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Abstract: Red meat and animal-sourced protein are often disparaged as risk factors for developing
metabolic syndrome, while emerging research has shown the beneficial effects of dietary taurine,
creatine, carnosine, and anserine which are all exclusively abundant in red meat. Thus, it is imperative
to highlight the available evidence to help promote red meat as part of a well-balanced diet to optimize
human health. In this study, a bibliometric analysis was conducted to investigate the current research
status of dietary taurine, creatine, carnosine, and anserine with metabolic syndrome, identify research
hotspots, and delineate developmental trends by utilizing the visualization software CiteSpace. A
total of 1094 publications were retrieved via the Web of Science Core Collection from 1992 to 2022.
There exists a gradual increase in the number of publications on this topic, but there is still much
room for research papers to rise. The United States has participated in the most studies, followed
by China and Japan. The University of Sao Paulo was the research institute contributing the most;
Kyung Ja Chang and Sanya Roysommuti have been identified as the most prolific authors. The
analysis of keywords reveals that obesity, lipid profiles, blood pressure, and glucose metabolism,
as well as ergogenic aid and growth promoter have been the research hotspots. Inflammation and
diabetic nephropathy will likely be frontiers of future research related to dietary taurine, creatine,
carnosine, and anserine. Overall, this paper may provide insights for researchers to further delve into
this field and enlist the greater community to re-evaluate the health effects of red meat.

Keywords: taurine; creatine; carnosine; anserine; metabolic syndrome; bibliometric analysis

1. Introduction

Metabolic syndrome (MetS), characterized by a cluster of metabolic disorders (in-
creased blood pressure, impaired fasting blood glucose, abnormal cholesterol and/or
triglyceride [TG] levels, and abdominal obesity), is a serious pathologic condition tied to
greatly raised risks of cardiovascular and cerebrovascular diseases and so is a heavy public
health burden globally [1,2]. It is estimated that about one out of three adults will contract
MetS, and the prevalence rate is increasing especially among the young [3]. Under such
context, tremendous efforts have been made to investigate the modifiable risk factors for
MetS, among which diet is a critical component and hot research spot.

In recent decades, there have been mounting studies reporting an observational link
between red meat (e.g., beef) intake and a multitude of chronic health conditions including
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MetS [4], which has led several institutions such as the WHO to recommend limiting
the consumption of red meat but with nonuniform targets [5–8]. Recently, Murray et al.
who scrutinized decades of relevant research has slammed such an assertion, since they
summarized very weak evidence of health risks related to unprocessed red meat [9]. Adding
to this ambiguity, scientific debate surrounding the nutritional advantage of animal- versus
plant-sourced protein remains lingering, but the lay public is often informed to substitute
the former with the latter for health concerns.

Meanwhile, emerging research reveals that taurine, creatine, carnosine, and anserine,
which all abound in red meat, are nutritionally important to physical health by attenuating
oxidative stress and inflammation, and so for promoting metabolic profiles [10]. For
example, taurine is a functional amino acid essential for children’s growth and conditionally
essential for adults to optimize health. It can exert cardiovascular and metabolic protection
effects by maintaining the integrity of cell membranes, lowering blood pressure, and
limiting ischemia-reperfusion injury [11–13]. Carnosine and anserine are dipeptides with
physiological significance in ameliorating the development of MetS due to their antioxidant
capacity, anti-lipidemic, and anti-glycation actions [14,15]. Creatine, a metabolite of amino
acids, is found to involve antioxidative and anti-apoptotic reactions, and modulate energy
metabolism in the excitable tissues (i.e., brain and skeletal muscle) [16,17]. Of note, all
these functional nutrients, which are particularly plentiful in beef, are absent from plant-
sourced foods including cereals (e.g., wheat flour, white rice, and corn grains), tubers (e.g.,
potatoes and sweet potatoes), legumes (e.g., soybeans), and nuts (e.g., peanuts, pistachio
nuts) [18–20]. Therefore, it is imperative to highlight the relevant research findings, so
as to help improve the understanding of red meat as an irreplaceable part of a well-
balanced diet to optimize human health. Although qualitative review has summarized the
physiology and health benefits of taurine, creatine, carnosine, and anserine [10], bibliometric
method has yet not been applied to quantitatively depict the research status concerning the
relationships of those physiologically important nutrients with MetS [21].

At this juncture, it would be necessary to distinguish bibliometric analysis from fre-
quently used literature reviews. While the latter relies on qualitative research procedures
(e.g., thematic analyses) done manually by scholars to acquire and assess the extant lit-
erature of a well-defined research area, bibliometric analysis encapsulates quantitative
techniques applied to massive bibliometric data via developed algorithms to summarize
the intellectual structure and development of a research domain [21]. Through analyzing
the networks and characteristics of multilevel research constituents (e.g., topics, citations,
etc.), scholars could objectively evaluate the literature and decipher research hotspots as
well as evolving trends.

This is where our work enters the picture. A bibliometric analysis is performed to
map and decipher the cumulative scientific knowledge in the research domain associating
dietary taurine, creatine, carnosine, and anserine with MetS, delineate its evolution process,
and explore research hotspots and frontiers. Enhancing understanding of relevant scientific
knowledge by bibliometrics can facilitate research incubation and academic development.

2. Methods
2.1. Data Collection

The literature was extracted from Web of Science Core Collection (WoSCC) on 2 Jan-
uary 2022. The search formula was as follows: TS = ((Mets) OR (metabolic syndrome)
OR (obesity) OR (overweight) OR (triglycerides) OR (HDL-c) OR (cholesterol*) OR (hy-
pertension) OR (blood pressure) OR (hyperglycemia) OR (hyperglycaemia) OR (diabetes)
[Topic]) AND ((taurine) OR (carnosine) OR (anserine) OR (creatine)[Title]). The retrieval
time span was from 1992 to 2022, the document type was selected as “article” or “re-
view”, and the publication language was limited to English. The literature screening
process was conducted independently by two researchers, and divergent opinions would
be determined through discussions or a third researcher. We eliminated 566 publications,
including the following types: (a) papers inconsistent with the topic of taurine, creatine,
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carnosine, and anserine with MetS (n = 553); (b) CiteSpace software failed to identify the
title/country/institution/author/keyword/reference of the papers (n = 11); and duplicate
papers (n = 2). Finally, a total of 1094 papers were obtained and exported in the form of
“Full Record and Cited References” (Figure S1).

2.2. Data Analysis

CiteSpace software is a visualization analysis tool combining data mining algorithms,
information visualization, and bibliometrics [22]. It intuitively maps the hotspots and
evolution processes of a certain research field, as well as predicting its frontiers and
development trends. This paper applied the 6.2.R3, 64-bit version of CiteSpace soft-
ware to perform annual publication analysis, journal distribution and representative lit-
erature analysis, collaboration analysis, keyword cluster analysis, and burst keyword
analysis of the included literature. We set the parameters of the CiteSpace as follows:
(a) timespan = 1992–2022, year per slice = 1; (b) term source = title/abstract/author key-
words/keywords plus; (c) node types = country/institution/author/keyword/reference;
(d) threshold selection criteria = the top 50 items for each time slice; we defaulted to the
settings for the other parameters.

The following displays a brief introduction of the main analyses (please see the details
of each analysis in the supplementary file and figure legends): Collaboration analysis
was employed to examine the contribution of countries/regions, institutions, and authors,
as well as their in-between cooperation. The visualized maps consist of two important
elements, node (whose size represents the number of published papers) and link (whose
number and thickness represent the collaboration relationship). The thickness of purple ring
represents the centrality (i.e., the influence and intermediary connection degree) strength
of nodes in the knowledge networks. Centrality > 0.1 indicates that the node is a central
node with stronger research influence [23]. Keyword cluster analysis integrates synonyms
into the same cluster to recognize buzz keywords and thus research hotspots in the field.
Modularity Q > 0.3 indicates that there is a significant cluster structure; a mean Silhouette
score > 0.5 suggests that the clustering results are robust [23]. Burst keyword analysis was
conducted to detect the keywords with large frequency change and fast growth rate in a
short period, in order to explore the trends and dynamic frontiers of research hotspots.

3. Results
3.1. Annual Publications

A total of 1094 related publications were retrieved via WoSCC from 1992 to 2022.
Despite a slight fluctuation, the number of publications over the past 30 years has shown
an overall upward trend (Figure 1). From 1992 to 2001, the research of taurine, carnosine,
anserine, and creatine in association with MetS were still in the embryonic stage, and the
output of publications was low, with an average annual publication of only 10.7. From 2002
to 2011, the number of publications has steadily increased and was 3.2 times higher than the
previous decade. From 2012 to 2022, the growth rate of publications has increased slightly,
culminating in 2019 with 74. During this period, the number of publications accounted
for 58.7% of the total. Obviously, there is still room for the number of publications to rise
The relationship of taurine, carnosine, anserine, and creatine with MetS is still a hot field
with potential.
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Figure 1. The annual number of publications on taurine, carnosine, anserine, and creatine with
metabolic syndrome from 1992 to 2022.

3.2. Distribution of Journals and Representative Literature

We found that 1094 papers regarding taurine, carnosine, anserine, and creatine in
association with MetS were published in 447 academic journals. The top 12 journals with
the largest output contributed 19.10% of the total publications, among which the journal
of Amino Acids was far ahead (n = 73, 6.67%), followed by Aquaculture (n = 17, 1.55%)
(Table S1). Journal of Biomedical Science, ranking No. 5, had the highest impact factors (IF) of
12.771. Of note, approximately 67% of the top 12 journals were in the Q1 region.

This paper also summarized 10 representative references in this research field
(Table S2). About 60% of the top 10 references were published in Q1 journals, of which the
highest IF was up to 46.500 (Physiol Rev). The research group of B. de Courten, et al. [24]
has been cited the most and has the highest centrality, reflecting the high contribution
and recognition of this paper in this field. It is a double-blind randomized pilot trial to
test the effect of carnosine supplementation on glucose metabolism. Then, six references
were review articles [14,25–29] and the other three references were mice-based basic re-
search, including the role of taurine supplementation on glucose homeostasis and islet
function [30], the treatment effect of carnosine on diabetes and diabetic nephropathy [31],
and the mechanisms of carnosine ameliorating dyslipidemia, hypertension, and renal
function [32].

3.3. Collaboration Analysis

The collaboration network of countries/regions was generated to identify their sci-
entific research contribution and cooperation relationships in this field (Figure 2). The
collaboration map consists of 866 nodes and 1052 lines, with a network density of 0.0028.
The USA contributed the largest number of publications (n = 207, 18.92%), followed by
China (n = 131, 11.97%) and Japan (n = 101, 9.23%). Those top three countries published
439 papers on the topic of interest, accounting for 40.13% of the whole publication pool
(Table S3). High production countries/regions showed active cooperation, with the top
10 countries/regions centrality all above 0.1, except for the Netherlands. The influence of
the USA was the most prominent with a centrality of 0.79, with China (0.53) and Brazil (0.27)
ranking the second and the third, respectively. However, the cooperation among the rest of
the countries/regions, especially low production ones, was scattered and lacking stability.
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Figure 2. Collaboration network among research units at the countries/regions level in the research
field of taurine, creatine, carnosine, and anserine with metabolic syndrome. Here, research con-
stituents of larger node size reveal that more papers have been published from the unit. Nodes
with purple ring indicate that they are central nodes in the network with the scale of centrality > 0.1
(i.e., representing stronger influence and more intermediary connection in the knowledge networks).
The thickness of the purple ring is proportional to the centrality strength of the nodes (i.e., the higher
the centrality, the greater the influence of the research unit, the closer the connection with others). The
number and thickness of links between nodes reflect their collaboration relationships. The color of
nodes and links represent publication and first association time, respectively. Warmer color indicates
a closer time.

The institution-level collaboration network was also mapped to explore influential
institutions and analyze their collaboration degree (Figure S2). The network is chaotic,
containing 1452 nodes and 2620 links with a network density of 0.0025. Up to 90% of
the top 10 institutions regarding output were universities (Table S3). The University of
Sao Paulo has contributed the most (n = 38, 3.47%), followed by Inha University (n = 33,
3.02%), and Khon Kaen University (n = 21, 1.92%). The University of Milan (0.18) and the
University of Sao Paulo (0.10) have shown a high centrality, acting as bridges between
institutional cooperation.

By selecting the “author” node type to analyze the core authors and their collaboration
in this research topic (Figure S3), the yielded network contains 4527 nodes and 15,102 links,
with a network density of 0.0015. The top 10 authors all published more than 10 papers
(Table S3). Among them, Kyung Ja Chang and Sanya Roysommuti contributed the largest
number of publications (n = 21, 1.92%), followed by Bruno Gualano (n = 19, 1.74%). Al-
though the collaboration network among authors presents some obvious team cooperation
relationships, the overall cooperation hitherto is still insufficient (centrality was all less
than 0.01).

3.4. Keyword Cluster Analysis

Keyword cluster analysis was performed to illustrate the hotspots of research on
taurine, carnosine, anserine, and creatine with MetS (Figure 3). The network of keywords
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cluster consists of 1375 nodes and 9063 lines, with a network density of 0.0096. The most
frequent keywords of studies were “taurine”, “oxidative stress”, “metabolism”, “rat”,
“supplementation”, etc. (Table 1). The centrality of keywords was all less than 0.1, with
“cholesterol”, “blood pressure”, “insulin”, and “kidney” being the top four. Furthermore,
the keywords were divided into 10 clusters, including “obesity”, “ergogenic aids”, “growth
performance”, “triglyceride”, “aging”, “melatonin”, “polyol pathway”, “fast na+ current”,
“unine phrectomy”, and “platelet aggregation”. The modularity Q was 0.549, and the mean
Silhouette score was 0.504, indicating that the clustering was reasonable.
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3.5. Burst Keyword Analysis

Burst keyword analysis reveals large changes in the keywords in a short period,
in order to detect the frontier and dynamic trends in the field (Figure 4). This study
identified the top 30 keywords with high burst strength (>3.5, indicating that the keyword
appears more frequently during the detected period) in the research field focusing on
taurine, carnosine, anserine, and creatine in association with MetS. The strongest burst
keyword was “hypercholesterolemia”, with a burst strength reaching 11.859. About burst
time, 53% of the keywords appeared with bursts between 2014 and 2015. The keyword
with the longest burst time was “protein kinase c”, lasting 10 years. The burst times of
“inflammation” and “diabetic nephropathy” have continued today and may remain as hot
keywords for future research.
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Table 1. Top 10 keywords on taurine, carnosine, anserine, and creatine with metabolic syndrome.

No. Keywords Frequency a Keywords Centrality b

1 Taurine 365 Cholesterol 0.09
2 Oxidative stress 167 Blood pressure 0.08
3 Metabolism 158 Insulin 0.07
4 Rat 156 Kidney 0.07
5 Supplementation 156 Expression 0.06
6 Skeletal Muscle 92 Damage 0.06
7 Glucose 91 Hyperglycemia 0.06
8 Exercise 90 Supplementation 0.05
9 Carnosine 88 Exercise 0.05
10 Expression 81 Diabetes 0.05

a: Frequency indicates the number of publications indexed with certain keywords. b: The higher the centrality, the
greater the influence, the closer the connection with others.
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4. Discussion
4.1. General Summary

By conducting a bibliometric analysis of literature regarding the association of dietary
taurine, creatine, carnosine, and anserine with MetS over the last 30 years, maps and tables
are generated to help decipher the research status uncovering hotspots and emerging
trends, as well as to explore the intellectual structure of this domain intuitively. In general,
the past three decades have seen a gradual increase in the numbers of publications on this
topic, reaching a peak in 2019. Yet, more concerted endeavor is pressingly needed given
the current misconception of red meat’s nutritive value. The United States has published
the most articles, followed by China and Japan. The top three institutions for the number
of publications are the University of Sao Paulo, Inha University, and Khon Kaen University.
Kyung Ja Chang and Sanya Roysommuti are identified as the most prolific authors in this
field, followed by Bruno Gualano. Given the inconsistent patterns between active research
constituents (e.g., countries, institutions, authors), it can be inferred that this research area
remains to further flourish and the collaboration degree as well as the research impact is
not sufficient.

4.2. Research Hotspots

The map of keywords co-occurrence based on algorithms deciphers that literature of
dietary taurine, carnosine, anserine, and creatine with MetS shines through ten clusters.
Taking also frequency and centrality (i.e., link strength) of representative keywords into
account, we summarized research hotspots in this field as follows.

Firstly, obesity is a clinical outcome of particular concern when examining the health
effects of dietary functional amino acids, especially taurine [33–35]. Various animal models
have shown the anti-obesity effects of taurine supplementation, tied to decreased body
weight with inhibited expression of adipogenic genes but improved expression of hepatic
genes involved in fatty acid metabolism [36,37]. The underlying pathways may include
lower food/caloric intake via preserving hypothalamic leptin action and modulating
circadian rhythms in high-fat diet-induced obese mice [38,39]. Moreover, taurine may also
modulate energy metabolism to attenuate or prevent obesity [35]. An increase in resting
oxygen expenditure was found in obese mice supplemented with taurine, and it may be
ascribed to upregulated expression of energy expenditure related genes such as peroxisome
proliferator-activated receptors (PPARs) and uncoupling protein (UCP) in white adipose
tissue, as well as an increase in gene expression during adipocyte browning and fatty
acid oxidation such as UCP1, mitochondrial cytochrome c (Cyc), etc. [35]. Up to now, the
anti-obesity effect of taurine and its underlying mechanisms are much more studied in
animal models than in humans [40,41]; thus, more population-based studies are strongly
warranted to evidence the role of taurine and other dipeptides in metabolic health outcomes
including obesity.

On the other hand, animal models and subpopulations with obesity or diabetes are often
targeted to explore the health effects of dietary taurine and carnosine on plasma lipid profiles
(such as TG and cholesterol content), blood pressure, and glucose metabolism [34,42–45]. Tau-
rine administration (as a small proportion in diet/drinking water) for several weeks could
significantly reduce serum TG, cholesterol, and low-density lipoprotein cholesterol (LDL-C)
levels in animals [46,47]. Such hypolipidemic effect has also been documented by a limited
number of randomized trials among human populations [40,42,45,48]. Amelioration of
dyslipidemia status has been assumed to relate to improved insulin sensitivity and leptin
modulation, as well as obesity prevention [34,49]. Regarding blood pressure, rats with
taurine deficiency contracted more severe hypertension than their control counterparts,
and elevated blood pressure could be reduced by taurine treatment [50,51], potentially
through modulating angiotensin-converting enzyme (ACE) activity and nitric oxide (NO)
synthesis [51,52]. Negative associations between 24-hour urinary taurine excretion and
blood pressure in humans were also reported [53,54]. As for glucose metabolism, animals or
humans supplemented with taurine or carnosine or creatine showed significant attenuation



Nutrients 2023, 15, 3374 9 of 15

in increased plasma glucose, glycated protein, and glycated hemoglobin levels induced
by a glucose tolerance test or a high-fructose diet [55–58], possibly through reducing the
expression of gluconeogenic genes while increasing the hepatic expression of glycolytic
genes [59]. Alongside rectifying hepatic glucose metabolism, taurine or carnosine could
enhance hepatic insulin signaling to improve glucose tolerance and compensate for insulin
resistance [24,60,61]. In contrast, studies examining the health effects of anserine and crea-
tine on obesity and its related conditions such as hyperlipemia and high blood pressure, as
well as hyperglycemia, remain rather limited [62,63], so more research efforts are solicited.

In addition to the metabolic conditions of interest as health outcomes, another pop-
ular research focus is dietary creatine supplementation as nutritional ergogenic aid to
promote greater gains in fat-free mass, muscular strength, agility, endurance, and sprint
performance during intense exercise than is achievable with strength training or resistance
training alone [64–66]. Apart from athletic improvement, researchers also showed that
dietary creatine could contribute to injury prevention, thermoregulation, post-exercise
recovery, and rehabilitation [67]. Poor body composition and declining physical function
are highly prevalent with aging, so older adults are a subpopulation of special interest
when examining the health effects of creatine supplementation. Interventional studies
found that creatine supplementation combined with resistance or strength training could
effectively improve lean tissue mass and muscle strength in aging adults [68–71]. Beyond
that, dietary taurine supplementation flourishes in aquaculture and agricultural science.
Many feeding experiments have shown that the addition of taurine to high-carbohydrate
or plant-based diets could improve growth performance and lipid metabolism as well as
antioxidant capacity in various juvenile fishes and broiler chickens [72–75]. It is suggested
that randomized trials are also designed and performed in adolescents to examine the effect
of taurine supplementation on growth rate and metabolic parameters, especially among
those with plant-based diets [76].

Melatonin, an endogenous hormone related to circadian rhythms, has gained research
interest in its potential role of improving glycemic homeostasis; therefore, it often serves as
a control/comparative group in the study of taurine’s health effects in diabetic rats [13,75].
In the polyol pathway, glucose is reduced to sorbitol intracellularly and further oxidized to
fructose; this pathway is suspected to be implicated in diabetic complications and associated
microvascular damage as well as cellular dysfunctions, leading to retinopathy, nephropathy,
neuropathy, platelet aggregation, and atherosclerosis [77]. Altered taurine metabolism
has been found to be involved in a pathologic process related to the polyol pathway, and
taurine dietary supplements were proposed to hold potential therapeutic perspectives in
combination with other drugs [25]. Vast studies around the 1990s have focused on the
role of taurine in modulating Ca2+ homeostasis; it was reported that taurine could inhibit
the tetrodotoxin-sensitive fast Na+ channels, accompanied by increased intracellular Ca2+,
leading to a positive cardiac inotropic effect [78]. Tissue taurine levels are also known to
modulate renal function and blood pressure, so rat models with uninephrectomy have been
used to test the protective effect of taurine treatment on kidneys, and the detrimental effect
of taurine deficiency on accelerating hypertension development [50,79]. In addition to that,
taurine and carnosine showed effectiveness in reducing oxidative stress and inhibiting
platelet aggregation, thereby offering potentially greater cardiovascular protection [80,81].
Given the versatile properties of taurine and other functional dipeptides, it is imperative
to validate existing findings, and yield new insights about their health benefits especially
in humans, as well as the underlying mechanisms, so as to advocate for the necessity of
including red meat in a daily diet.

4.3. Research Frontiers

The timeline view of keywords citation burst reveals the development trends and
frontiers in the research field of dietary taurine, carnosine, anserine, and creatine with MetS.
Before the year 2000, the study of taurine, carnosine, anserine, and creatine was at the
beginning stage, devoted mainly to illustrating the regulation factors (e.g., protein kinase
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C), including its role in bile synthesis, membrane protection, ergogenic aid for exercise,
and cholesterol metabolism from a broad angle [65,82,83]. In the next 10 years, the objects
of studies have focused more on oral supplementation especially in mice models, and
the health effects on not only muscle strength, but also injury and disease risks [84,85].
N-acetylcysteine and homocysteine were the two kinds of amino acids studied often in
parallel with taurine [86,87]. After 2010, the research community began to explore the
modulating effects of taurine supplementation on gene expressions (including apoptosis
markers), as well as its role in preventing obesity, maintaining glucose homeostasis, and
improving insulin resistance [26,88,89]. In the most recent years, the research focus became
more refined. The functions of taurine supplements on ameliorating nephropathy and
hypertension, as well as chronic inflammation as implicated in all the MetS conditions,
have been intensively investigated [90–92]. Moreover, diabetic nephropathy as the most
common complication in diabetes patients is gaining increasing research interest when
examining the health effects of taurine and carnosine [93,94]. This highlights the research
frontiers and future directions of this field.

While a bunch of studies among various populations have investigated the relation-
ship of red meat intake with the risk of colorectal cancer, breast cancer, and cardiovascular
diseases, those findings are mixed [95–97]. The most recent systematic review and meta-
regression published in Nature Medicine have concluded with a very weak association of
unprocessed red meat with colorectal cancer but no significant association with either
ischemic heart disease or stroke or diabetes [9]. It is a fact that previous population-based
studies reporting detrimental health effects of red meat are almost of an observational
nature; therefore, strengthened research evidence is pressingly warranted. Given the avail-
able interventional study findings among animals reporting beneficial effects of taurine,
carnosine, anserine, and creatine on various metabolic conditions, we envision that ran-
domized controlled trials among populations should be better supplemented to confirm
their health effects, adding the reliability of promoting appropriate intake of red meat
which is exclusively rich in those key nutrients.

4.4. Strengths and Limitations

This is the first bibliometric analysis to map and analyze the cumulative scientific
knowledge of the research field regarding dietary taurine, carnosine, anserine, and creatine
with MetS from large volumes of unstructured data. It can empower scholars in this area
to obtain a one-stop overview, spot knowledge gaps, and formulate novel research ideas,
thereby advancing academic development and better informing the public and relevant
policymakers. But the limitations of this study should also be noted. Firstly, only the
WoSCC database was retrieved for bibliometric analysis. Although it is deemed reliable
and authoritative, the data would be more comprehensive if other database resources
(e.g., Embase) could be added. Secondly, only English literature were extracted via specific
search strings, so language-related bias cannot be avoided. However, it is nearly impossible
to include all the relevant papers; scholars with research interests into specific topics are
suggested to further delve into the literature exquisitely.

5. Conclusions

To sum up, the current study provides a quantitative and qualitative bibliometric
analysis of literature in the field of dietary taurine, carnosine, anserine, and creatine with
MetS. The research hotspots summarized include their health effects on obesity, lipid
profiles, blood pressure, and glucose metabolism, as well as their functions as ergogenic
aid and growth promoter. Animal models were utilized extensively, so population-based
studies and randomized trials are necessary to expand and validate the current findings.
Furthermore, enhanced cooperation among countries, institutions, and authors is needed
for this research field to further prosper. Given the metabolic protection effects of taurine
together with other functional dipeptides and their abundance in red meat, our research
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serves as a reference for more in-depth investigation and re-evaluation of the health effects
of red meat on metabolic diseases.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu15153374/s1, Figure S1: Flowchart of literature selection;
Figure S2: Collaboration network among research units at the institution level in the research field of
taurine, creatine, carnosine, and anserine with metabolic syndrome; Figure S3: Collaboration network
among research units at the authorship level in the research field of taurine, creatine, carnosine, and
anserine with metabolic syndrome; Table S1: Top 12 most prolific journals related to taurine, carnosine,
anserine and creatine with metabolic syndrome; Table S2: Top 10 cited references on taurine, carnosine,
anserine and creatine with metabolic syndrome; Table S3: Top 10 countries/regions, institutions and
authors of publications related to taurine, carnosine, anserine and creatine with metabolic syndrome.

Author Contributions: J.S. and F.G. contributed equally to this work. X.W., F.G. and M.W. conceived
the idea and designed the study. J.S. performed data collection and analysis. J.S. and F.G. drafted the
original manuscript. F.G., J.R., H.W. and M.W. reviewed and edited the manuscript. Y.L. formatted
the manuscript according to journal guidelines. X.W. obtained the funding. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was supported by Shaanxi Province Science and Technology Department
(No. 2023-YBSF-027).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: No conflict of interest to declare.

References
1. Engin, A. The Definition and Prevalence of Obesity and Metabolic Syndrome. Adv. Exp. Med. Biol. 2017, 960, 1–17. [CrossRef]

[PubMed]
2. Saklayen, M.G. The Global Epidemic of the Metabolic Syndrome. Curr. Hypertens. Rep. 2018, 20, 12. [CrossRef]
3. Hirode, G.; Wong, R.J. Trends in the Prevalence of Metabolic Syndrome in the United States, 2011-2016. JAMA 2020, 323, 2526–2528.

[CrossRef] [PubMed]
4. Willett, W.; Rockstrom, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A. Food

in the Anthropocene: The EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems. Lancet 2019, 393, 447–492.
[CrossRef] [PubMed]

5. US Department of Health and Human Services and US Department of Agriculture. 2015–2020 Dietary Guidelines for Americans,
8th ed.; US Department of Health and Human Services and US Department of Agriculture: Washington, DC, USA, 2015.

6. World Cancer Research Fund/American Institute for Cancer Research. Continuous Update Project Expert Report 2018. Recommendations
and Public Health and Policy Implications; World Cancer Research Fund/American Institute for Cancer Research: London, UK, 2018.

7. International Agency for Research on Cancer, World Health Organization. IARC Monographs Evaluate Consumption of Red Meat and
Processed Meat; International Agency for Research on Cancer, World Health Organization: Lyon, France, 2015.

8. Aldini, G.; de Courten, B.; Regazzoni, L.; Gilardoni, E.; Ferrario, G.; Baron, G.; Altomare, A.; D’Amato, A.; Vistoli, G.; Carini, M.
Understanding the Antioxidant and Carbonyl Sequestering Activity of Carnosine: Direct and Indirect Mechanisms. Free. Radic.
Res. 2021, 55, 321–330. [CrossRef]

9. Lescinsky, H.; Afshin, A.; Ashbaugh, C.; Bisignano, C.; Brauer, M.; Ferrara, G.; Hay, S.I.; He, J.; Iannucci, V.; Marczak, L.B. Health
Effects Associated with Consumption of Unprocessed Red Meat: A Burden of Proof Study. Nat. Med. 2022, 28, 2075–2082.
[CrossRef]

10. Wu, G. Important Roles of Dietary Taurine, Creatine, Carnosine, Anserine and 4-Hydroxyproline in Human Nutrition and Health.
Amino Acids 2020, 52, 329–360. [CrossRef]

11. Ito, T.; Schaffer, S.; Azuma, J. The Effect of Taurine on Chronic Heart Failure: Actions of Taurine Against Catecholamine and
Angiotensin II. Amino Acids 2014, 46, 111–119. [CrossRef]

12. Ra, S.G.; Choi, Y.; Akazawa, N.; Kawanaka, K.; Ohmori, H.; Maeda, S. Effects of Taurine Supplementation on Vascular Endothelial
Function at Rest and After Resistance Exercise. Adv. Exp. Med. Biol. 2019, 1155, 407–414. [CrossRef]

13. Shimada, K.; Jong, C.J.; Takahashi, K.; Schaffer, S.W. Role of ROS Production and Turnover in the Antioxidant Activity of Taurine.
Adv. Exp. Med. Biol. 2015, 803, 581–596. [CrossRef]

https://www.mdpi.com/article/10.3390/nu15153374/s1
https://www.mdpi.com/article/10.3390/nu15153374/s1
https://doi.org/10.1007/978-3-319-48382-5_1
https://www.ncbi.nlm.nih.gov/pubmed/28585193
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1001/jama.2020.4501
https://www.ncbi.nlm.nih.gov/pubmed/32573660
https://doi.org/10.1016/S0140-6736(18)31788-4
https://www.ncbi.nlm.nih.gov/pubmed/30660336
https://doi.org/10.1080/10715762.2020.1856830
https://doi.org/10.1038/s41591-022-01968-z
https://doi.org/10.1007/s00726-020-02823-6
https://doi.org/10.1007/s00726-013-1507-z
https://doi.org/10.1007/978-981-13-8023-5_38
https://doi.org/10.1007/978-3-319-15126-7_47


Nutrients 2023, 15, 3374 12 of 15

14. Boldyrev, A.A.; Aldini, G.; Derave, W. Physiology and Pathophysiology of Carnosine. Physiol. Rev. 2013, 93, 1803–1845. [CrossRef]
[PubMed]

15. Song, B.C.; Joo, N.S.; Aldini, G.; Yeum, K.J. Biological Functions of Histidine-Dipeptides and Metabolic Syndrome. Nutr. Res.
Pract. 2014, 8, 3–10. [CrossRef] [PubMed]

16. Smith, R.N.; Agharkar, A.S.; Gonzales, E.B. A Review of Creatine Supplementation in Age-Related Diseases: More than a
Supplement for Athletes. F1000Res 2014, 3, 222. [CrossRef]

17. Wyss, M.; Schulze, A. Health Implications of Creatine: Can Oral Creatine Supplementation Protect Against Neurological and
Atherosclerotic Disease? Neuroscience 2002, 112, 243–260. [CrossRef]

18. Hou, Y.; He, W.; Hu, S.; Wu, G. Composition of Polyamines and Amino Acids in Plant-Source Foods for Human Consumption.
Amino Acids 2019, 51, 1153–1165. [CrossRef]

19. Wu, G. Functional Amino Acids in Nutrition and Health. Amino Acids 2013, 45, 407–411. [CrossRef]
20. Wu, G.; Cross, H.R.; Gehring, K.B.; Savell, J.W.; Arnold, A.N.; McNeill, S.H. Composition of Free and Peptide-Bound Amino

Acids in Beef Chuck, Loin, and Round Cuts. J. Anim. Sci. 2016, 94, 2603–2613. [CrossRef] [PubMed]
21. Donthu, N.; Kumar, S.; Mukherjee, D.; Pandey, N.; Lim, W.M. How to Conduct a Bibliometric Analysis: An Overview and

Guidelines. J. Bus. Res. 2021, 133, 285–296. [CrossRef]
22. Chen, C. Searching for Intellectual Turning Points: Progressive Knowledge Domain Visualization. Proc. Natl. Acad. Sci. USA 2004,

101 (Suppl. S1), 5303–5310. [CrossRef]
23. Chen, Y. The Methodology Function of Cite Space Mapping Knowledge Domains. Stud. Sci. Sci. 2015, 33, 242–253. [CrossRef]
24. De Courten, B.; Jakubova, M.; de Courten, M.P.; Kukurova, I.J.; Vallova, S.; Krumpolec, P.; Valkovic, L.; Kurdiova, T.; Garzon, D.;

Barbaresi, S. Effects of Carnosine Supplementation on Glucose Metabolism: Pilot Clinical Trial. Obesity 2016, 24, 1027–1034.
[CrossRef] [PubMed]

25. Hansen, S.H. The Role of Taurine in Diabetes and the Development of Diabetic Complications. Diabetes Metab. Res. Rev. 2001, 17,
330–346. [CrossRef] [PubMed]

26. Murakami, S. Role of Taurine in the Pathogenesis of Obesity. Mol. Nutr. Food Res. 2015, 59, 1353–1363. [CrossRef]
27. Ito, T.; Schaffer, S.W.; Azuma, J. The Potential Usefulness of Taurine on Diabetes Mellitus and its Complications. Amino Acids

2012, 42, 1529–1539. [CrossRef]
28. Murakami, S. The Physiological and Pathophysiological Roles of Taurine in Adipose Tissue in Relation to Obesity. Life Sci. 2017,

186, 80–86. [CrossRef]
29. Schaffer, S.W.; Azuma, J.; Mozaffari, M. Role of Antioxidant Activity of Taurine in Diabetes. Can. J. Physiol. Pharmacol. 2009, 87,

91–99. [CrossRef] [PubMed]
30. Carneiro, E.M.; Latorraca, M.Q.; Araujo, E.; Beltra, M.; Oliveras, M.J.; Navarro, M.; Berna, G.; Bedoya, F.J.; Velloso, L.A.; Soria, B.

Taurine Supplementation Modulates Glucose Homeostasis and Islet Function. J. Nutr. Biochem. 2009, 20, 503–511. [CrossRef]
31. Albrecht, T.; Schilperoort, M.; Zhang, S.; Braun, J.D.; Qiu, J.; Rodriguez, A.; Pastene, D.O.; Kramer, B.K.; Koppel, H.; Baelde, H.

Carnosine Attenuates the Development of Both Type 2 Diabetes and Diabetic Nephropathy in BTBR Ob/Ob Mice. Sci. Rep. 2017,
7, 44492. [CrossRef] [PubMed]

32. Aldini, G.; Orioli, M.; Rossoni, G.; Savi, F.; Braidotti, P.; Vistoli, G.; Yeum, K.J.; Negrisoli, G.; Carini, M. The Carbonyl Scavenger
Carnosine Ameliorates Dyslipidaemia and Renal Function in Zucker Obese Rats. J. Cell Mol. Med. 2011, 15, 1339–1354. [CrossRef]
[PubMed]

33. Hultman, K.; Alexanderson, C.; Manneras, L.; Sandberg, M.; Holmang, A.; Jansson, T. Maternal Taurine Supplementation in the
Late Pregnant Rat Stimulates Postnatal Growth and Induces Obesity and Insulin Resistance in Adult Offspring. J. Physiol. 2007,
579, 823–833. [CrossRef]

34. Nardelli, T.R.; Ribeiro, R.A.; Balbo, S.L.; Vanzela, E.C.; Carneiro, E.M.; Boschero, A.C.; Bonfleur, M.L. Taurine Prevents Fat
Deposition and Ameliorates Plasma Lipid Profile in Monosodium Glutamate-Obese Rats. Amino Acids 2011, 41, 901–908.
[CrossRef]

35. Tsuboyama-Kasaoka, N.; Shozawa, C.; Sano, K.; Kamei, Y.; Kasaoka, S.; Hosokawa, Y.; Ezaki, O. Taurine (2-Aminoethanesulfonic
Acid) Deficiency Creates a Vicious Circle Promoting Obesity. Endocrinology 2006, 147, 3276–3284. [CrossRef]

36. Bonfleur, M.L.; Borck, P.C.; Ribeiro, R.A.; Caetano, L.C.; Soares, G.M.; Carneiro, E.M.; Balbo, S.L. Improvement in the Expression
of Hepatic Genes Involved in Fatty Acid Metabolism in Obese Rats Supplemented with Taurine. Life Sci. 2015, 135, 15–21.
[CrossRef]

37. Kim, K.S.; Jang, M.J.; Fang, S.; Yoon, S.G.; Kim, I.Y.; Seong, J.K.; Yang, H.I.; Hahm, D.H. Anti-Obesity Effect of Taurine through
Inhibition of Adipogenesis in White Fat Tissue but Not in Brown Fat Tissue in a High-Fat Diet-Induced Obese Mouse Model.
Amino Acids 2019, 51, 245–254. [CrossRef]

38. Camargo, R.L.; Batista, T.M.; Ribeiro, R.A.; Branco, R.; Da Silva, P.; Izumi, C.; Araujo, T.R.; Greene, L.J.; Boschero, A.C.; Carneiro,
E.M. Taurine Supplementation Preserves Hypothalamic Leptin Action in Normal and Protein-Restricted Mice Fed on a High-Fat
Diet. Amino Acids 2015, 47, 2419–2435. [CrossRef] [PubMed]

39. Figueroa, A.; Figueiredo, H.; Rebuffat, S.A.; Vieira, E.; Gomis, R. Taurine Treatment Modulates Circadian Rhythms in Mice Fed a
High Fat Diet. Sci. Rep. 2016, 6, 36801. [CrossRef] [PubMed]

40. Rosa, F.T.; Freitas, E.C.; Deminice, R.; Jordao, A.A.; Marchini, J.S. Oxidative Stress and Inflammation in Obesity After Taurine
Supplementation: A Double-Blind, Placebo-Controlled Study. Eur. J. Nutr. 2014, 53, 823–830. [CrossRef] [PubMed]

https://doi.org/10.1152/physrev.00039.2012
https://www.ncbi.nlm.nih.gov/pubmed/24137022
https://doi.org/10.4162/nrp.2014.8.1.3
https://www.ncbi.nlm.nih.gov/pubmed/24611099
https://doi.org/10.12688/f1000research.5218.1
https://doi.org/10.1016/s0306-4522(02)00088-x
https://doi.org/10.1007/s00726-019-02751-0
https://doi.org/10.1007/s00726-013-1500-6
https://doi.org/10.2527/jas.2016-0478
https://www.ncbi.nlm.nih.gov/pubmed/27285936
https://doi.org/10.1016/j.jbusres.2021.04.070
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.16192/j.cnki.1003-2053.2015.02.009
https://doi.org/10.1002/oby.21434
https://www.ncbi.nlm.nih.gov/pubmed/27040154
https://doi.org/10.1002/dmrr.229
https://www.ncbi.nlm.nih.gov/pubmed/11747139
https://doi.org/10.1002/mnfr.201500067
https://doi.org/10.1007/s00726-011-0883-5
https://doi.org/10.1016/j.lfs.2017.08.008
https://doi.org/10.1139/Y08-110
https://www.ncbi.nlm.nih.gov/pubmed/19234572
https://doi.org/10.1016/j.jnutbio.2008.05.008
https://doi.org/10.1038/srep44492
https://www.ncbi.nlm.nih.gov/pubmed/28281693
https://doi.org/10.1111/j.1582-4934.2010.01101.x
https://www.ncbi.nlm.nih.gov/pubmed/20518851
https://doi.org/10.1113/jphysiol.2006.124610
https://doi.org/10.1007/s00726-010-0789-7
https://doi.org/10.1210/en.2005-1007
https://doi.org/10.1016/j.lfs.2015.05.019
https://doi.org/10.1007/s00726-018-2659-7
https://doi.org/10.1007/s00726-015-2035-9
https://www.ncbi.nlm.nih.gov/pubmed/26133737
https://doi.org/10.1038/srep36801
https://www.ncbi.nlm.nih.gov/pubmed/27857215
https://doi.org/10.1007/s00394-013-0586-7
https://www.ncbi.nlm.nih.gov/pubmed/24065043


Nutrients 2023, 15, 3374 13 of 15

41. Zhang, M.; Izumi, I.; Kagamimori, S.; Sokejima, S.; Yamagami, T.; Liu, Z.; Qi, B. Role of Taurine Supplementation to Prevent
Exercise-Induced Oxidative Stress in Healthy Young Men. Amino Acids 2004, 26, 203–207. [CrossRef]

42. Baye, E.; Ukropec, J.; de Courten, M.P.J.; Vallova, S.; Krumpolec, P.; Kurdiova, T.; Aldini, G.; Ukropcova, B.; de Courten, B. Effect
of Carnosine Supplementation on the Plasma Lipidome in Overweight and Obese Adults: A Pilot Randomised Controlled Trial.
Sci. Rep. 2020, 10, 17458. [CrossRef]

43. Borck, P.C.; Vettorazzi, J.F.; Souto Branco, R.C.; Batista, T.M.; Santos-Silva, J.C.; Nakanishi, V.Y.; Boschero, A.C.; Ribeiro, R.A.;
Carneiro, E.M. Taurine Supplementation Induces Long-Term Beneficial Effects on Glucose Homeostasis in ob/ob Mice. Amino
Acids 2018, 50, 765–774. [CrossRef]

44. Guan, L.; Miao, P. The Effects of Taurine Supplementation on Obesity, Blood Pressure and Lipid Profile: A Meta-Analysis of
Randomized Controlled Trials. Eur. J. Pharmacol. 2020, 885, 173533. [CrossRef]

45. Zhang, M.; Bi, L.F.; Fang, J.H.; Su, X.L.; Da, G.L.; Kuwamori, T.; Kagamimori, S. Beneficial Effects of Taurine on Serum Lipids in
Overweight or Obese Non-Diabetic Subjects. Amino Acids 2004, 26, 267–271. [CrossRef] [PubMed]

46. Jo, H.G.; Kim, M.J.; Moon, B.Y.; Cheong, S.H. Antioxidant and Laxative Effects of Taurine-Xylose, a Synthetic Taurine-
Carbohydrate Derivative, in Loperamide-Induced Constipation in Sprague-Dawley Rats. J. Exerc. Nutr. Biochem. 2019, 23,
6–13. [CrossRef] [PubMed]

47. Takenaga, T.; Imada, K.; Otomo, S. Hypoglycemic Effect of Taurine in Golden Syrian Hamsters. Adv. Exp. Med. Biol. 2000, 187–192.
[CrossRef]

48. Mizushima, S.; Nara, Y.; Sawamura, M.; Yamori, Y. Effects of Oral Taurine Supplementation on Lipids and Sympathetic Nerve
Tone. Adv. Exp. Med. Biol. 1996, 403, 615–622. [CrossRef]

49. Kim, K.S.; Oh, D.H.; Kim, J.Y.; Lee, B.G.; You, J.S.; Chang, K.J.; Chung, H.; Yoo, M.C.; Yang, H.; Kang, J. Taurine Ameliorates
Hyperglycemia and Dyslipidemia by Reducing Insulin Resistance and Leptin Level in Otsuka Long-Evans Tokushima Fatty
(OLETF) Rats with Long-Term Diabetes. Exp. Mol. Med. 2012, 44, 665–673. [CrossRef]

50. Mozaffari, M.S.; Patel, C.; Abdelsayed, R.; Schaffer, S.W. Accelerated NaCl-induced Hypertension in Taurine-Deficient Rat: Role
of Renal Function. Kidney Int. 2006, 70, 329–337. [CrossRef]

51. Rahman, M.M.; Park, H.M.; Kim, S.J.; Go, H.K.; Kim, G.B.; Hong, C.U.; Lee, Y.U.; Kim, S.Z.; Kim, J.S.; Kang, H.S. Taurine Prevents
Hypertension and Increases Exercise Capacity in Rats with Fructose-Induced Hypertension. Am. J. Hypertens. 2011, 24, 574–581.
[CrossRef]

52. Lv, Q.F.; Dong, G.L.; Cao, S.; Wu, G.F.; Feng, Y.; Mei, L.; Lin, S.M.; Yang, Q.H.; Yang, J.C.; Hu, J.M. Effects of Taurine on Blood
Index of Hypothalamic Pituitary Adrenal (HPA) Axis of Stress-Induced Hypertensive Rat. Adv. Exp. Med. Biol. 2015, 803, 613–621.
[CrossRef] [PubMed]

53. Liu, L.J.; Liu, L.S.; Ding, Y.; Huang, Z.D.; He, B.X.; Sun, S.F.; Zhao, G.S.; Zhang, H.X.; Miki, T.; Mizushima, S. Ethnic and
Environmental Differences in Various Markers of Dietary Intake and Blood Pressure Among Chinese Han and Three Other
Minority Peoples of China: Results from the WHO Cardiovascular Diseases and Alimentary Comparison (CARDIAC) Study.
Hypertens. Res. 2001, 24, 315–322. [CrossRef]

54. Yamori, Y.; Liu, L.; Ikeda, K.; Miura, A.; Mizushima, S.; Miki, T.; Nara, Y. Distribution of Twenty-Four Hour Urinary Taurine
Excretion and Association with Ischemic Heart Disease Mortality in 24 Populations of 16 Countries: Results from the WHO-
CARDIAC Study. Hypertens. Res. 2001, 24, 453–457. [CrossRef] [PubMed]

55. Camargo, R.L.; Batista, T.M.; Ribeiro, R.A.; Velloso, L.A.; Boschero, A.C.; Carneiro, E.M. Effects of Taurine Supplementation upon
Food Intake and Central Insulin Signaling in Malnourished Mice Fed on a High-Fat Diet. Adv. Exp. Med. Biol. 2013, 776, 93–103.
[CrossRef] [PubMed]

56. Mancini, D.S.M.; Nakata, M.; Baldini, C.; de Oliveira-Sales, E.B.; Boim, M.A.; Martimbianco, A.; Maquigussa, E. Creatine
Supplementation in Type 2 Diabetic Patients: A Systematic Review of Randomized Clinical Trials. Curr. Diabetes Rev. 2022,
18, e120721194709. [CrossRef]

57. Matthews, J.J.; Dolan, E.; Swinton, P.A.; Santos, L.; Artioli, G.G.; Turner, M.D.; Elliott-Sale, K.J.; Sale, C. Effect of Carnosine or
beta-Alanine Supplementation on Markers of Glycemic Control and Insulin Resistance in Humans and Animals: A Systematic
Review and Meta-Analysis. Adv. Nutr. 2021, 12, 2216–2231. [CrossRef] [PubMed]

58. Nandhini, A.; Thirunavukkarasu, V.; Anuradha, C.V. Stimulation of Glucose Utilization and Inhibition of Protein Glycation and
AGE Products by Taurine. Acta Physiol. Scand. 2004, 181, 297–303. [CrossRef]

59. Harada, N.; Ninomiya, C.; Osako, Y.; Morishima, M.; Mawatari, K.; Takahashi, A.; Nakaya, Y. Taurine Alters Respiratory Gas
Exchange and Nutrient Metabolism in Type 2 Diabetic Rats. Obes. Res. 2004, 12, 1077–1084. [CrossRef]

60. Lee, S.H.; Lee, H.Y.; Kim, S.Y.; Lee, I.K.; Song, D.K. Enhancing Effect of Taurine on Glucose Response in UCP2-overexpressing
Beta Cells. Diabetes Res. Clin. Pract. 2004, 66 (Suppl. 1), S69–S74. [CrossRef]

61. Wu, N.; Lu, Y.; He, B.; Zhang, Y.; Lin, J.; Zhao, S.; Zhang, W.; Li, Y.; Han, P. Taurine Prevents Free Fatty Acid-Induced Hepatic
Insulin Resistance in Association with Inhibiting JNK1 Activation and Improving Insulin Signaling in Vivo. Diabetes Res. Clin.
Pract. 2010, 90, 288–296. [CrossRef]

62. Everaert, I.; Van der Stede, T.; Stautemas, J.; Hanssens, M.; van Aanhold, C.; Baelde, H.; Vanhaecke, L.; Derave, W. Oral Anserine
Supplementation Does Not Attenuate Type-2 Diabetes or Diabetic Nephropathy in BTBR ob/ob Mice. Amino Acids 2021, 53,
1269–1277. [CrossRef]

https://doi.org/10.1007/s00726-003-0002-3
https://doi.org/10.1038/s41598-020-61335-1
https://doi.org/10.1007/s00726-018-2553-3
https://doi.org/10.1016/j.ejphar.2020.173533
https://doi.org/10.1007/s00726-003-0059-z
https://www.ncbi.nlm.nih.gov/pubmed/15221507
https://doi.org/10.20463/jenb.2019.0025
https://www.ncbi.nlm.nih.gov/pubmed/32018340
https://doi.org/10.1007/0-306-46838-7-20
https://doi.org/10.1007/978-1-4899-0182-8_68
https://doi.org/10.3858/emm.2012.44.11.075
https://doi.org/10.1038/sj.ki.5001503
https://doi.org/10.1038/ajh.2011.4
https://doi.org/10.1007/978-3-319-15126-7_49
https://www.ncbi.nlm.nih.gov/pubmed/25833531
https://doi.org/10.1291/hypres.24.315
https://doi.org/10.1291/hypres.24.453
https://www.ncbi.nlm.nih.gov/pubmed/11510759
https://doi.org/10.1007/978-1-4614-6093-0_10
https://www.ncbi.nlm.nih.gov/pubmed/23392874
https://doi.org/10.2174/1573399817666210712151737
https://doi.org/10.1093/advances/nmab087
https://www.ncbi.nlm.nih.gov/pubmed/34333586
https://doi.org/10.1111/j.1365-201X.2004.01287.x
https://doi.org/10.1038/oby.2004.135
https://doi.org/10.1016/j.diabres.2003.08.018
https://doi.org/10.1016/j.diabres.2010.08.020
https://doi.org/10.1007/s00726-021-03033-4


Nutrients 2023, 15, 3374 14 of 15

63. Kubomura, D.; Matahira, Y.; Nagai, K.; Niijima, A. Effect of Anserine Ingestion on Hyperglycemia and the Autonomic Nerves in
Rats and Humans. Nutr. Neurosci. 2010, 13, 183–188. [CrossRef] [PubMed]

64. Eliot, K.A.; Knehans, A.W.; Bemben, D.A.; Witten, M.S.; Carter, J.; Bemben, M.G. The Effects of Creatine and Whey Protein
Supplementation on Body Composition in Men Aged 48 to 72 Years During Resistance Training. J. Nutr. Health Aging 2008, 12,
208–212. [CrossRef] [PubMed]

65. Kreider, R.B.; Ferreira, M.; Wilson, M.; Grindstaff, P.; Plisk, S.; Reinardy, J.; Cantler, E.; Almada, A.L. Effects of Creatine
Supplementation on Body Composition, Strength, and Sprint Performance. Med. Sci. Sports Exerc. 1998, 30, 73–82. [CrossRef]
[PubMed]

66. Pakulak, A.; Candow, D.G.; Totosy, D.Z.J.; Forbes, S.C.; Basta, D. Effects of Creatine and Caffeine Supplementation During
Resistance Training on Body Composition, Strength, Endurance, Rating of Perceived Exertion and Fatigue in Trained Young
Adults. J. Diet. Suppl. 2022, 19, 587–602. [CrossRef] [PubMed]

67. Kreider, R.B.; Kalman, D.S.; Antonio, J.; Ziegenfuss, T.N.; Wildman, R.; Collins, R.; Candow, D.G.; Kleiner, S.M.; Almada, A.L.;
Lopez, H.L. International Society of Sports Nutrition Position Stand: Safety and Efficacy of Creatine Supplementation in Exercise,
Sport, and Medicine. J. Int. Soc. Sports Nutr. 2017, 14, 18. [CrossRef]

68. Candow, D.G.; Vogt, E.; Johannsmeyer, S.; Forbes, S.C.; Farthing, J.P. Strategic Creatine Supplementation and Resistance Training
in Healthy Older Adults. Appl. Physiol. Nutr. Metab. 2015, 40, 689–694. [CrossRef]

69. Gualano, B.; Macedo, A.R.; Alves, C.R.; Roschel, H.; Benatti, F.B.; Takayama, L.; de Sa, P.A.; Lima, F.R.; Pereira, R.M. Creatine
Supplementation and Resistance Training in Vulnerable Older Women: A Randomized Double-Blind Placebo-Controlled Clinical
Trial. Exp. Gerontol. 2014, 53, 7–15. [CrossRef]

70. Lobo, D.M.; Tritto, A.C.; Da, S.L.; de Oliveira, P.B.; Benatti, F.B.; Roschel, H.; Niess, B.; Gualano, B.; Pereira, R.M. Effects of
Long-Term Low-Dose Dietary Creatine Supplementation in Older Women. Exp. Gerontol. 2015, 70, 97–104. [CrossRef]

71. Rogers, M.E.; Bohlken, R.M.; Beets, M.W.; Hammer, S.B.; Ziegenfuss, T.N.; Sarabon, N. Effects of Creatine, Ginseng, and
Astragalus Supplementation on Strength, Body Composition, Mood, and Blood Lipids During Strength-Training in Older Adults.
J. Sports Sci. Med. 2006, 5, 60–69.

72. Han, H.L.; Zhang, J.F.; Yan, E.F.; Shen, M.M.; Wu, J.M.; Gan, Z.D.; Wei, C.H.; Zhang, L.L.; Wang, T. Effects of Taurine on Growth
Performance, Antioxidant Capacity, and Lipid Metabolism in Broiler Chickens. Poultry Sci. 2020, 99, 5707–5717. [CrossRef]

73. Hoseini, S.M.; Hosseini, S.A.; Eskandari, S.; Amirahmadi, M. Effect of Dietary Taurine and Methionine Supplementation on
Growth Performance, Body Composition, Taurine Retention and Lipid Status of Persian Sturgeon, Acipenser Persicus (Borodin,
1897), Fed with Plant-Based Diet. Aquac. Nutr. 2018, 24, 324–331. [CrossRef]

74. Hung, P.N.; Khaoian, P.; Fukada, H.; Suzuki, N.; Masumoto, T. Feeding Fermented Soybean Meal Diet Supplemented with
Taurine to Yellowtail Seriola Quinqueradiata Affects Growth Performance and Lipid Digestion. Aquac. Res. 2015, 46, 1101–1110.
[CrossRef]

75. Shi, Y.; Zhong, L.; Zhong, H.; Zhang, J.; Liu, X.; Peng, M.; Fu, G.; Hu, Y. Taurine Supplements in High-Carbohydrate Diets Increase
Growth Performance of Monopterus Albus by Improving Carbohydrate and Lipid Metabolism, Reducing Liver Damage, and
Regulating Intestinal Microbiota. Aquaculture 2022, 554, 73815. [CrossRef]

76. Sturman, J.A.; Gaull, G.E. Taurine in the Brain and Liver of the Developing Human and Monkey. J. Neurochem. 1975, 25, 831–835.
[CrossRef] [PubMed]

77. Brownlee, M. Biochemistry and Molecular Cell Biology of Diabetic Complications. Nature 2001, 414, 813–820. [CrossRef]
78. Bkaily, G.; Jazzar, A.; Normand, A.; Simon, Y.; Al-Khoury, J.; Jacques, D. Taurine and Cardiac Disease: State of the Art and

Perspectives. Can. J. Physiol. Pharm. 2020, 98, 67–73. [CrossRef]
79. Mozaffari, M.S.; Schaffer, S.W. Chronic Taurine Treatment Ameliorates Reduction in Saline-Induced Diuresis and Natriuresis.

Kidney Int. 2002, 61, 1750–1759. [CrossRef]
80. Karkabounas, S.; Papadopoulos, N.; Anastasiadou, C.; Gubili, C.; Peschos, D.; Daskalou, T.; Fikioris, N.; Simos, Y.V.; Kontargiris,

E.; Gianakopoulos, X. Effects of alpha-Lipoic Acid, Carnosine, and Thiamine Supplementation in Obese Patients with Type 2
Diabetes Mellitus: A Randomized, Double-Blind Study. J. Med. Food 2018, 21, 1197–1203. [CrossRef]

81. Rosca, A.E.; Vladareanu, A.M.; Mirica, R.; Anghel-Timaru, C.M.; Mititelu, A.; Popescu, B.O.; Caruntu, C.; Voiculescu, S.E.;
Gologan, S.; Onisai, M. Taurine and its Derivatives: Analysis of the Inhibitory Effect on Platelet Function and their Antithrombotic
Potential. J. Clin. Med. 2022, 11, 666. [CrossRef]

82. Bellentani, S.; Pecorari, M.; Cordoma, P.; Marchegiano, P.; Manenti, F.; Bosisio, E.; De Fabiani, E.; Galli, G. Taurine Increases Bile
Acid Pool Size and Reduces Bile Saturation Index in the Hamster. J. Lipid Res. 1987, 28, 1021–1027. [CrossRef]

83. Kulanthaivel, P.; Cool, D.R.; Ramamoorthy, S.; Mahesh, V.B.; Leibach, F.H.; Ganapathy, V. Transport of Taurine and its Regulation
by Protein Kinase C in the JAR Human Placental Choriocarcinoma Cell Line. Biochem. J. 1991, 277 Pt 1, 53–58. [CrossRef]

84. Nandhini, A.; Balakrishnan, S.D.; Anuradha, C.V. Taurine Improves Lipid Profile in Rats Fed a High Fructose-Diet. Nutr. Res.
2002, 22, 343–354. [CrossRef]

85. Nandhini, A.; Thirunavukkarasu, V.; Anuradha, C.V. Taurine Modifies Insulin Signaling Enzymes in the Fructose-Fed Insulin
Resistant-Rats. Diabetes Metab. 2005, 31, 337–344. [CrossRef] [PubMed]

86. Haber, C.A.; Lam, T.; Yu, Z.W.; Gupta, N.; Goh, T.; Bogdanovic, E.; Giacca, A.; Fantus, I.G. N-Acetylcysteine and Taurine Prevent
Hyperglycemia-Induced Insulin Resistance in Vivo: Possible Role of Oxidative Stress. Am. J. Physiol. Endoc. Metab. 2003, 285,
E744–E753. [CrossRef] [PubMed]

https://doi.org/10.1179/147683010X12611460764363
https://www.ncbi.nlm.nih.gov/pubmed/20670474
https://doi.org/10.1007/BF02982622
https://www.ncbi.nlm.nih.gov/pubmed/18309444
https://doi.org/10.1097/00005768-199801000-00011
https://www.ncbi.nlm.nih.gov/pubmed/9475647
https://doi.org/10.1080/19390211.2021.1904085
https://www.ncbi.nlm.nih.gov/pubmed/33759701
https://doi.org/10.1186/s12970-017-0173-z
https://doi.org/10.1139/apnm-2014-0498
https://doi.org/10.1016/j.exger.2014.02.003
https://doi.org/10.1016/j.exger.2015.07.012
https://doi.org/10.1016/j.psj.2020.07.020
https://doi.org/10.1111/anu.12563
https://doi.org/10.1111/are.12267
https://doi.org/10.1016/j.aquaculture.2022.738150
https://doi.org/10.1111/j.1471-4159.1975.tb04414.x
https://www.ncbi.nlm.nih.gov/pubmed/812959
https://doi.org/10.1038/414813a
https://doi.org/10.1139/cjpp-2019-0313
https://doi.org/10.1046/j.1523-1755.2002.00317.x
https://doi.org/10.1089/jmf.2018.0007
https://doi.org/10.3390/jcm11030666
https://doi.org/10.1016/S0022-2275(20)38617-X
https://doi.org/10.1042/bj2770053
https://doi.org/10.1016/S0271-5317(01)00391-8
https://doi.org/10.1016/S1262-3636(07)70202-1
https://www.ncbi.nlm.nih.gov/pubmed/16369195
https://doi.org/10.1152/ajpendo.00355.2002
https://www.ncbi.nlm.nih.gov/pubmed/12799318


Nutrients 2023, 15, 3374 15 of 15

87. Nonaka, H.; Tsujino, T.; Watari, Y.; Emoto, N.; Yokoyama, M. Taurine Prevents the Decrease in Expression and Secretion of
Extracellular Superoxide Dismutase Induced by Homocysteine—Amelioration of Homocysteine-Induced Endoplasmic Reticulum
Stress by Taurine. Circulation 2001, 104, 1165–1170. [CrossRef]

88. Ito, T.; Yoshikawa, N.; Ito, H.; Schaffer, S.W. Impact of Taurine Depletion on Glucose Control and Insulin Secretion in Mice.
J. Pharmacol. Sci. 2015, 129, 59–64. [CrossRef]

89. Zhang, X.; Tu, S.; Wang, Y.; Xu, B.; Wan, F. Mechanism of Taurine-Induced Apoptosis in Human Colon Cancer Cells. Acta Biochim.
Biophys. Sin. 2014, 46, 261–272. [CrossRef]

90. Han, X.; Chesney, R.W. The Role of Taurine in Renal Disorders. Amino Acids 2012, 43, 2249–2263. [CrossRef]
91. Ibrahim, M.A.; Eraqi, M.M.; Alfaiz, F.A. Therapeutic Role of Taurine as Antioxidant in Reducing Hypertension Risks in Rats.

Heliyon 2020, 6, e03209. [CrossRef] [PubMed]
92. Qaradakhi, T.; Gadanec, L.K.; McSweeney, K.R.; Abraham, J.R.; Apostolopoulos, V.; Zulli, A. The Anti-Inflammatory Effect of

Taurine on Cardiovascular Disease. Nutrients 2020, 12, 2847. [CrossRef]
93. Ma, J.; Yang, Z.; Jia, S.; Yang, R. A Systematic Review of Preclinical Studies on the Taurine Role During Diabetic Nephropathy:

Focused On Anti-Oxidative, Anti-Inflammation, and Anti-Apoptotic Effects. Toxicol. Mech. Method. 2022, 32, 420–430. [CrossRef]
94. Peters, V.; Yard, B.; Schmitt, C.P. Carnosine and Diabetic Nephropathy. Curr. Med. Chem. 2020, 27, 1801–1812. [CrossRef]

[PubMed]
95. Key, T.J.; Appleby, P.N.; Bradbury, K.E.; Sweeting, M.; Wood, A.; Johansson, I.; Kuhn, T.; Steur, M.; Weiderpass, E.; Wennberg, M.

Consumption of Meat, Fish, Dairy Products, and Eggs and Risk of Ischemic Heart Disease a Prospective Study of 7198 Incident
Cases Among 409 885 Participants in the Pan-European EPIC Cohort. Circulation 2019, 139, 2835–2845. [CrossRef] [PubMed]

96. Knuppel, A.; Papier, K.; Fensom, G.K.; Appleby, P.N.; Schmidt, J.A.; Tong, T.; Travis, R.C.; Key, T.J.; Perez-Cornago, A. Meat Intake
and Cancer Risk: Prospective Analyses in UK Biobank. Int. J. Epidemiol. 2020, 49, 1540–1552. [CrossRef]

97. Lajous, M.; Tondeur, L.; Fagherazzi, G.; de Lauzon-Guillain, B.; Boutron-Ruaualt, M.C.; Clavel-Chapelon, F. Processed and
Unprocessed Red Meat Consumption and Incident Type 2 Diabetes Among French Women. Diabetes Care 2012, 35, 128–130.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/hc3601.093976
https://doi.org/10.1016/j.jphs.2015.08.007
https://doi.org/10.1093/abbs/gmu004
https://doi.org/10.1007/s00726-012-1314-y
https://doi.org/10.1016/j.heliyon.2020.e03209
https://www.ncbi.nlm.nih.gov/pubmed/31989053
https://doi.org/10.3390/nu12092847
https://doi.org/10.1080/15376516.2021.2021579
https://doi.org/10.2174/0929867326666190326111851
https://www.ncbi.nlm.nih.gov/pubmed/30914013
https://doi.org/10.1161/CIRCULATIONAHA.118.038813
https://www.ncbi.nlm.nih.gov/pubmed/31006335
https://doi.org/10.1093/ije/dyaa142
https://doi.org/10.2337/dc11-1518
https://www.ncbi.nlm.nih.gov/pubmed/22100967

	Introduction 
	Methods 
	Data Collection 
	Data Analysis 

	Results 
	Annual Publications 
	Distribution of Journals and Representative Literature 
	Collaboration Analysis 
	Keyword Cluster Analysis 
	Burst Keyword Analysis 

	Discussion 
	General Summary 
	Research Hotspots 
	Research Frontiers 
	Strengths and Limitations 

	Conclusions 
	References

