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Abstract
Introduction. The occurrence of osteoporosis (OP) has drawn considerable attention from scholars around the 
world due to the significant impacts thereof on the social economy and the quality of human life. OP research has 
been rapidly expanding since the inclusion of microRNAs (miRNAs) as critical regulators of gene-expression. 
However, despite the ability to evaluate miRNA gene therapy in OP being enhanced, there has been a scarcity 
of updated citation analyses that reflect such developments. In the present study, through bibliometric analysis, 
the global research activity and trends in regard to the relationship between OP and miRNAs were reviewed.
Methods. Publications related to miRNA and OP from 2000 to 2021 were retrieved via Web of Science Core 
Collection (WoSCC). The data included publication years, countries, journals, institutions, authors and key-
words, and were sorted and summarized by bibliometrics, before being visually analyzed through VOS Viewer.
Results. In the past five years, 599 articles have been published, with said studies accounting for 79.11% of all 
relevant documents, indicating the increased interest in the present research topic. The country with the highest 
contribution rate was China, and the publication rate of Journal of Bone and Mineral Research was the highest, 
followed by Bone. The institutions with the highest contribution rate were Nanjing Medical University. The most 
frequently occurring keywords were clustered into five groups. The research area of the first group described that 
circulating miRNA would be a potential biomarker for postmenopausal osteoporosis (PMOP). The remaining 
four groups involved the influences of miRNAs and exosomes on the osteogenic and adipogenic differentiation 
of mesenchymal stem cells (MSCs), and the interactions of lncRNA and miRNA with OP.
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Conclusions. The results of the present study will expand the research on miRNAs and OP. The research 
direction with the highest frequency was the miRNAs acting on osteoblasts and osteoclasts. The influence of 
miRNAs carried by exosomes on the differentiation of MSCs might become an effective method for OP cell-free 
treatment. (Folia Histochemica et Cytobiologica 2021, Vol. 59, No. 4, 203–211) 

Key words: osteoporosis; miRNA; bibliometric analysis; visual analysis; exosomes

Abbreviations: OP — osteoporosis; miRNAs — 
microRNAs; WoSCC — Web of Science Core 
Collection; PMOP — postmenopausal osteoporosis; 
MSCs — mesenchymal stem cells; AAY — average 
appearing year; IF — impact factor.

Introduction

Osteoporosis (OP) is a common bone metabolism 
disease. The imbalance between bone resorption and 
formation generates the piecemeal degradation of the 
bone microstructure and increases the risk of fragility 
fractures. Thus, OP is a significant threat to human 
health and the social economy. Complications such as 
severe fractures caused by OP are one of the primary 
accounts of morbidity and death in the elderly [1].

As endogenous small non-coding RNAs, microR-
NAs (miRNAs) regulate post-transcriptional silencing 
of target genes, and are about 18–25 nucleotides in 
length [2]. Numerous studies have found that up 
to 60% of human protein coding genes can be reg-
ulated by miRNAs [3], which bind to target genes 
in the 3’-untranslated regions (3’-UTR), and result 
in the degradation and transcription inhibition of 
mRNA [3, 4]. miRNAs mediate cell communication 
via exosomes, so as to regulate numerous biological 
processes including cell development, differentiation, 
proliferation, metabolism, and cell cycle regulation 
[3]. Additionally, miRNAs regulate osteoblast-de-
pendent bone formation and osteoclast-related bone 
resorption [5, 6], and are potential therapeutic targets 
and biomarkers for OP.

Bibliometric analysis is a significant tool that can 
be used to find trends in various research fields and 
compare different countries, institutions, and research 
progress [7]. Despite the considerable significance 
of the relationship between miRNAs and OP, no 
qualitative and quantitative publication on such area 
has been demonstrated through bibliometric studies. 
Thus, in the present study, the aim was to use Web 
of Science to retrieve papers related to osteoporosis 
and miRNA via bibliometric analysis, categorize the 
countries, journals, authors, and institutions in which 
such studies are conducted, and regard frequently 
occurring keywords as the research object. Five re-
search fields were selected and clarified, and analysis 

was conducted on the research progress and trends 
related to osteoporosis and miRNA. 

Search strategy

Web of Science Core Collection (WoSCC) is widely 
used for analysis of the research trends and progress 
of medicine, and regarded as the best bibliometric da-
tabase [8–11]. Thus, WoSCC was used in the present 
study. The following keywords and Boolean operators 
were used for the search: TS = (“Osteoporosis*”) AND 
TS = (“microRNA*” OR “miRNA*” OR “miR*”). Re-
search published between 2000 and 2021 was selected, 
and included articles written in English. In order to 
avoid deviation due to the daily update of the database, 
the papers were retrieved on 15 February 2021.

The contents included title, author, country, pub-
lication journal, keywords and abstract, which were 
extracted and imported into Excel in .txt format. The 
Excel file was imported into VOSviewer 1.6.16 (Van 
Eck and Waltman, Leiden University, Leiden, The 
Netherlands) to analyze the relationship between 
the most cited study, and a cluster map was created 
for further visual analysis. Microsoft Excel 2019 
(Microsoft Corporation, Redmond, WA, USA) 
was used for statistical analysis and creating graphs.

Results 

In total, there were 1,180 studies published between 
2000 and 2021. After screening, 827 papers were se-
lected from the WoSCC, including 88 review articles 
(10.64%). The total number of citations was 18,355, 
and the average number of citations per item was 
19.76. The search result flowchart is shown in Figure 1.

Global publishing trends
After Spencer et al. published the first study on OP 
and miRNA in the Journal of Bone and Mineral Re-
search in 2008 [12], the number of related articles 
progressively grew from 2008 to 2012 and increased 
sharply after 2013 (Fig. 2). Significantly, 599 articles 
have been published in the past five years, with said 
studies accounting for 79.11% of all relevant docu-
ments, indicating the increased interest in the present 
research topic.
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Bibliometric variables
Bibliometric variables include relevant countries 
and institutions, the most cited authors, articles, and 
publications and information on the number of cita-
tions. VOSviewer was used to analyze the relevant 
literature.

The country with the highest number of publica-
tions was China with 395 published articles and 7710 
citations. The institution with the highest contribution 
was Nanjing Medical University with 16 published 
and 552 citations. The most cited author was “Jo-
hannes Grillari”, who worked at the University of 
Bodenkultur Wien, accounting for 26 publications 

in 14 journals. The most frequently cited research 
was “Differentially circulating miRNAs after recent 
osteoporotic fractures can influence osteogenic 
differentiation” [13] with 100 citations. Additional 
information is provided in Figures 3 and 4.

The journal with largest number of publications 
was Journal of Bone and Mineral Research (IF 6.741, 
2020), with 49 articles and 1341 citations in total 
(Table 1). The most cited article was “MicroRNA-204 
Regulates Runx2 Protein Expression and Mesenchy-
mal Progenitor Cell Differentiation” [14] published 
by Huangjian et al. in Stem Cell (IF 6.277, 2020), with 
412 citations.

The main research directions of miRNA and OP 
studies were based on cell biology, research exper-
imental medicine, biochemistry molecular biology, 
endocrine metabolism, pharmacology and pharmacy. 
Among said research directions, studies involving cell 
biology had the greatest number of publications with 
a total of 169 (Additional file 1).

Hotspots
The keywords of 599 articles were analyzed in 
VOSviewer, and a keywords network was created to 
establish trends and current hotspots in the present 
research area. The keywords network reflected hot-
spots in the field of OP and miRNA [15]. Keywords 
that appeared more than 10 times were selected via 
title and abstract. Among 1866 keywords, 87 keywords 
were screened out and divided into five categories: 
red, yellow, green, blue and purple (Fig. 5a). The 
strongest keywords were classified into the red cat-
egory, and included postmenopausal osteoporosis, 
bone density, circulating miRNA, and biomarkers; 
the green category included mesenchymal stem 
cells, osteogenic and adipogenic differentiation, and 

Figure 1. The flowchart of publications selection process used 
in this study. Document type include articles published in 
journal. Meeting abstract, editorial materials, book chapter, 
letter, proceedings paper, review, early access, correction, 
retracted publication was excluded.

Number of studies identified 
through database searching

(n = 1180)

Studies identified 
(n = 827)
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Irrelevant publications

and written
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Non-published

in document type
and undocumented 
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(n = 228)

Figure 2. Numbers of publications about relation between OP and miRNA from 2008 to 2021.

https://journals.viamedica.pl/folia_histochemica_cytobiologica/article/view/FHC.a2021.0024
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Figure 3. Numbers of publications and citation frequency for the miRNAs in OP-related of different countries. (a) The 
number of publications, citations and H-index from different countries. (b) The number of publications from the top four 
countries per year.

Table 1. Numbers of publications and Citation frequency for the relation between miRNA and OP of different sources

Source Number of publications Frequency IF 2020

Journal of Bone and Mineral Research (USA) 49 1341 6.741

European Review for Medical and Pharmacological Sciences (Italy) 35 254 3.507

Bone (USA) 25 450 4.398

Molecular Medicine Reports (Greece) 25 244 2.952

Experimental and Therapeutic Medicine (Greece) 19 65 2.447

Journal of Cellular Biochemistry (USA) 19 276 4.429

International Journal of Molecular Sciences (USA) 16 153 5.923

Journal of Cellular Physiology (USA) 16 223 6.384

Biochemical and Biophysical Research Communications (USA) 14 127 3.575

International Journal of Molecular Medicine (USA) 13 167 4.101
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Figure 5. The keywords network related to miRNA and OP. A. The keywords were divided into five clusters and were por-
trayed by colors: cluster 1 (“osteoclast” and “rankl”, in blue), cluster 2 (“circulating miRNA” and “biomarker”, in red), cluster 
3 (“mesenchymal stem-cell” and “adipogenic” and “osteogenesis” and “exosomes”, in green), cluster 4 (“long non-cording 
RNA” and “bone-formation”, in yellow), cluster 5 (“miR-214” and “apoptosis”, in purple). In general, the larger size of  
a circle, the more frequently the keyword appears. The smaller distance between two terms, the larger number of co-occur-
rences appears. B. The earlier average appearing yearing of keyword appears in blue, the later in red. C. The larger number 
of adjacent items, the smaller distance between these and central keyword and the higher item density. The yellow or red 
direction indicated the higher density, the blue direction manifested the lower density. 

Figure 4. Distribution of authors and institutions for the miRNAs in OP-related. A. Numbers of publications and citation 
frequency for different authors. B. Numbers of publications and Citation frequency for different institutions.
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exosome; the yellow category included lncRNA and 
bone metabolism; the blue category included osteo-
clast and RANKL; and the purple category included 
miR-214 and apoptosis (Fig. 5a).

The different average appearing year (AAY) of 
keywords and developments of the theme over time in 
the map were analyzed and illustrated via VOSview-
er. The average appearing years of keywords in the 
yellow and blue categories were more recent than 
that in the red category. In the red category, “long 
noncoding rna” and “exosomes” showed the relative-
ly latest AAYs of 2019.45 and 2019.40, respectively 
(Additional file 2).

In addition, according to the frequency of occur-
rence in the article, the most cited miRNAs were 
selected and plotted as a density map (Fig. 5c). 
Among said miRNAs, miR-21, miR-155, miR-214, 
and miRNA-218 showed the highest project density 
(Additional file 3).

Discussion

As a huge economic burden, osteoporosis is a major 
public health problem. The annual number of oste-
oporosis-related fractures is expected to reach 4.83 
million in China by 2035, which will cost approximate-
ly $19.92 billion each year [16]. In the United States, 
more than 2 million osteoporosis-related fractures 
occur every year and the cost is estimated to exceed 
$25 billion by 2025 [17]. Osteoporosis is preventive 
and remediable. Hence, finding more effective, safe 
and economical methods is of considerable research 
significance.

In the present study, a quantitative and qualitative 
analysis of global publications from 2008 to this year 
was firstly conducted, so as to determine the research 
progress and trends of miRNAs in osteoporosis-relat-
ed research. For the aforementioned period, research 
on the relationship between OP and miRNA gradually 
increased. The country with the highest research con-
tribution rate was China, the author with the highest 
research contribution rate was Johannes Grillari, 
and the journal with the highest research contribu-
tion rate was Journal of Bone and Mineral Research. 
Secondly, the most frequently occurring words were 
classified into five diverse categories, and the miRNAs 
in osteoporosis-related research activity and trends 
were systematically summarized. The latest potential 
research hotspots in the present research area appear 
to be “long noncoding RNA” and “exosomes”.

In the past ten years, the number of publications 
has been increasing year by year and two trends have 
been exhibited: 2008~2013 was the initial stage, with 
a slow growth and fluctuation; and 2014~2021 was 

a period of rapid development, with future research 
expected to continue at a rapid pace. 

Regarding countries, China and the USA were 
the regions that contributed the most, followed by 
Europe. In terms of the number of publications, the 
top ten authors and institutions were from China and 
Austria, but not the USA, which could be attributed 
to the scattered researchers and institutions in the 
USA. Among the top 10 authors, 2 were from the 
University of Bodenkultur Wien and TAmiRNA 
GmbH in Austria, respectively, and had a good co-
operative relationship; 4 were from the Air Force 
Military Medical University in China; 2 were from 
Northwestern Polytechnical University and Hong 
Kong Baptist University in China, respectively. These 
authors and the institutions were the main research 
force in the present research field. Thus, establishing 
a good cooperative relationship between institutions 
might be a good choice.

For journals, a total of 946 journals published 
literature in the present research field. The top 10 
journals with the most articles published 24.4% 
and the average IF was 4.446. Among said journals, 
three journals had an average of IF > 5. Despite the 
large number of journals, no journal demonstrated 
a particular interest in the present research field, 
which made selecting journals difficult for the pres-
ent authors. Among said journals, Journal of Bone 
and Mineral Research, Bone and Journal of Cellular 
Biochemistry could be regarded as core journals, and 
more research should be published therein.

The most cited article was “MicroRNA-204 Reg-
ulates Runx2 Protein Expression and Mesenchymal 
Progenitor Cell Differentiation” [14]. This study 
found that miR-204 could act on the 3’-untranslated 
region (3’-UTR) of Runx2 to down-regulate the ex-
pression of target proteins and genes then promote 
adipogenesis of mesenchymal progenitor cells and 
BMSCs. The second most co-cited reference was 
“A novel microRNA targeting HDAC5 regulates 
osteoblast differentiation in mice and contributes 
to primary osteoporosis in humans” [15]. This study 
revealed that the expression of miR-2861 decreased, 
while Runx2 levels decreased, inhibited osteoblast 
differentiation and promoted osteoporosis. The two 
aforementioned articles both explored the regulation 
of miRNA on Runx2 to influence the differentiation 
of mesenchymal stem cells or osteoblasts. The two 
studies involved basic research in the present field, 
which every researcher should be familiar with.

With regard to scientific research trends, the 
application of miRNAs in osteoporosis has expand-
ed from the initial osteogenic and adipogenesis of 
mesenchymal stem cells, osteoblasts, and osteoclasts 

https://journals.viamedica.pl/folia_histochemica_cytobiologica/article/view/FHC.a2021.0024
https://journals.viamedica.pl/folia_histochemica_cytobiologica/article/view/FHC.a2021.0024
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to investigating the influence of circulatory miRNA, 
lncRNA and exosomes. For researchers, with the 
continuous development of research, the molecular 
mechanism of osteogenesis and adipogenesis of 
MSCs will be more distinct. The positive and negative 
feedback and bidirectional regulation of miRNAs on 
transcription factors and proteins has been demon-
strated to be related to osteogenic and adipogenic 
differentiation of MSCs [18–23], and the effect of 
miRNA gene therapy targets for OP has significant 
potential. Most studies have demonstrated the ability 
of miRNAs to promote osteogenic differentiation 
of MSCs, and the significant effects thereof. How-
ever, due to the lack of ability to target tissues and 
the instability of being degraded by nucleases, only 
a few preclinical studies have shown that miRNAs 
could be directly injected and delivered into bone 
tissue. Hence, finding more miRNAs with positive 
effects on bone metabolism and constructing a more 
stable, safe and effective delivery systems are urgent 
problems that must be solved to improve OP treat-
ment via targeting miRNAs gene therapy. An area 
worthy of further study is determining whether the 
insufficiency of undemanding degradation and poor 
targeting ability can be remedied through structural 
modification, capsule shells or scaffolds. Secondly, 
exosomal miRNAs from different sources have been 
shown to target different genes and proteins to reg-
ulate osteogenic differentiation [25, 26]. Compared 
with stem cell therapy, exosomes have higher safety 
and the ability to penetrate the blood-brain barrier 
to treat brain injuries [26, 27], thereby exhibiting a 
wider range of disease treatment effects. Exosomes 
can also be loaded with miRNAs for targeted treat-
ment of OP, showing significant research potential. 
Although several clinical trials have been conduct-
ed in existing research, due to the lack of basic 
knowledge of exosomes research methods, there is 
currently no clinically approved exosomes treatment 
method. Whether exosomal miRNAs can make up 
for the deficiencies of miRNAs, which are easily de-
graded by nucleases in delivery systems, and whether 
exosomes can be used to treat orthopedic diseases 
need further research to determine. 

Further, studies on preforming serum circulating 
miRNAs as OP biomarkers are increasing. The stabil-
ity, measurability and effects of circulation miRNAs 
on bone metabolism promote new directions in the 
diagnosis and prognosis of OP [28–31]. However, in-
dividual differences such as gender, age, lifestyle, and 
disease need to be considered. The standard and quality 
of detection are still unspecified, and determining how 
to implement regulations, and promote the measuring 
mode and quality control needs further research. 

At present, several effective drugs such as estro-
gen, denosumab, and bisphosphonates have been 
approved to treat OP. The function of these drugs 
is to inhibit the formation of osteoclasts. Similarly, 
numerous studies have revealed that miRNAs acted 
on osteoclasts to regulate bone metabolism and had 
an anti-osteoporotic effect [32, 33]. Additionally, 
lncRNA [34–36] and several natural medicine active 
ingredients [37] could target miRNAs to promote 
the apoptosis of osteoclasts. In recent years, with 
increasing attention being paid to the quality of life 
and health, natural medicines have become the focus 
of anti-osteoporosis drug research due to the safety 
and lower cost thereof. Whether to explore safer and 
more effective active ingredients of natural medicines 
that target miRNAs has also become another new 
direction for OP treatment worthy of further study. 

Regarding the miRNAs density map, miR-21 [38], miR-
155 [39, 40], miR-204 [41] and miRNA-218 [42] exhibited 
the highest research frequency, and could be used as po-
tential target genes for the biomarkers or treatment of OP. 

Limitations
There were several limitations in the present study. 
First, non-recorded publications in the WoSCC were 
not extracted. Databases such as Scopus, Embase, 
PubMed, and others were not used for analysis. Sec-
ondly, the selected studies were written in English, 
and relevant information in other languages was not 
included. Further, self-reference bias was not consid-
ered in the present study. Third, deviations due to the 
daily update of the database were likely not avoided, 
since new research will be regularly added.

Despite the limitations, the present bibliometric 
analysis adds to the present understanding of the 
frontiers and development trends of miRNAs in 
osteoporosis-related research. 

Conclusions

miRNAs are the newest effective tool to act as bio-
markers and pharmacological targets in OP, and have 
promising application prospects in treatment. Over the 
past decade, research has continued to grow. Asian 
countries exhibited higher contribution rates. Scholars 
are widely distributed around the world, and more 
cooperation between top authors and institutions is 
needed. In addition, the notable research hotspots were 
“exosomes”, “circulating miRNA” and “lncRNA”.
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