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Background: Diabetes mellitus (DM) have become seriously threatens to human health
and life quality worldwide. As a systemic metabolic disease, multiple studies have
revealed that DM is related to metabolic bone diseases and always induces higher risk of
fracture. In view of this, the links between bone metabolism (BM) and DM (BMDM) have
gained much attention and numerous related papers have been published. Nevertheless,
no prior studies have yet been performed to analyze the field of BMDM research
through bibliometric approach. To fill this knowledge gap, we performed a comprehensive
bibliometric analysis of the global scientific publications in this field.

Methods: Articles and reviews regarding BMDM published between 2000 and 2021
were obtained from the Web of Science after manually screening. VOSviewer 1.6.16,
CiteSpace V 5.8.R3, Bibliometrix, and two online analysis platforms were used to
conduct the bibliometric and visualization analyses.

Results: A total of 2,525 documents including 2,255 articles and 270 reviews were
retrieved. Our analysis demonstrated a steady increasing trend in the number of
publications over the past 22 years (R? = 0.989). The United States has occupied the
leading position with the largest outputs and highest H-index. University of California San
Francisco contributed the most publications, and Schwartz AV was the most influential
author. Collaboration among institutions from different countries was relatively few. The
journals that published the most BMDM-related papers were Bone and Osteoporosis
International. Osteoporosis and related fractures are the main bone metabolic diseases
of greatest concern in this field. According to co-cited references result, “high
glucose environment,” “glycation end-product” and “sodium-glucose co-transporter”
have been recognized as the current research focus in this domain. The keywords
co-occurrence analysis indicated that “diabetic osteoporosis,” “osteoarthritis,” “fracture
risk,” “meta-analysis,” “osteogenic differentiation,” “bone regeneration,” “osteogenesis,”
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and “trabecular bone score” might remain the research hotspots and frontiers in the

near future.

Conclusion: As a cross-discipline research field, the links between bone metabolism
and diabetes mellitus are attracting increased attention. Osteoporosis and related
fractures are the main bone metabolic diseases of greatest concern in this field. These
insights may be helpful for clinicians to recognize diabetic osteopenia and provide more
attention and support to such patients.

Keywords: diabetes mellitus, bone metabolism, bibliometrics, CiteSpace, VOSviewer, Bibliometrix

INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disease,
characterized by disturbances in insulin and glucose metabolism.
According to the estimates from World Health Organization
(WHO), DM, especially type 2 DM (T2DM), affects 8.5% of
world’s total population aged 18 years or older, and it will become
the 7th leading cause of death worldwide by 2030 (1). DM is able
to cause damages to a variety of organs, in particular, nervous
system, kidneys, and blood vessels. Substantial evidence suggests
that a longer exposure to hyperglycemia also make an impact
on bone metabolism (BM) (2, 3). Initially, many clinicians
observed that diabetic patients had a higher risk of fractures as
well as impaired fracture healing. Until 2007, a meta-analysis
conducted by Vestergaard (4) reported for the first time that
hip fracture risk was significantly increased in both type 1
DM (T1DM) and T2DM. And compared to subjects without
DM, the risk of hip fracture was 6.94 and 1.38 times higher
in T1IDM and T2DM individuals, respectively. Apart from hip
fracture, similar conclusions were reached from several other
large sample meta-analyses on the association between DM
and fracture risk at other sites including vertebra, upper arm,
distal forearm, and ankle (5-7). Since then, osteoporosis and
related fractures are the main bone metabolic diseases of greatest
concern in this field (8, 9). Many experts have been calling
attention to the osteoporosis/bone loss management and fracture
risk assessment for DM patients. In 2019, several scholars from
the Chinese Medical Association (CMA) even developed a joint
expert consensus for the fractures risk management in DM
patients (10).

In the light of this, the links between BM and DM
(BMDM) have gained widespread attention from researchers
recently. A large aggregation of studies devoted to deciphering
the complex mechanisms about how diabetes works on bone

Abbreviations: DM, diabetes mellitus; WHO, World Health Organization; T2DM,
type 2 DM; BM, bone metabolism; T1DM, type 1 DM; CMA, Chinese Medical
Association; BMDM, bone metabolism and diabetes mellitus; DPP-4, peptidase-4;
WoSCC, Web of Science Core Collection; SCIE, Science Citation Index Expanded;
TI, titles (TT); AK, author keywords; JIE, journal impact factor; JCR, Journal
Citation Report; AAY, average appearing year; BC, betweenness centrality; TLS:
total link strength; BMD, bone mineral density; FRAX, WHO Fracture Risk
Algorithm; BMSCs, bone marrow stroma cells; ROS, reactive oxygen species;
AGEs, advanced glycation end products; RAGE, receptors for AGEs; ASCs,
adipose-derived stem cells; SGLT2, Sodium glucose cotransporter-2; CANVAS,
Canagliflozin Cardiovascular Assessment Study; PTH, parathyroid hormone.

remodeling (2). To date, despite more than 20 years of
intensive research and several hypotheses, such as oxidant injury,
accumulation of advanced glycation end products, increased
collagen glycation, bone-fat axis hypothesis, and some other
intermediate mediators including hormones, cytokines and
nutrients, have been proposed, the specific mechanism of
diabetes-related reduction of bone mass remains unclear (11—
13). In addition, with the development of novel antidiabetic
agents, it has been reported that various glucose-lowering
medications including thiazolidinedione, insulin, metformin,
sodium glucose co-transporter 2 inhibitors, dipeptidyl peptidase-
4 (DPP-4) inhibitors have different influences on bone formation
and resorption (14-18).

Motivated by the above concerns, numerous papers related to
BMDM have been published. However, in the face of massive
information in this topic, researchers need to dedicate a great
deal of time to reading and understanding appropriate work
in interrelated disciplines. Hence, it is imperative to classify
substantial, classical, and evocative evidence to assist the scientific
investigation (19). Although several literature reviews and meta-
analyses are able to provide useful information and reliable
evidence-based medical findings, these methods are often unable
to make a summary from a holistic and integrated perspective for
a specific field of research (20, 21).

Bibliometric analysis applies statistical and mathematical
approaches to quantitatively and qualitatively analyze all carriers
of knowledge such as journal articles. It is an important
and well-established method to spot active researchers and
potential collaborators, sort out hot topics, describe the dynamic
trends, and identify future research frontiers (22, 23). Recently,
bibliometric analysis and data visualization have received a
considerable amount of attention in biomedical fields owing
to the explosion in basic and clinical data, and the growing
number of freely available bibliometric tools over the past
few years (24, 25). Taking DM and metabolic bone disorders
as examples, multiple investigators have studied the scientific
outputs and publication trends of diabetes-related research
across different countries via bibliometric approaches (26-28).
DM-associated complications such as diabetic foot ulcers (29),
diabetic nephropathy (19, 30), and diabetic ophthalmopathy
(31), etc. have also been studied with this approach. Our and
other research teams have also investigated the publication status
and research hotspots in the field of metabolic bone disorders
including osteoporosis (32), hip fracture (33), osteonecrosis
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(34), and osteoarthritis (35) by using bibliometric methods,
and mapped the overall knowledge structures and co-citation
networks in these areas. Nevertheless, to the best of our
knowledge, there are still no previous bibliometric studies
reporting the links between BM and DM.

As such, we sought to fill this knowledge gap. In this study,
multiple software programs and online platforms were used to
analyze BMDM-related literature, as well as draw the scientific
knowledge maps. The primary aims of the study were to (i)
identify the main contributors including authors, institutions,
and countries in the BMDM field from 2000 to 2021; (ii) explore
the development and evolution trend of research focus; (iii)
predict future research frontiers of this area; (iv) offer some new
perspective and ideas for the subsequent studies between diabetes
and bone metabolism; (v) call for more attention, especially
clinician and researcher on this subject.

MATERIALS AND METHODS

Data Source

The Web of Science Core Collection (WoSCC, Clarivate
Analytics, Philadelphia, PA, USA) is one of the most
professional and authoritative citation-based databases
with powerful indexing functions, which not only contains
the basic information including titles, authors, institutions,
countries/regions, and author keywords, but particularly
includes the references information (22, 23). Therefore, it is
considered as the optimal database and widely used in previous
bibliometric studies (36). In this study, we selected to retrieve
publications related to BMDM in the WoSCC of Science Citation
Index Expanded (SCIE).

Data Search Strategy

Considering that the database is still functioning and may update
daily, a comprehensive online search was performed on a single
day by two authors (CK and WH), to avoid the bias. All
potentially relevant publications were collected based on the
titles (TI) and author keywords (AK) with the following search
formula: #1: [TI = (diabetic* OR diabetes* OR antidiabetic*) OR
AK = (diabetic* OR diabetes® OR antidiabetic*); #2: TI = (osteo™
OR bone* OR fracture* OR “skelet*) OR AK = (osteo* OR
bone* OR fracture®* OR “skelet*); Final dataset: #1 AND #2]. In
order to achieve as many relevant sources as possible, a wildcard
character (*), representing one or more other characters and
allowing variable endings of keywords was used. For example,
osteo™ would also return the terms of osteoporosis, osteopenia,
osteoporotic, osteoarthritis, and so on. Then, a timespan of
22 years was set and only studies published from 2000 to
2021 were included. The literature language was restricted to
English. The literature types were limited to articles and reviews,
with the specific exclusion criteria shown in Figure 1. A total
of 3,571 documents were retrieved as potential candidates for
inclusion from the initial literature search. Then the literature
titles, abstracts, and the full text were manually examined
by two investigators (CK and GQ) to exclude literature that
was irrelevant to study topic (including disease type, research
purposes, interventions, outcome indexes, etc.). A total of 2,525

articles and reviews were included for data analysis after the
final selection.

Data Extraction and Collection

All the 2,525 retrieved literature was downloaded with “full
record and cited references” and exported in plain text or tab-
delimited (win, UTF-8) format for the analysis of bibliometric
tools. Subsequently, Microsoft Excel 2019 was used for statistical
analysis of the bibliometric indicators including annual number
of publications and citations, countries/regions, institutions,
authors, funding agencies, journals, keywords, as well as research
areas. Some inherent deficiencies from the WOS database were
checked and merged, and information from various regions
was incorporated into their affiliated countries. For example,
publications from England, Northern Ireland, Scotland, and
Wales were assigned to the UK. The journal impact factor
(JIF) and subject category quartile ranks were obtained from
the 2020 Journal Citation Report (JCR, http://clarivate.com/
products/web-of-science). Based on the value of JIE, JCR splits all
the journals within the same discipline into four categories, of the
top 25% belonging to Q1 and the top 25-50% being Q2, and so
on. Some other bibliometric information including sum of time
cited, average number of citations, and H-index was acquired
from the “citation report” function of WoSCC.

Bibliometric Analysis

In order to obtain more comprehensive data analysis, three
bibliometric software including VOSviewer 1.6.16 (Leiden
University, the Netherlands), CiteSpace V 5.8.R3 (Drexel
University, the USA), Bibliometrix (University of Naples
Federico II, Italy), and two online analysis platforms were used
for bibliometric and visualization analyses.

VOSviewer, a free java-based software for bibliometric
mapping and clustering analysis, was developed by van Eck
and Waltman (24). In this study, country/institution/author
co-authorship analysis, author/journal co-citation analysis and
keyword co-occurrence analysis were conducted in this study.
Generally speaking, in these visual maps, different nodes
indicated different items such as authors, countries, institutions,
journals and keywords, with the nodes size reflecting the
corresponding number of publications citations or occurrences.
The links between nodes represented the co-authorship, co-
citation or co-occurrence associations between nodes. The
color of the nodes and lines indicated different clusters or
corresponding average appearing year (AAY) (23, 37).

CiteSpace, developed by Professor Chen Chaomei, is another
software tool for visualizing and constructing bibliometric
networks (25). In this study, CiteSpace was used to visualize
international collaboration among institutions, the co-citation
of references and its cluster analysis. We also identified several
references that experienced the greatest increase in the citation
frequencies over a certain period, which was considered a period
of popularity for the study. The parameters of CiteSpace were set
as follows: time span (2000-2021), years per slice (1), selection
criteria (Top 30), and pruning (minimum spanning tree, pruning
sliced networks).
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FIGURE 1 | Flowchart of literature search and selection process.

In addition, the online bibliometric analysis platform,
available at: https://bibliometric.com/, was used to conduct
the collaboration networks between countries, and annual
publication trend analysis of the top three most productive
countries (38). We also used Bibliometrix to perform descriptive
analysis of the authors’ production over time and thematic
evolution of keywords. Furthermore, gene-based analysis of
osteoporosis or osteoarthritis in diabetes mellitus was analyzed
by the online website (https://www.citexs.com/Summary). This
website allowed us to summarize the gene data of all the studies
in a certain field, and the publications were acquired based on
Pubmed database.

Statistical Analysis

Descriptive data analysis, graph plotting and curve fitting were
performed with Microsoft Excel 2019, R software (v 4.1.0)
and GraphPad Prism software (v 8.0). The annual number of
publications and citations were calculated with Microsoft Excel,
and the following types of functions including exponential, linear,
logarithmic, and polynomial were used to fit curves. The best-fit
model was selected according to the magnitude of the correlation

coefficient (R?). The growth rate of publications over time was
calculated based on the specific calculation formula as follows
(23): Growth rate = [(number of publications in the last year
+ number of publications in the first year)!/(astyear—firstyear)_1]
x 100. Pearson’s correlation coefficient test was used to
evaluate the correlation between publications and citations, and
Pearson correlations corresponding to a p-value < 0.05 were
considered significant.

RESULTS
Publication Outputs and Trends

Based on the literature search and screening strategy in Figure 1,
a total of 2,525 literature studies including 2,255 (89.3%) articles
and 270 (10.7%) reviews were finally identified. Figure 2 depicts
the specific amount of annual publications regarding BMDM.
From 2000 to 2021, the average growth rate of publications
was 13.1%. Moreover, in order to further evaluate the change
trend of BMDM studies, the index function Y = 0.5953X2-
0.8034X + 21.325 (R* = 0.989, X is the year, Y is the annual
publications) of the annual publication trend was created.
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FIGURE 2 | The specific amount of annual publications regarding BMDM from 2000 to 2021.

When it comes to the annual number of citations, it also
showed a similar increasing trend (R? = 0.9974) as the annual
publication number (Supplementary Figure 1). Upon plotting
the correlation between publications and citations, a statistically
significant linear correlation was observed with a satisfactory
Pearson’s correlation coeflicient (r = 0.996) and explicability
(R? = 0.992). Thus, the variations in the citation rate can mostly
be explained by the publication rate.

Most Productive Countries/Regions and

Funding Agencies

A total of 78 countries/regions contributed all publications on
BMDM research. As can be seen from Table 1, the most prolific
country is the United States (n = 656, accounting for 25.98% of
the total), followed by China and Japan. Figure 3A summaries
the annual publications of these top 3 countries from 2000
to 2021. Among the top 20 most productive countries, the
United States has the highest H-index of 97, and far higher
than other countries/regions. Nevertheless, based on the average
citations per document, the ranking of countries is: Netherlands
(60.2), the United States (50.2), and Canada (49.37). Figure 3B
displays the international cooperation analysis among different
countries. As shown in Figure 3C, the overlay visualization map
of country co-authorship analysis was conducted by VOSviewer.
Literature originating from 47 countries/regions was selected,
with the minimum number of 5 documents for each country. The
United States was situated in a central position of this network

map. Figure 3D summarizes the data of the top 10 most frequent
funding sources in this field, with seven funding agencies based
in the United States.

Analysis of Institutional Output

A network visualization map of institutional collaboration was
generated by CiteSpace and presented in Figure 4A. The top
5 institutions addressed in the largest number of publications
were University of California San Francisco, Shanghai Jiao Tong
University, Shimane University, Washington University, and
Aarhus University Hospital. However, there were relatively few
collaborations among institutions from different countries. And
only three institutions including University of California San
Francisco, Columbia University, and University of Toronto had
a betweenness centrality (BC) value more than 0.1. Additionally,
institution co-authorship analysis was conducted by VOSviewer
(Figure 4B). According to the color gradient in the lower right
corner, these institutions such as Aarhus University Hospital,
Sichuan University, University of Southern Denmark, University
of Copenhagen, etc. were given a red color with the larger
AAY values. And corresponding to this, University of Pittsburgh,
Michigan State University, University of Minnesota were given a
blue color with the smaller AAY values.

Analysis of Influential Authors

In terms of author analysis, the top 5 most prolific authors
were laid out in Figure 5A. Schwartz AV contributed the highest
number of publications, followed by Sugimoto T and Kanazawa
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TABLE 1 | Top 20 most productive countries in the research field of BMDM.

Ranking Countries Publications, n % of 2,525 H-index Average citations per document
1 USA 656 25.98 97 50.2
2 China 596 28.60 39 12.6
3 Japan 240 9.50 48 30.9
4 UK 151 5.98 45 39.13
5 I[taly 146 5.78 38 33.58
6 Brazil 107 4.24 26 18.24
7 Germany 108 4.08 35 39.31
8 Denmark 99 3.92 30 46.79
9 Canada 86 3.41 30 49.37
10 South Korea 71 2.81 17 20.27
11 Australia 69 2.73 20 20.25
12 Spain 67 2.65 22 21.97
13 Turkey 67 2.65 22 17.97
14 France 66 2.61 28 38.8
15 Netherlands 49 1.94 24 60.2
16 India 43 1.70 14 14.93
17 Sweden 41 1.62 17 38.12
18 Saudi Arabia 39 1.54 14 17.21
19 Belgium 38 1.50 19 23.97
20 Switzerland 37 1.47 21 45.89

Ranking: based on the number of total publications.

I. Schwartz AV was also the author with the highest H-index and
average citations per document. Figure 5B depicts the annual
outputs and citations of the top 5 authors between 2000 and 2021.
A cluster density map of author co-authorship analysis is shown
in Figure 5C. Only authors with more than 5 documents were
included. Of these, a total of 11 author clusters were formed.
As for author co-citation analysis, 73 authors with at least 100
citations were included. As displayed in Figure 5D, the top 3
authors with the greatest total link strength (TLS) were Schwartz
AV, Vestergaard P, and Janghorbani M.

Most Active Journals and Research Areas
Table 2 shows the basic information of the top 20 most
productive journals in BMDM field. Among them, Bone has
published the greatest number of 122 papers, followed by
Osteoporosis International, Journal of Clinical Endocrinology
Metabolism, Calcified Tissue International, and Journal of Bone
and Mineral Research. More than four fifths of the top 20 journals
were categorized in QI or Q2 JCR region. As indicated in
Figure 6A, the network visualization map of journal co-citation
analysis was further performed by VOSviewer. Only journals
with a minimum of 300 citations were visualized. Of the 58
journals satisfying the criteria, the top 5 co-cited journals were
Journal of Bone and Mineral Research, Osteoporosis International,
Bone, Journal of Clinical Endocrinology Metabolism, Diabetes
Care. Additionally, according to WoS subject categories, all
these literatures are assigned to different research areas. Top
10 research areas ranked by publication counts are exhibited in
Figure 6B.

Co-cited References and Reference Burst
Table 3 summarizes the characteristics of the top 10 highly
cited literature in the research scope of BMDM. The majority

of the studies were published before 2010. Of these, three
papers were cited over 500 times with all the top 10 cited
370 times or more. Besides that, reference co-citation analysis
was also conducted by CiteSpace. As shown in Figure 7 and
Supplementary Table 1, all the nodes representing references in
the co-citation network map could be clustered into 17 specific
clusters. The modularity was 0.89, and the mean silhouette
value was 0.9618, reflecting the rationality of this clustering
method. All these clusters were generalized and ordered by
the number of co-cited references. The first cluster was “#0
glycation end-product;” followed by “#1 oxidative stress” and
“#2 energy metabolism.” Apart from that, the references with
strong citation bursts were explored via CiteSpace, and the top
50 references with the strongest citation bursts were identified.
As indicated in Figure 8, the strongest burst starting from 2008
was from the paper published by Vestergaard P and colleagues
in 2007, followed by Schwartz et al. (47), Janghorbani et al.
(39).

Analysis of Co-occurring Keywords and

Related Genes

After manual merging the keywords with the same meaning, a
total of 58 author keywords with a minimum of 20 occurrences
were extracted from the 2,525 publications, and an overlay
visualization map was created (Figure 9A). All these keywords
were marked with different colors based on AAY, which could
reflect the research hotspots in different periods. Figure 9B
presents the frequency distribution of the top 20 most frequent
occurrences keywords. Among them, the top 5 keywords were
as follows: diabetes mellitus (964), type 2 diabetes mellitus
(509), osteoporosis (366), bone mineral density (353), and
fracture (225). In addition, thematic evolution analysis was
also performed by Bibliometrix. Sankey diagram was used to
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interpret the thematic evolution of three stages in the BMDM
research (Figure 10A). The change pattern of annual occurrences
frequency of author keywords related to diseases such as
diabetes, osteoporosis, osteoarthritis, etc. from 2000 to 2021 is
illustrated in Figure 10B. Moreover, Figure 10C illustrates the
top 15 most studied genes between osteoporosis and DM, and
Figure 10D presents the top 15 genes between osteoarthritis
and DM.

DISCUSSION

Global Publication Trends in BMDM

Research

The change in the amount of academic publications is a
vital indicator of the development trend in a field (48). As
can be seen from the curve fitting results, the number of
publications exhibited an overall rapid growth trend. From the

point of view of various stages of development, from 2000
to 2006, the number of scientific publications investigating
the links between BM and DM was still very low (no more
than 50 publications) and unstable. The study on BMDM
was still at an early stage of development, suggesting that
the role of bone metabolic aberration occurred in DM did
not attract too much attention of medical community at that
time. Interestingly, the published studies on BMDM had a
steady rise in 2007-2014, and the number has exceeded 100
since 2012. Between 2015 and 2021, the annual publication
has drastically increased, and almost 62.7% of them (1,585
papers) were published over the last 7 years. This result
may suggest that BMDM has generated increasing attention
and interest over recent years. And on this basis, one can
predict that the number of publications in this field will
further grow with in-depth study of the molecular mechanism
and the conduct of clinical experiments on anti-diabetic
medicines (44, 49).
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FIGURE 4 | (A) Network visualization map of institutional collaborations
generated by CiteSpace. In this map, a node represents an institution, and the
size of each node represents its relative quantity of research output. Each line
represents the strength of the cooperation relationship between two
institutions, and strength value is displayed between lines. (B) The overlay
visualization map of Institution co-authorship analysis conducted by
VOSviewer.

General Knowledge Structures and Major

Contributors

Countries and Institutions

The total number of literature by a country serves as an important
indicator to reflect a country’s output and productivity. The
results depicted in Table1 show that countries from North
America, Europe, and Asia almost accounted for the top 20
contributing nations on BMDM. Among them, we can see that
the United States, China, and Japan are the leading countries
where BMDM research is occurring. In the meantime, the
United States has the highest H-index. The above results reflect
that the United States has made tremendous contribution
and established its leading position in the domain of BMDM
research. In addition to the BMDM research subject, earlier
bibliometric studies revealed that the United States also had

the highest number of publications in other areas of BM or
DM researches (31, 32, 34). As for countries or institutions
collaboration analysis, it can be seen from Figure 3B that the
United States collaborated most closely with China, Italy, and
Canada. However, when it comes to an institutional level, there
were only three institutions with a BC value more than 0.1.
BC is an indicator to assess the importance of nodes in a
collaboration network. Generally, BC value >0.1 is regarded
as vital node (22). From Figures 4A,B, there were relatively
few collaboration and exchange of findings among institutions
from different countries, and most collaborating institutions
were limited to the domestic level. Considering the constant
increase in the incidence of DM worldwide, this situation
greatly impedes the development of the research field. It is
worth noting that, consistent with other bibliometric studies,
a lack of cross-institutional cooperation seems to be a general
phenomenon in the field of diabetes (50, 51). Therefore, we
strongly recommend that institutions from different countries
should remove academic barriers and strengthen the cooperation
to boost the development of BMDM research.

Authors

Among the top 5 most productive authors, Schwartz AV from
University of California San Francisco contributed the most
articles, followed by Sugimoto T and Kanazawa I from Shimane
University. In addition, as can be seen from Figures5A,B,
Schwartz AV was also the author with the highest H-index and
average citations per document, and remained high scientific
influence in this field from 2000 to 2021. Schwartz et al. mainly
focused on the increased fracture risk in diabetic elderly men and
women. In 2001, by analyzing the data from 9,654 women aged
65 or older, they have determined diabetes was a risk factor for
proximal humerus, hip, and foot fractures in older women. And
this study has gained enormous attention and was cited more
than 550 times so far (41). Moreover, in another prospective
observational study published in JAMA, they found that bone
mineral density (BMD) T-score of the femoral neck and WHO
Fracture Risk Algorithm (FRAX) score were both associated with
fracture risk in older adults with T2DM. Nevertheless, compared
with these patients without DM, a given T-score or FRAX score
was associated with higher fracture risk in older adults with DM
(47). This finding has confirmed the useful of BMD T-score and
FRAX score for clinical evaluation of fracture risk, and prompted
a series of subsequent studies (52, 53).

As for author co-citation analysis, 73 authors with at least 100
citations were included. As displayed in Figure 5D, the top 3
authors with the greatest TLS were Schwartz AV, Vestergaard P,
and Janghorbani M. The TLS indicates the impact of documents
from an author on other authors involved in these studies. This
result further confirms that Schwartz AV was the most influential
author. At the same time, it is worth noting that albeit with
not large number of publications, Vestergaard P from Aarhus
University and Janghorbani M from Isfahan University Medical
Science still occupied core locations in the co-citation map. This
could have been relevant to several highly-cited publications by
them. Unsurprisingly, three studies of them were the top 10 most
highly-cited articles in this domain (4, 39, 46). And the study by
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Vestergaard (4) titled “Discrepancies in bone mineral density and
fracture risk in patients with type 1 and type 2 diabetes—a meta-
analysis” was the only one study that received more than 1,200
citations in this field. This result suggests that the number of
publications may not definitely reflect the academic influence of
an author, since there are many factors that influence the citation
frequencies of an article (27).

Journals

Journals are an important vehicle for presenting the results
of academic information and knowledge dissemination. Few
researchers are able to fully understand all relevant journals in
their field, and many of them struggle to select the most proper
outlet and target journals for their studies. By summarizing
the basic information drawing the co-citation visual network
of the most productive and high-impact journals, the most
relevant journals in the research field of BMDM could be
identified so that researchers can choose the most suitable
journals for submitting their manuscripts. Among the top 20
most productive journals, most relevant studies were published

in QI or Q2 journals, and Bone, Osteoporosis International,
Journal of Clinical Endocrinology Metabolism, Calcified Tissue
International, and Journal of Bone and Mineral Research occupy
the first five positions, making them zone core and popular
journals in BMDM field. In term of co-citation analysis, the
top 5 co-cited journals were Journal of Bone and Mineral
Research, Osteoporosis International, Bone, Journal of Clinical
Endocrinology Metabolism, Diabetes Care. Research findings
related to BMDM that published in these journals may have
great potential to be cited and receive more attention. Therefore,
scholars may consider these priority journals in the future, and
scientific outputs by these journals also deserve special attention
to obtain recent advances in this domain.

Research Clusters and Research Focus
Transition

Reference and keyword analysis is one of the key methodologies
and most significant indicators in bibliometrics. Based on
the reference co-citation analysis and keyword co-occurrence
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TABLE 2 | Top 20 most productive journals in BMDM field.

Ranking Sources title Output % of 2,525 JIF 2020 JCR quartile 2020
1 Bone 122 4.83 4.398 Q2
2 Osteoporosis International 102 4.04 4.507 Q2
3 Journal of Clinical Endocrinology Metabolism 73 2.89 5.958 Q1
4 Calcified Tissue International 56 2.22 4.333 Q2
5 Journal of Bone and Mineral Research 55 2.18 6.741 Q1
6 Diabetes Care 53 2.10 19.112 Q1
7 PL0S One 43 1.70 3.24 Q2
8 Diabetes Research and Clinical Practice 41 1.62 5.602 Q1
9 Journal of Bone and Mineral Metabolism 33 1.31 2.626 Q3
10 Frontiers in Endocrinology 28 1.1 5.555 Q1
ih Journal of Diabetes and Its Complications 28 1.11 2.852 Q3
12 Current Osteoporosis Reports 26 1.08 5.096 Q2
13 Diabetic Medicine 26 1.03 4.359 Q2
14 Scientific Reports 26 1.03 4.38 Q1
15 Acta Diabetologica 23 0.91 4.28 Q2
16 Diabetes Metabolism Research and Reviews 21 0.83 4.876 Q2
17 Endocrine 21 0.83 3.633 Q3
18 Journal of Periodontology 21 0.83 6.993 Q1
19 Diabetologia 20 0.79 10.122 Q1
20 European Journal of Endocrinology 19 0.75 6.664 Q1
Ranking: based on the number of total publications.
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FIGURE 6 | (A) Network visualization map of journal co-citation analysis generated by VOSviewer. (B) Top 10 research areas ranked by publication counts.

analysis, the main research directions, hotspots, and evolution
process in the field can be uncovered (54, 55).

References Co-citation Analysis

Using the CiteSpace software, a visualization network map of co-
cited references was generated in Figure 7. All these 17 BMDM
research clusters in the past 22 years were ordered from the
largest to smallest based on the number of co-cited references.
As can be seen from Supplementary Table 1, “glycation end-
product” was the largest cluster (#0), followed by “oxidative
stress” (#1), and “energy metabolism” (#2). In addition, the

timeline chart could cluster references and take time into
account, which is convenient for us to understand the period of
a particular topic and explore the evolution track of this field
(34). According to mean year of these clusters, we can see that
the research hotspots have shifted to “high glucose environment”
(#8), “glycation end-product” (#0), and “sodium-glucose co-
transporter” (#7).

High Glucose Environment
Although glucose represent key molecules in cellular energy
metabolism, previous studies revealed that hyperglycemia had
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TABLE 3 | Characteristics of top 10 highly cited literatures on BMDM.

Ranking  Title Total citations Average citation Journal References
frequency per year
1 Discrepancies in bone mineral density and fracture risk in 1,248 78 Osteoporosis International 4)
patients with type 1 and type 2 diabetes—a
meta-analysis
2 Systematic review of type 1 and type 2 diabetes mellitus 796 49.75 American Journal of (39)
and risk of fracture Epidemiology
3 Osteocalcin differentially regulates beta cell and 674 44.93 Proceedings of the National (40)
adipocyte gene expression and affects the development Academy of Sciences of the
of metabolic diseases in wild-type mice United States of America
4 Older women with diabetes have an increased risk of 557 25.32 Journal of Clinical (41)
fracture: a prospective study Endocrinology &
Metabolism
5 Collagen cross-links as a determinant of bone quality: a 539 41.46 Osteoporosis International (42)
possible explanation for bone fragility in aging,
osteoporosis, and diabetes mellitus
6 Type 1 and type 2 diabetes and incident hip fractures in 410 18.64 Diabetes Care (43)
postmenopausal women
7 Association of BMD and FRAX Score with Risk of 405 33.75 Jama-Journal of the (41)
Fracture in Older Adults with Type 2 Diabetes American Medical
Association
8 Mechanisms of diabetes mellitus-induced bone fragility 388 64.67 Nature Reviews (44)
Endocrinology
9 Rosiglitazone-associated fractures in type 2 388 25.87 Diabetes Care (45)
diabetes—An analysis from a diabetes outcome
progression trial (ADOPT)
10 Relative fracture risk in patients with diabetes mellitus, 370 20.56 Diabetologia (46)

and the impact of insulin and oral antidiabetic medication
on relative fracture risk

Ranking: based on the number of total citations.

an adverse effect on bone quality. In vitro experiments have
proven that high glucose environment exerts an inhibitory action
on the osteogenic differentiation and growth of osteoblasts
and bone marrow stroma cells (BMSCs) (18, 56). Glycolysis
is a fundamental metabolic pathway for glucose catabolism.
However, under a high-glucose microenvironment, excess
glucose may activate other metabolic pathways such as the polyol
pathway, the protein kinase C signaling pathway, the formation
of glycation end-products, and the hexosamine pathway, all
of which induce the accumulation of oxidative stress and the
production of inflammatory cytokines (57, 58). Furthermore,
there is also study showing that sustained hyperglycemia may
trigger cellular innate immune responses, activate reactive
oxygen species (ROS)-producing enzymes localized on the outer
mitochondrion, resulting in overproduction of ROS and cell
dysfunction (59). Therefore, in recent years, a large number of
studies have focused on how to rescue the impaired osteogenesis
differentiation ability of BMSCs and osteoblasts (56, 57, 60, 61).
That is very critical and meaningful way to find novel therapeutic
targets for diabetic osteoporosis.

Glycation End-Product

Advanced glycation end products (AGEs) are irreversibly
produced from non-enzymatic glycation and oxidation of nucleic
acids, lipids and proteins. The receptors for AGEs (RAGE)

are the main receptors involved in the cellular uptake and
degradation of AGEs and are also known as a pattern recognition
receptor. Previous studies revealed that RAGE and its ligands
play important roles in bone homeostasis (62, 63). RAGE
knockout mice exhibit decreased bone resorptive activity and
increased bone mineral density (62). AGEs were reported to
suppress osteogenic differentiation of adipose-derived stem cells
(ASC:s) via interfering with the Wnt/-catenin signaling pathway
(63). In addition, accumulation of AGEs could also promote
expression of transforming growth factor (TGF)-p and IL-6 to
induce apoptosis of osteoblasts and elevate osteoclasts activity
(64, 65). As previously stated, protracted exposure to excessive
blood glucose results in excessive formation and accumulation
of AGEs. Increasing evidence indicates that the accumulation
of AGEs are important contributors of diabetic bone loss (13).
Accordingly, small-molecular inhibitors such as TTP488, FPS-
ZML1, etc. targeting RAGE and its intracellular signaling pathway
have been developed (66, 67). These small molecule inhibitors
hold great promise for the treatment of multiple metabolic bone
diseases and merit further investigation.

Sodium-Glucose Co-transporter

Sodium glucose cotransporter-2 (SGLT2) is a sodium-dependent
glucose transporter involved in glucose reabsorption in the
kidney. The inhibitors of SGLT2 have been established as a novel
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therapeutic approach for diabetic control, working by decrease
the reabsorption of glucose and increase the glucose excretion.
Since the first SGLT-2 inhibitor, canagliflozin, approved by USA
Food and Drug Administration in 2013, more than seven SGLT-
2 inhibitors such as empagliflozin, ertugliflozin and dapagliflozin,
etc. have been introduced into the clinic nowadays (68). However,
there remains controversy about the effects of different SGLT-
2 inhibitors on bone metabolism. Among them, canagliflozin is
the most studied. In the Canagliflozin Cardiovascular Assessment
Study (CANVAS) trial, an increased risk of fractures was
observed in patients treated with canagliflozin, which triggered
concerns about bone health (69). The exact mechanisms of
canagliflozin increasing fracture risk are unclear, and existing
evidence suggests that canagliflozin might have an impact on
the homeostasis of calcium and phosphate, and the secretion of
parathyroid hormone (PTH) (70). Despite all of this, multiple
subsequent studies have found that canagliflozin was not
associated with an increased risk of fractures (71, 72). Therefore,
available evidence on SGLT-2 inhibitors is somehow conflicting
and cannot fully support a direct responsibility for bone fractures.

In addition, the effects of other kinds of SGLT-2 inhibitors on
bone health need more investigations to confirm (73).

References With Citation Burst

Apart from cluster analysis, burst references are considered
another important indicator to track and capture the research
hotspots and emerging trends over time. Burst references refers
to references heavily cited by other studies over a period of time,
which implies that they have received particular attention at a
certain time period (34). References with outbreak durations
>5 years were shown in Figure 8. Top 50 references with the
strongest citation bursts were listed. Among these references, the
strongest burst starting from 2008 was from the paper published
by Vestergaard P in 2007 (4), followed by Schwartz et al. (47),
Janghorbani et al. (39). Additionally, references with citation
bursts were first appeared in 2005 due to 5 literatures published
in 2004 (74-78). Of these, a multiethnic study conducted by
Strotmeyer et al. found that T2DM was associated with higher
BMD in all race-gender elderly adults, and independent of central
adiposity, increased obesity, or fasting insulin levels. Heap et al.
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2007  50.132008 2012
2007 28632008 2012
2007  23.162008 2012
2007  18.712008 2012
2007 15742008 2012
2007 9.822008 2012
2009 18772009 2014
2008  17.222009 2013
2008 16742009 2013
2008 16262009 2013
2009  16.142009 2014
2008  14.822009 2013
2008  14.342009 2013
2008 9.07 2009 2013
2008 9.07 2009 2013
2009  17.262010 2014
2009 12932010 2014
2010 15.97 2011 2015
12762011 2015
2010 12312011 2015
2010 10482011 2015
2011 9.56 2011 2015
2011 35.042012 2016
2012 20.712013 2017
2012 20.542013 2017
2012 20.17 2013 2017
2012 15662013 2017
2012 11.922013 2017
2012 11.542013 2017
2012 10.422013 2017
2012 10.422013 2017
2013 26612014 2018
2013 21.112014 2018
2013 15322014 2018
2013 11792014 2018
2014 9.912014 2019
2015  10.052015 2019
2015 10.32016 2021
2015 9.07 2016 2021

(75) investigated whether blood glucose regulation and disease
duration could influence the bone characteristics in adolescents
with TIDM. Their findings suggest that altered BMD acquisition
in these adolescents might limit the acquisition of peak bone
mass and increase the risk of developing osteoporosis in later
life. An elegant review by Carnevale et al. (76) summarized the
evidence that confirmed the diabetic patients with higher fracture
risk and the possible mechanisms. While Rzonca et al. (77), found
that rosiglitazone therapy posed potential risks of adverse skeletal

effects based on in vitro experiments. Regarding the fifth research,
their study confirmed the positive association between BMD and
T2DM, and partly mediated by adiposity (78). Of note, there
are still two references published in 2015 with ongoing burst,
which means they have received substantial attention recently
(70, 79). Of them, one cross-sectional in vivo study has assessed
the bone characteristics in adult T1DM patients with and without
diabetic microvascular disease. Their findings suggested that the
presence of diabetic microvascular disease was associated with
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FIGURE 9 | (A) Overlay visualization map of keywords analysis in BMDM field
based on the VOSviewer. The node size is proportional to the sum of
occurrence times. The color of each node implies the average appearing year
according to the color gradient in the lower right corner. The blue color
represents the keywords appeared relatively earlier, and the dark red color
reflects the recent occurrence. (B) Frequency distribution of the top 20 most
frequent occurrences keywords.

the deficits in bone microarchitecture. Another study by Taylor
et al. (70) explored the possible downstream mechanisms of
SGLT2-inhibitors on bone. This finding illustrates again that
SGLT2 is a hot topic in BMDM research.

Keywords Analysis and Related Genes

Author keywords are usually the most highly represented terms
selected to explain the subject matter of research (34). In this
study, we constructed the keyword co-occurrence network map
with VOSviewer software. As several author keywords had
various forms, but the same meaning. After manual merging
the keywords with the same meaning, a total of 58 author
keywords were extracted from the 2,525 publications, and an
overlay visualization map was created in Figure 9A. Besides
the keywords related to DM, osteoporosis and related fractures
and osteoarthritis are the main bone metabolic diseases of

greatest concern in this field. In the meantime, it can be
seen that although patients with TIDM have a much higher
risk of fracture compared to those with T1DM, researchers’
concern about T2DM is relatively higher, which may have
relevance to the higher incidence of T2DM. Moreover, Sankey
diagram of authors’ keywords was conducted to interpret
the thematic change and evolution in the BMDM research
field. Several popular research topics in a certain period may
slow down with the appearance of other novel directions
(80). The period of 22 years considered for our included
publications was split into 3 periods: 2000-2007, 2008-2014,
and 2015-2021. In the first period, thematic evolution was
observed in 12 research areas: streptozotocin, bone density,
type 1 diabetes mellitus, alveolar bone loss, osteoblast, collagen,
bone histomorphometry, hyperglycemia, insulin, osteopontin,
diabetes mellitus, epidemiology. As for the second period, seven
new thematic domains including osteocalcin, osteoporosis, bone
formation, bone quality, charcot foot, bone metabolism, and
osteoprotegerin emerged. When it comes to the third period, the
research topics were more centrally and diabetes mellitus and
osteoporosis remain as the primary themes.

In the overlay visualization map of keyword co-occurrence
analysis, different keywords were marked with various colors
based on AAY. The blue color represents the keywords appeared
relatively earlier, and the dark red color reflects the recent
occurrence. Thus, these keywords with blue color such as
“insulin,” “leptin,” “epidemiology,” and “streptozotocin” were the
major topics during the early stage. And these keywords such as
“diabetic osteoporosis,” “osteoarthritis,” “fracture risk,” “meta-
analysis,” “osteogenic differentiation,” “bone regeneration,”
“osteogenesis,” and “trabecular bone score” (81) were colored
in red, which suggests that these research topics are attracting
attention recently and may remain the research hotspots and
frontiers in the near future. Take meta-analysis as an example, it
is an important tool for evidence-based medicine. In previous
studies, scholars have conducted extensive meta-analyses to
assess the relationship between BMD/bone loss/fracture and
DM/antidiabetic medication (4, 82, 83). Of these, the most
well-known one was conducted by Vestergaard (4). However,
due to the lack of large-sample randomized controlled studies in
BMDM field, most of meta-analysis were based on retrospective
studies. Further randomized controlled trials of high quality
are warranted to be performed for update of the results of
these meta-analyses.

Moreover, as osteoporosis and osteoarthritis are the most
representative metabolic bone diseases associated with DM, we
also summarized the most studied genes among them by online
data analysis website. As shown in Figures 10C,D, INS, BGLAP,
PTH, IGF1, and TNF were the top 5 most studied genes between
osteoporosis and DM (84, 85). As for osteoarthritis and DM, the
top 5 most related genes were INS, TNF, IL-6, CRP, and IL-1B
(86-88). It can be seen that, unlike diabetic osteoporosis, multiple
inflammatory factors are involved in the progress of diabetic
osteoarthritis. Recently, increasing studies have uncovered that
in diabetic patients with osteoarthritis, diabetic treatment such
as DPP-4 could partially improve osteoarthritis symptoms by
decreasing the production of inflammatory cytokines such as
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IL-6, IL-8, and TNF-a (86, 87). These results could serve as a
reference for investigators in the field.

STRENGTHS AND LIMITATION

The present study has certain strong points in contrast to
previous studies that adopted only meta-analysis or narrative
reviews. Most importantly, it is the first bibliometric study to
map and characterize the knowledge landscapes on BMDM from
2000 to 2021. Meanwhile, we used multiple types of bibliometric
software and tools for analysis and visualization, which would
add richness to the results. Another strength is checking the
quality of literature included in the final analysis. However, there
are also several additional limitations to our work. First of all,
data on BMDM were primarily retrieved and collected from the
WoSCC database, which would miss several related publications
not included in these databases. However, it should be noted that
the WoSCC is the most commonly used database for bibliometric
analysis, and the data from WoSCC can represent the condition

of most publications in a certain field to some extent. There have
been few studies used more than two electronic databases in the
previous studies owing to the limitation of file formats (22, 23,
36). Secondly, despite our manual screening and normalization
procedures, selection bias may have still existed due to the merge
of some keywords and continuous updates of the database.
Nevertheless, we believe that our findings are still to be an
effective representation of the global outputs of bone metabolism
in diabetes mellitus. Finally, we only included literature published
in English, meaning that some relevant publications may have
been missed.

CONCLUSIONS

This study provides a missing analysis of global research progress
on diabetes mellitus and bone metabolism. Analysis of all
literature published in English showed an overall increasing
trend. Major contributions were from North American,
European, and Asian countries, institutions, and authors, led
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by the United States. The journals that published the most
BMDM-related papers were Bone and Osteoporosis International.
Osteoporosis and related fractures are the main bone metabolic
diseases of greatest concern in this field. The main funding
agencies and collaborations were also found to be from developed
regions, showing that increased collaboration is needed to boost
the development of BMDM research. Several research topics
including high glucose environment, glycation end-product
and sodium-glucose co-transporter have been recognized
as the current research focus in this domain. The following
research directions such as diabetic osteoporosis, osteoarthritis,
fracture risk, meta-analysis, osteogenic differentiation, bone
regeneration, osteogenesis, and trabecular bone score may
remain the research hotspots and frontiers in the near future. All
in all, we believe that this bibliometric study can help researchers
explore potential cooperation opportunities, and also understand
BMDM fields knowledge landscapes, evolution process, and
research hotspots in this field. This study represents a call to
researchers and clinicians that like other diabetic complications,
diabetic osteopenia deserves more attention.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

1. Mathers CD, Loncar D. Projections of global mortality and
burden of disease from 2002 to 2030. PLoS Med. (2006)

3:e442. doi: 10.1371/journal.pmed.0030442
2. Hofbauer LC, Busse B, Eastell R, Ferrari S, Frost M, Miiller R, et al. Bone
fragility in diabetes: novel concepts and clinical implications. Lancet Diabetes
Endocrinol. (2022) 10:207-20. doi: 10.1016/S2213-8587(21)00347-8
3. Schousboe JT, Morin SN, Kline GA, Lix LM, Leslie WD. Differential risk of
fracture attributable to type 2 diabetes mellitus according to skeletal site. Bone.
(2022) 154:116220. doi: 10.1016/j.bone.2021.116220
. Vestergaard P. Discrepancies in bone mineral density and fracture risk in
patients with type 1 and type 2 diabetes—a meta-analysis. Osteoporos Int.
(2007) 18:427-44. doi: 10.1007/s00198-006-0253-4
5. Koromani E Oei L, Shevroja E, Trajanoska K, Schoufour J, Muka T,
et al. Vertebral fractures in individuals with type 2 diabetes: more than
skeletal complications alone. Diabetes Care. (2020) 43:137-44. doi: 10.2337/dc
19-0925
6. Vilaca T, Schini M, Harnan S, Sutton A, Poku E, Allen IE, et al
The risk of hip and non-vertebral fractures in type 1 and type 2
diabetes: a systematic review and meta-analysis update. Bone. (2020)
137:115457. doi: 10.1016/j.bone.2020.115457
7. Gao Y, Chai F. Risk of non-vertebral fractures in men with type 2 diabetes: a
systematic review and meta-analysis of cohort studies. Exp Gerontol. (2021)
150:111378. doi: 10.1016/j.exger.2021.111378
8. Ala M, Jafari RM, Dehpour AR. Diabetes mellitus and osteoporosis
correlation: challenges and hopes. Curr Diabetes Rev. (2020) 16:984-
1001. doi: 10.2174/1573399816666200324152517
9. Ruaro B, Guiducci S, da Silva J, Wade B, Baratella E, Confalonieri M.
Editorial: osteoporosis in rheumatic diseases, what's new?. Front Med. (2021)
3:8:808345. doi: 10.3389/fmed.2021.808345
Liu JM, Zhu DL, Mu YM, Xia WB, Chinese Society of Osteoporosis Bone
Mineral Research, the Chinese Society of Endocrinology, et al. Management

10.

AUTHOR CONTRIBUTIONS

KC, ZS, and HW designed the study. KC, QG, ZS,
and WY collected the data. KC, WY, YW, and HW
analyzed the data and drafted the manuscript. KC, ZS,
WY, and QG revised and approved the final version
of the manuscript. All authors read and approved the
submitted version.

FUNDING

This work was supported by the Tianjin Municipal Health Bureau
(grant number 14KG115) and Key Program of the Natural
Science Foundation of Tianjin (grant number 20JCZDJC00730).

ACKNOWLEDGMENTS

The authors thank Dr Yan Zhou and home-for-researchers
(www.home-for-researchers.com) for their effort in polishing the
English content of this manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.918483/full#supplementary-material

of fracture risk in patients with diabetes-Chinese expert consensus. ] Diabetes.

(2019) 11:906-19. doi: 10.1111/1753-0407.12962
. Ghodsi M, Larijani B, Keshtkar AA, Nasli-Esfahani E, Alatab S,
Mohajeri-Tehrani MR. Mechanisms involved in altered bone metabolism
in diabetes: a narrative review. ] Diabetes Metab Disord. (2016)
15:52. doi: 10.1186/s40200-016-0275-1
Cheng YZ, Yang SL, Wang JY, Ye M, Zhuo XY, Wang LT, et al. Irbesartan
attenuates advanced glycation end products-mediated damage in diabetes-
associated osteoporosis through the AGEs/RAGE pathway. Life Sci. (2018)
205:184-92. doi: 10.1016/j.1fs.2018.04.042
Asadipooya K, Uy EM. Advanced glycation end products (AGEs), receptor
for AGEs, diabetes, and bone: review of the literature. ] Endocr Soc. (2019)
3:1799-818. doi: 10.1210/j5.2019-00160
Loke YK, Singh S, Furberg CD. Long-term use of thiazolidinediones and
fractures in type 2 diabetes: a meta-analysis. CMA J. (2009) 180:32-
9. doi: 10.1503/cmaj.080486
Mamza J, Marlin C, Wang C, Chokkalingam K, Idris I. DPP-4 inhibitor
therapy and bone fractures in people with type 2 diabetes - a systematic
review and meta-analysis. Diabetes Res Clin Pract. (2016) 116:288-
98. doi: 10.1016/j.diabres.2016.04.029
Tang HL, Li DD, Zhang JJ, Hsu YH, Wang TS, Zhai SD, et al. Lack of evidence
for a harmful effect of sodium-glucose co-transporter 2 (SGLT2) inhibitors
on fracture risk among type 2 diabetes patients: a network and cumulative
meta-analysis of randomized controlled trials. Diabetes Obes Metab. (2016)
18:1199-206. doi: 10.1111/dom.12742
Salari-Moghaddam A, Sadeghi O, Keshteli AH, Larijani B, Esmaillzadeh
A. Metformin use and risk of fracture: a systematic review and
meta-analysis of observational studies. Osteoporos Int. (2019)
30:1167-73. doi: 10.1007/s00198-019-04948-1
Zhang M, Yang B, Peng S, Xiao J. Metformin rescues the impaired
osteogenesis differentiation ability of rat adipose-derived stem cells in
high glucose by activating autophagy. Stem Cells Dev. (2021) 30:1017-
27. doi: 10.1089/scd.2021.0181

Frontiers in Public Health | www.frontiersin.org

16

June 2022 | Volume 10 | Article 918483


http://www.home-for-researchers.com
https://www.frontiersin.org/articles/10.3389/fpubh.2022.918483/full#supplementary-material
https://doi.org/10.1371/journal.pmed.0030442
https://doi.org/10.1016/S2213-8587(21)00347-8
https://doi.org/10.1016/j.bone.2021.116220
https://doi.org/10.1007/s00198-006-0253-4
https://doi.org/10.2337/dc19-0925
https://doi.org/10.1016/j.bone.2020.115457
https://doi.org/10.1016/j.exger.2021.111378
https://doi.org/10.2174/1573399816666200324152517
https://doi.org/10.3389/fmed.2021.808345
https://doi.org/10.1111/1753-0407.12962
https://doi.org/10.1186/s40200-016-0275-1
https://doi.org/10.1016/j.lfs.2018.04.042
https://doi.org/10.1210/js.2019-00160
https://doi.org/10.1503/cmaj.080486
https://doi.org/10.1016/j.diabres.2016.04.029
https://doi.org/10.1111/dom.12742
https://doi.org/10.1007/s00198-019-04948-1
https://doi.org/10.1089/scd.2021.0181
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Cheng et al.

Bibliometric Analysis for BMDM

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Zhang Y, Jin D, Duan Y, Zhang Y, Duan L, Lian E et al. Bibliometric analysis
of renal fibrosis in diabetic kidney disease from 1985 to 2020. Front Public
Health. (2022) 10:767591. doi: 10.3389/fpubh.2022.767591

Yeung AWK, Heinrich M, Kijjoa A, Tzvetko,v NT. Atanasov AG. The
ethnopharmacological literature: an analysis of the scientific landscape. J
Ethnopharmacol. (2020) 250:112414. doi: 10.1016/j.jep.2019.112414

Kokol P. Meta approaches in knowledge synthesis in nursing: a bibliometric
analysis. Nurs Outlook. (2021) 69:815-25. doi: 10.1016/j.outlook.2021.02.006
Shen Z, Wu H, Chen Z, Hu J, Pan ], Kong J, et al. The global research of
artificial intelligence on prostate cancer: a 22-year bibliometric analysis. Front
Oncol. (2022) 12:843735. doi: 10.3389/fonc.2022.843735

Wu H, Cheng K, Guo Q, Yang W, Tong L, Wang Y, et al
Mapping knowledge of osteoporosis
in rheumatoid arthritis: a bibliometric analysis. Front Med. (2021)
8:787228. doi: 10.3389/fmed.2021.787228

van-Eck NJ, Waltman L. Software VOS
computer program for bibliometric mapping. Scientometrics.
84:523-38. doi: 10.1007/s11192-009-0146-3

Synnestvedt MB, Chen C, Holmes JH. CiteSpace II: visualization and
knowledge discovery in bibliographic databases. AMIA Annu Symp Proc.
(2005) 2005:724-8.

Gazzaz ZJ, Butt NS, Zubairi NA, Malik AA. Scientometric evaluation
of research productivity on diabetes from the Kingdom of Saudi
Arabia over the last two decades (2000-2019). J Diabetes Res. (2020)
2020:1514282. doi: 10.1155/2020/1514282

Okaiyeto K, Oguntibeju OO. Trends in diabetes research outputs in South
Africa over 30 years from 2010 to 2019: a bibliometric analysis. Saudi J Biol
Sci. (2021) 28:2914-24. doi: 10.1016/j.sjbs.2021.02.025

Ganasegeran K, Hor CP, Jamil MFA, Suppiah PD, Noor JM, Hamid NA, et al.
Mapping the scientific landscape of diabetes research in Malaysia (2000-2018):
a systematic scientometrics study. Int ] Environ Res Public Health. (2021)
18:318. doi: 10.3390/ijerph18010318

Deng P, Shi H, Pan X, Liang H, Wang S, Wu J, et al. Worldwide research trends
on diabetic foot ulcers (2004-2020): suggestions for researchers. ] Diabetes Res.
(2022) 2022:7991031. doi: 10.1155/2022/7991031

Wei Y, Jiang Z. The evolution and future of diabetic
disease research: a Dbibliometric analysis. BMC Nephrol.
22:158. doi: 10.1186/512882-021-02369-z

Koh BMQR, Banu R, Nusinovici S, Sabanayagam C. 100 most-cited
articles on diabetic retinopathy. Br ] Ophthalmol. (2021) 105:1329-
36. doi: 10.1136/bjophthalmol-2020-316609

Wu H, Sun Z, Tong L, Wang Y, Yan H, Sun Z. Bibliometric analysis of
global research trends on male osteoporosis: a neglected field deserves more
attention. Arch Osteoporos. (2021) 16:154. doi: 10.1007/s11657-021-01016-2
Wu H, Li Y, Tong L, Wang Y, Sun Z. Worldwide research tendency and
hotspots on hip fracture: a 20-year bibliometric analysis. Arch Osteoporos.
(2021) 16:73. doi: 10.1007/s11657-021-00929-2

Wu H, Cheng K, Tong L, Wang Y, Yang W, Sun Z. Knowledge
structure and emerging trends on osteonecrosis of the femoral
head: a bibliometric and visualized study. J Orthop Surg Res. (2022)
17:194. doi: 10.1186/513018-022-03068-7

Wang K, Xing D, Dong S, Lin J. The global state of research in nonsurgical
treatment of knee osteoarthritis: a bibliometric and visualized study. BMC
Muscul Disord. (2019) 20:407. doi: 10.1186/512891-019-2804-9

Yeung AWK, Georgieva MG, Atanasov AG, Tzvetkov NT.
Monoamine oxidases (MAOs) as privileged molecular targets in
neuroscience: research literature analysis. Front Mol Neurosci. (2019)
12:143. doi: 10.3389/fnmol.2019.00143

Yeung AWK, Atanasov AG, Sheridan H, Klager E, Eibensteiner F, Volkl-
Kernsock S, et al. Open innovation in medical and pharmaceutical
research: a literature landscape analysis. (2021)
11:587526. doi: 10.3389/fphar.2020.587526

Meng Y, Tao Z, Zhou S, Da W, Tao L. Research hot spots and
trends on melatonin from 2000 to 2019. Front Endocrinol. (2021)
12:753923. doi: 10.3389/fend0.2021.753923

Janghorbani M, Van Dam RM, Willett WC, Hu FB. Systematic review of type
1 and type 2 diabetes mellitus and risk of fracture. Am J Epidemiol. (2007)
166:495-505. doi: 10.1093/aje/kwm106

structure and themes trends

viewer, a
(2010)

survey:

kidney
(2021)

Front Pharmacol.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Ferron M, Hinoi E, Karsenty G, Ducy P. Osteocalcin differentially regulates
beta cell and adipocyte gene expression and affects the development of
metabolic diseases in wild-type mice. Proc Natl Acad Sci U S A. (2008)
105:5266-70. doi: 10.1073/pnas.0711119105

Schwartz AV, Sellmeyer DE, Ensrud KE, Cauley JA, Tabor HK, Schreiner
PJ, et al. Older women with diabetes have an increased risk of
fracture: a prospective study. J Clin Endocrinol Metab. (2001) 86:32-
8. doi: 10.1210/jcem.86.1.7139

Saito M, Marumo K. Collagen cross-links as a determinant of bone quality:
a possible explanation for bone fragility in aging, osteoporosis, and diabetes
mellitus. Osteoporos Int. (2010) 21:195-214. doi: 10.1007/s00198-009-1066-z

Nicodemus KK, Folsom AR; Iowa Women’s Health Study. Type 1 and type 2
diabetes and incident hip fractures in postmenopausal women. Diabetes Care.
(2001) 24:1192-7. doi: 10.2337/diacare.24.7.1192

Napoli N, Chandran M, Pierroz DD, Abrahamsen B, Schwartz AV, Ferrari
SL, et al. Mechanisms of diabetes mellitus-induced bone fragility. Nat Rev
Endocrinol. (2017) 13:208-19. doi: 10.1038/nrendo.2016.153

Kahn SE, Zinman B, Lachin JM, Haffner SM, Herman WH, Holman RR,
et al. Rosiglitazone-associated fractures in type 2 diabetes: an Analysis from
A Diabetes Outcome Progression Trial (ADOPT). Diabetes Care. (2008)
31:845-51. doi: 10.2337/dc07-2270

Vestergaard P, Rejnmark L, Mosekilde L. Relative fracture risk in
patients with diabetes mellitus, and the impact of insulin and oral
antidiabetic medication on relative fracture risk. Diabetologia. (2005)
48:1292-9. doi: 10.1007/s00125-005-1786-3

Schwartz AV, Vittinghoff E, Bauer DC, Hillier TA, Strotmeyer ES, Ensrud KE,
et al. Association of BMD and FRAX score with risk of fracture in older adults
with type 2 diabetes. JAMA. (2011) 305:2184-92. doi: 10.1001/jama.2011.715

Peng C, He M, Cutrona SL, Kiefe CI, Liu FE Wang Z. Theme trends and
knowledge structure on mobile health apps: bibliometric analysis. JMIR
Mbhealth Uhealth. (2020) 8:e18212. doi: 10.2196/18212

Meneses M], Silva BM, Sousa M, Si R, Oliveira PE Alves
MG. Antidiabetic drugs: mechanisms of action and potential
outcomes on cellular metabolism. Curr Pharm  Des. (2015)

21:3606-20. doi: 10.2174/1381612821666150710145753

Vu GT, Tran BX, McIntyre RS, Pham HQ, Phan HT, Ha GH, et al.
Modeling the research landscapes of artificial intelligence applications
in diabetes (GAPRESEARCH). Int ] Environ Res Public Health. (2020)
17:1982. doi: 10.3390/ijerph17061982

Liu Y, Wang Y, Qin S, Jin X, Jin L, Gu W, et al. Insights into genome-wide
association study for diabetes: a bibliometric and visual analysis from 2001 to
2021. Front Endocrinol. (2022) 13:817620. doi: 10.3389/fendo.2022.817620
Wang C, Liu J, Xiao L, Liu D, Yan W, Hu T, et al. Comparison
of FRAX in postmenopausal Asian women with and without type 2
diabetes mellitus: a retrospective observational study. J Int Med Res. (2020)
48:300060519879591. doi: 10.1177/0300060519879591

Van Hulten V, Sarodnik C, Driessen JHM, Schaper NC, Geusens
PMM, Webers CAB, et al. Prevalent morphometrically assessed vertebral
fractures in individuals with type 2 diabetes, prediabetes and normal
glucose metabolism: the maastricht study. Front Endocrinol. (2022)
13:832977. doi: 10.3389/fend0.2022.832977

Lai Y, Suo S, Wang R, Kong X, Hu Y, Tang D, et al. Trends involving
monoclonal antibody (mAb) research and commercialization: a scientometric
analysis of IMS lifecycle R&D focus database (1980-2016). Hum Vaccin
Immunother. (2018) 14:847-55. doi: 10.1080/21645515.2017.1420445

Deng Z, Wang H, Chen Z, Wang T. Bibliometric analysis of dendritic
epidermal T Cell (DETC) research from 1983 to 2019. Front Immunol. (2020)
11:259. doi: 10.3389/fimmu.2020.00259

LiY, Wang X. Chrysin attenuates high glucose-induced BMSC dysfunction via
the activation of the PI3K/AKT/Nrf2 signaling pathway. Drug Des Devel Ther.
(2022) 16:165-82. doi: 10.2147/DDDT.S335024

Dong K, Hao P, Xu S, Liu S, Zhou W, Yue X, et al. Alpha-lipoic acid alleviates
high-glucose suppressed osteogenic differentiation of MC3T3-E1 cells via
antioxidant effect and PI3K/Akt signaling pathway. Cell Physiol Biochem.
(2017) 42:1897-906. doi: 10.1159/000479605

Morresi C, Cianfruglia L, Sartini D, Cecati M, Fumarola S, Emanuelli M, et al.
Effect of high glucose-induced oxidative stress on paraoxonase 2 expression
and activity in caco-2 cells. Cells. (2019) 8:1616. doi: 10.3390/cells8121616

Frontiers in Public Health | www.frontiersin.org

June 2022 | Volume 10 | Article 918483


https://doi.org/10.3389/fpubh.2022.767591
https://doi.org/10.1016/j.jep.2019.112414
https://doi.org/10.1016/j.outlook.2021.02.006
https://doi.org/10.3389/fonc.2022.843735
https://doi.org/10.3389/fmed.2021.787228
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1155/2020/1514282
https://doi.org/10.1016/j.sjbs.2021.02.025
https://doi.org/10.3390/ijerph18010318
https://doi.org/10.1155/2022/7991031
https://doi.org/10.1186/s12882-021-02369-z
https://doi.org/10.1136/bjophthalmol-2020-316609
https://doi.org/10.1007/s11657-021-01016-2
https://doi.org/10.1007/s11657-021-00929-2
https://doi.org/10.1186/s13018-022-03068-7
https://doi.org/10.1186/s12891-019-2804-9
https://doi.org/10.3389/fnmol.2019.00143
https://doi.org/10.3389/fphar.2020.587526
https://doi.org/10.3389/fendo.2021.753923
https://doi.org/10.1093/aje/kwm106
https://doi.org/10.1073/pnas.0711119105
https://doi.org/10.1210/jcem.86.1.7139
https://doi.org/10.1007/s00198-009-1066-z
https://doi.org/10.2337/diacare.24.7.1192
https://doi.org/10.1038/nrendo.2016.153
https://doi.org/10.2337/dc07-2270
https://doi.org/10.1007/s00125-005-1786-3
https://doi.org/10.1001/jama.2011.715
https://doi.org/10.2196/18212
https://doi.org/10.2174/1381612821666150710145753
https://doi.org/10.3390/ijerph17061982
https://doi.org/10.3389/fendo.2022.817620
https://doi.org/10.1177/0300060519879591
https://doi.org/10.3389/fendo.2022.832977
https://doi.org/10.1080/21645515.2017.1420445
https://doi.org/10.3389/fimmu.2020.00259
https://doi.org/10.2147/DDDT.S335024
https://doi.org/10.1159/000479605
https://doi.org/10.3390/cells8121616
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Cheng et al. Bibliometric Analysis for BMDM
59. Lee H, Jose PA. Coordinated contribution of NADPH oxidase- and 77. Rzonca SO, Suva LJ, Gaddy D, Montague DC, Lecka-Czernik B. Bone is
mitochondria-derived reactive oxygen species in metabolic syndrome a target for the antidiabetic compound rosiglitazone. Endocrinology. (2004)
and its implication in renal dysfunction. Front Pharmacol. (2021) 145:401-6. doi: 10.1210/en.2003-0746
12:670076. doi: 10.3389/fphar.2021.670076 78. Dennison EM, Syddall HE, Aihie Sayer A, Craighead S, Phillips DI,
60. Dong X, Wang X, Xing M, Zhao C, Guo B, Cao J, et al. Inhibition of the et al. Type 2 diabetes mellitus is associated with increased axial bone
negative effect of high glucose on osteogenic differentiation of bone marrow density in men and women from the hertfordshire cohort study: evidence
stromal cells by silicon ions from calcium silicate bioceramics. Regen Biomater. for an indirect effect of insulin resistance? Diabetologia. (2004) 47:1963-
(2020) 7:9-17. doi: 10.1093/rb/rbz030 8. doi: 10.1007/s00125-004-1560-y
61. Zhang YS, Zheng YD, Yuan Y, Chen SC, Xie BC. Effects of anti-diabetic 79. Shanbhogue VV, Hansen S, Frost M, Jorgensen NR, Hermann AP, Henriksen
drugs on fracture risk: a systematic review and network meta-analysis. Front JE, et al. Bone geometry, volumetric density, microarchitecture, and
Endocrinol. (2021) 12:735824. doi: 10.3389/fend0.2021.735824 estimated bone strength assessed by HR-pQCT in adult patients with type
62. Zhou Z, Immel D, Xi CX, Bierhaus A, Feng X, Mei L, et al. Regulation of 1 diabetes mellitus. ] Bone Miner Res. (2015) 30:2188-99. doi: 10.1002/
osteoclast function and bone mass by RAGE. ] Exp Med. (2006) 203:1067- jbmr.2573
80. doi: 10.1084/jem.20051947 80. Ogunsakin RE, Ebenezer O, Ginindza TG. A bibliometric analysis of the
63. Li Y, Wang L, Zhang M, Huang K, Yao Z, Rao P, et al. Advanced glycation literature on norovirus disease from 1991-2021. Int ] Environ Res Public
end products inhibit the osteogenic differentiation potential of adipose- Health. (2022) 19:2508. doi: 10.3390/ijerph19052508
derived stem cells by modulating Wnt/f-catenin signalling pathway via DNA 81. Thangavelu T, Silverman E, Akhter MP, Lyden E, Recker RR,
methylation. Cell Prolif. (2020) 53:e12834. doi: 10.1111/cpr.12834 Graeff-Armas LA. Trabecular bone score and transilial bone
64. Notsu M, Kanazawa I, Takeno A, Yokomoto-Umakoshi M, Tanaka KI, trabecular  histomorphometry in type 1 diabetes and healthy
Yamaguchi T, et al. Advanced glycation end product 3 (AGE3) increases controls.  Bome.  (2020)  137:115451.  doi:  10.1016/j.bone.2020.
apoptosis and the expression of sclerostin by stimulating TGF-B expression 115451
and secretion in osteocyte-like MLO-Y4-A2 cells. Calcif Tissue Int. (2017) 82. Hidayat K, Fang QL, Shi BM, Qin LQ. Influence of glycemic control and
100:402-411. doi: 10.1007/s00223-017-0243-x hypoglycemia on the risk of fracture in patients with diabetes mellitus: a
65. Takagi M, Kasayama S, Yamamoto T, Motomura T, Hashimoto K, systematic review and meta-analysis of observational studies. Osteoporos Int.
Yamamoto H, et al. Advanced glycation endproducts stimulate interleukin-6 (2021) 32:1693-704. doi: 10.1007/s00198-021-05934-2
production by human bone-derived cells. ] Bone Miner Res. (1997) 12:439- 83. Zhang Z, Cao Y, Tao Y, E M, Tang J, Liu Y, et al. Sulfonylurea and
46. doi: 10.1359/jbmr.1997.12.3.439 fracture risk in patients with type 2 diabetes mellitus: a meta-analysis.
66. Jiang M, Wang X, Wang P, Peng W, Zhang B, Guo L. Inhibitor of Diabetes Res Clin Pract. (2020) 159:107990. doi: 10.1016/j.diabres.2019.
RAGE and glucose-induced inflammation in bone marrow mesenchymal 107990
stem cells: effect and mechanism of action. Mol Med Rep. (2020) 22:3255- 84. Chen Z, Zhao GH, Zhang YK, Shen GS, Xu YJ, Xu NW. Research on the
62. doi: 10.3892/mmr.2020.11422 correlation of diabetes mellitus complicated with osteoporosis with lipid
67. Kim HJ, Jeong MS, Jang SB. Molecular characteristics of RAGE metabolism, adipokines and inflammatory factors and its regression analysis.
and advances in small-molecule inhibitors. Int ] Mol Sci. (2021) Eur Rev Med Pharmacol Sci. (2017) 21:3900-5.
22:6904. doi: 10.3390/ijms22136904 85. Liu GY, Cao GL, Tian FM, Song HP, Yuan LL, Geng LD, et al.
68. Patorno E, Goldfine AB, Schneeweiss S, Everett BM, Glynn RJ, Liu J, et al. Parathyroid hormone (1-34) promotes fracture healing in ovariectomized
Cardiovascular outcomes associated with canagliflozin versus other non- rats with type 2 diabetes mellitus. Osteoporos Int. (2017) 28:3043-
gliflozin antidiabetic drugs: population based cohort study. BMJ. (2018) 53. doi: 10.1007/s00198-017-4148-3
360:k119. doi: 10.1136/bmj.k119 86. Gao F, Wang Y, Wu M. Teneligliptin inhibits IL-1B-induced degradation of
69. Neal B, Perkovic V, Mahaffey KW, de, Zeeuw. D., Fulcher G, et al extracellular matrix in human chondrocytes. J Cell Biochem. (2020) 121:4450-
Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl J 7. doi: 10.1002/jcb.29662
Med. (2017) 377:644-57. doi: 10.1056/NEJMoal611925 87. Liu J, Zuo Q, Li Z, Chen J, Liu F. Trelagliptin ameliorates IL-1B-impaired
70. Taylor SI, Blau JE, Rother KI. Possible adverse effects of chondrocyte function via the AMPK/SOX-9 pathway. Mol Immunol. (2021)
SGLT2 inhibitors on bone. Lancet Diabetes Endocrinol. (2015) 140:70-6. doi: 10.1016/j.molimm.2021.09.009
3:8-10. doi: 10.1016/S2213-8587(14)70227-X 88. Li M, Xiao YB, Wang XT, Zhuang JP, Zhou CL. Proline-Serine-threonine
71. Ruanpeng D, Ungprasert P, Sangtian ], Harindhanavudhi T. Sodium-glucose phosphatase-interacting protein 2 alleviates diabetes mellitus-osteoarthritis in
cotransporter 2 (SGLT2) inhibitors and fracture risk in patients with rats through attenuating synovial inflammation and cartilage injury. Orthop
type 2 diabetes mellitus: a meta-analysis. Diabetes Metab Res Rev. (2017) Surg. (2021) 13:1398-407. doi: 10.1111/0s.13000
33:10. doi: 10.1002/dmrr.2903
72. Toulis KA, Bilezikian JP, Thomas GN, Hanif W, Kotsa K, Thayakaran R, et al. Conflict of Interest: The authors declare that the research was conducted in the
Initiation of dapagliflozin and treatment-emergent fractures. Diabetes Obes absence of any commercial or financial relationships that could be construed as a
Metab. (2018) 20:1070-4. doi: 10.1111/dom.13176 potential conflict of interest.
73. Wang JY, Cheng YZ, Yang SL, An M, Zhang H, Chen H, et al
Dapagliflozin  attenuates  hyperglycemia  related ~ osteoporosis  in  pyblisher’s Note: All claims expressed in this article are solely those of the authors
ZDF rats. by alleviating hypercalciuria. Front  Endocrinol. (2019 and do not necessarily represent those of their affiliated organizations, or those of
10:700. dot: 10.3389/fendo.2019.00700 . . the publisher, the editors and the reviewers. Any product that may be evaluated in
74. Strotmeyer ES, Cauley JA, Schwartz AV, Nevitt MC, Resnick HE, Zmuda ) . . . .
. . . . L . this article, or claim that may be made by its manufacturer, is not guaranteed or
JM, et al. Diabetes is associated independently of body composition with .
BMD and bone volume in older white and black men and women: the endorsed by the publisher.
health, aging, and body composition study. ] Bone Miner Res. (2004) 19:1084—
91. doi: 10.1359/JBMR.040311 Copyright © 2022 Cheng, Guo, Yang, Wang, Sun and Wu. This is an open-access
75. Heap J, Murray MA, Miller SC, Jalili T, Moyer-Mileur L]. Alterations in bone article distributed under the terms of the Creative Commons Attribution License (CC
characteristics associated with glycemic control in adolescents with type 1 BY). The use, distribution or reproduction in other forums is permitted, provided
diabetes mellitus. ] Pediatr. (2004) 144:56-62. doi: 10.1016/j.jpeds.2003.10.066 the original author(s) and the copyright owner(s) are credited and that the original
76. Carnevale V, Romagnoli E, DErasmo E. Skeletal involvement in publication in this journal is cited, in accordance with accepted academic practice.

patients with diabetes mellitus. Diabetes Metab Res Rev. (2004)

20:196-204. doi: 10.1002/dmrr.449

No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

18

June 2022 | Volume 10 | Article 918483


https://doi.org/10.3389/fphar.2021.670076
https://doi.org/10.1093/rb/rbz030
https://doi.org/10.3389/fendo.2021.735824
https://doi.org/10.1084/jem.20051947
https://doi.org/10.1111/cpr.12834
https://doi.org/10.1007/s00223-017-0243-x
https://doi.org/10.1359/jbmr.1997.12.3.439
https://doi.org/10.3892/mmr.2020.11422
https://doi.org/10.3390/ijms22136904
https://doi.org/10.1136/bmj.k119
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1016/S2213-8587(14)70227-X
https://doi.org/10.1002/dmrr.2903
https://doi.org/10.1111/dom.13176
https://doi.org/10.3389/fendo.2019.00700
https://doi.org/10.1359/JBMR.040311
https://doi.org/10.1016/j.jpeds.2003.10.066
https://doi.org/10.1002/dmrr.449
https://doi.org/10.1210/en.2003-0746
https://doi.org/10.1007/s00125-004-1560-y
https://doi.org/10.1002/jbmr.2573
https://doi.org/10.3390/ijerph19052508
https://doi.org/10.1016/j.bone.2020.115451
https://doi.org/10.1007/s00198-021-05934-2
https://doi.org/10.1016/j.diabres.2019.107990
https://doi.org/10.1007/s00198-017-4148-3
https://doi.org/10.1002/jcb.29662
https://doi.org/10.1016/j.molimm.2021.09.009
https://doi.org/10.1111/os.13000
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Mapping Knowledge Landscapes and Emerging Trends of the Links Between Bone Metabolism and Diabetes Mellitus: A Bibliometric Analysis From 2000 to 2021
	Introduction
	Materials and Methods
	Data Source
	Data Search Strategy
	Data Extraction and Collection
	Bibliometric Analysis
	Statistical Analysis

	Results
	Publication Outputs and Trends
	Most Productive Countries/Regions and Funding Agencies
	Analysis of Institutional Output
	Analysis of Influential Authors
	Most Active Journals and Research Areas
	Co-cited References and Reference Burst
	Analysis of Co-occurring Keywords and Related Genes

	Discussion
	Global Publication Trends in BMDM Research
	General Knowledge Structures and Major Contributors
	Countries and Institutions
	Authors
	Journals

	Research Clusters and Research Focus Transition
	References Co-citation Analysis
	High Glucose Environment
	Glycation End-Product
	Sodium-Glucose Co-transporter
	References With Citation Burst
	Keywords Analysis and Related Genes


	Strengths and Limitation
	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


