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Introduction 
 
Recurrent pregnancy loss (RPL) is a public, yet 
indefinable, problem of pregnancy (1). RPL is 
defined as two or more pregnancy losses, includ-
ing embryonic and fetal loss before gestational 
weeks 20–24 (2), which bring about important 
economic and psychological concerns in society 
(3).  
RPL is experienced in 2%-5% of the Obstetric 
population (4,5), and in 50% the reasons are un-
known therefore RPL is a puzzling state for Ob-
stetricians to manage such patients (4). More than 
half of RPL remains unexplained (6). Since the 
21st century, important improvement has been 
made in the area of RPL, increasing the number 

of published documents in the RPL area. Biblio-
metrics uses different techniques to study publi-
cations, especially those in the scientific lines 
(7,8).  
Based on the current knowledge, no bibliometric 
study was conducted on RPL. This study has 
filled an important research gap using biblio-
metric review, a general domain analysis and vis-
ualization process, and bibliometric citation and 
co-citation. Our findings will help future investi-
gators recognize the etiology and risk factors re-
lated to the RPL area. It will also improve the 
depth and develop the body of knowledge RPL 
area by looking at the bibliometric data of 1287 
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documents from 387 journals from 1970 to 2023. 
Web of Science (WoS), is well-thought-out one 
of the broadest databases for bibliometrics and 
was used for data retrieval (9,10). Therefore, this 
study aimed to address the following questions: 
What are the overall trends in RPL research? 
Who are the leading countries, authors, and jour-
nals in the RPL area? What are the global associa-
tions and important networks among the differ-
ent nations and countries based on the citation 
report? 
 
Methods 
 
This study used the bibliometric method as a 
main research method to study the structure and 
foundation of the RPL field (11). This study first 
recognized databases and defined which best met 
the study’s requirements. Qualified documents 
were collected from the WOS database from 
1970 to July 2023. This survey limited the initial 
search to documents that encompassed “recur-
rent pregnancy loss*” or “missed-abortion*” or 
“missed abortion*” in the “TITLE”. In the initial 
investigation, 2719 papers were explored. Finally, 
the search strategy was restricted to ‘article’ and 
“English” language. The review of the literature 
displayed that there were 1289 documents (h-
index 72, average citations per item 20.28, sum of 
times cited 26135) around RPL printed from 
1970 to 2023.  
Of these publications, 598 were in Obstetrics 
Gynecology, 463 in Reproductive Biology, 194 in 
Immunology, 120 in Genetics Heredity, 105 in 
Medicine General Internal, 59 in Biochemistry 
Molecular Biology, 59 in Medicine Research Ex-
perimental, 49 in Endocrinology Metabolism, 37 
in Cell Biology, 34 in Hematology, 31 in Devel-
opmental Biology, and 31 in Multidisciplinary 
Sciences area. VOSviewer software was used for 
data analysis (12). 
 
Results 
 
Distribution of RPL documents per year 
Fig. 1 shows the graph of the number of docu-
ments plus the number of citations from 1970 to 

2023 in the field of RPL. The general trend fol-
lows exponential growth (y=5.2054e0.122x, 
R²=0.94). In addition, due to the number of doc-
uments and the exponential diagram of citations, 
significant results are obtained. Moreover, the 
trend of paying attention to the topic of the RPL 
can be divided into three timespans. During the 
first era of 1970-1990, the total number of pub-
lished documents by the end of 1990 was less 
than 60 documents and accounted for only 4% of 
the total publications. The RPL has not received 
much attention in this period. The second phase, 
from 1991 to 2010, saw a steady upward trend in 
the number of publications and citations. Since 
2011, the growth of documents and citations in 
this field has been increasing, so 74% of the total 
articles are dedicated to this period. Overall, 1287 
documents were involved. The growth in RPL 
research between 1970 and 2023 based on publi-
cations (TS) and the number of citations (TC) 
each year was revealed in Fig. 1. About 75% of 
documents were published after the 2010 year. 
Most of the documents were published in 2022, 
2021, and 2020; fewer were in the 70s.  
 
Most Authors, Countries, Organizations, and 
Journals in the RPL discipline 
Authors 
The top 10 document-producing authors, na-
tions/regions, and organizations are documented. 
About 8000 authors contribute to this area. The 
ranked authors who reproduced RPL documents 
from 1970 to 2023 were Kwak-Kim, Joanne; 
Sugiura-Ogasawara, Mayumi; Kim, and Nam 
Keun. 
 
Countries  
About 89 countries and regions contributed to 
this area. The top 10 nations in the RPL area of 
research were selected. The “United States” is the 
first dominant country (TS = 235), and after that 
“Peoples R China” (TS = 214) and Iran 
(TS=100). Japan (TS = 93); Turkey (TS = 75); 
and India (TS = 67 were at the next positions.  
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Fig. 1: Number of publications and citations per year (1970 – 2023) 
 
 
Organizations  
The research comprised 1600 organizations and 
universities from different geographical regions. 
The top 10 organizations involved Rosalind 
Franklin Univ Med & Sci (TS = 33); Cha Univ 
(TS = 25); Islamic Azad Univ (TS = 24); and 
Shanghai Jiao Tong Univ (TS = 24). 
 
Journals 
American Journal of Reproductive Immunology 
(TS=95); Fertility and Sterility (TS=74); Journal 
of Reproductive Immunology (TS=49); Human 

Reproduction (TS=42); Journal of Assisted Re-
production and Genetics (TS=40); and Journal of 
Obstetrics and Gynaecology Research (TS=31) 
were the top journals published RPL (Fig. 2). The 
source production over time found that the 
American Journal of Reproductive Immunology 
and the European Journal of Obstetrics & Gyne-
cology and Reproductive Biology were the jour-
nals that in recent years published RPL (Fig. 3). 
 
Highly-Cited publications 
About 30% of the most-cited articles were pub-
lished in Fertility and Sterility. “Evaluation and 
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treatment of RPL” is the most cited document 
published in Fertility and Sterility (TC=620) (13). 
Antiphospholipid antibody-associated RPL (14), 
ESHRE guideline (15), and definitions of infertil-
ity and RPL (16) were at the next stages (Tables 
1, 2). Most of these highly-cited documents were 
published in Fertility and Sterility. In sum, these 

most cited documents showed some main char-
acteristics of the RPL, such as the etiology of 
RPL (17), definitions (16,18, 19), treatment (20), 
the role of enoxaparin (21), hypercoagulable state 
mutation (22), antithyroid antibodies (23), an-
tiphospholipid antibody (14, 24), and gestational 
outcome (25) in RPL. 

 

 
 

Fig. 2: The citation map of Authors, Countries, Journals, and Organizations (A, B, C, D) 
 

 
 

Fig. 3: Source production over time 
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Table 1: The most cited Authors, Countries, Organizations, and Journals in the RPL areas 

 

 
 

 
A three-field plot: the Sankey diagram 
In this study, the Sankey diagram was used to 
evaluate the “flow” among the country, journals, 
and keywords. The results picture the intercon-
nections in RPL areas between 1970 and 2023. 
As shown in Fig. 4, the three-field plot exempli-
fies the flow trend between two or more journals 

and countries. China is working with most of the 
top affiliations regarding topics connected to 
RPL and missed abortion. Besides, the other ma-
jor suppliers, like Iran, USA, Korea, Japan, Italy, 
and India, have made important assistance ac-
cording to published documents in the RPL area. 

 
 

 
Fig. 4: A Sankey diagram 
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Table 2: Highly cited publications 
 

Title Reference Source Title Year TC 

Evaluation and treatment of recurrent pregnancy loss: A committee opin-
ion 

(13) Fertility and Sterility 2012 620 

Antiphospholipid antibody-associated recurrent pregnancy loss: Treat-
ment with heparin and low-dose aspirin is superior to low-dose aspirin 
alone 

(14) American Journal of Ob-
stetrics and Gynecology 

1996 607 

ESHRE guideline: recurrent pregnancy loss (15) Human Reproduction 
Open 

2018 387 

Definitions of infertility and recurrent pregnancy loss: A committee opin-
ion 

(16) Fertility and Sterility 2013 324 

Increased T helper 1 cytokine responses by circulating T cells are present 
in women with recurrent pregnancy losses and infertile women with mul-
tiple implantation failures after IVF 

(26) Human Reproduction 2003 314 

Definitions of infertility and recurrent pregnancy loss (18) Fertility and Sterility 2008 294 

Natural Selection of Human Embryos: Impaired Decidualization of En-
dometrium Disables Embryo-Maternal Interactions and Causes Recurrent 
Pregnancy Loss 

(27) PLOS One 2010 258 

Sperm DNA fragmentation is increased in couples with unexplained re-
current pregnancy loss 

(28) Archives of Andrology 2003 246 

Low Molecular Weight Heparin and Aspirin for Recurrent Pregnancy 
Loss: Results from the Randomized, Controlled HepASA Trial 

(29) Journal of Rheumatology 2009 243 

The gestational outcome in thrombophilic women with recurrent preg-
nancy loss treated by enoxaparin 

(25) Thrombosis and Haemo-
stasis 

2000 241 

 
 
Co-occurrence Analysis 
Of the 4218 terms, 182 keywords occurred at 
least 10 times. The most applied topics published 
related to RPL are indicated in red, blue, green, 
and yellow colors. It can be observed from the 
Fig. 5 that the dominating keywords are recurrent 
pregnancy loss occurring at least 630 times, mis-
carriage 437 times, expression and spontaneous-

abortion with 187 times, risk 124 times, missed 
abortion 122 times and polymorphism 108 times 
related to 2, 5, 2, 3, 6, 5, and 6 clusters. Addition-
ally, as Fig. 5b, depicts, yellow keywords specify 
the recent keywords that have appeared in recent-
ly published documents in recent years. These 
keywords are NK cells, implantation failure, de-
pression, stress, autoimmunity, and abnormali-
ties. 

 
 

Fig. 5: Co-occurrence analysis of network visualization (a) and overlay visualization (b) 
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Co-citation Analysis 
Co-citation analysis was used to create a forward-
looking evaluation of the intellectual structure of 
the RPL. Four clusters have been found and each 
cluster is symbolized with a different color. The 
clusters could be examined further to know the 
main emphasis and theme of each. Cluster one 
(Red): The definition and foundation of the RPL 
(13,16,18,19,30-36) were the main areas of study 

of the first cluster. Cluster two (Green): The eti-
ology and outcomes of the RPL (37-43) were the 
main areas of study of the second cluster. Cluster 
there (Blue): Thrombophilic disorders (44-50) 
were the main area of study of the third cluster. 
Cluster four (Yellow): Antiphospholipid syn-
drome (51-54) was the main area of study of the 
fourth cluster (Fig. 6). 

 
 

Fig. 6: The co-citation Map 
 
Collaboration Analysis 
The major association occurred between the USA 
and the people R China in first place, then the 
USA and South Korea, Japan, and Germany. It 

can certainly be perceived that the USA is the 
first provider and collaborator in RPL. The Peo-
ple R China, Iran, Japan, and Turkey were in the 
next stages (Fig. 7).  

 

 
 

Fig. 7: Country Collaboration 
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Discussion  
 
The RPL field is plentiful and derives from a va-
riety of researchers from different backgrounds. 
This study aimed to assess ‘RPL’ trends between 
1970 and 2023. This study suggests a regional 
imbalance in the generation of knowledge in the 
RPL area: the USA, the People’s Republic of 
China, and Iran. However, a few documents were 
published in Africa and low-income countries. 
This national imbalance may be due to the differ-
ences in the incidence of RPL and the lack of 
researchers practitioners and hospitals that can 
diagnose and manage RPL. It is significant to re-
member that the source with high impact factors 
is inclined to have the highest counts of docu-
ments published about RPL. American Journal of 
Reproductive Immunology, Fertility and Sterility, 
and Journal of Reproductive Immunology are the 
leaders in publishing RPL documents. Neverthe-
less, journals have increased their production and 
influence in RPL because of the development of 
various research groups and collaborations 
around the world. This issue shows that re-
searchers are more willing to publish in special-
ized journals than public journals. 
The co-occurrence analysis found that RPL clus-
ters mainly focused on keywords such as women, 
spontaneous abortion, risk, polymorphism, fetal 
loss, thrombophilia, and expression. Although, in 
only 50% of cases, the etiology of RPL was 
known, and the remaining 50% are considered 
unexplained and it appears that different factors 
play a key role (55,56).  
Our result found that the subject of evaluation 
and treatment of RPL is the most cited document 
(13). Antiphospholipid antibody-associated RPL 
(14), ESHRE guideline (15), and definitions of 
infertility and RPL (16) were at the next stages. 
The issues such as treating and defining of the 
infertility are very important for researchers. 
Several factors affect RPL such as congenital and 
anatomical causes, acquired defects, endocrine 
disorders such as hyperprolactinemia, polycystic 
ovary syndrome, insulin resistance, untreated 
diabetes, luteal phase defects in thyroid function, 

thyroid antibodies, obesity, genetic factors, blood 
coagulation syndrome (55). The text-mining anal-
ysis found that the etiology of the RPL mainly 
consists of embryonic karyotype (51), antiphos-
pholipid syndrome, uterine abnormalities, and 
abnormal chromosomes (57), (58), genetic, ana-
tomical, and infectious factors, auto-immune sys-
tem abnormalities and endocrine disorders (3), 
thrombophilia (4), male factors (3), parental 
chromosomal abnormalities, untreated hypothy-
roidism, uncontrolled diabetes mellitus, certain 
uterine anatomic abnormalities, and antiphospho-
lipid antibody syndrome, endocrine disorders, 
heritable and acquired thrombophilia’s, immuno-
logic abnormalities, infections, and environmen-
tal factors (59). Pre-implantation genetic diagno-
sis significantly reduced spontaneous abortions 
(60). Enoxaparin (4, 25, 61), aspirin, and proges-
terone (4) are safe and effective in the prevention 
of RPL.  
 
Limitation  
 
We disclose the dramatic increase in global RPL 
literature; however, this study is not far from lim-
itations. First, the WoS database was used only as 
a source of study and it was not possible to mix 
data from other databases. We encourage future 
researchers to integrate other databases such as 
PubMed, Scopus, and Google Scholar for evalu-
ating the RPL literature. The second limitation of 
this study is a publication not written in English 
and was not article type (book chapter, proceed-
ing paper, meeting abstract, letter, and editorial 
materials) were not selected, which helped with 
the bibliometric analysis. Finally, data reduction 
needs the definition of thresholds that ultimately 
change the results (62). 
 
Conclusion 
 
The presented study used bibliometric analysis 
methods to evaluate the 53-year history of the 
RPL field and determine the most influential 
documents, authors, journals, and nations. Our 
survey consisted of 1287 RPL documents pub-



Iran J Public Health, Vol. 53, No.7, Jul 2024, pp.1629-1639  

1637                                                                                                     Available at:    http://ijph.tums.ac.ir 

lished in 387 journals. The first document around 
RPL was found in 1970, and since then, the 
number of publications in this field has been 
steadily increasing, reaching 1,287 articles pub-
lished until June 2023. The trend of paying atten-
tion to the topic of the RPL can be divided into 
three periods. About 75% of documents were 
published after the 2010 year. In recent years, the 
publication has increased exponentially. From an 
overall perspective, the research found that the 
RPL field has experienced spectacular growth 
recently.  
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