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Abstract
Background In recent years, there has been a noteworthy increase in research exploring the relationship between 
gut microbiota and bariatric surgery. This increase can be attributed to the growing recognition of the importance of 
gut microbiota in diverse health issues, such as obesity, and its alterations following bariatric surgery. Consequently, 
this study seeks to employ bibliometric analysis to show the current research landscape and identify key areas of 
focus for future investigations on the link between bariatric surgery and gut microbiota.

Methods We conducted a comprehensive search of the Scopus database to gather literature concerning bariatric 
surgery and its impact on the gut microbiota. The search encompassed documents published between 2009 and 
2023. To analyze the bibliometric data, we employed diverse metrics, including publication count, citation count, and 
evaluation of the performance of countries, institutions, and journals. Additionally, we utilized VOSviewer to visually 
present the findings.

Results A total of 555 articles focused on the correlation between bariatric surgery and the gut microbiota. Original 
research articles constituted 55.32% of all publications on this topic, followed by reviews at 37.30%. The leading 
countries in terms of publication volume were the USA (n = 156; 28.11%), China (n = 73; 13.15%), and the UK (n = 52; 
9.37%). Co-occurrence analysis highlighted three main clusters of research topics: (1) the impact of bariatric surgery 
on the gut microbiota composition in relation to obesity remission, (2) the relationship between glucose metabolism, 
circulating bile acids, gut hormones, and gut microbiome remodeling, and (3) the connections between alterations in 
the gut microbiota and insulin resistance.

Conclusions Ongoing research has investigated the connection between bariatric surgery and the gut 
microbiota, providing new perspectives on metabolic improvements after surgery. Further studies are necessary to 
comprehensively grasp how bariatric procedures influence the gut microbiota and to formulate precise interventions 
aimed at optimizing the health advantages of surgery.
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Introduction
Overweight and obesity are medical terms for chronic 
diseases and are among the public health issues that have 
reached epidemic proportions in the developed world. 
The World Health Organization (WHO) screening cri-
teria are based on body mass index (BMI), expressed in 
units of kg/m² as the body weight in kilograms divided by 
the square of the body height in meters. In adults, over-
weight or preobesity is defined as a BMI of 25–29.9 kg/
m², while a BMI ≥ 30  kg/m² indicates obesity. Globally, 
39% of adults aged 18 years and over were overweight or 
obese in 2016. Abdominal obesity with a waist circum-
ference > 102 cm for men and > 88 cm for women is one 
of the diagnostic criteria for metabolic syndrome and can 
be linked directly to medical conditions such as diabe-
tes, cancer, depression and cardiovascular disease, with 
a higher rate of mortality worldwide [1]. Thus, various 
treatment options can be used effectively, including life-
style modifications, yet the noninvasive treatment and 
remission of morbid obesity have largely yielded limited 
results compared with surgical intervention. Therefore, 
several studies have reported that bariatric surgery is 
the most effective treatment modality for severe obesity-
related comorbidities [2, 3] and that improved metabolic 
changes and sustained weight loss are achieved after bar-
iatric surgery through malabsorption, accelerated gastric 
emptying, hormonal changes, and alterations in bile acid 
metabolism. Nevertheless, gastric outlet obstruction, 
internal herniation, nutritional deficiencies, mesh ero-
sion, and gastroesophageal reflux are the most frequent 
complications that may occur [4, 5].

Several studies have shown that surgery results in pro-
found changes in the microbiome, resulting in weight 
loss acceleration, particularly during the first year after 
surgery, when increases in Bacteroides and Proteobac-
teria and decreases in Firmicutes were observed in the 
majority of studies [6–8]. Bariatric surgery is considered 
the most effective treatment for obesity and associated 
disorders, such as diabetes mellitus, as 80% of type 2 dia-
betes mellitus cases (T2DM) are controlled after bariatric 
surgery compared to conventional therapy [9].

Bariatric surgery, such as gastric bypass and sleeve gas-
trectomy, has positive-negative effects on the patient’s 
gut microbiota [10, 11], varies from individual to individ-
ual, and is greatly influenced by diet, age, and the specific 
bariatric surgery performed. Further research is needed 
to fully understand the impact of bariatric surgery on the 
gut microbiota and how it affects patient health. Thus, a 
comprehensive bibliometric analysis of research related 
to bariatric surgery and the gut microbiota is still lack-
ing. In this study, a comprehensive bibliometric analysis 
was conducted in the field of bariatric surgery and gut 
microbiota.

Bibliometric studies encompass quantitative assess-
ments of scientific literature, wherein research per-
formance, productivity, effects, and trends within a 
particular topic are evaluated [11, 12]. Hence, the present 
study is significant for the scientific community, health-
care professionals, and policymakers. This study provides 
a quantitative assessment of the research conducted on 
bariatric surgery and the gut microbiota and highlights 
significant areas of emphasis. As a result, this analysis 
aids in making well-informed decisions and directing 
future research endeavors to enhance the comprehension 
and application of bariatric surgery within the context of 
the gut microbiota.

Materials and methods
Data source
The present bibliometric investigation was conducted 
using the Scopus database, widely acknowledged as the 
most appropriate database for bibliometric analyses. The 
data collection tasks were fully completed on March 1, 
2024. We included all the documents on gut microbiota 
and bariatric surgery within the Scopus database from all 
previous years up to December 31, 2023. Scopus distin-
guishes itself from other databases in bibliometric analy-
sis through several distinctive features, as highlighted by 
key points in the literature: (1) Scopus stands out as the 
world’s largest curated abstract and citation database for 
research literature, encompassing research journals, con-
ference proceedings, and scholarly books [13, 14]. (2) It 
boasts extensive coverage across various subject areas, 
publication years, and document types, drawing from a 
vast array of sources from more than 5,000 publishers 
globally, which includes patents and funding data [13]. (3) 
Scopus maintains rigorous content selection standards 
through processes overseen by an independent board 
of scientists, ensuring the indexing of high-quality con-
tent [13, 14]. (4) Additionally, Scopus provides in-depth 
author and institution profiles derived from advanced 
profiling algorithms and manual curation, guaranteeing 
high precision and recall [13, 14]. (5) Scopus is widely 
used for research assessments, research landscape stud-
ies, science policy evaluations, and university rankings 
due to its trustworthiness and high-quality data [14]. (6) 
It provides enriched metadata records of scientific arti-
cles, and the data have been utilized for large-scale analy-
ses in the academic research community. The academic 
research community has published numerous publica-
tions after analyzing the data, and they include papers 
focusing on researcher mobility and network visualiza-
tions [14]. (7) A comparative study of Scopus and Web 
of Science revealed that the databases serve similar func-
tions to those of the academic community, but the own-
ers’ business philosophy contributes to the differences in 
the content and coverage [15–17]. (8) In June 2019, the 
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International Center for the Study of Research initiated 
its operations, with the primary objective of collaborat-
ing with the scientometric research community. It aims 
to provide a virtual laboratory facilitating researchers’ 
access to Scopus data. Scopus undergoes ongoing moni-
toring and enhancement via diverse quality assurance 
protocols. Moreover, it provides complimentary data 
access to specific academic research endeavors, made 
feasible through application programming interfaces 
such as VOSviewer [14].

Search strategy
We began our research by extracting relevant terms 
related to the gut microbiota and bariatric surgery from 
the Medical Subject Headings (MeSH) in PubMed and 
previous studies [18–20]. We subsequently used these 
terms to search Scopus, and the detailed research strat-
egy is available in the supplementary materials (Addi-
tional file 1). To enhance the precision of our data 
retrieval, we limited our search to the titles and abstracts 
of publications within the Scopus database, covering 
all years up to December 31, 2023. This restriction was 
applied to avoid obtaining numerous irrelevant publica-
tions, often referred to as false positive data, which would 
have occurred if we had extended our search to include 
all fields such as keywords or the full text of publications. 
While this approach significantly improves specificity, it 
may slightly reduce sensitivity [21, 22]. Additionally, we 
excluded any publications that had been published as 
errata.

Bibliometric analysis
Bibliometric data, encompassing the annual volume 
and types of publications, originating countries and 
institutions, funding sources, journal impact factors, 
and citation counts, were compiled into a Microsoft 
Excel spreadsheet for subsequent analysis and tabula-
tion (Additional file 2). Parameters for analysis included 
publication date, type, international collaboration pat-
terns, affiliations, journals, impact factors (IF), h-index, 
and citation frequency. International collaborations were 
identified based on affiliations spanning multiple coun-
tries. To assess the impact and productivity of research 
on bariatric surgery and the gut microbiota, bibliometric 
indicators such as the h-index and IF were utilized. The 
h-index, conceived by Hirsch in 2005, offers a more com-
prehensive evaluation of academic achievement, with a 
higher value indicating greater influence [23]. Journal 
impact factors (IFs) were sourced from the 2023 Journal 
Citation Report (JCR; Clarivate Analytics) [24]. As of the 
data collection cutoff date (March 1, 2024), only the top 
ten publications in terms of each of the parameters are 
represented in the Tables, which are ranked in standard 
competition rankings and which places the most prolific 

publication in position 1. Furthermore, with such a long 
period of time since the publication of some articles, it is 
possible that the frequency of citations for some of them 
was high. Therefore, an adjusted citation index value was 
calculated for each article, which reflects the frequency of 
references taking into account the publication time [25]. 
Thus, by grasping the meaning behind these metrics, 
readers can further develop their critical thinking skills 
as consumers of science: they can better comprehend 
and interpret the scientific literature, assess the reliability 
and applicability of results, and gain more insight into the 
links between bariatric surgery and the gut microbiota.

Visualization analysis
The data visualization in this study was performed using 
VOSviewer version 1.6.20 software. VOSviewer is a soft-
ware tool that allows the visualization and analysis of 
bibliometric data, coauthorship networks, and term co-
occurrence in scientific papers [26, 27]. It is utilized by 
researchers to find patterns and relationships in data, 
thus enabling a deeper understanding of the hierarchical 
structure in the field. Since version 1.6.20 gained a coau-
thorship network across countries, term co-occurrence 
in the titles and/or abstracts of scientific papers can be 
established. As a result, one can determine the leading 
subjects in a specific scientific discipline and the correla-
tion among these subjects.

VOSviewer was used here to construct coauthorship 
networks between different countries and term co-occur-
rences in the title and/or abstract. In VOSviewer, differ-
ent clusters within the network map can be represented 
by different colors to make identifying different groups 
of nodes easier. For example, the size of the circles in the 
network can represent the number of documents asso-
ciated with a particular node. In contrast, the thickness 
of the connection lines between nodes can indicate the 
strength of the link, such as the number of collaborations 
between two nodes. While VOSviewer remains favored 
by experts and scholars in scientometrics and domain 
analysis [28], it is crucial to acknowledge its limitations 
and potential biases in bibliometric analysis, such as lim-
ited visibility [29] and the possibility of subjective inter-
pretation [30].

Statistical and validation analysis
The data are presented as averages or numbers, with 
percentages in parentheses. An exponential regression 
was performed on the publishing trend to evaluate the 
growth pattern of the research output. The reliability of 
our method was evaluated using a pilot sample (n = 100 
documents) to check the document type and compare it 
with the sources. Two separate researchers (i.e., journals) 
carried out this assessment. SZ and SA each conducted 
their evaluations of the information included within the 
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100 documents that were chosen. Cohen’s kappa test 
revealed a correlation coefficient of 0.933 between the 
two researchers. Therefore, it has been claimed that more 
than 90% reliability should be achieved [31–33]. The fact 
that the two observers and two methodologies achieved 
such a high level of concordance demonstrates that our 
method was reliable. These methodologies have been 
utilized in prior bibliometric studies [34–37]. Microsoft 
Excel 2013 and the Statistical Package for Social Sciences 
version 21 (IBM-SPSS) were used throughout the statisti-
cal analyses.

Results
An overview of publications
Between 2009 and 2023, a total of 555 articles were pub-
lished on bariatric surgery and the gut microbiota. The 
original articles comprised 55.32% of all publications on 
bariatric surgery and the gut microbiota, followed by 
reviews at 37.30%. Figure 1 depicts the annual number of 
bariatric surgery and gut microbiota-related publications. 
In general, despite fluctuations over the past 15 years, the 
number of annual papers increased from 2 in 2009 to 71 
in 2023, with a peak in 2022 with 85 publications. There 
is substantial evidence supporting this trend, indicated 
by a statistically significant moderate positive correlation 
(R2 = 0.8683, p < 0.001) between the publication year and 
the number of publications pertaining to this subject.

Analysis of countries
Seventy-one countries contributed to research related to 
bariatric surgery and the gut microbiota, of which the top 
10 combined countries accounted for 76.22% (n = 423) of 
all published articles. The top 10 countries in terms of 
bariatric surgery and gut microbiota are listed in Table 1. 
The three countries with the most publications were the 
USA (n = 156; 28.11%), China (n = 73; 13.15%), and the UK 
(n = 52; 9.37%). Figure  2 illustrates a network visualiza-
tion map representing collaborative relationships among 
countries, wherein each country has made a minimum 
contribution of 10 documents. The map encompasses 21 
countries. The centrality of the collaboration map showed 
that the top countries were the USA, followed by the UK.

Table 1 The top 10 countries contributing to research related to 
bariatric surgery and the gut microbiota
Ranking Country No. of documents %
1st United States 156 28.11
2nd China 73 13.15
3rd United Kingdom 52 9.37
4th France 39 7.03
5th Spain 37 6.67
6th Germany 31 5.59
7th Italy 30 5.41
8th Canada 25 4.50
8th Netherlands 25 4.50
10th Brazil 24 4.32

Fig. 1 The number of publications by year (2009–2023). Curve fitting of the total annual growth trend of publications (R2 = 0.8683)
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Analysis of institutions
Within the scope of research in this particular field, 
a total of 2217 institutions participated, and the top 
10 deciles among them collectively produced 18.01% 
(n = 100) of the entire body of published articles. Note-
worthy contributors include INSERM, leading with 27 
papers, followed by Imperial College London (n = 24 
papers), Sorbonne Université (n = 22 papers), and AP-HP 
Assistance Publique - Hopitaux de Paris (n = 21 papers) 
(see Table  2). It is pertinent to highlight France’s sub-
stantial presence, encompassing four institutions on the 
list, while Spain exhibited two, and the United Kingdom, 
Sweden, Denmark, and Netherlands each contributed 
one institution to the distinguished cohort of top-ranking 
entities.

Analysis of funding agencies
Table 3 shows the top 10 most distributed funding agen-
cies in research related to bariatric surgery and the gut 
microbiota. The top 10 funding sources contributed 
approximately one-third of the funding (n = 164). The top 
three funding agencies with the most publications were 
the National Institutes of Health (n = 46; 8.29%), National 

Institute of Diabetes and Digestive and Kidney Diseases 
(n = 37; 6.67%), and National Natural Science Foundation 
of China (n = 32; 5.77%).

Analysis of journals
The findings are presented in 287 journals, with Table 4 
showing the top ten journals contributing to research on 
bariatric surgery and the gut microbiota. Approximately 
27.75% of the articles were featured in these prominent 
publications. Most of the articles were published on Obe-
sity Surgery (n = 38, 6.85%), followed by Surgery for Obe-
sity and Related Diseases (n = 33, 5.95%), and Nutrients 
(n = 25, 4.50%).

Analysis of citations
The retrieved documents had a total of 23,494 citations, 
each earning an average of 42.33. The h-index for the 
retrieved studies was 71. Among these documents, 84 
had no citations, whereas 51 garnered 100 citations or 
more. The combined citation count of the top ten arti-
cles, ordered by their number of citations, reached 6746 
citations [38–47]. The total number of citations for these 
publications ranged from 305 to 1,480 (Table  5). In the 

Fig. 2 Country coauthorship network of publications related to bariatric surgery and the gut microbiota. There were 21 participating countries, each of 
which contributed a minimum of 10 publications. Publications with international authors are most prevalent in nations with large node sizes. The thick-
ness of the connecting line indicates the strength of the research collaboration
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list of the top 10 most-cited articles, the adjusted citation 
index varied between 30.5 and 151.67. When factoring 
in the adjusted citation index, the paper that stood out 
as the most influential identified gut microbial species 

associated with obesity, which in turn were linked to 
alterations in circulating metabolites [40].

Term co-occurrence cluster analysis of research hotspots
The co-occurrence analysis term provided a comprehen-
sive overview of the predominant themes explored in 
research concerning bariatric surgery and the gut micro-
biota. Using VOSviewer, 178 terms occurring at least 20 
times were identified through an examination of the titles 
and abstracts of the included manuscripts and were pre-
sented as a bubble map. This analysis aimed to identify 
the most commonly used terms. The VOSviewer term 
co-occurrence visualization map categorizes all terms 
into clusters and employs different colors to highlight dis-
tinctions between these clusters (see Fig. 3). The analysis 
identified three distinct clusters: first, the green cluster, 
which focused on the effects of bariatric surgery on the 
gut microbiota composition in relation to obesity remis-
sion; second, the blue cluster, which investigated the cor-
relation between glucose metabolism, circulating bile 
acids, gut hormones, and the reshaping of the gut micro-
biome; and third, the red cluster, which explored the 
connections between alterations in the gut microbiota 
and insulin resistance. A color bar located in the lower 
right-hand corner of the map facilitates overlay visual-
ization. Keywords are shaded differently based on their 

Table 2 The top 10 institutions contributing to research related 
to bariatric surgery and the gut microbiota
Ranking Institute Country No. of 

documents
%

1st INSERM France 27 4.86
2nd Imperial College 

London
UK 24 4.32

3rd Sorbonne 
Université

France 22 3.96

4th AP-HP Assis-
tance Publique 
- Hopitaux de 
Paris

France 21 3.78

5th Hôpital Uni-
versitaire Pitié 
Salpêtrière

France 19 3.42

6th Göteborgs 
Universitet

Sweden 17 3.06

7th Centro de 
Investigación 
Biomédica en 
Red-Fisiopa-
tología de la 
Obesidad y 
Nutrición

Spain 17 3.06

8th Københavns 
Universitet

Denmark 15 2.70

9th Amsterdam 
UMC - 
University of 
Amsterdam

Netherlands 13 2.34

10th Instituto de 
Salud Carlos III

Spain 13 2.34

Table 3 The top 10 funding agencies involved in research 
related to bariatric surgery and the gut microbiota from 2009 to 
2023
Ranking Funding agencies Country No. of 

publication
%

1st National Institutes of 
Health

USA 46 8.29

2nd National Institute of 
Diabetes and Digestive 
and Kidney Diseases

USA 37 6.67

3rd National Natural Science 
Foundation of China

China 32 5.77

4th Instituto de Salud Carlos 
III

Spain 24 4.32

5th European Regional Devel-
opment Fund

European 
union

18 3.24

6th Seventh Framework 
Programme

European 
union

17 3.06

7th Deutsche 
Forschungsgemeinschaft

German 13 2.34

8th Novo Nordisk Fonden Denmark 10 1.80
9th European Commission European 

union
8 1.44

9th Horizon 2020 Framework 
Programme

European 
union

8 1.44

9th National Key Research 
and Development Pro-
gram of China

China 8 1.44

9th National Research Foun-
dation of Korea

South 
Korea

8 1.44

Table 4 The top 10 journals contributing to published articles 
related to bariatric surgery and the gut microbiota from 2009 to 
2023
Ranking Journal/source title No. of 

documents
% IF *

1st Obesity Surgery 38 6.85 2.9
2nd Surgery for Obesity and 

Related Diseases
33 5.95 3.1

3rd Nutrients 25 4.50 5.9
4th Frontiers in Endocrinology 10 1.80 5.2
4th International Journal of 

Molecular Sciences
10 1.80 5.6

6th International Journal of 
Obesity

9 1.62 4.9

7th Obesity Reviews 8 1.44 8.9
8th Gut Microbes 7 1.26 12.2
8th Scientific Reports 7 1.26 4.6
8th World Journal of 

Gastroenterology
7 1.26 4.3

a Journal Citation Reports from Clarivate, 2023
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average publication year (see Fig.  4). For instance, the 
term shaded yellow‒green suggests that research on the 
effects of bariatric surgery on the gut microbiota compo-
sition in relation to obesity remission has gained increas-
ing attention in recent years and may soon become a 
focal point of study.

Discussion
In this investigation, we searched the Scopus database for 
bibliographic information on published research on top-
ics concerning bariatric surgery and the gut microbiota 
to explore the emerging trends in this field. In total, 474 
different documents published between 2009 and 2023 
were found. Even if there were only a few publications 
initially, the annual number of publications has exhibited 
a trend that indicates a quickly rising pace, particularly in 
recent years.

It is evident that they are interested in understand-
ing the importance of analyzing the impact of bariatric 
surgery on the gut microbiota across various publica-
tions, countries, institutions, funding sources, journals, 
impact factors, and citations, as well as the key findings, 
differences across funding sources, journals, and impact 
factors, implications for readers and researchers, and 
associated challenges and limitations.

Bariatric surgery has been found to induce significant 
modifications to the gut microbiota, resulting in changes 
in both the timing and distribution of intestinal bacteria 

after surgery [48]. The gut microbiota is recognized as a 
key contributor to the metabolic enhancements observed 
after bariatric surgery, and alterations in its composi-
tion are linked to the prognosis of individuals undergo-
ing such procedures [48]. The composition of the gut 
microbiota prior to surgery may serve as an indicator of 
the patient’s response to bariatric surgery, and shortly 
after surgery, patients who achieve successful weight 
loss exhibit an increase in microorganisms associated 
with positive effects on host metabolism [49]. Bariatric 
surgery leads to enduring weight loss and the resolution 
of obesity-related complications, with the microbiome 
potentially playing a role in this process [6, 50]. Various 
studies have investigated the impact of bariatric surgery 
on the composition and function of the gut microbiota, 
with some focusing on functional aspects rather than 
changes in composition [51]. The correlation between 
the gut microbiota and outcomes of bariatric surgery 
has prompted the exploration of personalized medicine, 
as specific patterns in the gut microbiota could predict 
remission of type 2 diabetes or failure to lose weight 
postsurgery [51]. Thus, examining the effects of bariatric 
surgery on the gut microbiota is crucial for comprehend-
ing its role in surgical outcomes and for potentially pre-
dicting responses to surgery and devising personalized 
treatment strategies [49, 51].

All of the top 3 contributors to the research on bariatric 
surgery and gut microbiota were from the United States, 

Table 5 Top 10 articles on total citations for research related to bariatric surgery and the gut microbiota from 2009 to 2023
Authors Title Year Source title Cited 

by
Ad-
justed 
citation 
index

Zhang et al. 
[44]

Human gut microbiota in obesity and after gastric bypass 2009 Proceedings of the 
National Academy of 
Sciences of the United 
States of America

1480 105.71

Furet et al. [39] Differential adaptation of human gut microbiota to bariatric surgery-induced 
weight loss: Links with metabolic and low-grade inflammation markers

2010 Diabetes 964 74.15

Liu et al. [40] Gut microbiome and serum metabolome alterations in obesity and after weight-
loss intervention

2017 Nature Medicine 910 151.67

Liou et al. [38] Conserved shifts in the gut microbiota due to gastric bypass reduce host weight 
and adiposity

2013 Science Translational 
Medicine

772 77.2

Cani et al. [45] Involvement of gut microbiota in the development of low-grade inflammation 
and type 2 diabetes associated with obesity

2012 Gut Microbes 644 58.55

Tremaroli et 
al. [47]

Roux-en-Y Gastric Bypass and Vertical Banded Gastroplasty Induce Long-Term 
Changes on the Human Gut Microbiome Contributing to Fat Mass Regulation

2015 Cell Metabolism 564 70.5

Castaner et al. 
[41]

The gut microbiome profile in obesity: A systematic review 2018 International Journal of 
Endocrinology

410 82

Festi et al. [43] Gut microbiota and metabolic syndrome 2014 World Journal of 
Gastroenterology

359 39.89

Graessler et al. 
[46]

Metagenomic sequencing of the human gut microbiome before and after bariat-
ric surgery in obese patients with type 2 diabetes: Correlation with inflammatory 
and metabolic parameters

2013 Pharmacogenomics 
Journal

338 33.8

Kong et al. [42] Gut microbiota after gastric bypass in human obesity: Increased richness and 
associations of bacterial genera with adipose tissue genes

2013 American Journal of 
Clinical Nutrition

305 30.5
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Fig. 4 The network map of term clustering displayed 178 terms that occurred at least 20 times and were colored differently based on the average pub-
lication year

 

Fig. 3 The network map of clustering terms revealed 178 terms that occurred at least 20 times and were classified into three clusters
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China, and the United Kingdom. Indeed, similar trends 
were observed in other obesity treatment-focused stud-
ies [52–58]. This finding is likely related to the greater 
number of bariatric surgeries being conducted in the US 
than in other countries [59]. A variety of factors are likely 
to contribute to the high publication rates. First, the 
gut microbiota is a particularly quickly developing field 
within obesity treatment research. Indeed, the US, China, 
and the UK are three leading publishers in the identi-
fied area, with the United States being first [60]. Second, 
developed countries have high international publication 
collaboration, which likely drove the high number of 
publications [60]. Third, the United States has also dem-
onstrated consistent leadership in almost every measure 
of productivity, from active institutions, even journals, 
and authors to citations and collaboration across active 
institutions abroad [55]. Significant correlations were 
found between the number of publications in bariat-
ric surgery and factors such as gross domestic product 
(GDP), indicating that research infrastructure and fund-
ing play a crucial role in publication rates [55]. Further-
more, it can be inferred that the high publication rates in 
these countries may be influenced by collaborative efforts 
and partnerships with other countries, especially given 
the emphasis on international collaboration [60].

There have been several incidents of obesity in the 
Western Hemisphere, primarily in the USA and the 
United Kingdom, over the years, the vast majority of 
which have been neglected. An illustration of this can 
be found in 2020, when the rate of obesity in the USA 
(based on data from 2017 to 2018) reached 42% among 
adults, with severe obesity (BMI ≥ 40  kg/m2) coming 
close to reaching double digits at 9% [61]. It is expected 
that the prevalence of morbid obesity (BMI ≥ 40  kg/m2) 
will increase to 5%, 8%, and 11% in Scotland, England, 
and Wales, respectively, by 2035 [62]. The equivalent sta-
tistics in China are currently seeing a highly concerning 
rise in obesity, most notably abdominal obesity [63]. The 
prevalence of overweight and obesity in China was 28.1% 
and 5.2%, respectively, with considerable variation across 
provinces [64]. A study spanning from 2013 to 2018 
reported an average annual increase in the prevalence of 
adult obesity in China of 3.2%, with higher rates among 
men and specific age and education subgroups [65].

Research on the gut microbiota has grown rapidly in 
recent years, and China has made significant contribu-
tions to this field. In recent years, Chinese researchers 
have published numerous studies on the gut microbiota 
and its role in various health conditions, including obe-
sity, metabolic disorders, digestive diseases, and even 
mental health [66–69]. For example, some studies have 
explored the differences in the gut microbiota between 
healthy individuals and those with obesity, metabolic 
disorders, and other related diseases and how these 

differences could contribute to the development and 
progression of these conditions. Other studies have 
investigated the potential of probiotics and prebiotics in 
modulating the gut microbiota composition and improv-
ing health outcomes [70, 71].

On the other hand, as was found by earlier bibliomet-
ric research [72–76], the United States of America is cur-
rently in first place for international collaborative papers. 
Not only was the relevance of international collabora-
tion centered on the advancement of knowledge and the 
enhancement of research capacity [77], but it also had the 
potential to increase citation rates and improve the qual-
ity of research [78].

The topic of “effects of bariatric surgery on gut micro-
biota composition related to obesity remission” was one 
of the main hot topics in the current study. In reviewing 
the literature, we found that bariatric surgery produced 
long-lasting changes in the gut microbiota composition 
and the fecal metabolome that may be related to the 
remission of obesity [79]. Energy extraction from dietary 
nutrients is one of the primary contributions of the gut 
microbiota to the emergence of obesity. Short-chain fatty 
acids derived from plant polysaccharides are among the 
energetic metabolites that the microbiota of obese people 
is thought to produce in greater quantities [80]. Addi-
tionally, the microbial metabolism of dietary nutrients 
may produce potentially toxic chemicals that contribute 
to establishing an obesity-related low-grade inflamma-
tory state [81]. In addition to increasing the abundance of 
favorable Verrucomicrobia species and reducing the Fir-
micutes/Bacteroidetes ratio, which are strongly linked to 
obesity, weight loss through dietary treatments also pro-
motes functional changes in the microbiota. It modifies 
its derived metabolites [82, 83]. In line with the positive 
effects of this treatment, bariatric surgery may also cause 
a shift in the metabolic capacity of the gut microbiota 
toward a lean-like phenotype, both in terms of composi-
tion and functionality [79].

Another subject that has received much attention is 
the association between glucose metabolism and circu-
lating bile acid and gut hormones and remodeling of the 
gut microbiome. The anatomical changes resulting from 
bariatric surgery, especially when excluding the long part 
of the small intestine from food passages, will lead to an 
increase in the concentration of pure bile acid (without 
being mixed with food) that reaches the intestine and 
subsequently affects glucose metabolism and body mass 
loss [84–87]. Changes in the gut microbiota can impact 
bile acid levels, as the microbiota plays a vital role in 
converting primary bile acids to secondary bile acids. 
This process may affect human glucose metabolism and 
enhance insulin sensitivity by interacting with membrane 
or nuclear receptors in various organs, including the liver, 
intestines, adipose tissue, skeletal muscle, and pancreas 
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[88, 89]. Bariatric surgery is linked to an increased 
release of gut hormones postmeal, particularly GLP-
1, which boosts insulin secretion and glucose clearance 
[90]. Elevated levels of circulating gut hormones follow-
ing bariatric surgery have been shown to induce tempo-
rary remission of type 2 diabetes even before weight loss 
occurs [91]. These hormone levels increase shortly after 
bariatric procedures such as Roux-en-Y gastric bypass 
and sleeve gastrectomy, potentially serving as crucial reg-
ulators of postoperative changes in eating patterns and 
glucose balance [92].

Another hot topic is “links between gut microbiota 
alterations and insulin resistance.” Moreover, altera-
tions in the content of the gut microbiota after bariatric 
surgery affect and reduce the amount of adipose tissue. 
This long-term effect on reducing adipose tissue leads 
to reduced inflammation and improved insulin sensitiv-
ity. Research has confirmed the link between bariatric 
surgery and the management of diabetes in people who 
have both diabetes and significant obesity. Furthermore, 
these surgical procedures have been shown to be effec-
tive at preventing both microvascular and macrovascular 
complications among this specific group of individuals. 
Bariatric surgery may prevent diabetes in those who suf-
fer from insulin resistance. These findings seem to exert 
this beneficial effect by modulating insulin sensitivity 
and the gut microbiota in surgical patients, possibly via 
a decreased inflammatory response and improved sig-
naling of gut hormones [93–95]. Evidence further indi-
cates that bariatric surgeons can manipulate gut bacteria, 
which can transform how sugar is processed in the body 
and enable energy homeostasis [96–98]. Unfortunately, 
the connection between a change in the gut microbiome 
of an individual and increased insulin sensitivity after 
surgery remains unknown [98, 99]. Thus, learning more 
about how to manipulate gut bacteria may help improve 
the metabolic health of obese patients. After undergo-
ing bariatric surgery, alterations in the gut microbiota 
may contribute to improved insulin resistance. Therefore, 
further research is necessary to comprehend the mecha-
nisms underlying this relationship.

Strengths and limitations
The Scopus database was used for this study, the first bib-
liometric evaluation of the literature on bariatric surgery 
and the gut microbiota. This study visualizes the cur-
rent state, hot spots, and growing trends of bariatric sur-
gery and the gut microbiota from 2009 to 2023 to serve 
as a rapid and unbiased reference for interested schol-
ars. However, there will always be certain limitations. 
First, the Scopus database is dynamically and regularly 
updated. Even if all database searches were completed in 
a single day, some fresh data might still be missing. Sec-
ond, the dispersion of counts and clusters is caused by the 

several ways that terms can be expressed. Although these 
issues were addressed by the software’s merging and nor-
malization features, they cannot be completely avoided. 
Third, another limitation of this study may be that the 
publications are ranked based on total citations rather 
than annual citation averages. Furthermore, the total 
number of citations fluctuates and increases with time. 
Other recently released high-quality publications did not 
have enough citations to be included in the top 10 most 
referenced papers. Publications from the most recent 
years could not be included due to space constraints; 
nevertheless, this does not make the articles published in 
those years any less significant. Fourth, as a result, read-
ers should continue to take into account the likelihood of 
false-positive and negative results. It is anticipated that 
the use of title-abstract searches will reduce any research 
errors.

Conclusions
We found that the annual output of publications related 
to bariatric surgery and the gut microbiome has grown 
dramatically over the past few years. Therefore, for bet-
ter clinical care of obese people seeking bariatric surgery, 
physicians and dietitians should have substantial and 
complete professional knowledge and abilities. Future 
scholars and practitioners in the microbiome or bariatric 
surgery may find this study useful due to its potential to 
provide a thorough review and reference. In addition, this 
research may immediately aid newcomers in understand-
ing the current popular research areas in the discipline 
and the leading research countries/institutions. Simul-
taneously, this research will aid scholars and the general 
public in better understanding the field’s dynamic evolu-
tion, promoting collaboration across academic fields.
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