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Purpose: Recent years have seen an increased awareness of sarcopenia in the cross field of osteoporosis and sarcopenia. The goal of this 
study was to evaluate current bibliometric characteristics and the status of cross-sectional studies between osteoporosis and sarcopenia.
Methods: Publications related to osteoporosis and sarcopenia published between January 2000 and November 2022 were extracted 
from the Web of Science Core Collection; bibliometric and visualization were performed by Microsoft Office Excel, VOSviewer, 
Citespace, and R.
Results: A total of 1128 documents written by 5791 authors from 1758 organizations in 62 countries and published in 405 journals 
were identified. USA was the leading country with the highest publication and total citation. University of Melbourne contributed the 
most publications, while Tufts University had the largest citations. Osteoporosis International was the most influential journals in this 
field with the highest publications, citations and H index. Cooper C was the most influential author, who published the 20 studies, had 
the highest local citations and the highest H index. The keywords were classified into 6 clusters: Cluster 1 (aging), Cluster 2 (frailty) 
and Cluster 3 (osteosarcopenia).
Conclusion: Our bibliometric results revealed that the global osteoporosis and sarcopenia-related research increased rapidly from 2000 to 
2022, suggesting it was a promising area of research for the future. The future trends in the cross field of sarcopenia and osteoporosis would 
be the molecular mechanisms of crosstalk between muscles and bones, safety and efficacy interventions with a dual effect on muscle and 
bone and osteosarcopenia.
Keywords: osteoporosis, sarcopenia, bibliometric analysis, CiteSpace, VOSviewer

Introduction
Osteoporosis is a degenerative systemic skeletal disease characterized by low bone mass and microarchitectural deterioration 
of bone tissue.1 With advancing age, especially for the postmenopausal women, the dynamic balance between bone formation 
and resorption is disrupted and reversed which ultimately leads to osteoporosis.2 Under most circumstances, osteoporosis is 
a silent and asymptomatic disease.3 However, the increase of bone fragility caused by osteoporosis increases the risk of 
fragility fractures (osteoporotic fractures), which has imposed a substantial burden on individuals, families and society due to 
the high mortality and morbidity rates.4 Meanwhile the researchers are coming to the realization that osteoporosis is not the 
only risk factor for fractures since the low bone mass can no longer explain the dramatic increase in fracture risk with 
advancing aging.5,6 It is now widely accepted that identifying those at risk for fragility fractures requires a more sophisticated 
approach than a simple bone mass-based approach.7 As a result of this appreciation, fracture risk calculators like FRAX have 
been developed, which take elements other than bone mass into account.8,9 Such calculators are a significant advance, but still 
imperfect, as fragility fractures do occur in some individuals who are currently identified as low risk.10 In recent years, the role 
of muscle, another important component of the motion system, in falls and fractures has gradually been recognized.11,12 The 
loss of muscle mass, strength, and function is a fundamental cause of and contributor to disability in older people, which refers 
to the sarcopenia.13–15
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Sarcopenia was initially defined as the age-related loss of muscle mass in 1989, which has gradually expanded to include 
the muscle mass, muscle strength, and physical performance.16 However, there is no widely accepted worldwide consensus on 
sarcopenia as the Europe and Asia have launched their own consensus, respectively.15,17 As with osteoporosis, sarcopenia 
primarily affects the older population, and its prevalence increases with increasing age.18 Approximately 30% of people aged 
65 and older are reported to suffer from sarcopenia, while it can reach as high as 50% to 60% in people aged 80 and older.15 

Consequently, the coexisting osteoporosis and sarcopenia in the elderly population is pretty common.19,20 Initially, it was 
believed that osteoporosis and sarcopenia were two separate diseases that existed in tandem.21 While more and more evidence 
indicated that osteoporosis and sarcopenia tend to coexist more frequently than expected, which was also not happened by 
chance.22,23 Clinically, osteoporosis increases the risk of developing sarcopenia and vice versa.24 Moreover, the coexistence of 
osteoporosis and sarcopenia exacerbated negative health outcomes which has been described as a hazardous duet.23,25 

Pathologically, osteoporosis and sarcopenia share the common biological pathways (at least in part) such as aging, inflamma-
tion, hormonal and nutritional deficits.26–28 Furthermore, bone and muscle are found to be closely related both anatomically 
and metabolically, and possess a number of chemical and metabolic properties that are closely related.11,29,30 For instance, 
irisin, a cytokine secreted by skeletal muscle, has dual effect on bones and muscles.31,32 Consequently, the cross-sectional 
studies between these two diseases are becoming more and more popular. Some researchers proposed that osteoporosis and 
sarcopenia should be considered as an only entity: osteosarcopenia.33,34

However, a few studies have analyzed and summarized osteoporosis and sarcopenia study characteristics and topics. 
Most recently, Yu et al conducted a meta-analysis which included 56 studies, and highlighted the importance of 
sarcopenia screening for those at risk of osteoporosis, and vice versa.24 And Laskou et al only focus on the osteosarco-
penia in their review.20 On the other hand, the traditional review cannot provide an overall view of a specific field over 
time. Thus, previous studies have not fully addressed how osteoporosis and sarcopenia have evolved and what the current 
status is. While bibliometric analysis, as an emerging subfield of library and information science, provides a quantitative 
and qualitative method to determine research trends and identify frontiers in a field visually.35 A wide range of fields have 
been using it recently for analyzing published literature, which include the osteoporosis and sarcopenia, respectively.36–38 

However, within the cross field of osteoporosis and sarcopenia, the bibliometric characteristics have not yet been 
explored. In this study, we aimed to analyze the literature in the cross field of osteoporosis and sarcopenia from 2000 
to 2022 to understand the current trends and topics by using bibliometric methods and to provide a comprehensive 
overview for researchers to explore this field and perform further studies.

Materials and Methods
Data Sources and Search Strategies
Relevant literature was collected from the Web of Science Core Collection (WoSCC), which is considered one of the 
most comprehensive and authoritative database platforms. As the concept of sarcopenia was first proposed by Rosenberg 
in 1989.16 The date of the search was from 1 January 1989 to 30 November 2022. In current study, the search terms were 
as follows: theme = sarcopenia AND theme = osteoporosis AND publishing year = (1989–2022) AND Document types = 
(ARTICLE OR REVIEW) AND Language = (English). Once the retrieval had been completed, the bibliometric data of 
retrieved literature were downloaded as “full record and cited reference” from WoSCC database for further analysis. The 
bibliometric data include the publishing year, title, author names, nationalities, affiliations, abstract, keywords, name of 
journals, and H-index.

Bibliometric Analysis and Visualization
Following the screening and extraction of relevant data from the final articles included, two authors independently 
screened and extracted articles’ publication dates, authors, countries, regions, institutions, journals, keywords, citation 
frequency, H-index, etc. After data collection, a visual analysis was performed using Microsoft Office Excel 2019, 
CiteSpace 5.8.R3, and VOSviewer 1.6.18, along with the R package Bibliometric.39–41 For instance, Microsoft Office 
Excel 2019 was used to analyze the descriptive bibliometric indicators, including the annual number of publications, 
countries, authors, institutions, journals, keywords, and citations. While the VOSviewer and R package Bibliometric 
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were used to analyze the co-occurrence, co-authorship and co-citation of countries, organizations, and authors. For the 
CiteSpace, the burst-detection function of it was utilized to identify the keywords and references with strong citation 
bursts, which can serve as signs of hot spots and research trends in different periods.

Results
Trends in Global Publications
According to the search criteria, a total of 1287 documents were retrieved from the year of 1988 to 2022. Subsequently, 
1287 of documents were identified by excluding the meeting abstract (94), proceedings papers (21), editorial material 
(18), book chapter (5), corrections (4), early access (8) and letter (9). Finally, 1128 documents written by 5791 authors 
from 1758 organizations and published in 405 journals were identified (Figure 1). Among them are 857 articles (76%) 
and 271 reviews (24%). As shown in Figure 2, prior to 2000, the research on sarcopenia associated with osteoporosis 
received little attention. After 2000, global literature has been increasing steadily over time with an annual growth rate of 
17.54%. According to the annual publications, two stages could roughly be distinguished. During the first phase (2000– 
2012), fewer than 20 documents were published per year. While in the second stage (2013–2022), there was a rapid 
increase in the number of published articles and it peaked in 2021 with 204 documents (18.1%). To predict the future 
global literature trend, a predicted growth model equation was established by using Microsoft Excel 2019: y = 
5.1538e0.2386x, R² = 0.9965 (x means the year and y means the predicted number of studies per year). As 2022 came 
to an end, 151 articles have been published, which seemed that it could not meet the expected number of publications. 
Overall, these results demonstrate the growing attention and rapid development of research into sarcopenia-associated 
osteoporosis.

Analysis of Distribution of Countries
A total of 62 countries contributed publications related to sarcopenia and osteoporosis. During the past 22 years, USA 
has dominated this field of research with regard to the number of publications, citations and collaborations. In terms of 
publications, the USA was the top country (248, 21.99%), followed by China (148, 13.13%), Japan (136, 12.06%), Italy 
(129, 11.44%) and Australia (109, 9.66%). In terms of total citations of publications, USA also had significant 
advantages with a total citation of 14,556, followed by Italy (5365), England (4561), Australia (4003) and France 
(3236). In terms of cooperation between countries, the USA is also the most cooperative, which worked closely with 
several countries such as Italy, Australia, England, and China. As shown in Figure 3, in this field, research is mainly 
conducted in developed countries such as USA and the European countries which also work closely together. However, 
in the past three years, the main countries of research have gradually shifted from the USA and Europe to the Asian 
countries, especially China (Figure 3C), probably due to its aging population.

Figure 1 Workflow diagram of this study.
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Analysis of Institutions and Authors
A total of 1758 institutions worldwide got involved. There were 35 organizations with at least 10 publications and the top 
10 productive institutions published more than 20 publications which was summarized in Table 1. In terms of 
publications, University of Melbourne is ranked first, with 65 documents and 1358 citations, followed by Monash 
University (34 publications, 527 citations) and University of Southampton (30 publications, 2084 citations) (Figure 4A). 
However, in terms of total citations of publications, as shown in the Figure 4B, Tufts University ranks the first (22 
publications, 2649 citations), followed by University of Southampton, and University of Oxford (24 publications, 1962 
citations). It appears that the publications of these productive institutions did not match with their citations. However, 
when the timing of publication was taken into account, we found that most of these high productive institutions are 
emerging research institutions in the recent years when compared with the institutions with high citations. The citations 
of high productive institutions may increase gradually over time. The collaboration network between institutions also 
shows that there is strong cooperation relationship between institutions with high productions and high citations, 
respectively. Such as collaboration between University of Melbourne and Monash University with high productions, 
Tufts University and University of Southampton with high citations.

A total of 5791 authors participated in the studies. The characters about citation and number of publications of the 
most productive 10 authors focusing on sarcopenia and osteoporosis were summarized in Table 2. Among the top 10 
authors, 149 publications were published, accounting for 13% of all publications in this area. As an index of an author’s 
contribution, the number of citations is crucial. In the current study, five authors have been cited more than 1000 times: 
Cesari M (citation = 1814), Cooper C (citation = 1627), Reginster JY (citation = 1359), Bruyere O (citation = 1196) and 
Rizzoli R (citation = 1121) (Figure 5A and B). Furthermore, the H index, local citations and publications over time of the 
top 10 authors were also analyzed via R package bibliometrix and shown in Figure 5. On the basis of the above, Cooper 
C was the most influential author in the field, who published the 20 studies, had the highest local citations of 368 and the 

Figure 2 The number of publications about sarcopenia and osteoporosis from 2000 to 2022.
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Figure 3 The analysis of countries. (A) Heat map showing the distribution and cooperation in the world. (B) Citation of countries, the size of the nodes represents the 
number of citations. (C) Number of national publications. The size of nodes is determined by the publication numbers. The color indicates the average appearing year.
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highest H index of 19. Cooper C was also the researcher who has been following this field for the longest time 
(Figure 5E). Co-cited authors are those who are also cited by other papers and constitute a co-citation relationship. 
Figure 5F shows a network map of co-cited authors. Cruz-Jentoft is the most frequently co-cited author with 680 
citations, followed by Kanis J (citation = 331) and Janssen I (citation = 266).

Analysis of Journals
All documents were published in 405 journals. Among them, 40 journals had at least 5 publications. According to the 
Bradford’s Law, 16 journals have been identified as core journals which were summarized in Table 3, Figure 6A. 
However, in terms of citations, there were still some journals were not identified as the core journals with high citations 
(Figure 6C), such as Journal of the American Geriatrics Society (citation = 1699, production = 11), Ageing Research 
Reviews (citation = 1195, production = 10) and Journal of the American Medical Directors Association (citation = 717, 
production = 11). To better illustrate the impact of these journal in this field of sarcopenia and osteoporosis, the H index 
and dynamic publications of top journals are also shown in Figure 6D and F. Taken together, Osteoporosis International 
is the most influential journals in this field with the highest publications of 50 (Figure 6B), the highest citations of 2028 
and the highest H index of 25. The co-citation relationship between journals was visualized were also shown in the 
Figure 6E, Osteoporosis International also ranks the first of 5959 co-cited journals, followed by Journal of Bone and 
Mineral Research and BONE.

Analysis of Citation and Co-Citation
A total of 176 documents in this field have more than 50 global citations (Figure 7A). “Lack of Exercise Is a Major Cause 
of Chronic Diseases” (citation = 1166),42 “The Healthcare Costs of Sarcopenia in the United States” (citation = 885),43 

and “Epidemiology of Sarcopenia” (citation = 865) ranked the top three.44 To better reflect the trends within the field, the 
most local cited documents were also analyzed and summarized in Table 4, Figure 7C. 138 documents have been cited by 
the included documents for more than 20 times. “Osteosarcopenia: where bone, muscle, and fat collide” was the most 
local cited document with citations of 93,34 followed by “Prevalence of sarcopenia and its association with osteoporosis 
in 313 older women following a hip fracture” with citations of 89,45 and “Sarcopenia and its relationship with bone 
mineral density in middle-aged and elderly European men” with citations of 71.46 Moreover, co-cited references were 
also analyzed and summarized in Table 5, Figure 7B. The European consensus on definition and diagnosis of sarcopenia 
ranks the top two.17,47 In addition, a citation burst also indicates the interest of researchers in a particular domain in 
a period. Between 2000 and 2022, the strongest citation bursts in the field were identified via CiteSpace (Figure 7D). 
During the last three years, the strongest citation was “Sarcopenia: revised European consensus on definition and 
diagnosis”,17 followed by “Sarcopenia and its association with falls and fractures in older adults: A systematic review 
and meta-analysis”,14 and “Osteosarcopenia: where bone, muscle, and fat collide”.34

Table 1 The General Information of the Top 10 Productive Institutions

Institutions Country Publications Citations

University of Melbourne Australia 65 1358
Monash University Australia 34 527

University of Southampton England 30 2084

Deakin University Australia 27 356
University of Liege Belgium 25 1763

Western Health Canada 25 544

University of Oxford England 24 1962
The University of Sydney Australia 24 1239

Tufts University USA 22 2649
University of Milan Italy 21 732
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Analysis of Keywords
A total of 1850 author keywords were extracted from 1128 documents. Sarcopenia and osteoporosis, which have the 
highest frequency of occurrences of 581 and 484, were excluded from the network analysis in order to reveal the 
evolution of keywords. The co-occurring author keywords, with a minimum occurrence of 5 times, were identified and 
visualized in VOSviewer software (Figure 8A and B). The author keywords with the highest density are aging, bone 
mineral density, muscle, osteosarcopenia, bone, frailty, obesity, and body composition (Figure 8C). In addition, we 
classified the keywords into 3 clusters: Cluster 1 (aging), Cluster 2 (frailty) and Cluster 3 (osteosarcopenia) (Figure 8A). 
For the Cluster 1 (red), it main focuses on the pathologies and molecular mechanisms between sarcopenia and 
osteoporosis. Keywords such as bone mineral density, muscle mass, inflammation, irisin, oxidative stress, myostatin 
and testosterone were frequently occurred. The Cluster 2 (blue) frailty mainly focuses on clinical connections and 

Figure 4 Coauthorship of institutions in sarcopenia and osteoporosis. (A) The size of the nodes represents the number of publications, the color indicates the average 
appearing year. (B) The size of the nodes represents the number of citations, the color indicates the average appearing year.
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treatments in sarcopenia and osteoporosis, which include vitamin D, calcium, treatment, resistance training. The Cluster 
3 (green) osteosarcopenia is a newly defined condition characterized by osteoporosis and sarcopenia occurring simulta-
neously. The evolution of keywords over time was also shown in Figure 8B. Keywords appearing in blue are relatively 
old, whereas those appearing in yellow are more recent. As shown in Figure 8, the research trends in this field have 
gradual shifted from cluster 1, 2 to 3. Besides, the trend of the keyword from 2000 to 2022 was further analyzed via 
R package bibliometric (Figure 8D), which also indicated that researchers are more interested in osteosarcopenia in the 
recent years. Additionally, CiteSpace’s burst detection algorithm was used to detect the burst of keywords. The top 20 
keywords with the highest burst strength are shown in Figure 8E.

Three-field graphs were constructed to observe the relationship between authors, keywords, and journals (Figure 8F). 
Keyword results were in line with the above analysis. Duque G, Reginster JY and Cooper C have relatively strong links 
with the keywords “sarcopenia” and “osteoporosis” for the authors. The strongest links to those two keywords were then 
discovered to be Osteoarthritis International and Calcified Tissue International. Meanwhile, Duque G contributed the 
most links to the trend topic “osteosarcopenia”, showing that he is the leading author on this topic.

Discussion
As two skeletal muscle diseases, sarcopenia and osteoporosis, that occur predominantly in the elderly, have bring a heavy 
burden on the society.45,48 With a worldwide population aging, the incidence of two diseases is gradually increasing 
which has attracted the attention of researchers. Accompanied by a daily increasing number of studies, it is crucial for 
researchers to keep up with the newest understandings and findings in this field, as well as the comprehensive under-
standing of the historical lineage. However, a traditional systematic review cannot provide an overall view of a specific 
field over time. On the contrary, bibliometrics, an independent and newborn discipline, could review the large amount of 
literature quantitatively over time and investigate potential hotspots that many researchers are interested in.49 In the 
current study, we clearly outlined the trend, progress and hotspots in the cross field of sarcopenia and osteoporosis. Via 
bibliometric analysis, our results identified the most influential authors, institutions, journals, publications, and keywords 
in sarcopenia and osteoporosis. Researchers who are interested in this field could get directions and suggestions from this 
document, enabling them to gain an easier and deeper understanding of the sarcopenia and osteoporosis.

Although sarcopenia had been proposed in 1989, the research on sarcopenia and osteoporosis had not gained attention 
until 2000. Afterwards, the annual publications of this field have gradually increased. Especially in 2013, it was a turning 
point, where the volume of publications doubled. Probably due to the several proposed consensuses on the definition and 
diagnosis of sarcopenia.15,47 After that, the annual publications grown rapidly, peaking in 2021 with a publication of 204. 
As can be seen, sarcopenia and osteoporosis are gaining increasing attention among the researchers, and the literature in 
this field is likely to continue to grow.

Regarding national contributions, a total of 62 countries contributed publications related to sarcopenia and osteo-
porosis. Among them, USA holds an overwhelmingly dominant position, with the highest number of publications and 
citations, and strong collaborations with other countries, such as Italy, Australia, England, and China. Through the 

Table 2 The General Information of the Top 10 Productive Authors

Authors Country Institutions Publications Citations

Cauley JA USA University of Pittsburgh 10 476
Scott D Australia Monash University 11 327

Fielding RA USA Tufts University 11 750

Rizzoli R Switzerland Geneva University Hospitals and Faculty of Medicine 11 1121
Tarantino U Italy University of Rome Tor Vergata 12 223

Bruyere O Belgium University of Liege 14 1196

Reginster JY Belgium University of Liege 16 1359
Pasco JA Australia Deakin University 19 254

Cooper C England University of Southampton 20 1627
Duque G Australia The University of Sydney (2007–2022) 25 525
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cooperation network, the researches were mainly conducted in developed countries such as USA, European countries and 
Australia which also worked closely together. As two strongly age-related diseases, together with the aging population in 
developed countries, it is not surprising that these developed countries are intensively studying sarcopenia and osteo-
porosis. While in the recent years, Asian countries such as China, Japan and Korea have gradually contributed 
a significant number of publications in this field which may also be due to the gradual aging of the population in 
these countries. Especially for the China, the most populous country in the world, the total number of elderly people aged 
60 and above was 264 million in 2020, accounting for 18.7% of the total population.50 The number of publications from 
China would be expected to continue to increase in the future. In terms of institutions, the top 10 influential institutions 
were all from developed countries which was in line with the analysis of national contributions. Among them, University 
of Melbourne in Australia has the most publications, while Tufts University in USA has the most citations. The two 

Figure 5 The analysis of authors. (A) The size of the nodes represents the number of publications, the color indicates the average appearing year. (B) The size of the nodes 
represents the number of citations, the color indicates the average appearing year. (C) The most local cited authors. (D) H index of top 10 authors. (E) The publication over 
time of top 10 productive authors. (F) Network map of co-cited authors.
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institutions may have strong academic foundations in this field, making them a good source for up-to-date information. 
Notably, the high productive institutions are emerging research institutions in the recent years which may represent the 
leading-edge research, while the institutions with more citations could be considered as the foundation in the field of 
sarcopenia and osteoporosis.

For the analysis of authorships, several authors had made significant contributions to the field and half of them are 
members of the European Working Group on Sarcopenia in Older People (EWGSOP), which had published two 
European consensus on definition and diagnosis of the sarcopenia.17,47 While the rest authors took their place in the 
association of osteoporosis. For instance, Cruz-Jentoft, the most frequently co-cited author in the current study, was the 
leader of European consensus on sarcopenia. Cesari M, Cooper C and Bruyere O, who had been cited for more than 
1000, also participated in the consensus.17,47 On the other hand, Kanis JA, Cooper C, Rizzoli R and Reginster JY were 
the member of Scientific Advisory Board of the European Society for Clinical and Economic Aspects of Osteoporosis 
(ESCEO).51 As the cross field between sarcopenia and osteoporosis, Cooper C was considered as the most influential 
author in terms of the H index, local citations and publications over time. He leaded multiple internationally competitive 
programmes of research into the epidemiology of musculoskeletal disorders, most notably osteoporosis and 
sarcopenia.52,53 While Gustavo D had published the most publications in this field but received the less citations. He 
and his colleagues first proposed the osteosarcopenia, a trend topic in sarcopenia and osteoporosis, to describe a group of 
older individuals who have osteoporosis and sarcopenia.34 It is reasonable to believe that his influence in this field will 
continue to increase in the future. We also identified the core journals in sarcopenia and osteoporosis. Osteoporosis 
International was the most influential journals in this field with the highest publications, highest citations and highest 
H index. Cooperative research and publishing may take advantage of these various results in the future, as well as the 
access to the most advanced understanding of sarcopenia and osteoporosis.

To better understand the evolutionary trends in this field, we conducted the analysis the documents and keywords. 
Based on the clusters of the keywords, research in this area was divided into three main sections. Cluster 1 aging, which 
was the beginning of research in this field, represents the pathologies and molecular mechanisms between sarcopenia and 
osteoporosis. As two age-related diseases, aging is both the shared clinical feature and common pathogenesis in 
sarcopenia and osteoporosis.11,29 Followed by the changes in body composition, the loss of normal bone and muscle 
mass are core pathologies of osteoporosis and sarcopenia, respectively.54 Keywords such as bone mineral density and 
muscle mass were frequently occurred. However, the lack of recognition of sarcopenia in the early stage made the 
association with osteoporosis weak, especially the definition and diagnosis of the sarcopenia. The establishment of two 

Table 3 The General Information of Identified Core Journals in the Field 
of Sarcopenia and Osteoporosis

Journal Documents Citations

Journal of Clinical Medicine 16 58

Archives of Osteoporosis 25 178

International Journal of Molecular Sciences 16 183
BMC Musculoskeletal Disorders 22 231

Journal of Bone and Mineral Metabolism 18 260

Journal Of Clinical Densitometry 14 281
PLOS ONE 15 300

Current Osteoporosis Reports 16 362
Nutrients 33 505

Aging Clinical and Experimental Research 30 642

Maturitas 13 659
Journal of Cachexia, Sarcopenia and Muscle 19 758

Calcified Tissue International 35 964

Bone 30 1173
Journal of Bone and Mineral Research 27 1355

Osteoporosis International 50 2028
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Figure 6 Analysis of journals. (A) Core journals according to the Bradford’s Law. (B) The analysis of publications. The size of the nodes represents the number of 
publications. (C) The analysis of citations. The size of the nodes represents the number of citations. (D) The H index of top 10 journals. (E) The co-citation relationship 
between journals. (F) The dynamic publications of top journals.
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consensus on sarcopenia published by International and European Working Group, which were the references with the 
strongest citation bursts in the early stage, laid the foundation for later research.47,55 Thereafter, a more in-depth study of 
the molecular mechanisms of these two diseases had emerged. Crosstalk between muscles and bones has historically 

Figure 7 The analysis of citation and co-citation. (A) Network map of global citations of documents. (B) Network map of co-cited references. (C) The top 10 local cited 
documents. (D) The 25 references with strongest citation bursts between 2000 to 2022; the red bars represent the duration of bursts.

Table 4 The Top 10 Local Cited Documents in the Field of Sarcopenia and Osteoporosis

Title Journal Year Local 
Citations

Global 
Citations

Osteosarcopenia: where bone, muscle, and fat collide Osteoporosis International 2017 93 203
Prevalence of sarcopenia and its association with osteoporosis in 313 

older women following a hip fracture

Archives of Gerontology And 

Geriatrics

2011 89 172

Sarcopenia and its relationship with bone mineral density in middle-aged 
and elderly European men

Osteoporosis International 2013 71 169

Osteoporosis and sarcopenia in older age Bone 2015 67 166

Osteoporosis and sarcopenia: two diseases or one? Current Opinion in Clinical 
Nutrition And Metabolic Care

2016 67 123

Phenotype of osteosarcopenia in older individuals with a history of falling Journal of The American Medical 

Directors Association

2015 65 112

Relationship between postmenopausal osteoporosis and the components 

of clinical sarcopenia

Maturitas 2013 63 126

The healthcare costs of sarcopenia in the United States Journal of The American 
Geriatrics Society

2004 59 885

Sarcopenia in premenopausal and postmenopausal women with 

osteopenia, osteoporosis and normal bone mineral density

Osteoporosis International 2006 58 151

Relationship of sarcopenia and body composition with osteoporosis Osteoporosis International 2016 58 112
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been considered to be a mechanical phenomenon. However, the emerging notion that bone and muscle both function as 
secretory endocrine organs has challenged this dogma.29,33,34,56 While sarcopenia and osteoporosis are two most 
representative diseases. The research on molecular mechanisms may be conductive to identifying potential novel 
therapies for osteoporosis and sarcopenia.28,30 The representative keywords were inflammation, irisin, oxidative stress, 
myostatin and testosterone. Meanwhile, the references with the strongest citation bursts at this stage were about the cross 
talk between muscle and bone.11,57 However, these keywords had lower frequency of occurrence as well as centrality, 
which indicated that there was no consensus in this area of research and further research is still needed.

Cluster 2 frailty mainly focuses on clinical connections and treatments in sarcopenia and osteoporosis. As an 
important geriatric syndrome, frailty is characterized by low strength, slow walking speed, low activity, falls and 
fractures.58 The decrease in muscle and bone mass and the features of sarcopenia and osteoporosis were closely linked 
to these adverse outcomes, especially the falls and the fractures.20,27,58 It would seem to be normal for many older 
individuals, especially, to suffer from concurrent osteoporosis and sarcopenia, which increases their risk of complications 
and further increases their risk for mortality.22,23,59 For the treatments or the preventions, as shown in Figure 7, there was 
no novel methods for the sarcopenia and osteoporosis. Exercise and supplemental nutrition continued to be the primary 
treatments for this condition.25,60–62 There has been substantial research showing that exercise, particularly resistance 
exercise, significantly improves muscle and bone mass, increases muscle strength, reduces or delays functional limita-
tions and reduces the risk of falls or fractures among older people.61,63,64 Both dietary vitamin D and calcium 
supplementation were recommended for the sarcopenic and osteoporotic patients.52,65–67 The keywords “vitamin 
d deficiency”, “nutrition” and “vitamin d supplementation” still had the strongest citation bursts during 2014 to 2019. 
However, this also reflected the truth that the pharmacological approach to the sarcopenia and osteoporosis was still 
missing, unlike osteoporosis which already had several available medications.68,69 There is a need of further researches to 
develop the pharmaceutical treatments that have dual effects on muscle and bone.

Cluster 3 osteosarcopenia was the hot topics in recent years, as shown in the Figure. Within the field of sarcopenia 
and osteoporosis, the document “Osteosarcopenia: where bone, muscle, and fat collide” published by Gustavo D in 
Osteoporosis International had received the most citations, which also had the strongest citations bursts since 2019 to 
2022.34 Due to the high prevalence of concomitant sarcopenia and osteoporosis and the crosstalk between muscle and 

Table 5 The Top 10 Co-Cited References in the Field of Sarcopenia and Osteoporosis

Title Journal Author Year Citations

Sarcopenia: European consensus on definition and diagnosis Report of 
the European Working Group on Sarcopenia in Older People

Age Ageing Cruz-Jentoft AJ 2010 364

Sarcopenia: revised European consensus on definition and diagnosis Age Ageing Cruz-Jentoft AJ 2019 174

Epidemiology of Sarcopenia among the Elderly in New Mexico American Journal of 
Epidemiology

Baumgartner RN 1988 170

Sarcopenia in Asia: consensus report of the Asian Working Group for 

Sarcopenia

Journal of the American 

Medical Directors 
Association

Chen LK 2014 135

Frailty in Older Adults: Evidence for a Phenotype The Journals of 

Gerontology: Series A

Fried LP 2001 108

Sarcopenia: An Undiagnosed Condition in Older Adults. Current 

Consensus Definition: Prevalence, Etiology, and Consequences. 
International Working Group on Sarcopenia

Journal of the American 

Medical Directors 
Association

Fielding RA 2011 104

Low Relative Skeletal Muscle Mass (Sarcopenia) in Older Persons Is 

Associated with Functional Impairment and Physical Disability

Journal of the American 

Geriatrics Society

Janssen I 2002 94

Osteosarcopenia: where bone, muscle, and fat collide Osteoporosis International Hirschfeld HP 2017 93

The FNIH Sarcopenia Project: Rationale, Study Description, Conference 

Recommendations, and Final Estimates

The Journals of 

Gerontology: Series A

Studenski SA 2014 91

Prevalence of sarcopenia and its association with osteoporosis in 313 

older women following a hip fracture

Archives of Gerontology 

and Geriatrics

Di Monaco M 2011 89
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bone, the researchers had gradually recognized the concomitant sarcopenia and osteoporosis as a single definition of 
osteosarcopenia. While actually, as early as 2013, Binkley et al had already proposed to term the combination of 
sarcopenia and osteoporosis as dysmobility syndrome, analogous to the approach taken with metabolic syndrome.70 

However, perhaps due to the lack of cognition about sarcopenia or the fact that this concept was too broad, the concept 
had not received much attention at that time. A growing number of clinical studies had shown that sarcopenia can 

Figure 8 The analysis of keywords. (A and B) Network visualization of the keywords co-occurrence analysis. The size of the nodes represents frequency. The color 
indicates the average appearing year in (B). (C) The frequency of the top 10 keywords. (D) The trend topics based on keywords generated by R package Bibliometric. (E) 
Top 20 keywords with strongest citation bursts between 2000 to 2022; the red bars represent the duration of bursts. (F) Three-field graphs of authors, keywords, and 
journals.
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increase the possibility of developing the osteoporosis vice versa.48,71–73 Meanwhile, the combination of these two 
diseases exacerbates the risk of falls, fractures, institutionalization, and poor quality of life.21,27,74,75 Together with the 
achievements of crosstalk between the bone and muscle, at present, the hotspots for sarcopenia and osteoporosis have 
shifted from the intersection of two diseases to the point of convergence: osteosarcopenia.33,74 The concept of 
osteosarcopenia highlighted the identical roles of muscle and bone in the pathogenesis as well as in the treatments. 
While with it comes, little is known about the epidemiology, pathophysiology, diagnosis, outcomes, and management 
strategies of osteosarcopenia, which may require further in-depth study in the future.

There were some limitations to our study. Firstly, it is important to note that all publications included in our study were 
sourced from SCI-E, which means that many studies that were not included in SCI-E may have been excluded. Nevertheless, 
SCI-E is a widely used database in the world which includes a lot of high-quality literature. Secondly, research and review 
articles in English were the only ones collected in this study. The articles published in non-English languages or articles that 
were not research/review articles were not included in this study, which may result in some omissions in the study. Lastly, due 
to the fact that new research is updated every day, some highly cited studies that have been published in recent years may be 
overlooked because their short publication time may leave them relatively unnoticed.

Conclusion
In conclusion, this study was the first to analyze the global research trends for the cross field between sarcopenia and 
osteoporosis over the past two decades through bibliometric analysis in a scientifically rigorous and comprehensive 
manner. In this study, we have systematically summarized the global publication trends and helped researchers identify 
the key authors, institutions, and journals that have contributed to this field and pave the way for further research. 
Moreover, through the keyword and co-citation analysis, future trends in the cross field of sarcopenia and osteoporosis 
would be the molecular mechanisms of crosstalk between muscles and bones, safety and efficacy interventions with 
a dual effect on muscle and bone and osteosarcopenia.
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