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Background: The relationship between sarcopenia and surgery has attracted an increasing number of researchers in recent years. Our study aimed to identify the current research hotspot and status in this field by using bibliometric and visualization analysis.



Methods: Publications about the relationship between sarcopenia and surgery that met the inclusion criteria were collected from the Science Citation Index Expanded. The bibliometric and visualized studies were performed using VOSviewer, and R.



Results: A total of 2,261 documents on the relationship between sarcopenia and surgery were included in our study. These articles were written by 13,757 authors from 2,703 institutions in 70 countries and were published in 772 journals. The USA is the most productive and influential country in this field (524 publications and 15,220 citations). The Udice French Research Universities was the most productive institution in this field (57 publications), and the University of Alberta had the largest number of citations. Annuals of Surgical Oncology published the most studies in this field. Shen Xian was the most productive author in this field (number of publications = 19), and Baracos Vickie was the most influential author, whose studies in this field had been cited 2,209 times. The cluster analysis was performed and visualized, and the keywords were classified into 6 clusters: Cluster 1 (body composition and nutrition), Cluster 2 (sarcopenia), Cluster 3 (malnutrition and cachexia), Cluster 4 (cancer surgery), Cluster 5 (elderly and frailty), Cluster 6 (neuromuscular scoliosis).



Conclusion: The relationship between sarcopenia and surgery was still a controversial and well-discussed topic in recent years. Our study showed that the study in this field mainly focused on sarcopenia, oncology surgery, orthopedics, and nutrition.
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Introduction

Sarcopenia, as one of the most common geriatric syndromes, was first named by Rosenberg in 1,989 (1), and the concept of sarcopenia was first identified and recognized clearly by EWGSOP (European working group on sarcopenia in older people) in 2010 (2). Sarcopenia is a group of syndromes characterized by progressive loss of skeletal muscle mass, limb dysfunction, and increased risk of adverse events (3). In recent years, with the coming of the aging society, the prevalence of sarcopenia was increasing to 29% in older adults, and for those aged more than 80 years, the number was about 50% (4). Patients with sarcopenia may face an increased risk of falls, fractures, rehospitalization, and even death, due to the decrease in muscle mass and function (5). Many studies have found that many factors may contribute to the development of sarcopenia, such as nutrition status (6), changes in the types of hormones (7), chronic inflammation (8), and mitochondrial dysfunction (9).

The damage and complications caused by surgical procedures have attracted a mass of attention from surgeons in recent years, and sarcopenia has been proven to be a significant factor in rehabilitation for patients who have undergone surgery (10). Moreover, some studies also reported that the surgical procedure may also cause and promote the development of sarcopenia, due to the long stay in bed, malnutrition, and oxidative stress status caused by surgery (11). However, the relationships between sarcopenia and surgery and the underlying mechanism between them were still not fully understood. Figure out the role of sarcopenia in the surgical procedure may improve the quality of life and accelerate the rehabilitation of patients after surgery.

In the past several years, an increasing number of studies focusing on the relationship between sarcopenia and surgical procedure have been published (12, 13). The rapidly increasing publications may confuse the researchers who are interested in the relationship between sarcopenia and surgery and hinder them to trace the frontiers in this field. Bibliometric analysis as a discipline of literature and information science may capture the characteristics of publications and evaluate the trends of studies by qualitative and quantitative methods (14). Bibliometrics performs clustering and other operations through software, and after several times of data analysis, it may help judge the research topic based on the generated clusters and organize the multiple amounts of information systematically (15). However, to the best of our knowledge, few bibliometric analyses were performed in this field. In this study, we aim to provide researchers with the current structures and development of studies focusing on the relationship between sarcopenia and surgery using bibliometric and visualized analysis. The studies in the field of the relationship between sarcopenia and surgery published from 1998 to 2022 were collected and summarized, and the mapping knowledge structure and the research trends were analyzed and visualized.



Materials and methods


Data source

Web of Science (WoS, Clarivate Analytics, Philadelphia, PA, USA) is one of the most comprehensive scientific databases and is widely used in many bibliometric studies (16). The Web of Science Core Collection (WoSCC) contains the world's leading scholarly journals, books, and conference proceedings in the sciences, social sciences, arts, and humanities, as well as provides a complete citation network (15, 17). The data included in our study were extracted from the Science Citation Index Expanded (SCI-E) database of WoSCC on August 21, 2022. The impact factor (IF) was collected based on the index provided by the 2021 Journal Citation Reports (JCRs).



Search strategies

The search terms for sarcopenia were: sarcopenia reduced muscle mass and muscular atrophy. The terms for surgical procedures were: surgery and surgical procedures. The search formula was shown as follows: #1: ((TS = (sarcopenia)) OR TS = (muscular atrophy)) OR TS = (reduced muscle mass); #2: (TS = (surgery)) OR TS = (surgical procedure); #3: #1 AND #2. The search formula #1 may collect the studies on the topic of sarcopenia and #2 contained the publications in the field of surgery. Search formula #3 could obtain the studies containing the both research topics of sarcopenia and surgery.



Retrieval strategies

The inclusion criteria in this study were set as below: (a) articles focusing on the relationship between sarcopenia and surgical procedure; (b) document types identified as articles or review articles; (c) studies published from January 1, 1998, to August 21, 2022. The exclusion criteria were set as follows: (a) Meeting abstract; Proceeding paper; Editorial material; Early access; Letter; Book Chapters; Correction; Retracted publication; (b) non-English publications. (c) documents without sufficient information. The studies met the inclusion criteria and the exclusion criteria were included in this study.



Documents extraction

The full records of the identified documents were extracted from the WoS database. The information contained in records was as below: title, authors, keywords, journals, abstract, year of publication, countries/regions, affiliates, research direction, funding agencies, and H-index. All the records mentioned above were summarized in Microsoft Office Excel 2019.



Bibliometric and visualized analysis

Microsoft Office Excel 2019 (Microsoft Corporation, Santa Rosa, CA, USA) was used to perform the descriptive analysis. The predicted publication curve based on the number of publications in each year was performed by using the Trend Line function in Microsoft Office Excel 2019. The network maps of collaborative and cited relations of countries, institutes, and authors were performed by using VOSviewer (18) version 1.6.18 (Leiden University Center for Science and Technology Studies, Leiden, the Netherlands). In the maps generated by using VOSviewer, different nodes present different terms, such as authors, countries, and so on. The lines between nodes mean the relationships between terms, and total link strength (TLS) represents the connection strength between the nodes (19). Moreover, an online bibliometric platform (https://bibliometric.com/) and Package Bibliometrix built in R software (v4.0.1, R Foundation, Vienna, Austria) were also used to visualize the collaboration of countries and the cited relation between journals.




Results


Overview information and trends of publications

A total of 2,261 documents on the relationship between sarcopenia and surgery were included in our study. These articles were written by 13,757 authors from 2,703 institutions in 70 countries and were published in 772 journals. From 1998 to 2021, the number of publications in this field was growing rapidly. Before 2008, about 20 articles in this field were published, and the number increased several times in the years after 2008. More than 100 studies published since 2016, and the number passed 200 in 2018, and 2 years later, the number of publications had increased to 330 (Figure 1A). The predicted growth equation established by using Microsoft Office Excel 2019 were shown in the Figure 1A: y = 0.0933x3 − 2.2435x2 + 16.544x − 16.108, R² = 0.9937. In this equation: the “x” presents the year and the “y” means the predictive number of publications per year. The predictive numbers of publications in 2022 and in 2030 are 453 and 1,440, respectively.
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FIGURE 1
Analysis of general information and countries of publications. (A) The number of publications about the relationship between sarcopenia and surgery from 2000 to 2021; (B) The number of publications of the top 10 most productive countries from 200 to 2022; (C) Map of collaborative relationships between countries; (D) Map of citation relationships between countries. Different nodes present different countries. The size of nodes is proportional to the number of publications in each country, and the color of the lines between two nodes presents the relationship that the countries cited each other. The thicker the lines between two nodes, the higher the frequency with that they are cited to each other.




Analysis of countries or regions

The number of publications of the top ten most productive countries was summarized in Figure 1B according to their publication year. The USA dominate this field before 2015, and the publication number of Japan and China increased rapidly since 2016. In the 3 years from 2019 to 2021, the USA was no longer the most productive country in this field. The researchers in East Asia, especially in Japan and China, published a large number of publications on the relationship between sarcopenia and surgery, and it might be due to East Asia's severely aging societies (20, 21). The detailed information of the most productive 10 countries was summarized in Table 1. Undoubtedly, the USA was the most influential country in the field of the relationship between sarcopenia and surgery, due to its highest H-index and its most publications and cited times (Table 1).


TABLE 1 The top 10 countries with the largest number of publications on the relationship between sarcopenia and surgery.
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Collaboration relationships between countries were visualized in Figure 1C. In this map, the color shape represents the number of publications in each country, and the line represents the collaboration between countries. The USA, Canada, and European countries collaborated most frequently in the past 20 years. The citation relationship between countries were shown in Figure 1D. The size of nodes is proportional to the number of publications in each country, and the color of the lines between two nodes presents the relationship that the countries cited each other. The thicker the lines between two nodes, the higher the frequency that they are cited to each other. The USA, Germany, China, and Japan had the most frequent citation relation (Figure 1D).



Analysis of institutions

A total of 2,703 institutions conducted studies on the relationship between sarcopenia and surgery. The top 10 institutions with the largest number of publications were summarized in Table 2. The Udice French Research Universities was the most productive institution in this field (number of publications = 57), and Harvard University had the highest H-index (H-index = 23). The collaborative relationships between institutions were visualized in Figure 2A. Harvard University, the University of Alberta, and the University Of Milano-Bicocca had the highest TLS, and they were at the center of the collaboration map. Figure 2B showed the citation relationships between institutions. The size of nodes represents the number of citations and the line means their citation relationship. The University of Alberta received the most citations (cited times = 3,277).


[image: Figure 2]
FIGURE 2
Analysis of relationships between institutions and the cited relationship between journals. (A) Map of collaborative relationships between institutions: different nodes present different institutions. The size of nodes is proportional to the number of publications in each institution, and the color of the lines between two nodes presents the collaborative relationship between institutions; (B) Map of citation relationships between institutions: the size of nodes represents the number of citations and the line means their citation relationship; (C) Map of cited relationships between journals: the left column means the publications with the most co-cited times, the middle column means the journals with the most co-cited times, and the right column means the journals with the most citations.



TABLE 2 The top 10 institutions with the largest number of publications on the relationship between sarcopenia and surgery.
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Analysis of journals

A total of 722 journals published studies on the relationship between sarcopenia and surgery. The top 10 journals that published the largest number of studies in this field were summarized and ranked in Table 3. Three journals published more than 40 studies: Annuals of Surgical Oncology (number of publications = 46), Clinical Nutrition (number of publications = 45), and Journal of Cachexia Sarcopenia and Muscle (number of publications = 41). Clinical Nutrition had been cited the most times (3,774 cited times), and the Journal of Cachexia Sarcopenia and Muscle had the highest impact factors (IF = 12.063). The cited relationships in journals could be found in Figure 2C. Clinical Nutrition, Annals of Surgery, and Annuals of Surgical Oncology were the most cited journals in this field.


TABLE 3 The journals with more than 20 publications on the relationship between sarcopenia and surgery.
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Analysis of authors

The detailed information including citation times, number of publications, and H-index of the most productive and influential authors in the field of the relationship between sarcopenia and surgery were shown in Tables 4, 5 respectively. Shen Xian was the most productive author in this field (number of publications = 19), and Baracos Vickie was the most influential author, whose studies in this field had been cited 2,209 times. The collaboration relationships of authors were visualized in Figure 3A. The map of author relationships was divided into 8 clusters and the relationships were few and far between clusters. Figure 3B showed the citation relationships between authors, and the cited relationships were wide (Figure 3B).


[image: Figure 3]
FIGURE 3
Information of authors, funding agencies, and research directions: (A) Map of collaborative relationships between authors: the size of nodes represents the number of publications and the line means their collaborative relationship; (B) Map of cited relationships between authors: the size of nodes represents the number of citations and the line means their citation relationship; (C) Distribution of the top 10 funding agencies; (D) The information of top 10 research directions.



TABLE 4 The top 10 most productive authors focusing on the relationship between sarcopenia and surgery.
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TABLE 5 The top 10 most influential authors focusing on the relationship between sarcopenia and surgery.
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Analysis of funding agencies and research directions

The top 10 funding agencies were summarized in Figure 3C. The National Institutes of Health was the funding agency that funded the largest number of studies (number of funded studies = 135). The National Natural Science Foundation of China and the Ministry of Education Culture Sports Science and Technology Japan Mext funded 76 and 54 studies respectively. Of the top 10 funding agencies, half of them were from the USA. The research directions were summarized in Figure 3D. Most of the studies in this field were focusing on surgery, oncology, and orthopedics.



Analysis of influential studies

The top 10 papers with the largest cited times were shown in Table 6. All of them were published between 2000 and 2017 and were cited more than 300 times. An article entitled “ESPEN guidelines on nutrition in cancer patients” published in Clinical Nutrition has been cited 1,248 times, and was the publication with the most cited times. Figure 4A showed the co-cited relationships in this field. Co-cited publications could reflect the research foundation in this field. A guideline entitled “Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia in Older People” had received the most co-cited times (TLS = 4,444).
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FIGURE 4
Information of the co-cited publications and keywords: (A) Map of the co-cited relationships of publications: the size of nodes represents the number of co-cited times and the line means their co-cited relationship; (B) Distribution of the top 30 keywords; (C) The map of clusters of keywords: the size of nodes represents the number of co-occurrence times and the line means their co-occurrence relationship. Different color means different clusters; (D) The map of keywords and their occurrence year.



TABLE 6 The top 10 studies with the most citations on the relationship between sarcopenia and surgery.
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Analysis of keywords

Author keywords were extracted from all the papers included in our study. The top 30 most frequent keywords were summarized in Figure 4B. “Sarcopenia”, “body composition”, and “surgery” were the top three keywords with the most occurrences. The cluster analysis was performed and shown in Figure 4C. Keywords were classified into 6 clusters: Cluster 1 (body composition and nutrition), Cluster 2 (sarcopenia), Cluster 3 (malnutrition and cachexia), Cluster 4 (cancer surgery), Cluster 5 (elderly and frailty), Cluster 6 (neuromuscular scoliosis). Figure 4D showed the development of keywords over the past 20 years. At the beginning of this century, researchers in this field paid more attention to neuromuscular scoliosis, and gradually, the emphasis was changed to muscle atrophy. After 2016, sarcopenia had become the most significant research point in this field.




Discussion

In our study, the SCI-E database was used to obtain information on publications on the relationship between sarcopenia and surgery due to its authoritative and comprehensive academic collection (22). The search results of publications on the relationship between sarcopenia and surgery in the SCI-E database may represent the research status in this field comprehensively. Moreover, our study followed the procedures of bibliometric studies suggested previously: (a) identification of search strategies; (b) identification of period and database; (c) identification of inclusion and exclusion criteria; (d) data transformation; (e) data analysis (23).

The relationship between sarcopenia and surgery was still a concern and discussed topic in recent years due to the significant roles played by sarcopenia in surgical procedures, as well as the prognosis after surgeries (24, 25). A study that enrolled 480 older patients with gastrointestinal and hepatobiliary pancreatic tumors showed that patients with poor muscle strength may have poor outcomes after their first resection surgeries (26). Similarly, a study conducted in South Korea showed a similar conclusion: among the patients with resectable pancreatic ductal adenocarcinoma, those with sarcopenia may have lower overall survival and recurrence-free survival after surgery than the patients without sarcopenia (27). Despite the surgeries mentioned above, many studies also suggested the prognosis value of sarcopenia in minimally invasive distal gastrectomy (28), cardiovascular surgery (29), pheochromocytoma and paraganglioma surgery (30), percutaneous kyphoplasty (31), and so on. Otherwise, many studies suggested that the surgery may cause the occurrence and aggravation of sarcopenia (32). A multi-center study conducted in the USA showed that sarcopenia is more prevalent in patients with inflammatory bowel disease undergoing surgery, while the clinical nutrition markers including the body mass index and albumin were similar in the population (33). It is also reported that patients who underwent different methods of pancreatoduodenectomy may also have different changes in skeletal muscle cross-sectional area and visceral fat area, and the incidence of sarcopenia in both surgical procedures continued to increase (34).

Many studies paid more attention to the role of nutrition in sarcopenia and surgery (35–37). A prospective study from China showed that the combined systemic inflammatory immunity index and prognostic nutritional index scores as an indicator of nutrition status may predict the incidence of sarcopenia for patients with advanced gastric cancer who underwent radical surgical resection (38). Moreover, a cohort study conducted in Japan reported that the protein intake may affect the skeletal muscle mass of patients who underwent kidney transplantation, and suggested that a protein intake of more than 0.72 g/kg IBW/day may provide the patients with improved skeletal muscle mass (37). A study based on the data from National Health and Nutrition Examination Survey also suggested the inverse relationship between serum iron and muscle mass (39).

For the analysis of journals, in the top 10 journals with the most publications in this field, 3 journals focused on the field of cancer, and the same number of journals majored in nutrition, which suggested that the relationship between sarcopenia and oncological surgery and the role of nutrition in this field were attracted the most attention. The results of the journal analysis were consistent with the research trend in this field. In the overall bibliometric results, our study had shown that the USA played the most influential role in this field. The USA has published the largest number of publications on the relationship between sarcopenia and surgery and has the highest H-index and the most citations. Similarly, in the analysis of institutions, four of the most productive institutions were from the USA.

Co-cited studies may show the fundamental studies in this field. As shown in Figure 4A, a practice guideline based on The European Working Group on Sarcopenia in Older People (EWGSOP) was the publication with the most co-cited times. This paper was the first consensus on sarcopenia and stated the definition and diagnosis of sarcopenia for the first time (40). However, this consensus was revised in 2019 (13), and the updated guideline reported new insights into sarcopenia: more attention to muscle strength, a more precise clinical algorithm, and more clear cut-off points. The second fundamental study in this field was a population study focusing on the prevalence and clinical implications of sarcopenic obesity in patients with solid tumors of the respiratory and gastrointestinal tracts (41). Similarly, the co-cited study with the third largest number of citations reported that skeletal muscle depletion may predict poor outcomes for patients with cancer cachexia (42). Consistent with the result we mentioned above, more research topics on the relation between sarcopenia and surgery focused on cancer.

Six clusters were generated from the co-occurrence analysis of keywords, and these clusters may indicate the research topics on the relationship between sarcopenia and surgical procedures. Just as we mentioned above, body composition and nutrition are one of the most attractive topics in this field. Body composition is not only the indicator of sarcopenia but is also identified as one of the most significant measurements for the diagnosis of sarcopenia (43). Cluster 3 focused on malnutrition and cachexia. Malnutrition, cachexia, and sarcopenia were similar body statuses with metabolism disorders and were always discussed together (44). Elderly and frailty as the main topic of cluster 4 were also hot research points in recent years due to the understanding of sarcopenia in orthopedics, especially the frailty fractures in older adults (45). Older individuals with poor muscle status may not only face a high incidence of fractures and falls but also poor survival and walking ability after surgeries due to fractures (46, 47). Cluster 6 was the neuromuscular scoliosis. Neuromuscular scoliosis is an abnormal curvature of the spine due to neuromuscular disease (48), and this topic was studied more in the early time in this field.

There were some limitations in our study. First, sarcopenia as a new concept may have rapid development in recent years, while some articles without a clear conception of sarcopenia may fail to be searched. Next, all the publications in our study were attained from SCI-E, one of the most comprehensive and well-known databases. Therefore, many valuable studies indexed in other databases but not in SCI-E may be ignored in our study. Thirdly, some studies published in the recent year may receive fewer citations than those published earlier. Lastly, all the articles included in this study were published in the English language and may contribute to the loss of publications in other languages.



Conclusion

This study revealed the research trend and status of the relationship between sarcopenia and surgery in the recent 20 years. The USA is the most productive and influential country in this field (524 publications and 15,220 citations). The Udice French Research Universities was the most productive institution in this field (57 publications), and the University of Alberta had the largest number of citations. Annuals of Surgical Oncology published the most studies in this field. Shen Xian was the most productive author in this field (number of publications = 19), and Baracos Vickie was the most influential author, whose studies in this field had been cited 2,209 times. The cluster analysis was performed and shown in Figure 4C. Keywords were classified into 6 clusters: Cluster 1 (body composition and nutrition), Cluster 2 (sarcopenia), Cluster 3 (malnutrition and cachexia), Cluster 4 (cancer surgery), Cluster 5 (elderly and frailty), Cluster 6 (neuromuscular scoliosis).
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