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Abstract
Background  Nutritional supplements for sports and exercise (NSSE) can facilitate the exogenous replenishment of 
the body. This study provides the first extensive overview of NSSE research through bibliometric and visual analyses.

Methods  We searched the Web of Science Core Collection database for literature related to “NSSE” from 1st January 
2000 to 8th March 2024. A total of 1744 articles were included. CiteSpace, VOSviewer, and Bibliometrix R package 
software were used to analyze the data.

Results  Research in the NSSE can be divided into steady growth, exponential growth, fluctuating stage, and surge 
stages. The United States is the most active country in this field. In recent years, the leading countries have been 
Croatia, Colombia, Slovenia, Chile, Egypt, China, and Thailand. The Australian Institute of Sports is the top research 
institution in terms of number of publications. Burke, LM from Australia published the most articles. Research in 
this area has primarily been published in Nutrients in Switzerland. The study population mainly consisted of men, 
and postmenopausal women were the main focus of the female group. Coronary heart and cardiovascular diseases 
continue to dominate research.

Conclusion  Research on the NSSE is developing rapidly, with an annual growth trend. Insulin resistance, sports 
nutrition, inflammation, alpha-linolenic acid, limb strength performance, female sex, and gut microbiota are the 
focus of the current research and trends for future research. Future research should focus on improving the scientific 
training system for athletes and quality of training and life for the general public.
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Introduction
Nutritional supplements for sports and exercise (NSSE) 
refer to products containing carbohydrates, proteins, 
fats, minerals, vitamins, herbs, enzymes, metabolic inter-
mediates (amino acids), or extracts of various plants/
foods [1]. As a supplement to the normal diet, these 
supplements are concentrated sources of nutrients (or 
other substances) that possess nutritional or physiologi-
cal effects [2]. Their products can be capsules, tablets, 
pills, granules, chewable tablets, or gummies [3] intended 
to supplement dietary deficiencies in nutrients or sub-
stances that have a specific physiological effect [4].

Sports and exercise have become indispensable compo-
nents of individuals’ lives in contemporary society [5]. As 
there is an increase in health awareness, the application 
of NSSE has become more common to aid sports per-
formance and promote physical rehabilitation [6] while 
playing a crucial role in enhancing sports performance 
and supporting exercise schedules [7]. Based on their 
composition, NSSE can be divided into the carbohydrate 
category: meeting the deficit in daily carbohydrate intake 
in high-weight athletes and supporting the immune sys-
tem by providing a fuel substrate [8–10]. Protein: to assist 
in the daily dietary protein intake of people with lactose 
intolerance [11–13]. Fats: A high-fat diet maintains circu-
lating testosterone concentrations, which are important 
for athletes to maintain their energy balance and replen-
ish intramuscular triacylglycerol stores [14–17]. Vita-
mins: Vitamins are essential organic compounds used 
to regulate metabolic processes, energy synthesis, and 
neurological processes and to prevent cellular damage; 
they are classified as fat-soluble (vitamins A, D, E, and K) 
and water-soluble (vitamins B and C) [18–20]. Minerals: 
Minerals, mainly calcium, sodium chloride, and sodium 
phosphate, are inorganic elements essential to the body’s 
metabolic processes, important components of enzymes 
and hormones, and regulators of metabolism and neural 
control, mainly including calcium, sodium chloride, and 
sodium phosphate [21–23]. Meanwhile, NSSE can also 
be classified according to their effects: supplements that 
directly improve sports performance, including caffeine 
[24, 25], creatine [26, 27], nitrates [28, 29], sodium bicar-
bonate [30, 31], and β-alanine [32, 33]; and supplements 
that indirectly improve sports performance, including 
zinc [34], iron [35], and probiotics [36], quercetin [37], 
echinacea [38] and omega-3 unsaturated fatty acids 
[39]. For athletes and workout enthusiasts, selecting the 
appropriate NSSE can improve their sports performance, 
promote recovery, and even delay fatigue [40]. The use 
of NSSE by athletes, fitness enthusiasts, and individuals 
engaged in sports activities has increased significantly 
over the past few decades [41]. As the market for NSSE 
continues to expand and the variety of products contin-
ues to grow [42], there is an increased interest in selecting 

the proper product and its mechanism of action in sports 
[43]. It is essential to understand global research hotspots 
and trends in the field of NSSE for future research guid-
ance and industry regulation.

Bibliometrics is the interdisciplinary science of quan-
titative analysis of all knowledge carriers through math-
ematical and statistical methods [44]. which analyses 
patterns in the scientific literature to understand the 
emerging trends and knowledge structures in the field of 
study [45, 46], and it is a common method for identify-
ing developments in a particular field [47]. We searched 
for relevant studies on NSSE from 2000 to 2024. By ana-
lyzing the geographical distribution of article outputs, 
trends in key research themes, citation networks, and 
patterns of collaboration between researchers and insti-
tutions, we aimed to systematically analyze hotspots and 
trends in sports nutritional supplement research and 
thus reveal the global development dynamics of this field 
of research, identify future research directions, and pro-
mote collaboration between researchers and institutions 
to further advance NSSE research progress.

Data collection and research methods
Data Collection
The Wos database is mostly considered as one of the 
standardized, consistent, and comprehensive, available 
sources of scientific literature with the highest quality 
indexing [48]. Notably, over the last few decades, Wos 
has been extensively used in various scientometric stud-
ies in medicine and other fields [49]. Although PubMed 
plays a significant role in the field of biomedicine and life 
sciences, it has limitations in terms of scope and speed 
[50]. Therefore, this paper does not consider any other 
literature databases except Web of Science Core Collec-
tion (WOSCC).

Relevant literature data used in this paper are 
obtained from the WOSCC database under the theme 
(TS)=(“Dietary Supplements” OR “Nutraceuticals” 
OR “Health Supplements” OR “Dietary Additives” OR 
“Nutrient Supplements” OR “Food Supplements” OR 
“Dietary Enhancements” OR “Nutrient Additives” OR 
“Nutritional Enhancements”) AND (TS)=(“Physical activ-
ity” OR “Athletics” OR “Fitness training” OR “Sports and 
physical activity” OR “Exercise and sports” OR “Athletic 
pursuits” OR “Training and athletics” OR “Exercise and 
fitness” OR “Sports and training”) is the search formula; 
a total of 5061 documents were retrieved with the man-
ual selection criteria: document types = article or review 
article; WOSCC category: “Nutrition dietetics” or “Sport 
Science,”; language = English; timeline = 01/01/2000–
08/03/2024 and 1744 studies were finally included 
(Fig. 1). The retrieved literature is exported in plain text 
format with full records and cited references, named 
“download-01,” and saved to the “input” folder, then 
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imported into the three analyzing software copied and 
pasted the transformed data files in the “output” folder 
into the “data” folder for data analysis.

Research methods
The CiteSpace 6.2. The R4 (64-bit) (CiteSpace: visualiz-
ing patterns and trends in the scientific literature (drexel.
edu)) software tool [51] enables the evolution of a field 
of knowledge to be presented on a citation network map 
[52], and citation nodes and other data to be automati-
cally identified, making it easier for analysts to conduct 
quantitative and qualitative research on scientific sub-
ject areas [53]. This paper employs its distinctive func-
tionalities of keyword clustering graph analysis and 
prominence map analysis to visually present the research 
dynamics among nations and the clustered distribution 
of keywords.

VOSviewer1.6.19 (VOSviewer-Visualizing scientific 
landscapes) software can be used to construct and view 
bibliometric maps [51]. This software enables scientific 
knowledge mapping mainly through the construction of 
relationships and visual analysis of literature knowledge 
units and shows the structure, evolution, and cooperation 
of knowledge domains [54]. This paper utilizes its multi-
faceted color-coded clustering visualization capabilities 

to conduct an in-depth analysis of countries, institutions, 
authors, and journals, thereby uncovering the intrinsic 
relationships and structural characteristics within vari-
ous domains.

The Bibliometrix R package (http://www.bibliometrix.
org) is an open-source tool for comprehensive scientific 
mapping analyses of scientific literature [55]. It has pow-
erful bibliometric algorithms and data analysis capabili-
ties in addition to the visualization capabilities of tools 
such as CiteSpace and VOSviewer [56]. This paper har-
nesses its capabilities for data processing within the R 
environment to produce a world map-style analysis of 
national collaboration networks and thematic evolution 
trends. Through diverse dimensional presentations, it 
further uncovers the profound patterns of change within 
this field over time.

In summary, each of the three software packages pos-
sesses unique strengths in the context of writing articles 
in bibliometrics. To ensure that the images can more 
clearly and accurately depict the original data, the selec-
tion of research methods in this paper is based on the 
characteristics of the software and the presentation fea-
tures of the data results.

Fig. 1  Flow diagram of the publications screening process
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Results
Analysis of publication
Literature publication volume reflects the activity and 
importance of research in a certain field [57]; a higher 
volume of publications represents high attention and 
research enthusiasm in this field [58]. In the WOSCC, by 
analyzing a total of 1744 studies published by researchers 
in this field from 2000 to 2024, it can be seen that there 
are four stages in Fig.  2: steady growth during the first 
stage (2000–2007); six-year exponential growth during 
the second stage (2007–2013); four years of fluctuation in 
the third stage (2013–2017); and a surge in the number of 
articles in the fourth stage (2017–2024) when it reached 
170 articles. The Price curve reveals the law of growth of 
scientific literature. This curve is derived from a smooth-
ing method in which the number of publications is 
depicted point-by-point in a coordinate system for each 
of the different eras, using the number of publications as 
the vertical axis and year as the horizontal axis, which 
demonstrates the trend of the total number of stud-
ies over time [59]. The R2 value indicates the degree of 
fit of the model, and y value provides the annual growth 
rate [60]; y = 47.448e0.1502x and R2 = 0.9475 indicate that 
the annual growth rate of research in this field is 16.26% 
and that the model can explain the variations in the data 
effectively.

Analysis of countries
The number of national publications reflects the degree 
of research activity and contributions of different coun-
tries in a certain field. By comparing the number of 

studies published in different countries, the research 
level and importance of each country in this field can be 
determined [61]. Table  1 shows that the United States 
was the most active in the field of sports nutrition sup-
plement research, and its study output was at the top 
of the list, with 575 studies, accounting for 32.9% of the 
total. The England ranked second with 194 studies, Aus-
tralia had the third highest number of publications with 
190 studies, followed by Canada and Spain with 156 and 
153 studies, respectively. These five countries published 
more than 150 articles. The country-region distribu-
tion map can also show academic research cooperation 
between various country-regions [62], as shown in Fig. 3, 
where the United States is closely connected with the 
England, Australia, Canada, China, France, and Spain. 
The strength and density of connections among Euro-
pean, North American, and Australian countries were 
particularly prominent. Brazil contributed the most to 
South American countries, whereas China contributed 

Table 1  Top 10 productive countries based on publications
Rank Country Publications
1 United States 575
2 England 194
3 Australia 190
4 Canada 156
5 Spain 153
6 Brazil 124
7 Italy 97
8 Germany 74
9 Peoples R China 70
10 Netherlands 60

Fig. 2  Yearly publications on NSSE from 2000 to 2024
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significantly to Asian countries. The top 25 countries 
with the strongest citation frequencies (Fig.  4) can be 
seen as citations in terms of years, which are highlighted 
in countries worldwide. Each blue or red short line repre-
sents a year, and the red line represents a burst detected 
year [63]; Scotland, the United States, England, Austra-
lia, Denmark, Canada, and China had the longest history 
of research in this area. Strength represents the strength 
of the burst; the larger the value of the burst, the higher 

the credibility of the burst in a certain period. The red 
bar indicates that the keyword was cited more frequently, 
whereas the green bar indicates that the keyword was 
cited less frequently [64]. During this period, the England 
ranked second with a burst value of 7.23, whereas China 
ranked first with a burst value of 9.24. In recent years, 
the main research countries have been Croatia, Colom-
bia, Slovenia, Chile, Egypt, China, and Thailand, show-
ing that European countries are still interested in this 

Fig. 4  The top 25 countries with the strongest citation bursts produced by CiteSpace

 

Fig. 3  The collaboration network of countries. (a) was produced by Bibliometrix R package, and (b) was produced by VOSviewer
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field, followed by South American and Southeast Asian 
countries.

Analysis of institutions
Institutional analysis not only assesses and compares the 
research output and impact of different research institu-
tions but also understands the development trend and 
forefront of the research field [65]. Table 2 shows that 6 of 
the top 10 institutions in terms of publications are from 
the United States and three are from Australia, of which 
the Australian Institute of Sport is ranked first, with 58 
publications and a centrality of 0.26. In VOSviewer, key-
words of the same color indicate that they belong to the 
same research topic or cluster, as identified by co-occur-
rence network analysis [66]. Figure  5 illustrates the col-
laboration network of institutions in the NSSE field. It 
can be seen that institution collaborations can be divided 
into the following eight clusters: (1) The brown cluster is 
dominated by the University of Copenhagen from Den-
mark and the University of Exeter from England. (2) The 
purple cluster is dominated by the University of Toronto 

from Canada and University of Calgary. (3) The pink clus-
ter was dominated by the Australian Institute of Sports, 
Australia, and University of Birmingham, England. (4) 
The blue cluster is dominated by the University of Syd-
ney and University of Queensland, Australia. (5) The red 
cluster was dominated by the University of Colorado and 
Tufts University in the United States. (6) The yellow clus-
ter is dominated by the University of North Carolina and 
State University System of Florida in the United States. 
(7) The orange cluster is dominated by the Universidade 
de Sao Paulo in Brazil and Tehran University of Medical 
Sciences in Iran. (8) The green cluster is dominated by 
Universidad de Granada in Spain and Wageningen Uni-
versity in the Netherlands. These institutions collectively 
contributed to the rapid development of this field.

Analysis of authors
The analysis of the authors facilitated the identification 
of leading experts and major contributors to the field and 
allowed for a deeper understanding of the social struc-
ture and dynamic development of research in the field 

Table 2  Top 10 institutions of publications
Rank Frequency Centrality Institution Country
1 58 0.26 Australian Institute of Sport Australia
2 30 0.05 University of Oxford United States
3 28 0.05 State University System of Florida United States
4 27 0.22 Harvard University United States
5 26 0.15 University of North Carolina United States
6 25 0.16 University of California System United States
7 17 0.04 University of Sydney Australia
8 17 0.10 Texas A&M University System United States
9 16 0.02 Universidade de Sao Paulo Brazil
10 15 0.02 Australian Catholic University Australia

Fig. 5  The collaboration network of institutions. (a) and (b) were produced by VOSviewer
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[67]. Table  3 illustrates that among the top 10 authors 
in terms of global publications, there are four authors 
from the United States. Among them, Burke, LM from 
Australia had the most publications, and he made an 
important contribution to the field of sports nutritional 
supplementation.

Figure 6 illustrates the collaborative network of authors 
in the NSSE field. The author’s collaborations can be 
divided into the following four clusters. The red cluster 
is the Kreider, RB. team from the United States, whose 
research fields are sports sciences and nutrition and 
dietetics. Figure 7 reveals that there are four authors with 
a long research timeline in the field: Burke, LM; Kreider; 

RB; Antonio, J; and Kerksick, CM. These authors collec-
tively contributed to the rapid growth of this field.

Analysis of journals
Journal analysis is a crucial method for identifying and 
evaluating high-impact scientific research and is also 
an important tool for guiding research management 
and decision-making [68]. Figure  8 depicts the top 10 
journals in terms of the number of publications, among 
which Nutrients from Switzerland ranked first with 262 
publications, which had an IF of 5.9, and a quartile of Q1. 
Four of the top 10 institutions were from the USA, four 
journals were from England, and two journals were from 
Switzerland. In terms of IF, the highest-ranked journal 

Table 3  Top 10 authors of publications
Rank Citations Author Country Institution
1 53 Burke, LM Australia Australian Catholic University
2 31 Castell, LM England University of Oxford
3 29 Stear, SJ England Performance Influencers Ltd
4 19 Kreider; RB United States Texas A&M International University
5 15 Dominguez, R Spain University of Alcalá
6 14 Antonio, J United States Nova Southeastern University
7 14 Lieberman; HR United States US Army Res Inst Environment Med
8 12 Peeling, P Australia Western Australian Inst Sport
9 11 Kerksick, CM United States Lindenwood University
10 11 Maughan, RJ Scotland University of St Andrews

Fig. 6  The collaboration network of authors. Produced by VOSviewer
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was the British Journal of Sports Medicine from England 
at 18.6.

Analysis of high cited articles
The number of citations reflects the influence and impor-
tance of a publication in the academic field, and highly 
cited literature is generally considered research of high 
academic value [69]. The top 10 cited publications as pre-
sented in Fig. 9 were categorized as follows: 7 of the Cat-
egory Zone were Q1, 8 of the 10 were from the USA, and 
2 were from England. The article “Position of the Acad-
emy of Nutrition and Dietetics, Dietitians of Canada, and 
the American College of Sports Medicine: Nutrition,” 
published in the Journal of The Academy of Nutrition 
and Dietetics in 2016 by Thomas was cited 760 times and 
ranked first.

Analysis of keywords
Analysis of keyword timeline
The analysis keyword timeline provides a good under-
standing of the core content information of a topic for 
each period and assists in exploring the development of 
the research topic over time [70]. The top 25 keywords 
with the strongest citation bursts in the field of sports 
nutritional supplements are shown in Fig. 10(a), a time-
line view map of high-frequency keyword co-occurrence 
is shown in Fig. 10(b), and thematic evolution and devel-
opment trend of the NSSE are shown in Fig.  10(c). A 
combination of the three can clearly and accurately show 
the changing trends of focus in the field. The study popu-
lation transitioned from children in 2000 to adolescents 
in 2011, with men as the primary sex and women being 
the main focus of researchers around 2016. Postmeno-
pausal women were the main focus of the female popula-
tion during this period.

Fig. 8  The collaboration network of journals. (a) and (b) were produced by VOSviewer

 

Fig. 7  The author’s achievements in the field of NSSE over time. Produced by Bibliometrix R package
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Fig. 10  (a) The top 25 keywords with the strongest citation bursts. (b) The timeline view map of high-frequency keyword co-occurrence. (c) Thematic 
evolution of the NSSE research (2000–2024). (a) was produced by CiteSpace, and both 10 (b) and (c) were produced by Bibliometrix R package

 

Fig. 9  The collaboration network of high-cited publications. Produced by Bibliometrix R package
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Bone density and osteoporosis were hotspots of 
research in 2010. Lipid metabolism saw a surge in 
research in 2006, and nitric oxide witnessed a surge in 
research in 2020. Research on vitamin D surged in 2002, 
and vitamins E and D have been the focus of research. 
Thus, the overall research has become progressively 
more specific and refined. The research approach of the 
meta-analysis was gradually published in 2018, which 
echoes the graph of the number of publications, indicat-
ing that at this time, the number of publications in this 
field of research had accumulated, authors involved in 
the research had reached a certain level, and period of 
academic contention and collision began. Among the 
keywords, the United States was the keyword with the 
greatest strength, with a value of 11.36, which proved that 
it was the leading country in this field of research from 
2004 to 2011, with absolute influence and value contri-
butions. Coronary heart and cardiovascular diseases 
continue to dominate the research. Insulin resistance, 
sports nutrition, inflammation, alpha-linolenic acid, limb 
strength performance, female sex, and gut microbiota are 

the focus of current and future studies. Insulin resistance, 
sports nutrition, inflammation, alpha-linolenic acid, limb 
strength performance, female sex, and gut microbiota are 
the main focus of the current stage of research and future 
studies.

Analysis of collaboration, clustering, and high co-occurrence 
keywords
High-frequency keywords are often used to identify 
popular issues in the research field [71]. Figure 11 shows 
the co-occurrence of high-frequency keywords in the 
NSSE field, with 161 nodes, 1,384 links, and a network 
density of 0.1075. Combined with Table 4, it can be seen 
that: physical activity tops the list with a co-occurrence 
frequency of 376 and centrality of 0.23. Exercise, dietary 
supplements, performance, health, body composition, 
skeletal muscle, risk, oxidative stress, and supplementa-
tion were high-frequency co-occurring keywords. Fig-
ure  12 depicts the clustering network of words with 
161 nodes, 1384 connectors, and a network density of 
0.1075. These five clusters are #0 sports nutrition (dietary 

Fig. 11  The collaboration network of keywords was produced by CiteSpace
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supplements, exercise performance), #1 vitamin D 
(cross-sectional study, vitamin supplements), #2 physical 
activity (body composition, ascorbic acid), #3 oxidative 
stress (functional food, body mass index), and #4 motor 
activity (dietary intake and eating behavior).

Discussion
In the era of competitive sports, an increasing number of 
people take NSSE [72], and between 40 and 60% of young 
Americans take NSSE to improve physical performance 
[20]. In sports, it is used by athletes at all levels [73], espe-
cially elite athletes, where the use of herbal supplements 
may be high [74, 75]. The high base variety and frequency 
of use of NSSE is an ongoing challenge for practitioners 
and athletes who need to maintain the validity of claims 
and scientific evidence [76]. Compared with professional 
athletes, the mass population seems to use NSSE mainly 
for health-related reasons, with little interest in enhanc-
ing sports performance [77, 78]. Through bibliometric 
analyses, this study systematically compiled the changing 
trends in sports nutrition supplement research hotspots 
from 2000 to 2024, providing valuable references and 
insights for researchers and practitioners in related fields.

The overall development of research publications in the 
field of NSSE is favorable and is currently in the stage of a 
surge in the amount of literature. From a global perspec-
tive, North American countries, European countries, and 

Table 4  Top 10 in terms of high co-occurrence keywords
Rank Frequency Centrality Keywords
1 376 0.23 Physical activity
2 296 0.17 Exercise
3 258 0.13 Dietary supplements
4 170 0.16 Performance
5 167 0.12 Health
6 154 0.15 Body composition
7 140 0.09 Skeletal muscle
8 124 0.05 Risk
9 107 0.05 Oxidative stress
10 105 0.11 Supplementation

Fig. 12  The clustering network of keywords was produced by CiteSpace
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Australia have close cooperation, Brazil contributes sig-
nificantly to South American countries, and China pro-
duces a substantial amount of output in Asian countries. 
European countries, as the first countries to step into this 
field, are now at a stage where research attention is not 
decreasing, followed by South American and Southeast 
Asian countries as the new research mainstay.

Top research organizations worldwide in the field of 
sports nutrition supplements have conducted in-depth 
studies in the following thematic directions: (1) The Uni-
versity of Copenhagen, Denmark, focuses on the fact 
that supplementation with anthocyanin-rich blueberry 
concentrate improves brain perfusion and activation 
in brain regions associated with cognitive function in 
healthy older adults [79]. (2) The University of Toronto, 
Canada, has shown that caffeine supplementation has 
been shown to significantly improve sports performance 
[80]. (3) The Australian Institute of Sport focused on the 
use of dual-energy X-ray absorptiometry to test the com-
position of groups of athletes [81]. (4) The University of 
Sydney, Australia, focused on the association between 
nitrate supplementation and a modest, although not sta-
tistically significant, improvement in constant load time 
in a fatigue task [82]. (5) The University of Colorado in 
the United States concluded that ethyl creatine is not as 
effective as creatine monohydrate in increasing serum 
and muscle creatine levels or improving body compo-
sition, muscle mass, strength, and power [83]. (6) The 
University of North Carolina in the United States shows 
that supplementation with 4–6  g of β-alanine per day 
improved sports performance [84]. (7) Universidade de 
Sao Paulo, Brazil, showed that sodium bicarbonate sup-
plementation improves muscular endurance and perfor-
mance in both single- and multi-round sports in male 
and female athletes [85]. (8) Universidad de Granada, 
Spain, the main study reported that a single dose of oral 
ATP was not bioavailable [86].

The top contributing authors and teams conducted in-
depth research on the following topics: (1) The Kreider et 
al. team in the United States focuses on creatine supple-
mentation to enhance post-exercise recovery, injury pre-
vention, thermoregulation, rehabilitation, and concussion 
or spinal cord neuroprotection in addition to improving 
sports and exercise [87]. (2) Hoffman et al. in the United 
States focussed their research on the fact that short-term 
supplementation with β-alanine increases training vol-
ume and reduces subjective fatigue in college football 
players [88]. (3) The primary finding of Campbell et al. 
from the United States is that probiotic supplementation 
promotes a healthy immune response [89]. (4) Domín-
guez et al. from Spain primarily found that beetroot juice 
supplementation has a potentiating effect on cardiorespi-
ratory endurance in athletes [90]. (5) Burke of Australia, 
focused on the role of carbohydrates as a substrate for 

muscles and the central nervous system, which is critical 
for performance during intermittent high-intensity work 
and prolonged aerobic exercise, and provided strategies 
for matching dietary cycles with training in athletes [91]. 
(6) Kreider et al. from the United States focussed on the 
fact that a daily protein intake of 1.4–2.0  g/kg in sport 
populations is not only safe, but also improves training 
adaptations to sport training, recovery, immune function, 
and lean body mass gain and maintenance [92]. (7) The 
main study by Antonio et al. in the United States showed 
that a high-protein diet (3.4  g/kg/d) combined with a 
heavy resistance training program improved body com-
position in trained individuals [93]. (8) Kerksick et al. in 
the United States focused on the fact that carbohydrate 
intake contributes to glycogen storage, especially when 
combined with protein intake [94]. These authors have 
advanced the field through leaps and bounds.

Currently, the most controversial issue in the field is 
how NSSE should be characterized, in which the attri-
butes of the product are ambiguous between dietary sup-
plements and pharmaceuticals, whether they should be 
classified as prescription or over-the-counter, how their 
dosage should be standardized as a baseline, how they 
should be balanced with the diet after being added to an 
athlete’s training schedule, and how their efficacy should 
be related to the indicators in promotional campaigns 
and their effectiveness in practical use. However, a large 
part of nutritional supplements can provide athletes with 
dimensions that cannot be reached in traditional train-
ing systems. By analyzing high-frequency keywords, it is 
clear that the focus of the study group shifted from chil-
dren in 2000 [95] to adolescents in and after 2011 [96]. In 
terms of sex, men [97] are the most frequently researched, 
while women [98] became the focus of research in 2016, 
especially postmenopausal females [99]. Throughout the 
evolution of research in this field, the concept of nutri-
tional supplements has been introduced in initial studies, 
with a focus on metabolism, health, and Vitamin E during 
the same period, indicating that in this stage, researchers 
have favored exogenous nutritional supplements that are 
beneficial for physical health and improve sports perfor-
mance. Lipid metabolism [100] saw a surge in research in 
2006, taking up many positions during the same period, 
along with antioxidant activity, coronary heart disease, 
and parathyroid hormones. The keyword fruit was a hot 
topic in 2009, and in common perception, fruit as a natu-
ral food is not included in the category of NSSE; however, 
it can be an important source of nutrients to supplement 
the body. Research on bone density [101] and osteopo-
rosis [102] peaked in 2010. During this stage, the field 
has shifted from the theoretical concept of dietary sup-
plements to nutritional supplements for sports, and the 
overall research has been more focused on the integra-
tion of sports and human sciences, which also indicates 
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that the field is gradually moving towards concreteness 
and refinement. In 2018, meta-analysis research methods 
began to appear frequently in the literature, consistent 
with an increasing trend in the number of publications. 
This means that the research results in this field have 
accumulated to a considerable level; the number of par-
ticipating countries, institutions, and personnel has sig-
nificantly increased; and the academic research debate 
has entered an active period. Nitric oxide [103] was in 
the spotlight in 2020, evolved from the keyword “Exer-
cise” in 2013, along with nitrate and skeletal muscle from 
lipid metabolism research. Many consensus statements 
were published in 2022, which showed that experts in the 
field had agreed on common and specific issues based on 
current scientific research. This is not only a significant 
milestone in the field of sports nutrition supplements but 
also a milestone in the field of sports nutrition supple-
ments. Insulin resistance, sports nutrition, inflammation, 
alpha-linolenic acid, limb strength performance, female 
sex, and gut microbiota are current research focuses and 
future research trends. Future research should continue 
to focus on its effects on sports performance and physi-
cal function to improve the scientific training system for 
athletes and the popular health maintenance system for 
the general population and to improve training and qual-
ity of life.

In summary, NSSE plays a vital role in athletes’ sports 
nutrition programs and, if used properly, some supple-
ments can assist athletes in achieving their sports nutri-
tion goals. However, considerable effort and expertise are 
required to determine which products are appropriate, 
how to integrate them into an athlete’s sports nutrition 
program, and how to ensure that any benefits outweigh 
the possible negative effects. Therefore, when deciding 
whether to use sports nutritional supplements, athletes 
and teams should weigh the efficacy against possible risks 
and controversies. In future research and practice, more 
scientific evidence and regulatory measures are required 
to address the current controversies and issues and pro-
mote the rational use and development of sports nutri-
tion supplements.

Limitations
Bibliometric analysis in the field of sports nutritional sup-
plements was conducted with the support of three soft-
ware packages, CiteSpace, VOSviewer, and Bibliometrix’s 
R, using visual mapping to reveal the development trends 
and patterns in the field with more intuitive images and 
to derive a series of new findings and interpretations. 
This study searched the literature covering only Web of 
Science core ensemble database articles, which excluded 
other sources of literature, such as books and reports, 
and chose a small coverage of data sources. This study 
mainly analyzes the number of publications, journals, 

authors, institutions, countries, and regions, as well as 
keywords, aiming to provide a macro-analysis of the field; 
therefore, some important details are not reflected in the 
study. In this study, the search period was limited from 
01 January 2000 to 08 March 2024, language was limited 
to English, article type was Article and Review, WOS 
category was Nutrition Dietetics or Sport Science, and 
articles published beyond this were not included in the 
analysis list.

Conclusions
This study presents the first extensive overview of sports 
nutritional supplement research through bibliometric 
and visual analyses and provides useful insights and anal-
yses on future research directions. Research in the field of 
the NSSE can be divided into four stages: steady growth 
(2000–2007), exponential growth (2007–2013), fluctua-
tion (2013–2017) and surge (2017–2024). The United 
States is the most active country in the field of nutritional 
supplements. European countries are the early batch 
of countries in this field, whose attention to research is 
not decreasing at the current stage, followed by South 
American and Southeast Asian countries as the emerg-
ing research mainstay countries. In recent years, Croatia, 
Colombia, Slovenia, Chile, Egypt, China, and Thailand 
have become the dominant countries in this field. The 
Australian Catholic University is the top research organi-
zation in the field. Burke LM from Australia had the most 
publications. Research in this area has been published in 
Nutrients in Switzerland. The study population mainly 
comprised men, and postmenopausal women were the 
main focus of the female group. Coronary heart and car-
diovascular diseases continue to dominate research in 
this field. A milestone was achieved when the consensus 
statement was published in large numbers in 2022, sig-
naling the agreement of experts in the field on common 
issues as well as some specific issues. Insulin resistance, 
sports nutrition, inflammation, alpha-linolenic acid, limb 
strength performance, female sex, and gut microbiota 
are the focus of the current stage of research and future 
studies.

Author contributions
H.L. was responsible for the concept, design, and supervision. C.S., H.Z. and Y.X. 
collected the data from the database. T.F. and F.L. analyzed the data. T.F. wrote 
the original draft. H.L. revised the manuscript critically. All authors reviewed 
the manuscript.

Funding
This work was supported by the Training Program for Young Core Teachers in 
Higher Education Institutions of Henan Province (2023GGJS023), Education 
and Teaching Reform Project in Higher Education of Henan Province 
(2024SJGLX0265), Henan University Graduate Education and Teaching 
Reform Project (YJSJG2023XJ062), and Henan University Graduate Education 
Innovation and Quality Improvement Plan Project (SYLAL2022011).

Data availability
No datasets were generated or analysed during the current study.



Page 14 of 16Fu et al. Journal of Health, Population and Nutrition          (2024) 43:146 

Declarations

Institutional review board statement
Not applicable.

Informed consent statement
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 July 2024 / Accepted: 4 September 2024

References
1.	 Maughan RJ, Burke LM, Dvorak J, Larson-Meyer DE, Peeling P, Phillips SM, 

Rawson ES, Walsh NP, Garthe I, Geyer H, et al. IOC Consensus Statement: 
dietary supplements and the High-Performance Athlete. Br J Sports Med. 
2018;52:439–55. https://doi.org/10.1136/bjsports-2018-099027.

2.	 Binns CW, Lee MK, Lee AH. Problems and prospects: Public Health Regulation 
of Dietary supplements. Annu Rev Public Health. 2018;39:403–20. https://doi.
org/10.1146/annurev-publhealth-040617-013638.

3.	 Kantor ED, Rehm CD, Du M, White E, Giovannucci EL. Trends in Dietary 
supplement use among US adults from 1999–2012. JAMA. 2016;316:14, 
1464–74. https://doi.org/10.1001/jama.2016.14403.

4.	 US Preventive Services Task Force, Mangione CM, Barry MJ, Nicholson WK, 
Cabana M, Chelmow D, Coker TR, Davis EM, Donahue KE, Doubeni CA, et al. 
Vitamin, Mineral, and Multivitamin supplementation to prevent Cardiovascu-
lar Disease and Cancer: US Preventive Services Task Force Recommendation 
Statement. JAMA. 2022;327:2326. https://doi.org/10.1001/jama.2022.8970.

5.	 Adami PE, Fitch K. The innovative role of Olympic sports and Exercise in the 
Promotion of Health, gender Equality and sustainability: Past Achievements 
and Future challenges. J Sports Med Phys Fit. 2021;61:1042–51. https://doi.
org/10.23736/S0022-4707.21.12721-5.

6.	 Dhar R, Stout CW, Link MS, Homoud MK, Weinstock J, Estes N.A.M. Cardiovas-
cular toxicities of Performance-Enhancing substances in sports. Mayo Clin 
Proc. 2005;80:1307–15. https://doi.org/10.4065/80.10.1307.

7.	 Ranchordas MK. Nutrition for adventure Racing. Sports Med. 2012;42:915–27. 
https://doi.org/10.1007/BF03262303.

8.	 Brouns F, Saris W, Stroecken J, Beckers E, Thijssen R, Rehrer N, Ten Hoor 
F, Eating. Drinking, and Cycling. A controlled Tour De France Simulation 
Study, Part 1*. Int J Sports Med. 1989;10:S32–40. https://doi.org/10.105
5/s-2007-1024952.

9.	 Brouns F, Saris W, Beckers E, Adlercreutz H, Van Der Vusse G, Keizer H, Kuipers 
H, Menheere P, Wagenmakers A, Hoor F. Metabolic Changes Induced by 
Sustained Exhaustive Cycling and Diet Manipulation*. Int J Sports Med. 
1989;10:S49–62. https://doi.org/10.1055/s-2007-1024954.

10.	 Peake JM, Neubauer O, Walsh NP, Simpson RJ. Recovery of the Immune Sys-
tem after Exercise. J Appl Physiol. 2017;122:1077–87. https://doi.org/10.1152/
japplphysiol.00622.2016.

11.	 Hector AJ, Phillips SM. Protein recommendations for weight loss in Elite ath-
letes: a focus on body composition and performance. Int J Sport Nutr Exerc 
Metab. 2018;28:170–7. https://doi.org/10.1123/ijsnem.2017-0273.

12.	 Kreider RB. Dietary supplements and the Promotion of muscle growth 
with Resistance Exercise. Sports Med. 1999;27:97–110. https://doi.
org/10.2165/00007256-199927020-00003.

13.	 Tarnopolsky MA, MacDougall JD, Atkinson SA. Influence of protein intake 
and training status on Nitrogen Balance and lean body Mass. J Appl Physiol. 
1988;64:187–93. https://doi.org/10.1152/jappl.1988.64.1.187.

14.	 Reed MJ, Cheng RW, Simmonds M, Richmond W, James VHT. Dietary lipids: an 
additional Regulator of plasma levels of sex hormone binding globulin. J Clin 
Endocrinol Metab. 1987;64:1083–5. https://doi.org/10.1210/jcem-64-5-1083.

15.	 Hämäläinen EK, Adlercreutz H, Puska P, Pietinen P. Decrease of serum total 
and free Testosterone during a low-Fat High-Fibre Diet. J Steroid Biochem. 
1983;18:369–70. https://doi.org/10.1016/0022-4731(83)90117-6.

16.	 Dorgan F, Judd T, Clevidence A, Campbell S, Taylor R. Effects of Dietary Fat 
and Fiber on plasma and urine androgens and estrogens in men: a controlled 
feeding study. Am J Clin Nutr. 2018;64:850–5. https://doi.org/10.1093/
ajcn/64.6.850.

17.	 Venkatraman JT, Leddy J, Pendergast DD. Fats and Immune Status in 
athletes: clinical implications. Med Sci Sports Exerc. 2000;32. https://doi.
org/10.1097/00005768-200007001-00003.

18.	 Nieman DC. Influence of Carbohydrate on the Immune response to intensive, 
prolonged Exercise. Exerc Immunol Rev. 1998;4:64–76.

19.	 Książek A, Zagrodna A, Słowińska-Lisowska M. Vitamin D, skeletal muscle 
function and athletic performance in Athletes—A narrative review. Nutrients. 
2019;11:1800. https://doi.org/10.3390/nu11081800.

20.	 Sobal J, Marquart LF. Vitamin/Mineral supplement use among High School 
athletes. Adolescence. 1994;29:835–43.

21.	 Rehrer NJ. Fluid and Electrolyte Balance in Ultra-endurance Sport. Sports 
Med. 2001;31:701–15. https://doi.org/10.2165/00007256-200131100-00001.

22.	 Shirreffs SM, Armstrong LE, Cheuvront SN. Fluid and Electrolyte needs for 
Preparation and Recovery from Training and Competition. J Sports Sci. 
2004;22:57–63. https://doi.org/10.1080/0264041031000140572.

23.	 Sawka MN, Montain SJ. Fluid and Electrolyte Supplementation for Exercise 
Heat stress. Am J Clin Nutr. 2000;72:S564–72. https://doi.org/10.1093/
ajcn/72.2.564S.

24.	 Ganio MS, Klau JF, Casa DJ, Armstrong LE, Maresh CM. Effect of Caffeine on 
Sport-specific endurance performance: a systematic review. J Strength Cond 
Res. 2009;23:315–24. https://doi.org/10.1519/JSC.0b013e31818b979a.

25.	 Paton C, Costa V, Guglielmo L. Effects of Caffeine chewing gum on race 
performance and physiology in male and female cyclists. J Sports Sci. 
2015;33:1076–83. https://doi.org/10.1080/02640414.2014.984752.

26.	 Buford TW, Kreider RB, Stout JR, Greenwood M, Campbell B, Spano M, Ziegen-
fuss T, Lopez H, Landis J, Antonio J. International Society of Sports Nutrition 
Position Stand: Creatine Supplementation and Exercise. J Int Soc Sports Nutr. 
2007;4(6). https://doi.org/10.1186/1550-2783-4-6.

27.	 Volek JS, Rawson ES. Scientific basis and practical aspects of Creatine supple-
mentation for athletes. Nutrition. 2004;20:609–14. https://doi.org/10.1016/j.
nut.2004.04.014.

28.	 Jones AM. Dietary nitrate supplementation and Exercise Performance. Sports 
Med. 2014;44:35–45. https://doi.org/10.1007/s40279-014-0149-y.

29.	 Bailey SJ, Varnham RL, DiMenna FJ, Breese BC, Wylie LJ, Jones AM. Inorganic 
Nitrate supplementation improves muscle oxygenation, O₂ uptake kinetics, 
and Exercise Tolerance at High but not low Pedal Rates. J Appl Physiol. 
2015;118:1396–405. https://doi.org/10.1152/japplphysiol.01141.2014.

30.	 Carr AJ, Hopkins WG, Gore CJ. Effects of Acute Alkalosis and Acidosis on 
performance: a Meta-analysis. Sports Med. 2011;41:801–14. https://doi.
org/10.2165/11591440-000000000-00000.

31.	 Siegler JC, Marshall PWM, Bray J, Towlson C. Sodium bicarbonate supple-
mentation and ingestion timing: does it Matter? J Strength Cond Res. 
2012;26:1953–8. https://doi.org/10.1519/JSC.0b013e3182392960.

32.	 Baguet A, Bourgois J, Vanhee L, Achten E, Derave W. Important role of muscle 
carnosine in Rowing Performance. J Appl Physiol. 2010;109:1096–101. https://
doi.org/10.1152/japplphysiol.00141.2010.

33.	 Saunders B, Elliott-Sale K, Artioli GG, Swinton PA, Dolan E, Roschel H, Sale 
C, Gualano B. β-Alanine supplementation to improve Exercise Capacity 
and performance: a systematic review and Meta-analysis. Br J Sports Med. 
2017;51:658–69. https://doi.org/10.1136/bjsports-2016-096396.

34.	 Prasad AS. Zinc is an antioxidant and anti-inflammatory Agent: its role in 
Human Health. Front Nutr. 2014;1. https://doi.org/10.3389/fnut.2014.00014.

35.	 Mettler S, Zimmermann MB. Iron excess in recreational Marathon runners. Eur 
J Clin Nutr. 2010;64:490–4. https://doi.org/10.1038/ejcn.2010.16.

36.	 Hao Q, Dong BR, Wu T. Probiotics for preventing Acute Upper Respiratory 
Tract infections. Cochrane Database Syst Rev. 2015;CD006895. https://doi.
org/10.1002/14651858.CD006895.pub3.

37.	 Nieman DC, Henson DA, Gross SJ, Jenkins DP, Davis JM, Murphy EA, Carmi-
chael MD, Dumke CL, Utter AC, Mcanulty SR, et al. Quercetin reduces illness 
but not Immune perturbations after Intensive Exercise. Med Sci Sports Exerc. 
2007;39:1561–9. https://doi.org/10.1249/mss.0b013e318076b566.

38.	 Linde K, Barrett B, Bauer R, Melchart D, Woelkart K. Echinacea for pre-
venting and treating the Common Cold. Cochrane Database Syst Rev. 
2006;CD000530(pub2). https://doi.org/10.1002/14651858.CD000530.pub2.

39.	 Jakeman JR, Lambrick DM, Wooley B, Babraj JA, Faulkner JA. Effect of an Acute 
dose of Omega-3 Fish Oil following Exercise-Induced muscle damage. Eur J 
Appl Physiol. 2017;117:575–82. https://doi.org/10.1007/s00421-017-3543-y.

40.	 Velasco GDS, Ribeiro CB, Ramos GLDPA, Silva GV, Silva MC, Silva MAPD, Cap-
pato LP. Supplement Consumption Profile by Strength Training Practitioners 
in Brazil: A literature review. Food Sci Technol. 2022;42:e113021. https://doi.
org/10.1590/fst.113021.

https://doi.org/10.1136/bjsports-2018-099027
https://doi.org/10.1146/annurev-publhealth-040617-013638
https://doi.org/10.1146/annurev-publhealth-040617-013638
https://doi.org/10.1001/jama.2016.14403
https://doi.org/10.1001/jama.2022.8970
https://doi.org/10.23736/S0022-4707.21.12721-5
https://doi.org/10.23736/S0022-4707.21.12721-5
https://doi.org/10.4065/80.10.1307
https://doi.org/10.1007/BF03262303
https://doi.org/10.1055/s-2007-1024952
https://doi.org/10.1055/s-2007-1024952
https://doi.org/10.1055/s-2007-1024954
https://doi.org/10.1152/japplphysiol.00622.2016
https://doi.org/10.1152/japplphysiol.00622.2016
https://doi.org/10.1123/ijsnem.2017-0273
https://doi.org/10.2165/00007256-199927020-00003
https://doi.org/10.2165/00007256-199927020-00003
https://doi.org/10.1152/jappl.1988.64.1.187
https://doi.org/10.1210/jcem-64-5-1083
https://doi.org/10.1016/0022-4731(83)90117-6
https://doi.org/10.1093/ajcn/64.6.850
https://doi.org/10.1093/ajcn/64.6.850
https://doi.org/10.1097/00005768-200007001-00003
https://doi.org/10.1097/00005768-200007001-00003
https://doi.org/10.3390/nu11081800
https://doi.org/10.2165/00007256-200131100-00001
https://doi.org/10.1080/0264041031000140572
https://doi.org/10.1093/ajcn/72.2.564S
https://doi.org/10.1093/ajcn/72.2.564S
https://doi.org/10.1519/JSC.0b013e31818b979a
https://doi.org/10.1080/02640414.2014.984752
https://doi.org/10.1186/1550-2783-4-6
https://doi.org/10.1016/j.nut.2004.04.014
https://doi.org/10.1016/j.nut.2004.04.014
https://doi.org/10.1007/s40279-014-0149-y
https://doi.org/10.1152/japplphysiol.01141.2014
https://doi.org/10.2165/11591440-000000000-00000
https://doi.org/10.2165/11591440-000000000-00000
https://doi.org/10.1519/JSC.0b013e3182392960
https://doi.org/10.1152/japplphysiol.00141.2010
https://doi.org/10.1152/japplphysiol.00141.2010
https://doi.org/10.1136/bjsports-2016-096396
https://doi.org/10.3389/fnut.2014.00014
https://doi.org/10.1038/ejcn.2010.16
https://doi.org/10.1002/14651858.CD006895.pub3
https://doi.org/10.1002/14651858.CD006895.pub3
https://doi.org/10.1249/mss.0b013e318076b566
https://doi.org/10.1002/14651858.CD000530.pub2
https://doi.org/10.1007/s00421-017-3543-y
https://doi.org/10.1590/fst.113021
https://doi.org/10.1590/fst.113021


Page 15 of 16Fu et al. Journal of Health, Population and Nutrition          (2024) 43:146 

41.	 Saeedi P, Taib MNM, Saad HA. Differences in Sociodemographic, Health-
Related, and psychological factors in users and Nonusers of Nutritional 
Supplements in Fitness Club Participants in Tehran, Iran. Int J Sport Nutr Exerc 
Metab. 2012;22:323–30. https://doi.org/10.1123/ijsnem.22.5.323.

42.	 Kelly JP, Kaufman DW, Kelley K, Rosenberg L, Anderson TE, Mitchell AA. 
Recent trends in Use of Herbal and other Natural products. Arch Intern Med. 
2005;165. https://doi.org/10.1001/archinte.165.3.281.

43.	 Dwyer J, Coates P, Smith M. Dietary supplements: Regulatory challenges 
and Research resources. Nutrients. 2018;10(41). https://doi.org/10.3390/
nu10010041.

44.	 Merigó JM, Cancino CA, Coronado F, Urbano D. Academic Research in 
Innovation: A Country Analysis. Scientometrics. 2016;108:559–93. https://doi.
org/10.1007/s11192-016-1984-4.

45.	 Cascón-Katchadourian J, Moral-Munoz JA, Liao H, Cobo MJ. Análisis Bib-
liométrico De La Revista Española De Documentación Científica Desde Su 
Inclusión En La web of Science (2008–2018). Rev Esp Doc Cient. 2020;43:267. 
https://doi.org/10.3989/redc.2020.3.1690.

46.	 Liu X, Zhao S, Tan L, Tan Y, Wang Y, Ye Z, Hou C, Xu Y, Liu S, Wang G. Frontier 
and Hot Topics in Electrochemiluminescence Sensing Technology based 
on CiteSpace Bibliometric Analysis. Biosens Bioelectron. 2022;201:113932. 
https://doi.org/10.1016/j.bios.2021.113932.

47.	 Železnik D, Blažun Vošner H, Kokol PA. Bibliometric analysis of the Journal 
of Advanced nursing, 1976–2015. J Adv Nurs. 2017;73:2407–19. https://doi.
org/10.1111/jan.13296.

48.	 Li K, Rollins J, Yan E. Web of Science Use in published Research and 
Review papers 1997–2017: a selective, Dynamic, Cross-domain, content-
based analysis. Scientometrics. 2018;115:1–20. https://doi.org/10.1007/
s11192-017-2622-5.

49.	 Yu D, Xu Z, Pedrycz W, Wang WIS. 1968–2016: a retrospective analysis with 
text Mining and Bibliometric. Inf Sci. 2017;418–9. https://doi.org/10.1016/j.
ins.2017.08.031.

50.	 Rani J, Shah AR, Ramachandran S. Pubmed.mineR: an R Package with text-
mining algorithms to Analyse PubMed Abstracts. J Bioscience. 2015;40:671–
82. https://doi.org/10.1007/s12038-015-9552-2.

51.	 Pan X, Yan E, Cui M, Hua W. Examining the usage, citation, and diffusion pat-
terns of Bibliometric Mapping Software: a comparative study of three tools. J 
Informetr. 2018;12:481–93. https://doi.org/10.1016/j.joi.2018.03.005.

52.	 Chen Y, Chen C, Liu Z, Hu Z, Wang X. The methodology function of CiteSpace 
Mapping Knowledge domains. Stud Sci Sci. 2015;33:242–53. https://doi.
org/10.16192/j.cnki.1003-2053.2015.02.009.

53.	 Chen C, CiteSpace II. Detecting and visualizing emerging trends and tran-
sient patterns in scientific literature. J Am Soc Inf Sci Technol. 2006;57:359–77. 
https://doi.org/10.1002/asi.20317.

54.	 Van Eck NJ, Waltman L, Software Survey. VOSviewer, a computer program 
for Bibliometric Mapping. Scientometrics. 2010;84:523–38. https://doi.
org/10.1007/s11192-009-0146-3.

55.	 Aria M, Cuccurullo C, Bibliometrix. An R-Tool for Comprehensive Science 
Mapping Analysis. J Informetr. 2017;11:959–75. https://doi.org/10.1016/j.
joi.2017.08.007.

56.	 Wang X, Sha L, Yang W. A Bibliometrix Analysis on the Research Status and 
Trend in the International Research of Information seeking behaviors of 
translators(2000–2022). J Hunan University(Social Sciences). 2023;37:98–105. 
https://doi.org/10.16339/j.cnki.hdxbskb.2023.04.012.

57.	 Otero-Cerdeira L, Rodríguez-Martínez FJ, Gómez-Rodríguez A. Ontology 
Matching: A literature review. Expert Syst Appl. 2015;42:949–71. https://doi.
org/10.1016/j.eswa.2014.08.032.

58.	 Guo L, Lu G, Tian JA. Bibliometric Analysis of Cirrhosis Nursing Research on 
web of Science. Gastroenterol Nurs. 2020;43:232–40. https://doi.org/10.1097/
SGA.0000000000000457.

59.	 He H, Liu C, Chen M, Guo X, Li X, Xiang Z, Liao F, Dong W. Effect of dietary 
patterns on inflammatory bowel disease: a machine learning bibliometric 
and visualization analysis. Nutrients. 2023;15:3442. https://doi.org/10.3390/
nu15153442.

60.	 Su Y. Discussion on the literature growth curve of D Price. Libr Inform Service. 
1997;2:31–4. CNKI:SUN:TSQB.0.1997-02-010.

61.	 Xie H, Zhang Y, Wu Z, Lv TA. Bibliometric analysis on Land Degradation: cur-
rent status, Development, and future directions. Land. 2020;9:28. https://doi.
org/10.3390/land9010028.

62.	 Cao H, Zhou X-C, Li H, Wang M, Wu W, Zou J. Exercise for Osteoarthritis: 
A Global Articles Bibliometric Analysis from 1975 to 2021. Sci Sports. 
2023;38:488–97. https://doi.org/10.1016/j.scispo.2022.08.008.

63.	 Xu F, Zeng J, Liu X, Lai J, Xu J. Exercise-Induced muscle damage and protein 
intake: a bibliometric and visual analysis. Nutrients. 2022;14. https://doi.
org/10.3390/nu14204288.

64.	 Fu T, Liu H, Xi X. Hotspots and trends of Dietary behaviors in College 
Students. J Henan University(Medical Science). 2024;43:23–34. https://doi.
org/10.15991/j.cnki.41-1361/r.2024.01.008.

65.	 Wu H, Cheng K, Guo Q, Yang W, Tong L, Wang Y, Sun Z. Mapping knowl-
edge structure and themes trends of osteoporosis in rheumatoid arthritis: 
a bibliometric analysis. Front Med. 2021;8:787228. https://doi.org/10.3389/
fmed.2021.787228.

66.	 Moral-Muñoz JA, Herrera-Viedma E, Santisteban-Espejo A, Cobo MJ. Software 
Tools for conducting bibliometric analysis in Science: an up-to-date review. 
Prof Inf. 2020;29. https://doi.org/10.3145/epi.2020.ene.03.

67.	 Xie P. Study of International Anticancer Research Trends via Co-word and 
Document Co-citation visualization analysis. Scientometrics. 2015;105:611–
22. https://doi.org/10.1007/s11192-015-1689-0.

68.	 Ding X, Yang Z. Knowledge mapping of platform research: a visual analysis 
using VOSviewer and CiteSpace. Electron Commer Res. 2022;22:787–809. 
https://doi.org/10.1007/s10660-020-09410-7.

69.	 Yuan X, Hua W, Rousseau R, Ye FY. A preliminary study of the relationship 
between the H-Index and excess citations / Étude Préliminaire De La Relation 
Entre l’indice de Hirsch (Indice-h) et Les citations Excédentaires. Can J Inf Libr 
Sci. 2014;38:127–44. https://doi.org/10.1353/ils.2014.0011.

70.	 Song J, Zhang H, Dong WA. Review of emerging trends in Global PPP 
Research: analysis and visualization. Scientometrics. 2016;107:1111–47. 
https://doi.org/10.1007/s11192-016-1918-1.

71.	 Wei X, Long Y, Yi C, Pu A, Hou Q, Liu C, Jiang Y, Wu S, Wan X. Bibliometric 
analysis of functional crops and nutritional quality: identification of Gene 
resources to improve Crop Nutritional Quality through Gene Editing Technol-
ogy. Nutrients. 2023;15:373. https://doi.org/10.3390/nu15020373.

72.	 Lawrence ME, Kirby DF. Nutrition and sports supplements: fact 
or fiction. J Clin Gastroenterol. 2002;35:299–306. https://doi.
org/10.1097/00004836-200210000-00005.

73.	 Tian HH, Ong WS, Tan CL. Nutritional supplement use among University 
athletes in Singapore. Singap Med J. 2009;50:165.

74.	 Kim J, Kang S, Jung H, Chun Y, Trilk J, Jung SH. Dietary supplementation pat-
terns of Korean olympic athletes participating in the Beijing 2008 Summer 
Olympic games. Int J Sport Nutr Exerc Metab. 2011;21:166–74. https://doi.
org/10.1123/ijsnem.21.2.166.

75.	 Diehl K, Thiel A, Zipfel S, Mayer J, Schnell A, Schneider S. Elite adolescent 
athletes’ use of Dietary supplements: characteristics, opinions, and sources 
of Supply and Information. Int J Sport Nutr Exerc Metab. 2012;22:165–74. 
https://doi.org/10.1123/ijsnem.22.3.165.

76.	 Thomas D, Travis KA, Burke LM. American College of Sports Medicine Joint 
Position Statement. Nutrition and athletic performance. Med Sci Sports Exerc. 
2016;48:543–68. https://doi.org/10.1249/MSS.0000000000000852.

77.	 Dickinson A, Bonci L, Boyon N, Franco JC. Dietitians Use and recommend 
dietary supplements: report of a survey. Nutr J. 2012;11:14. https://doi.
org/10.1186/1475-2891-11-14.

78.	 Bailey RL, Gahche JJ, Miller PE, Thomas PR, Dwyer JT. Why US adults 
use Dietary supplements. JAMA Intern Med. 2013;173:355. https://doi.
org/10.1001/jamainternmed.2013.2299.

79.	 Bowtell JL, Aboo-Bakkar Z, Conway ME, Adlam A-LR, Fulford J. Enhanced Task-
related brain activation and resting perfusion in healthy older adults after 
chronic blueberry supplementation. Appl Physiol Nutr Metab. 2017;42:773–9. 
https://doi.org/10.1139/apnm-2016-0550.

80.	 Guest NS, VanDusseldorp TA, Nelson MT, Grgic J, Schoenfeld BJ, Jenkins NDM, 
Arent SM, Antonio J, Stout JR, Trexler ET, et al. International Society of Sports 
Nutrition Position Stand: Caffeine and Exercise Performance. J Int Soc Sports 
Nutr. 2021;18(1). https://doi.org/10.1186/s12970-020-00383-4.

81.	 Nana A, Slater GJ, Stewart AD, Burke LM, Methodology Review. Using dual-
energy X-Ray absorptiometry (DXA) for the Assessment of body composition 
in athletes and active people. Int J Sport Nutr Exerc Metab. 2015;25:198–215. 
https://doi.org/10.1123/ijsnem.2013-0228.

82.	 Hoon MW, Johnson NA, Chapman PG, Burke LM. The Effect of Nitrate supple-
mentation on Exercise performance in healthy individuals: a systematic 
review and Meta-analysis. Int J Sport Nutr Exerc Metab. 2013;23:522–32. 
https://doi.org/10.1123/ijsnem.23.5.522.

83.	 Spillane M, Schoch R, Cooke M, Harvey T, Greenwood M, Kreider R, Wil-
loughby DS. The effects of Creatine Ethyl Ester Supplementation Combined 
with Heavy Resistance training on body composition, muscle performance, 

https://doi.org/10.1123/ijsnem.22.5.323
https://doi.org/10.1001/archinte.165.3.281
https://doi.org/10.3390/nu10010041
https://doi.org/10.3390/nu10010041
https://doi.org/10.1007/s11192-016-1984-4
https://doi.org/10.1007/s11192-016-1984-4
https://doi.org/10.3989/redc.2020.3.1690
https://doi.org/10.1016/j.bios.2021.113932
https://doi.org/10.1111/jan.13296
https://doi.org/10.1111/jan.13296
https://doi.org/10.1007/s11192-017-2622-5
https://doi.org/10.1007/s11192-017-2622-5
https://doi.org/10.1016/j.ins.2017.08.031
https://doi.org/10.1016/j.ins.2017.08.031
https://doi.org/10.1007/s12038-015-9552-2
https://doi.org/10.1016/j.joi.2018.03.005
https://doi.org/10.16192/j.cnki.1003-2053.2015.02.009
https://doi.org/10.16192/j.cnki.1003-2053.2015.02.009
https://doi.org/10.1002/asi.20317
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.16339/j.cnki.hdxbskb.2023.04.012
https://doi.org/10.1016/j.eswa.2014.08.032
https://doi.org/10.1016/j.eswa.2014.08.032
https://doi.org/10.1097/SGA.0000000000000457
https://doi.org/10.1097/SGA.0000000000000457
https://doi.org/10.3390/nu15153442
https://doi.org/10.3390/nu15153442
https://doi.org/10.3390/land9010028
https://doi.org/10.3390/land9010028
https://doi.org/10.1016/j.scispo.2022.08.008
https://doi.org/10.3390/nu14204288
https://doi.org/10.3390/nu14204288
https://doi.org/10.15991/j.cnki.41-1361/r.2024.01.008
https://doi.org/10.15991/j.cnki.41-1361/r.2024.01.008
https://doi.org/10.3389/fmed.2021.787228
https://doi.org/10.3389/fmed.2021.787228
https://doi.org/10.3145/epi.2020.ene.03
https://doi.org/10.1007/s11192-015-1689-0
https://doi.org/10.1007/s10660-020-09410-7
https://doi.org/10.1353/ils.2014.0011
https://doi.org/10.1007/s11192-016-1918-1
https://doi.org/10.3390/nu15020373
https://doi.org/10.1097/00004836-200210000-00005
https://doi.org/10.1097/00004836-200210000-00005
https://doi.org/10.1123/ijsnem.21.2.166
https://doi.org/10.1123/ijsnem.21.2.166
https://doi.org/10.1123/ijsnem.22.3.165
https://doi.org/10.1249/MSS.0000000000000852
https://doi.org/10.1186/1475-2891-11-14
https://doi.org/10.1186/1475-2891-11-14
https://doi.org/10.1001/jamainternmed.2013.2299
https://doi.org/10.1001/jamainternmed.2013.2299
https://doi.org/10.1139/apnm-2016-0550
https://doi.org/10.1186/s12970-020-00383-4
https://doi.org/10.1123/ijsnem.2013-0228
https://doi.org/10.1123/ijsnem.23.5.522


Page 16 of 16Fu et al. Journal of Health, Population and Nutrition          (2024) 43:146 

and serum and muscle creatine levels. J Int Soc Sports Nutr. 2009;6(6). https://
doi.org/10.1186/1550-2783-6-6.

84.	 Trexler ET, Smith-Ryan AE, Stout JR, Hoffman JR, Wilborn CD, Sale C, Kreider 
RB, Jäger R, Earnest CP, Bannock L, et al. International Society of Sports Nutri-
tion Position stand: Beta-alanine. J Int Soc Sports Nutr. 2015;12. https://doi.
org/10.1186/s12970-015-0090-y.

85.	 Grgic J, Pedisic Z, Saunders B, Artioli GG, Schoenfeld BJ, McKenna MJ, Bishop 
DJ, Kreider RB, Stout JR, Kalman DS, et al. International Society of Sports Nutri-
tion Position Stand: Sodium bicarbonate and Exercise Performance. J Int Soc 
Sports Nutr. 2021;18. https://doi.org/10.1186/s12970-021-00458-w.

86.	 Arts IC, Coolen EJ, Bours MJ, Huyghebaert N, Stuart MAC, Bast A, Dagnelie PC. 
Adenosine 5′-Triphosphate (ATP) supplements are not orally bioavailable: a 
Randomized, Placebo-controlled cross-over trial in healthy humans. J Int Soc 
Sports Nutr. 2012;9. https://doi.org/10.1186/1550-2783-9-16.

87.	 Kreider RB, Kalman DS, Antonio J, et al. 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(1):18. https://doi.
org/10.1186/s12970-017-0173-z.

88.	 Hoffman JR, Ratamess NA, Faigenbaum AD, Ross R, Kang J, Stout JR, Wise JA. 
Short-duration β-Alanine supplementation increases training volume and 
reduces subjective feelings of fatigue in College Football players. Nutr Res. 
2008;28:31–5. https://doi.org/10.1016/j.nutres.2007.11.004.

89.	 Jäger R, Mohr AE, Carpenter KC, Kerksick CM, Purpura M, Moussa A, Townsend 
JR, Lamprecht M, West NP, Black K, et al. International Society of Sports 
Nutrition Position Stand: Probiotics. J Int Soc Sports Nutr. 2019;16. https://doi.
org/10.1186/s12970-019-0329-0.

90.	 Domínguez R, Cuenca E, Maté-Muñoz J, García-Fernández P, Serra-Paya N, 
Estevan M, Herreros P, Garnacho-Castaño M. Effects of Beetroot Juice supple-
mentation on cardiorespiratory endurance in athletes. Syst Rev Nutrients. 
2017;9. https://doi.org/10.3390/nu9010043.

91.	 Burke LM. Fueling strategies to optimize performance: Training High 
or Training Low? Scand J Med Sci Spor. 2010;20:48–58. https://doi.
org/10.1111/j.1600-0838.2010.01185.x.

92.	 Campbell B, Kreider RB, Ziegenfuss T, Roberts M, Burke D, Landis J, 
Lopez H, Antonio J. International Society of Sports Nutrition Position 
Stand: protein and Exercise. J Int Soc Sports Nutr. 2007;4:8. https://doi.
org/10.1186/1550-2783-4-8.

93.	 Antonio J, Ellerbroek A, Silver T, Orris S, Scheiner M, Gonzalez A, Peacock 
CA. A High Protein Diet (3.4 g/kg/d) Combined with a Heavy Resistance 
Training Program Improves Body Composition in Healthy Trained Men and 
Women – a Follow-up Investigation. J Int Soc Sports Nutr. 2015;12. https://
doi.org/10.1186/s12970-015-0100-0.

94.	 Kerksick CM, Arent S, Schoenfeld BJ, Stout JR, Campbell B, Wilborn CD, Taylor 
L, Kalman D, Smith-Ryan AE, Kreider RB, et al. International Society of Sports 
Nutrition Position Stand: nutrient timing. J Int Soc Sports Nutr. 2017;14. 
https://doi.org/10.1186/s12970-017-0189-4.

95.	 Aitchison T, Durnin J, Beckett C, Pollitt E. Effects of an Energy and Micronutri-
ent supplement on growth and activity, correcting for Non-supplemental 
Sources of Energy Input in undernourished children in Indonesia. Eur J Clin 
Nutr. 2000;54:S69–73. https://doi.org/10.1038/sj.ejcn.1601007.

96.	 Thiel A, Diehl K, Giel KE, Schnell A, Schubring AM, Mayer J, Zipfel S, Schneider 
S. The German young olympic athletes’ lifestyle and Health Management 
Study (GOAL Study): design of a mixed-method study. BMC Public Health. 
2011;11:410. https://doi.org/10.1186/1471-2458-11-410.

97.	 Xia G, Chin MK, Girandola RN, Liu RY. The effects of Diet and supplements 
on a male World Champion Lightweight Rower. J Sports Med Phys Fit. 
2001;41:223–8.

98.	 Eckerson JM. Creatine as an ergogenic aid for female athletes. Strength Cond 
J. 2016;38:14–23. https://doi.org/10.1519/SSC.0000000000000208.

99.	 Millen AE, Vitamin D. Status and early age-related Macular Degeneration 
in Postmenopausal Women. Arch Ophthalmol. 2011;129:481. https://doi.
org/10.1001/archophthalmol.2011.48.

100.	 Achten J, Gleeson M, Jeukendrup AE. Determination of the Exercise Intensity 
that elicits maximal Fat Oxidation. Med Sci Sports Exerc. 2002;34:92. https://
doi.org/10.1097/00005768-200201000-00015.

101.	 Kaats GR, Preuss HG, Croft HA, Keith SC, Keith PL. A comparative effective-
ness study of bone density changes in Women over 40 following three Bone 
Health plans containing variations of the same novel plant-sourced calcium. 
Int J Med Sci. 2011;8:180–91. https://doi.org/10.7150/ijms.8.180.

102.	 Michalek JE, Preuss HG, Croft HA, Keith PL, Keith SC, Dapilmoto M, Perricone 
NV, Leckie RB, Kaats GR. Changes in total body bone Mineral Density follow-
ing a common bone Health Plan with two versions of a unique Bone Health 
supplement: a comparative Effectiveness Research Study. Nutr J. 2011;10:32. 
https://doi.org/10.1186/1475-2891-10-32.

103.	 Hargreaves M, Spriet LL. Skeletal Muscle Energy Metabolism during Exercise. 
Nat Metab. 2020;2:817–28. https://doi.org/10.1038/s42255-020-0251-4.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/1550-2783-6-6
https://doi.org/10.1186/1550-2783-6-6
https://doi.org/10.1186/s12970-015-0090-y
https://doi.org/10.1186/s12970-015-0090-y
https://doi.org/10.1186/s12970-021-00458-w
https://doi.org/10.1186/1550-2783-9-16
https://doi.org/10.1186/s12970-017-0173-z
https://doi.org/10.1186/s12970-017-0173-z
https://doi.org/10.1016/j.nutres.2007.11.004
https://doi.org/10.1186/s12970-019-0329-0
https://doi.org/10.1186/s12970-019-0329-0
https://doi.org/10.3390/nu9010043
https://doi.org/10.1111/j.1600-0838.2010.01185.x
https://doi.org/10.1111/j.1600-0838.2010.01185.x
https://doi.org/10.1186/1550-2783-4-8
https://doi.org/10.1186/1550-2783-4-8
https://doi.org/10.1186/s12970-015-0100-0
https://doi.org/10.1186/s12970-015-0100-0
https://doi.org/10.1186/s12970-017-0189-4
https://doi.org/10.1038/sj.ejcn.1601007
https://doi.org/10.1186/1471-2458-11-410
https://doi.org/10.1519/SSC.0000000000000208
https://doi.org/10.1001/archophthalmol.2011.48
https://doi.org/10.1001/archophthalmol.2011.48
https://doi.org/10.1097/00005768-200201000-00015
https://doi.org/10.1097/00005768-200201000-00015
https://doi.org/10.7150/ijms.8.180
https://doi.org/10.1186/1475-2891-10-32
https://doi.org/10.1038/s42255-020-0251-4

	﻿Global hotspots and trends of nutritional supplements in sport and exercise from 2000 to 2024: a bibliometric analysis
	﻿Abstract
	﻿Introduction
	﻿Data collection and research methods
	﻿Data Collection
	﻿Research methods

	﻿Results
	﻿Analysis of publication
	﻿Analysis of countries
	﻿Analysis of institutions
	﻿Analysis of authors
	﻿Analysis of journals
	﻿Analysis of high cited articles
	﻿Analysis of keywords
	﻿Analysis of keyword timeline
	﻿Analysis of collaboration, clustering, and high co-occurrence keywords


	﻿Discussion
	﻿Limitations
	﻿Conclusions
	﻿References


