. Between 2015 and 2017, publication numbers were low, reflecting limited early
exploration. Interest grew around 2018-2019 with more studies on chlorogenic acid’s bioactive and hormonal effects.
From 2020 to 2024, a substantial increase occurred, peaking in 2024 with over 30 publications. This rise indicates
that researchers increasingly view chlorogenic acid as a promising candidate for antidiabetic and reproductive
interventions, potentially due to broader scientific shifts and emerging clinical needs. The trend may connect to a
global boost in nutraceutical and phytochemical research and a greater focus on metabolic and reproductive health.
A slight decline in 2025 likely results from incomplete data or a temporary funding change. Overall, the decade shows
steady growth in scholarly output, emphasizing chlorogenic acid’s growing relevance for therapeutic and hormonal
research. (Figure 2)

Annual Scientific Production

Year Articles

2015 2
2016 3
2017 6
2018 =
2019 9
2020 16
2021 23
2022 18
2023 26
;ﬁ 2024 i3
2025 21

Figure 2. Trends in Annual Scientific Output Related to Chlorogenic Acid and Reproductive-Endocrine Research
(2015-2025)

The line graph shows annual publications from 2015 to 2025 on chlorogenic acid, antidiabetic activity, and
reproductive hormones, as indexed by Scopus. Publications increased steadily from 2015 to 2019, indicating growing
recognition of chlorogenic acid's metabolic and hormonal roles. A sharp rise occurred between 2020 and 2024,
peaking at over 30 publications in 2024. This trend matches heightened research into plant-derived compounds for
diabetes and reproductive health. The minor in 2025 may reflect incomplete indexing or shifting research priorities.
Overall, these patterns underscore sustained global interest in phytochemicals and their effects on endocrine and
metabolic regulation.

Country Scientific Production

Figure 3 illustrates the global distribution of scientific publications on chlorogenic acid, antidiabetic activity,
and reproductive hormones. Egypt leads with 91 publications, followed by China with 80, South Korea with 39, and
Saudi Arabia with 37. Egypt’s leading position reflects an active research community focused on the pharmacological
and endocrine properties of natural compounds, especially in diabetes and male reproductive dysfunction (15). China
ranks second due to its strong interest in phytochemical therapeutics and robust biomedical innovation infrastructure.

Page | 1620



Global Research Trends on the Role of Chlorogenic Acid on Antidiabetic Mechanisms and Reproductive Hormone Regulation (2015-2025): A Bibliometric
Analysis

South Korea and Saudi Arabia also contribute significantly, demonstrating the rise of excellence centers in metabolic
and hormonal phytotherapy (16). These findings reveal a clear geographical trend: Asia and the Middle East are the
main hubs of scientific activity in this field, while Western and Latin American countries contribute less (17). This
pattern underscores the growing influence of developing nations in advancing natural compound-based interventions
for chronic and reproductive health disorders (18).

Country Scientific Production

Country Fr
EGYPT 91
CHIKA 20

SOUTH KOREA 39
SAUDI ARARIA 37
ITALY 27

s FAKISTAN 25
"> 2RAZIL 19
POLAND 19

TURKEY 19

INDIA 1=

Figure 3. Top Contributing Countries in Scientific Publications on Chlorogenic Acid, Antidiabetic Activity, and
Reproductive Hormones (2015-2025)

Source Dynamics on Chlorogenic-Related Research (2015-2025)

Figure 4 illustrates that researchers have published studies on chlorogenic acid, antidiabetic activity, and
reproductive hormones in several high-impact journals over the past decade. The analysis highlights Molecules and
Nutrients as the most productive, each publishing 10 articles from 2015 to 2025. Molecules focuses on the chemical
and biological properties of bioactive compounds, while Nutrients emphasizes dietary influences and metabolic
regulation. Both journals have consistently increased their output since 2019, reflecting a focus on bioactive
compounds, metabolic regulation, and nutraceutical research. Building on this trend, Frontiers in Pharmacology
follows, with 7 publications and a significant increase starting in 2020. This aligns with its emphasis on
pharmacological mechanisms and molecular targets related to diabetes and reproductive disorders. Scientific Reports
ranks fourth with 6 articles, providing multidisciplinary research on oxidative stress, hormone regulation, and
phytochemical activity. Other key sources include Foods (5 articles), Antioxidants (4 articles), and Evidence-Based
Complementary and Alternative Medicine (4 articles). Foods addresses functional foods, Antioxidants explores
antioxidant mechanisms, and Evidence-Based Complementary and Alternative Medicine investigates natural
therapeutic agents.
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Most Relevant Sources

Sources

N.of Documenes

Figure 4. Most Relevant Sources in Chlorogenic Acid Research

As more studies on plant-based metabolism have been conducted since 2019, Figure 5 demonstrates that
molecules and nutrients have taken center stage. This increased focus appears to coincide with the rapid expansion
of publications in Frontiers in Pharmacology and Scientific Reports after 2021, likely due to interdisciplinary research
into how chlorogenic acid affects reproductive and glucose metabolism.

Sources' Production over Time

Source

Figure 5. Source Dynamics of Chlorogenic Acid Publications
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Keyword Co-occurrence

The network visualization depicts the co-occurrence of keywords in chlorogenic acid research. Node size
represents frequency of appearance, while connecting lines indicate the strength of thematic relationships among
terms. Three distinct clusters are identified. First, the red cluster is characterized by phytochemical and antioxidant
terms such as chlorogenic acid, plant extract, flavonoid, and quercetin, reflecting a focus on bioactive compounds
and their chemical characterization. Transitioning to the green cluster, this group centers on experimental and
physiological research, with keywords including oxidative stress, animal experiment, insulin, metformin, and
superoxide dismutase, indicating investigations into antidiabetic mechanisms and metabolic regulation in animal
models. Moving to the blue cluster, this cluster is associated with molecular and metabolic pathways, including signal
transduction, metabolism, and insulin resistance, highlighting mechanistic and cellular-level studies. The central
positioning of terms such as article, controlled study, and nonhuman indicates that research in this field is primarily
preclinical and experiment-based. This clustering pattern is consistent with previous bibliometric findings and
suggests an integrated approach that connects phytochemistry, oxidative stress modulation, and metabolic control
mechanisms in the study of the antidiabetic and reproductive potential of chlorogenic acid. (Figure 6)
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Figure 6. Keyword Co-occurrence Network of Chlorogenic Acid Research
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Figure 7. Overlay Visualization of Keyword Co-occurrence in Chlorogenic Acid Research
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The overlay visualization (Figure 7) depicts the evolution of chlorogenic acid research themes from 2021 to
2023. The color gradient represents the average publication year for each keyword. Blue to purple tones indicate
earlier studies that primarily address phytochemical characterization and antioxidant evaluation, as evidenced by the
prominence of terms such as phenols, flavonoids, gallic acid, enzyme inhibition, and mass spectrometry. These terms
reflect foundational research focused on compound isolation and chemical profiling of plant-derived bioactives. In
contrast, green to yellow tones represent more recent research trends emerging after 2022, characterized by keywords
such as oxidative stress, animal experiment, insulin resistance, and metformin. This shift suggests an increasing
integration of chlorogenic acid into metabolic and endocrinological research. The presence of keywords such as
superoxide dismutase, malondialdehyde, and testosterone in yellow further highlights a current emphasis on oxidative
and hormonal regulation mechanisms associated with diabetes and reproductive health outcomes.

The progressive color transition indicates a distinct temporal and thematic shift from phytochemical and
analytical studies to biological, mechanistic, and translational research over the past three years. This trend is
consistent with recent Scopus-indexed publications. Wang, et al. (2022) described the antidiabetic and antioxidant
mechanisms of chlorogenic acid in diabetic models (19). Similarly, Zheng, et al. (2023) highlighted its potential to
modulate oxidative stress and enhance insulin sensitivity (20). Collectively, this bibliometric evidence demonstrates
the thematic evolution of chlorogenic acid research from compound discovery to physiological application,
emphasizing its emerging significance in metabolic and reproductive regulation.

Author and Country Network

The collaboration network map (Figure 8) illustrates the co-authorship structure among researchers in the
field, revealing seven distinct clusters that represent different collaborative groups. The largest and most cohesive
cluster, led by Abou Fayssal Sami, Bachheti Archana Joshi, and Belayneh Asfaw Tilahun, indicates strong intra-group
collaboration and thematic consistency. This cluster’s density suggests that these authors frequently co-publish, likely
reflecting a shared research focus or institutional affiliation. Meanwhile, another prominent cluster formed by
Bugianesi FElisabetta and Dicker Dror R exhibits high centrality and PageRank values, signifying influential
contributors who connect multiple research streams. Such central authors act as bridges in the bibliometric network,
facilitating knowledge exchange across subdomains. Smaller and more isolated clusters, such as those led by Hussain
Liaqgat, Asif Muhammad Talha, and Schreiner Tamara, demonstrate localized collaborations with limited cross-group
interaction. This fragmentation implies a moderate level of research integration within the field, where authors tend
to collaborate within institutional or regional boundaries rather than forming global partnerships. The overall network
structure indicates that while certain nodes exhibit strong co-authorship ties, inter-cluster connectivity remains
relatively sparse. This pattern aligns with the notion that scientific collaboration often develops within thematic or
geographical niches before expanding into transnational networks, as discussed in previous bibliometric analyses.
Strengthening inter-cluster collaborations could enhance innovation and foster interdisciplinary integration in future
research.
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Figure 8. Author Collaboration Network Map in Chlorogenic Acid Research
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The country collaboration map (Figure 9) illustrates the global distribution and intensity of international
research partnerships. Collaborations concentrate in Asia, Europe, and the Middle East, but are limited in most
African nations and parts of South America. China, as the most active contributor, displays dark color intensity and
a central network position, especially through collaborations with Europe and neighboring Asia. Saudi Arabia, India,
and Italy act as regional hubs with bilateral partnerships that connect continents. The United States, Australia, the
United Kingdom, and Brazil demonstrate moderate engagement, bridging research communities in developed and
developing regions. These variations highlight uneven collaborative activity and underline a need for more inclusive
scientific exchange in underrepresented areas. The overall pattern shows a North—South structure, with high-income
countries dominating output and connectivity, while emerging nations join through targeted partnerships. These
findings align with previous bibliometric studies emphasizing the importance of international collaboration for
research visibility and citation impact.

Country Collaboration Map
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Figure 9. Countries' Collaboration World Map in Chlorogenic Acid Research

Research Gaps And Potential Topics
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Figure 10.Thematic Map of Research Gaps and Potential Topics in Chlorogenic Acid Research
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The thematic map (Figure 10) classifies research themes by development degree (density) and relevance
degree (centrality), reflecting the intellectual maturity and connectivity of the field. Four quadrants were identified.
The niche themes quadrant (upper left) includes terms such as oxidative stress, animal experiment, and rat, which
represent highly developed yet isolated topics. These topics indicate an intense focus on experimental and mechanistic
studies that utilize preclinical models to evaluate the antioxidant and metabolic effects of chlorogenic acid. Such
studies have elucidated biochemical pathways of oxidative damage and insulin regulation. However, the limited
connections to human-centered research reveal a translational gap that warrants further exploration. In contrast, the
basic themes quadrant (lower right), represented by article, nonhuman, and controlled study, reflects foundational but
less conceptually advanced elements. This pattern suggests that methodological rigor is maintained, yet the field
remains theoretically underdeveloped. The emerging or declining themes quadrant (lower left), including plant
extract, human, and chemistry, encompasses transitional areas that bridge phytochemistry and biomedicine. These
areas may be reinvigorated by integrating modern omics technologies and computational modeling. The absence of
themes in the motor quadrant (upper right) demonstrates a lack of dominant, clinically relevant topics that connect
preclinical and translational findings. This highlights the need for interdisciplinary work that combines oxidative
stress modulation, metabolic control, and reproductive health outcomes. Bridging animal-based oxidative stress
investigations with human clinical studies, using systems pharmacology, metabolomics, and network-based
modeling, is recommended. This approach may reveal new therapeutic insights into the roles of chlorogenic acid in
diabetes-associated infertility, sexual dysfunction, and metabolic restoration, thereby advancing the field from
isolated experimental evidence to integrative biomedical applications.

DISCUSSION

The results show a strong and steady increase in worldwide research on chlorogenic acid (CGA) from 2015
to 2025, especially about diabetes and hormone regulation. This steady growth shows a shift in medical research,
with substances like CGA being studied not just as antioxidants but also as chemicals that help balance the body's
systems. The number of studies increased sharply between 2020 and 2024, matching a global rise in research on
health-boosting foods and plant-based medicine. Diabetes and infertility, once seen as separate issues, are now
recognized as connected by problems like insulin resistance and cell stress (15). The growing interest in CGA can be
seen as part of a move from single-target treatments to using natural compounds to support both metabolism and
hormones (11).

Geographically, Egypt, China, South Korea, and Saudi Arabia lead research in Asia and the Middle East,
showing these regions are important for new plant-based and medical research. Egypt stands out for studying men's
reproductive health and plant-based diabetes treatments. China's research is driven by strong government programs
focused on learning about natural products and molecular medicine. South Korea and Saudi Arabia are also growing
centers for plant-based medicine, using both traditional herbal knowledge and modern lab techniques. Western Europe
and Latin America are less involved, which creates an ongoing gap in research collaboration and may limit how
widely results apply. Working together across continents is important to cover different populations and make sure
CGA research can be repeated. Partnerships between leading Asian countries and high-tech Western labs could help
us better understand the compound's availability in the body, how it works, and how it could be used.

The keyword co-occurrence analysis shows how CGA research topics have changed over time. Three main
groups appeared: the red group is about chemical details and antioxidant activity (keywords: chlorogenic acid,
phenols, flavonoids, quercetin); the green group focuses on animal studies and metabolism (keywords: oxidative
stress, insulin resistance, metformin, glucose metabolism); and the blue group looks at molecular and hormone-
related processes (keywords: hormone regulation, signal pathways, AMPK, PPARY, Nrf2). The time-based chart
shows a shift from chemistry studies before 2020 to studies exploring biology and mechanisms after 2021. This shows
the field has matured from finding compounds to understanding how they work. Now, CGA is being studied for its
effects on cell signaling, not just as an antioxidant. These groupings show that CGA research now combines
chemistry, hormone science, and drug studies. CGA helps with diabetes by acting on several connected body systems
(21). One main way is through a pathway called AMPK, which helps control metabolism. CGA activates AMPK in
the liver and muscles, improving sugar use, fat burning, and energy production, and it also slows down sugar creation
in the liver (22,23). At the same time, CGA affects another protein, PPARy, which is important for how the body uses
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insulin and handles fat (24). CGA turns on PPARY, increasing helpful proteins for sugar use and lowering fat in the
blood (25,26). CGA also increases the activity of Nrf2, which boosts the production of natural antioxidants that
protect the body from damage and support insulin production (5).

Besides affecting blood sugar, CGA helps balance hormones for reproduction (1,5). High blood sugar and
poor insulin use can disrupt hormones, leading to problems with fertility. CGA seems to help by improving insulin
signals in the brain, lowering harmful inflammation, and protecting reproductive organs from damage. Studies in
animals show that CGA normalizes important hormones, helps the ovaries, and increases estrogen. In male diabetic
rats, CGA raises testosterone by helping certain proteins and reducing cell damage in the testicles. In these ways,
CGA lowers stress in cells caused by high blood sugar and helps correct hormone issues, making it a possible option
for treating diabetes related infertility (2,27,28). Furthermore, CGA’s effect on gut bacteria shows a new link between
metabolism and reproduction. Gut imbalance and toxins in diabetes change Short Chain Fatty Acids (SCFAs), which
influence insulin and hormones. CGA helps balance gut bacteria by raising helpful groups like Bifidobacterium and
Lactobacillus, while reducing harmful types such as Clostridium and Desulfovibrio (29). This balance lowers body
wide inflammation and improves metabolic health, which can help hormone production (30). The gut brain gonadal
axis then provides another path for CGA to support body regulation, connecting gut health, insulin action, and
hormone production (31). This broad effect makes CGA important not just as an antioxidant but as a key factor for
metabolic and reproductive health (1).

Collaboration studies show that international partnerships around CGA research are growing but still have
limits. Seven main research groups, led by specific researchers, have strong teamwork in their regions but not as
much between different regions, limiting global impact. This pattern matches what is seen in research topics, where
focus is on metabolism and cell stress, but not enough on hormone studies. Bridging these gaps means more teamwork
between drug researchers, hormone experts, chemists, and data analysts. Combining computer simulations,
metabolism studies, and broad analysis is key to understanding how CGA interacts with the body and with other
natural compounds. Despite progress, this study finds key research gaps. Most studies focus on animal models and
oxidative pathways, while main clinical topics are less studied. There are few human or practical studies, and not
many assess CGA's long-term safety or effects in people. Also, this analysis used only Scopus and English articles,
so it might miss studies from other languages or places. For a fuller view, future research should use more databases
and new analysis methods like meta-analysis or machine learning. New ways to deliver CGA could help its safety
and use in the body.

Interpretation of Key Findings

The bibliometric analysis demonstrated a consistent increase in global research output related to chlorogenic
acid (CGA) from 2015 to 2025, reflecting rising recognition of its dual role in metabolic regulation and reproductive
endocrinology. Early research focused on the antioxidant and phytochemical properties of CGA, while recent studies
increasingly emphasize its molecular effects on glucose metabolism, insulin signaling, and sex hormone regulation.
Notably, the 2020-2024 period saw the most rapid growth, coinciding with global interest in phytotherapeutics
targeting diabetes and infertility conditions recognized as metabolically and hormonally linked. Keyword co-
occurrence analysis revealed three principal thematic domains: phytochemical and antioxidant properties, metabolic
and endocrine mechanisms, and cellular regulation. This thematic progression marks an evolution from compound
characterization to functional application. Egypt, China, South Korea, and Saudi Arabia are leading research
contributors, underscoring the dominance of Asia and the Middle East in nutraceutical innovation. Limited
collaboration in Western and Latin American regions signals a need for global partnerships. Leading sources such as
Molecules and Nutrients illustrate the field’s interdisciplinary nature, integrating chemical, nutritional, and
biomedical aspects. These findings converge thematically and methodologically, as research increasingly frames
CGA as a multifunctional compound that modulates oxidative stress, improves insulin sensitivity via AMPK and
PPARYy pathways, and restores hormonal balance in diabetes (1,4,23,32). However, the scarcity of human clinical
studies and limited translational frameworks highlights ongoing research gaps. Moving forward, expanding
collaborative efforts and prioritizing rigorous clinical trials will be essential to fully translate CGA’s multifaceted
benefits into effective therapeutic strategies for metabolic and reproductive disorders.
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Comparison with Previous Studies

This study demonstrates that chlorogenic acid (CGA) has dual regulatory effects on metabolic function and
reproductive hormone balance, aligning with prior evidence. CGA is recognized for enhancing insulin sensitivity,
modulating glucose metabolism, and reducing oxidative stress mechanisms reflected in bibliometric clusters within
this research, particularly those related to oxidative stress, insulin resistance, and AMPK signaling (33). Yan et al.
(2022) reported that CGA significantly improved glucose tolerance and lipid metabolism in high-fat diet mice via
AMPK activation and inflammation suppression, confirming its metabolic effect (34). Similarly, Wang et al. (2021)
showed that CGA ameliorates endothelial dysfunction in diabetic models via the Nrf2 pathway, reinforcing its
antioxidant and anti-inflammatory properties (35). Recent studies also highlight CGA’s influence on reproductive
endocrinology. Zhang et al. (2023) confirmed its impact on steroidogenic enzymes and follicular development. In
male diabetic models (20), Al-Megrin, et al. (2020) found CGA-rich coffee extract reduced testicular oxidative
damage and increased testosterone, supporting its potential to ameliorate diabetes related hypogonadism (27).
Collectively, these findings indicate CGA functions as a pleiotropic compound linking glucose homeostasis, oxidative
stress defense, and reproductive hormone regulation (36). Bibliometric evidence from this study extends these
findings, showing global CGA research is moving toward interdisciplinary approaches connecting metabolic
regulation and endocrine health.

Limitations and Cautions

Several important limitations should be considered when interpreting this study’s findings. First, the analysis
included only English-language publications indexed in Scopus, potentially excluding relevant studies from other
languages and regional journals, especially from countries with emerging research in phytochemistry and natural
product pharmacology. Such restrictions may introduce selection bias and not fully capture the global diversity of
CGA-related research. Second, as with most bibliometric analyses, this study focuses on mapping research trends
and thematic structures rather than assessing the methodological quality or experimental validity of individual studies.
While dominant themes such as antidiabetic mechanisms, oxidative stress, and reproductive hormone regulation are
identified, the clinical effectiveness of the findings is not evaluated. Third, because data were extracted from Scopus
alone, studies indexed in other major databases such as Web of Science or PubMed may have been missed, possibly
limiting the scope of network visualizations and citation mapping. Finally, bibliometric indicators such as citation
counts and keyword co-occurrence represent quantitative rather than qualitative significance, as high citation
frequency may reflect publication visibility rather than scientific rigor, and keyword clustering may be influenced by
indexing conventions. Given these considerations, the results of this study should be viewed as exploratory and
descriptive, offering an overview of global research dynamics rather than definitive conclusions about the
biochemical efficacy or therapeutic potential of CGA. Future studies should integrate data from multiple databases
and combine bibliometric mapping with systematic or meta-analytic approaches for greater comprehensiveness.

Recommendations for Future Research

Future research on chlorogenic acid (CGA) should focus on the following key areas: 1) Lucidating
mechanisms of action through in vitro, in vivo, and clinical trials, specifically investigating insulin sensitivity,
oxidative stress pathways, and hormonal regulation via AMPK, PPARy, and Nrf2. 2) Applying multi-omics
approaches genomics, transcriptomics, proteomics, and metabolomics to identify affected gene and protein targets,
and to elucidate systemic effects on metabolic and endocrine networks. 3) Improving CGA bioavailability and
pharmacokinetics by developing advanced delivery systems such as nanoemulsions, liposomes, or polymeric
nanoparticles.4) Conducting translational and population-based studies in diverse demographic groups to rigorously
evaluate CGA's safety, dosage, and long-term reproductive outcomes. 5) Fostering interdisciplinary collaboration
among pharmacologists, endocrinologists, nutritionists, and computational scientists to integrate biochemical,
clinical, and data-driven perspectives. 6) Performing bibliometric analyses using multiple databases (Scopus, Web of
Science, PubMed, Embase) and advanced analytical tools, including machine learning, to map the research landscape
and forecast trends. 7) Direct comparative clinical trials of CGA versus standard pharmacotherapies to assess
synergistic or complementary effects.
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CONCLUSION

This bibliometric study shows a significant global increase in chlorogenic acid (CGA) research from 2015 to
2025, underscoring its expanding scientific importance as a bioactive compound with antidiabetic and hormone-
regulating properties. Most publications are from Egypt, China, South Korea, and Saudi Arabia, indicating greater
research capacity and leadership in phytochemical and metabolic endocrine studies. Thematic analysis highlights four
main domains: metabolic regulation, oxidative stress, hormonal modulation, and molecular signaling. There is a shift
from antioxidant research to more mechanistic and translational studies. CGA research now connects metabolism,
reproductive endocrinology, and molecular pharmacology. Notable gaps remain, especially in clinical validation,
bioavailability, and long-term safety in humans. Addressing these gaps requires multi-omics approaches, new drug
delivery systems, and international collaboration.

AUTHOR'S CONTRIBUTION STATEMENT

Eko Naning Sofyanita was the principal author in charge of creating the conceptual framework, searching
the literature, evaluating bibliometric information, and composing the first draft of the paper. Achmad Zulfa Juniarto
undertook critical revisions of the article's scientific content, offered academic supervision, and helped build the
technique. Ari Suwondo helped with the creation of the discussion and policy implications parts, as well as the
validation of the analysis results and interpretation of findings in the context of public health. Heri Nugroho carried
out a final assessment of the manuscript's scholarly and language quality and offered conceptual help, especially in
the integration of clinical medicine components. All of the authors have reviewed and approved the final draft of this
paper, and they all pledge to take responsibility for every part of it to maintain its correctness and scientific integrity.

CONFLICTS OF INTEREST

The authors state that no academic, financial, commercial, or personal conflicts of interest could affect the
article's writing, interpretation, or findings. Without any input from other parties interested in the subject matter, the
whole research and writing process was carried out alone.

DECLARATION OF GENERATIVE AI AND AI-ASSISTED TECHNOLOGIES IN THE
WRITING PROCESS

In the process of creating this paper, no scientific information was explicitly created, analyzed, or compiled
using generative artificial intelligence technology (like ChatGPT or other tools). Based on manual analysis and a
survey of the literature, the authors came up with all of the concepts, interpretations, and writing. To help with data
processing and the development of scientific network maps, several non-generative Al-based tools were utilized,
nevertheless, such as reference management software and bibliometric visualization tools (such VOSviewer and
Biblioshiny). The study team independently verified and analyzed each analysis outcome.

SOURCE OF FUNDING STATEMENTS

This research did not receive external funding from any government agency, private institution, donor
agency, or commercial sponsor. As part of their academic commitment and scientific development at Diponegoro
University, the authors individually sponsored all research activities, including data collecting, analysis, and article
writing.

ACKNOWLEDGMENTS

The author would like to sincerely thank Diponegoro University's Faculty of Medicine for the institutional
support that was given to him during the planning and execution of this study. We would also want to express our
gratitude to the technical staff and librarians who helped us access scientific databases and bibliometric analysis tools.
The author also acknowledges the helpful conversations and scholarly contributions from fellow Doctoral Program
in Medical and Health Sciences colleagues, which greatly aided in the development of this work and the improvement
of concepts. Despite the lack of outside financing, scientific cooperation and continuous academic support made this
project possible.

Page | 1629



Media Publ. Promosi Kesehat. Indones 8(12): 1617-1632

BIBLIOGRAPHY

L.

10.

11.

12.

13.

Abedpour N, Zirak Javanmard M, Karimipour M, Pourmajed Ligvan A. Effect of chlorogenic acid on
follicular development, hormonal status and biomarkers of oxidative stress in rats with polycystic ovary
syndrome. Vet Res forum an Int Q J. 2022;13(4):513-20. doi:10.30466/vrf.2021.530203.3179. Available
from: https://pubmed.ncbi.nlm.nih.gov/36686867/

Akintunde JK, Irondi EA, Ajani EK, Olayemi T V. Diet formulated with black seed flour activates regulatory
androgenic enzymes and neuroendocrine hormones in leachate-exposed reproductive damage of rat testes. J
Nutr  Intermed  Metab.  2019;15:70-7.  doi:10.1016/j.jnim.2019.02.003.  Available  from:
https://www.cabidigitallibrary.org/doi/full/10.5555/20193232959

Sofyanita E, Juniarto A, Suwondo A, Nugroho H. The Effect of Chlorogenic Acid Content in Coffee Can
Reduce Malondialdehyde (MDA) and Increase Testosterone Hormone Levels in DM Conditions. Gema
Lingkung Kesehat. 2025;23:20-6. doi:10.36568/gelinkes.v23il.163. Available from:
https://gelinkes.poltekkesdepkes-sby.ac.id/index.php/gelinkes/article/view/163

Zych M, Kaczmarczyk-Zebrowska I, Borymska W, Folwarczna J. Effect of rosmarinic acid on the serum
parameters of glucose and lipid metabolism and oxidative stress in estrogen-deficient rats. Nutrients.
2019;11(2). ). doi:10.3390/nu11020267. Available from: https://pubmed.ncbi.nlm.nih.gov/30691017/
El-Khadragy MF, Al-Megrin WA, Alomar S, Alkhuriji AF, Metwally DM, Mahgoub S, et al. Chlorogenic
acid abates male reproductive dysfunction in arsenic-exposed mice via attenuation of testicular oxido-
inflammatory stress and apoptotic responses. Chem Biol Interact. 2021 Jan;333:109333.
doi:10.1016/j.cbi.2020.109333. Available from: https://pubmed.ncbi.nlm.nih.gov/33242462/

Jung S, Gu S, Lee SH, Jeong Y. Effect of Roasting Degree on the Antioxidant Properties of Espresso and Drip
Coffee Extracted from Coffea arabica cv. Java. Appl Sci [Internet]. 2021;11(15). doi:10.3390/app11157025.
Available from: https://www.mdpi.com/2076-3417/11/15/7025

Upadhyay R, Mohan Rao LJ. An outlook on chlorogenic acids-occurrence, chemistry, technology, and
biological activities. Crit Rev Food Sci Nutr. 2013;53(9):968-84. doi: 10.1080/10408398.2011.576319.
Available from: https://pubmed.ncbi.nlm.nih.gov/23768188/

Yadav RK, Bhandari R, Babu HCH, Jha PK, Pandey B, Sindhu KC, et al. LC-MS analysis and antioxidant,
antibacterial, and antidiabetic activity of Jumli Marshi rice from Nepal: An in vitro and in silico investigation
to validate their potential as a functional food. PLoS One. 2025;20(3 March).
doi:10.1371/journal.pone.0319338. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0319338

Sofyanita EN, Maulana MR, Lestari P, Burhannudin. The Effect of Robusta Coffee (Coffea canephora) on
the Expression of SOD and Nrf-2 in Diabetes Mellitus condition (Animal Model). Poltekita J [lmu Kesehat
[Internet]. 2024;18(3):256-262. doi:10.33860/jik.v18i3.3753. Available from:
https://ojs.polkespalupress.id/index.php/JIK/article/view/3753

Kant R, Lu C, Nguyen MH, Hsiao H, Chen C, Hsiao H, et al. 1,2,3,4,6 penta-O-galloyl-B-D-glucose
ameliorates high-fat diet-induced nonalcoholic fatty liver disease and maintains the expression of genes
involved in lipid homeostasis in mice. Biomed Pharmacother. 2020;129. doi:10.1016/j.biopha.2020.110348.
Available from: https://www.sciencedirect.com/science/article/pii/S0753332220305412?via%3Dihub

Lim S ho, Yu J sik, Lee H seon, Choi CI, Kim KH. Antidiabetic flavonoids from fruits of morus alba
promoting insulin-stimulated glucose uptake via akt and amp-activated protein kinase activation in 3t3-11
adipocytes.  Pharmaceutics.  2021;13(4).  doi:10.1016/j.biopha.2020.110348.  Available  from:
https://www.sciencedirect.com/science/article/pii/S0753332220305412?via%3Dihub

Nam S jin, Chung S im, Kang M young. Acidic-treated acorn pollen as health functional food materials for
Improvement of Post-menopausal Glucose Metabolism. Prev Nutr Food Sci. 2020;25(1):50-7.
doi:10.3746/pnf.2020.25.1.50. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC7143018/

Li M, Cheng D, Peng C, Huang Y, Geng J, Huang G, et al. Therapeutic mechanisms of the medicine and food
homology formula Xiao-Ke-Yin on glucolipid metabolic dysfunction revealed by transcriptomics,
metabolomics and microbiomics in mice. Chinese Med (United Kingdom). 2023;18(1). doi:10.1186/s13020-
023-00752-6. Available from: https://pubmed.ncbi.nlm.nih.gov/37202792/

Page | 1630



Global Research Trends on the Role of Chlorogenic Acid on Antidiabetic Mechanisms and Reproductive Hormone Regulation (2015-2025): A Bibliometric

Analysis

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Zhang Y, Liu Y, Zhang X, Yong VW, Xue M. Omarigliptin Protects the Integrity of the Blood—Brain Barrier
After Intracerebral Hemorrhage in Mice. J Inflamm Res. 2023;16:2535-48. doi:10.2147/JIR.S411017.
Available from: https://pubmed.ncbi.nlm.nih.gov/37342770/

Bouabdallah S, Ben-Attia M, Eldahshan OA. Efficacy of Tribulus terrestris on diabetes and sexual disorders:
A narrative review. J Bioresour Environ Sci. 2024;3(3):155—-60. do0i:10.61435/jbes.2024.19935. Available
from: https://jbes.cbiore.id/index.php/jbes/article/view/19935

Seo Y, Park HS, Kim H, Kim KW, Cho JH, Chung WS, et al. A bibliometric analysis of research on herbal
medicine for obesity over the past 20years. Medicine (Baltimore) [Internet]. 2022;101(23).
doi:10.1097/MD.0000000000029240. Available from: https://journals.Iww.com/md-
journal/fulltext/2022/06100/a_bibliometric_analysis_of research_on_herbal.7.aspx

Garcia-Gurrola A, Martinez AL, Wall-Medrano A, Olivas-Aguirre FJ, Ochoa-Ruiz E, Escobar-Puentes AA.
Phytochemistry, Anti-cancer, and Anti-diabetic Properties of Plant-Based Foods from Mexican
Agrobiodiversity: A Review. Foods [Internet]. 2024;13(24). doi:10.3390/foods13244176. Available from:
https://www.mdpi.com/2304-8158/13/24/4176

Yimgang VL, Pangrazzi E, Djeujo FM, Melogmo YKD, Tchinda Taghu FL, Kouipou RMT, et al. In vitro
antidiabetic activity of Treculia africana leaf extracts: identification of chlorogenic acid and a-mangostin. J
Pharm  Pharmacol [Internet]. 2025;77(4):501-10. doi:10.1093/jpp/rgaf003.  Available from:
https://www.researchgate.net/publication/389004255 In_vitro antidiabetic_activity of Treculia africana |

eaf extracts identification_of chlorogenic_acid and a-mangostin

Wang L, Pan X, Jiang L, Chu Y, Gao S, Jiang X, et al. The Biological Activity Mechanism of Chlorogenic
Acid and Its Applications in Food Industry: A Review. Front Nutr. 2022;9:943911.
doi:10.3389/fnut.2022.943911. Available from:
https://pmc.ncbi.nlm.nih.gov/articles/PMC9278960/?utm_source=chatgpt.com

Zhang Z, Shi C, Wang Z. Therapeutic Effects and Molecular Mechanism of Chlorogenic Acid on Polycystic
Ovarian Syndrome: Role of HIF-lalpha. Nutrients [Internet]. 2023;15(13). doi:10.3390/nul15132833. .
Available from: https://www.mdpi.com/2072-6643/15/13/2833

Zalewska K, Kulawik M, Gierszewska J, Gramala Z, Kalus O, Karpinski M, et al. Chlorogenic Acid’s Role
in Metabolic Health: Mechanisms and Therapeutic Potential. Nutrients [Internet]. 2025;17(20).
doi:10.3390/nu17203303. Available from: https://www.mdpi.com/2072-6643/17/20/3303

Choi E, Chun Y, Kim J, Ku S, Jeon S, Park TS, et al. Modulating lipid and glucose metabolism by glycosylated
kaempferol rich roasted leaves of Lycium chinense via upregulating adiponectin and AMPK activation in
obese mice-induced type 2 diabetes. J Funct Foods. 2020;72. doi:10.1016/].jf£.2020.104072. Available from:
https://www.sciencedirect.com/science/article/pii/S1756464620302966

Nguyen V, Taine EG, Meng D, Cui T, Tan W. Chlorogenic Acid: A Systematic Review on the Biological
Functions, Mechanistic Actions, and Therapeutic Potentials. Nutrients. 2024 Mar;16(7).
doi:10.3390/nu16070924. Available from: https://pubmed.ncbi.nlm.nih.gov/38612964/

Sofyanita EN, Syanubari SP, Afriansya R. Pengaruh Pemberian Seduhan Kopi Robusta (Coffea Canephora)
Terhadap Jumlah Sel Beta Pankreas (Studi Eksperimen Pada Tikus Putih (Rattus Norvegicus) Yang Diinduksi
Streptozotocin). J Anal Lab Med [Internet]. 2024;9(1):7-13. doi:10.51544/jalm.v9i11.4998. Available from:
https://e-journal.sari-mutiara.ac.id/index.php/ALM/article/view/4998

Song F, Tang M, Wu Q, Shen X, Wang H, Chen H, et al. Anti-adipogenic effects of polyphenol extracts of
areca flower tea on 3T3-L1 preadipocytes. Food Sci Technol Res. 2017;23(5):705-15.
doi:10.3136/fstr.23.705.  Available from: https://www.jstage.jst.go.jp/article/fstr/23/5/23 705/ html/-
char/en#abstract

Zaktos-Szyda M, Pietrzyk N, Szustak M, Podsedek A. Viburnum opulus 1. Juice phenolics inhibit mouse 3t3-
11 cells adipogenesis and pancreatic lipase activity. Nutrients. 2020;12(7):1-29. doi:10.3390/nu12072003.
Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC7400830/

Al-Megrin WAI, El-Khadragy MF, Hussein MH, Mahgoub S, Abdel-Mohsen DM, Taha H, et al. Green
Coffea arabica Extract Ameliorates Testicular Injury in High-Fat Diet/Streptozotocin-Induced Diabetes in
Rats. J Diabetes Res. 2020;2020. doi:10.1155/2020/6762709. Available from:

Page | 1631



Media Publ. Promosi Kesehat. Indones 8(12): 1617-1632

28.

29.

30.

31.

32.

33.

34.

35.

36.

https://pubmed.ncbi.nlm.nih.gov/32626781/

Bender O, Llorent-Martinez EJ, Zengin G, Mollica A, Ceylan R, Molina-Garcia L, et al. Integration of in vitro
and in silico perspectives to explain chemical characterization, biological potential and anticancer effects of
Hypericum salsugineum: A pharmacologically active source for functional drug formulations. PLoS One.
2018;13(6). doi:10.1371/journal.pone.0197815. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0197815

Alaobady FAH, Thalij KM. Evaluation of the antioxidant and inhibitory activity of fermented Aloe vera
extract against the pathogenic bacteria isolated from diarrhoea infections. Tikrit J Agric Sci. 2024;24(1):246—
62. doi:10.25130/tjas.24.1.20. Available from: https://www.tjas.org/article 330.html

Sofyanita EN, Maulana MR, Auliya QA, Setyowatiningsih L, Swastyaputri AP. Pengaruh Pemberian Kopi
Robusta (Coffea canephora) terhadap Penurunan Kadar Glukosa Darah pada Tikus Rattus norvegicus dengan
Kondisi Diabetes Melitus. Arter J [lmu Kesehat [Internet]. 2024;5(3):33-9. doi: 10.37148/arteri.v5i3.439.
Available from: https://arteri.sinergis.org/arteri/article/view/439

Proshkina E, Shaposhnikov M V, Moskalev AA. Genome-protecting compounds as potential geroprotectors.
Int J Mol Sci. 2020;21(12):1-91. doi:10.3390/ijms21124484. Available from:
https://pubmed.ncbi.nlm.nih.gov/32599754/

Spilmont M, Léotoing L, Davicco MJ, Lebecque P, Miot-Noirault E, Pilet PN, et al. Pomegranate peel extract
prevents bone loss in a preclinical model of osteoporosis and stimulates osteoblastic differentiation in vitro.
Nutrients. 2015;7(11):9265-84. doi:10.3390/nu7115465. Available from:
https://pubmed.ncbi.nlm.nih.gov/26569295/

Ameen O, Samaka RM, Abo-Elsoud RAA. Metformin alleviates neurocognitive impairment in aging via
activation of AMPK/BDNF/PI3K pathway. Sci Rep. 2022;12(1). doi:10.1038/s41598-022-20945-7.
Available from: https://pubmed.ncbi.nlm.nih.gov/36224264/

Yan Y, Li Q, Shen L, Guo K, Zhou X. Chlorogenic acid improves glucose tolerance, lipid metabolism,
inflammation and microbiota composition in diabetic db/db mice. Front Endocrinol (Lausanne).
2022;13:1042044. doi:10.3389/fendo.2022.1042044. Available from:
https://pubmed.ncbi.nlm.nih.gov/36465648/

Wang D, Hou J, Wan J, Yang Y, Liu S, Li X, et al. Dietary chlorogenic acid ameliorates oxidative stress and
improves endothelial  function in diabetic mice via Nrf2 activation. J Int Med Res. 2021
Jan;49(1):300060520985363. doi:10.1177/0300060520985363. Available from:
https://pmc.ncbi.nlm.nih.gov/articles/PMC7829538/

Kzhyshkowska J. Stabilizing the immune system by chlorogenic acid. J Leukoc Biol [Internet].
2022;112(1):7-8. doi:10.1002/JLB.3CE0821-427RR. Available from: https://doi.org/10.1002/JLB.3CE0821-
427RR

Page | 1632



