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Purpose: This study aims to help researchers master the most active hotspots and trends quickly through bibliometric analysis in the
field of dysmenorrhea.

Methods: We retrieved literature on Web of Science from 2001 to 2021, and bibliometric analysis software CiteSpace was used in
combination with VOSviewer.

Results: We finally acquired 944 papers and an upward trend in articles continued in this field overall. Through the map, China
contributed the most, followed by the USA and Turkey. For institutions, Beijing University of Chinese Medicine in China contributed
the most, followed by National Yang-Ming University in Taiwan, China. Hsieh JC and Hellman KM were both the most prolific
authors with 14 articles. Five major research groups, respectively, with Hsieh JC, Hellman KM, Zhu J, Liang F and Dun W were the
key group. Dawood MY was the most dominant author and most frequently cited author. The Cochrane Database of Systematic
Reviews Journal was the most productive, and the Fertility and Sterility Journal was the most cited. Advances in pathogenesis and
management for primary dysmenorrhea written by Dawood MY was most cited and influential. Pathophysiology, the potential central
mechanism, syndrome, evaluation index, diagnosis of adenomyosis-associated dysmenorrhea, treatment, etc., were the main trends and
hotspots.

Conclusion: Dysmenorrhea research has received a lot of attention from scholars. Strengthening international cooperation may
promote the development of this field. The pathophysiology of dysmenorrhea, its impact on public health and its treatment are current
research hotspots and are likely to be the focus of future study.
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Introduction

Dysmenorrhea, including primary and secondary, is characterized by pain in the lower abdomen that occurs before or
during menstruation. Patients with primary dysmenorrhea (PDM) report suffering from menstrual pain without organic
causes,’ while secondary dysmenorrhea is related to organic diseases of the pelvic cavity, such as pelvic inflammatory
disease or adenomyosis.” Due to the different definitions of dysmenorrhea and differences in countries and cultures, the
prevalence of dysmenorrhea reported was inconsistent. A systematic review published in 2013 highlighted that among
the limited studies identified, the prevalence of dysmenorrhea ranged from 16% to 91%. Among them, 2-28% of women
reported severe pain or pain restricting daily life.® It was also reported that menstrual cramps cost 600 million hours of
lost work time and $2 billion in lost productivity each year, which has affected national economy.*

The etiology of primary dysmenorrhea is not well defined, but the most recognized explanation attaches dysmenor-
rhea to the increase of prostaglandins (PGs), particularly PGFM’5 which causes a uterine contraction to limit blood flow
and results in cramps.® In addition to PGs, vasopressin has also been implicated in the etiology of primary dysmenorrhea,
but the involvement of vasopressin remains controversial. Besides, menstrual pain may lead to the development of
central sensitivity to pain. PDM was found to be associated with abnormal metabolic changes in several areas of the brain
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involved in pain processing.” Recently, researchers have even suggested that dysmenorrhea may put women in a state of
chronic pain and the chronic pain may lead to an effect on the central nervous system, and then causes pathological
changes in brain anatomy structure and function, further aggravating PDM.°

Dysmenorrhea has a direct negative impact on the quality of life of the patients, especially during menstruation.
Menstrual pain is not only a sensory experience, but also affects the emotional state of the patients, causing psychological
distress or emotional problems; and these psychological stresses can in turn exacerbate the level of pain in dysmenorrhea
patients. Also, depression and anxiety are closely associated with menstrual pain. Dysmenorrhea can also have an impact
on sleep. Indeed, women who experience severe PDM may have worse sleep quality.®’

The most prescribed medications for the treatment of dysmenorrhea are nonsteroidal anti-inflammatory drugs
(NSAIDs) which are prostaglandin synthase inhibitors. The efficacy of various formulations of NSAIDs for dysmenor-
rhea is comparable, with 64—100% of women experiencing successful pain relief. However, 15% of women of all ages
with dysmenorrhea do not respond to or are intolerant of PG inhibitors. For these women, oral contraceptives are often
used as second-line therapy. The synthetic hormones in oral contraceptives inhibit ovulation and reduce endometrial
thickness, thereby reducing menstrual flow, PG synthesis, and dysmenorrhea. Other current treatments for dysmenorrhea
include percutaneous electrical nerve stimulation, transdermal nitroglycerin patches, and surgical interventions such as
laparoscopic uterosacral nerve ablation procedures. However, these treatments are not considered effective enough to be
widely used in clinical practice. Many women also use other non-pharmacologic therapies to manage menstrual
discomfort, including the use of heating pads to relieve cramps, extra bed rest or sleep, physical activity, and so on.
However, most non-pharmacologic therapies have been reported to have an average effectiveness rate of less than 40%.
The wide variation in the efficacy of various non-pharmacological treatments suggests that the efficacy of these
approaches varies from person to person.’

Dysmenorrhea is an important public health issue, and in the 21st century, the rapid accumulation of knowledge
makes it increasingly difficult to identify key information and keep up with the latest research hotspots, especially for
those new to the field. Researchers often need to review a large amount of literature to grasp the state of research in the
field. Although research on dysmenorrhea has been widely conducted, various scientific issues related to dysmenorrhea
still require continuous academic exploration. Therefore, it is necessary to comprehensively assess and summarize the
research findings in this field to prepare for further studies. Bibliometrics analysis has developed rapidly in recent years,
which provides convenience for literature reading and effectively solves the abovementioned problems. Bibliometric
analysis software CiteSpace and VOSviewer are commonly used in bibliometrics.'® This study collected the papers on
dysmenorrhea published in Web of Science database in the past more than 20 years and made a bibliometric analysis
based on the literature. Our study aims to systematically comb through the literature, help researchers quickly grasp the
current state of research, provide scholars and clinicians with important information in the field of dysmenorrhea, and
help them understand the most active hotspots and trends.

Methods

Source of Literature

To search for comprehensive literature, we gained the subject words of “dysmenorrhea” by searching the MeSH Database
in PubMed. Considering that the Web of Science Core Collection (WOSCC) is one of the most suitable database
collections for bibliometrics,'' we retrieved literature on WOSCC. The search and screening were conducted by 2
researchers, and the search strategy was formulated in consultation. We entered the Web of Science (WOS) database from
the Peking University Library database in China. Then, we searched WOSCC as the most comprehensive database,
selecting Science Citation Index Expanded (SCI-Expanded) as well as Social Sciences Citation Index (SSCI), using its
advanced search function with keywords and MeSH terms: TS=“Dysmenorrhea” OR “Menstrual Pain” OR
“Menstruation, Painful” OR “Menstrual Pains” OR “Pains, Menstrual” OR ‘“Menstruations, Painful” OR “Painful
Menstruation” OR “Painful Menstruations” OR “Dysmenorrheas” OR “Pain, Menstrual”. Without language limitation,
the literature ranged from Jan 1st, 2001 to Dec 31st, 2021 in time. Initially, we obtained 5316 records, and screened them
through the document type filter. With only original research articles and review articles included, we retrieved 4999
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records. In order to analyze highly relevant literature, we manually read the titles and abstracts one by one, and removed
literature that was unrelated to the research topic. The literature was screened back-to-back, and when we encountered
disagreement, we reached agreement after discussion with a third party. After CiteSpace removed duplication, we finally
acquired 944 records (Figure 1), which was the whole data for analysis. The included articles were exported in the
RefWorks format to a plain text file.

Analysis Software

Commonly used software for bibliometric analysis includes CiteSpace and VOSviewer. VOSviewer has more advantages
in visualization, and can make more beautiful visual graphs, while CiteSpace is better at keyword analysis, and can detect
research hotspots and research trends.'”> For functional complementarity, CiteSpace is used in combination with
VOSviewer in this study. The used software versions are CiteSpace 6.1.R3 and VOSviewer 1.6.18.

Data Analysis

The RefWorks file was imported into VOSviewer 1.6.18 software for bibliometric visualization analysis, involving
countries, institutions, authors, and co-cited authors, cited references as well as keywords, and was also imported into the
CiteSpace 6.1.R3 software for keyword detection with the strongest citation bursts and keyword cluster analysis. The
CiteSpace software parameters were set as follows: Time slicing (from 2001-01 to 2021-12), Years Per Slice (1 year),
Node types (choosing keyword), Pruning (pruning sliced networks, pathfinder and pruning the merged networks), and
other parameters were set according to the initial software settings. It should be noted that Scimago Graphical mapping
software was used to better present the global research geographically when drawing the international cooperation
network visualization map.

Research Ethical Review
An ethical review is not required because all the data used in the study were downloaded from public databases, so the
study did not involve direct interactions with animals or humans.

Results

Analysis of Total Number of Publications

The research trend over the last 21 years in dysmenorrhea can be evaluated through the number of papers each year. As
shown in Figure 2, although the publications increased suddenly in 2004 and 2009, and reduced suddenly in 2017, an
upward trend in articles continued in this field overall, and since 2019, the annual output showed explosive growth and
reached the highest publications of 103 papers in 2020.

’ 5316 literatures collected from Web of Science Core Collection

317 literatures excluded(only articles
and review articles included)

4999 literatures included

4055 literatures excluded(unrelated
literaturesand duplication removed)

944 literaturesincluded finally

Figure | Literature retrieval and screening flow chart. This figure shows the process of literature retrieval and screening, and 944 records were finally acquired, which was
the complete data for bibliometric analysis.
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Figure 2 Line chart of annual publications from 2001 to 2021 on Dysmenorrhea. This figure shows the number of papers in each year from 2001 to 2021, which can
evaluate the research trend over the last 21 years in dysmenorrhea. An upward trend in articles continued in this field overall.

Analysis of Countries

Articles on Dysmenorrhea came from 68 countries. Through the map (Figure 3), China contributed the most, with 197
articles (20.9%), followed by The United States with 163 papers (17.3%) and Turkey with 84 papers (8.9%), while other
countries mainly Europe and the Middle East. China had some cooperation with The United States but not so close, and
had research cooperation relationships with many other countries, like Australia, Japan, Brazil and so on, while Turkey
cooperated only with Iran. Also, through the map, we can find that most European countries conducted close cooperation
with each other in this field, which may be the result of the same or nearby region. Through the map, it is indicated that
more collaboration in research on dysmenorrhea occurs between countries with higher economic power.

Analysis of Institutions
In this study, 1203 institutions are researching dysmenorrhea in total. The cooperation relationship between institutions is
shown in Figure 4. Beijing University of Chinese Medicine (BUCM) in China contributed the most with 29 articles, followed

Russia
®

.‘:Turkey

Kenya

Figure 3 International cooperation visualization map. The larger the node, the greater the number of articles issued. Countries with the same color cooperate closely with
each other and belong to the same cluster. The map highlights the collaborative relationships between countries, and China, the United States, Turkey and European
countries contributed most to dysmenorrhea.
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Figure 4 Institution cooperation visualization map. The larger the node, the greater the number of articles issued. Beijing University of Chinese Medicine (BUCM)
contributed most, followed by National Yang-Ming University (NYMU) and Chengdu University of Traditional Chinese Medicine (CDUTCM). Institutions with the same
color cooperate closely with each other and belong to the same cluster. This map shows the cooperation relationship between institutions.

by National Yang-Ming University (NYMU) in Taiwan, China with 21 articles, and Chengdu University of Traditional
Chinese Medicine (CDUTCM) in China, with 18 papers. The top 12 most prolific institutions are shown in Table 1, from
which we can find that most institutions are universities with abundant scientific research resources, mostly in China and the
USA. Colleges from the same country conducted relatively close cooperation, for example, BUCM, at the core, had close
cooperation with CDUTCM, Xi ‘an Jiaotong University (XJTU), Jiangxi University of Traditional Chinese Medicine
(JXUTCM) and Tianjin University of Traditional Chinese Medicine (TJUTCM) in Dysmenorrhea. However, international
cooperation was limited. We found CDUTCM had cooperation with Charite-Medical University of Berlin (Germany),
University of Otago (New Zealand), University of Maryland (The United States), and so on. However, a large-scale
transnational cooperative research network was not found, which suggested the leading influence of universities in China is
prominent in this field, while on the other hand, transnational cooperation among institutions is lacking.

Table | Top 12 Institutions in Dysmenorrhea

Rank Count Institution Country Category
| 29 Beijing University of Chinese Medicine China University
2 21 National Yang-Ming University China University
3 18 Chengdu University of Traditional Chinese Medicine China University
4 16 Capital Medical University China University
5 16 The University of Chicago USA University
6 16 Kyung Hee University South Korea University
7 15 Taipei Veterans General Hospital China Hospital

8 14 NorthShore University HealthSystem USA University
9 14 Xidian University China University
10 13 China Medical University China University
Il 13 Indiana University USA University
12 13 Shahid Beheshti University Medical Sciences Iran University
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Analysis of Authors and Co-Cited Authors

There are 3805 authors researching dysmenorrhea in total. Top 10 authors are presented in Table 2. Hsieh JC and
Hellman KM were both the most prolific author with 14 articles. Through the author cooperation relationship map shown
in Figure 5, we can find 5 major research groups, respectively with Hsieh JC, Hellman KM, Zhu J, Liang F and Dun W,
as the core of the group. Each group had close research on dysmenorrhea, but the cooperation between groups was not so
close. There was cooperation between the groups with Smith CA, Zhu J, Liang F as the core.

When the papers of two authors are cited by another author at the same time, there is a co-citation relationship
between the two authors. The more frequently these two authors are cited, the closer their academic relationship is. The
higher the citation of co-cited authors, the greater their contribution to the field is. The top 10 co-cited authors can also be
seen in Table 2 and Figure 6 displays a cooperative network map of co-cited authors. We found that Dawood MY with

488 citations was cited most frequently so he was the most dominant author.

Analysis of Journals and Co-Cited Journals

A total of 957 journals published articles about dysmenorrhea and the visualization map is shown in Figure 7. We listed
the top 10 journals of dysmenorrhea in Table 3. According to the 2023 Journal Citation Reports, we found that among
these journals, the Cochrane Database of Systematic Reviews Journal was with the highest impact factor (IF), which was
8.4. The average IF of the top 10 journals was 4.36. Otherwise, the Cochrane Database of Systematic Reviews Journal
was also the most productive journal with 73 articles, followed by the Fertility and Sterility Journal with 69 articles and
the Pediatric and Adolescent Gynecology Journal with 66 articles. The cited references were published in 15, 821
journals and the cooperation visualization map are shown in Figure 8. We also listed the top 10 co-cited journals in
Table 4. It is easy to find through this table that the most cited journal is Fertility and Sterility (IF 6.7, Q1) with 5479
citations, indicating that this journal was representative and persuasive in this research field and could provide strong
evidence for our research in this field.

Analysis of Cited References

A total of 19,058 references were cited in the 944 included articles. The 10 most cited papers, including 5 reviews and 5
clinical studies, are shown in Table 5. The reviews covered prevalence, risk factors, diagnosis, treatment and so on, and
the studies focused on epidemiology, mainly about prevalence and risk factors. Since the prevalence of dysmenorrhea is
difficult to determine because of different definitions, in women of childbearing age, the prevalence of dysmenorrhea
varies between 16% and 91%, which may account for the high citation of the epidemiological researches.” Advances in
pathogenesis and management for primary dysmenorrhea written by Dawood MY was most cited of 197 citations and
most influential, which indicates the importance of pathogenesis and management in dysmenorrhea.

Table 2 Top 10 Authors and Co-Cited Authors of Dysmenorrhea

Rank Author Co-cited author
Name Count Citation Country Name Citation Country
| Hsieh JC 14 463 China Dawood MY 488 USA
2 Hellman KM 14 174 USA lacovides S 236 South Africa
3 Zhu | 13 292 China Proctor M 166 New Zealand
4 Tu FF 13 166 USA Marjoribanks | 162 New Zealand
5 Chao HT 12 454 China JuH 151 Australia
6 Chen LF 12 315 China Proctor M 145 New Zealand
7 Tu CH I 444 China Tu CH 140 China
8 Liang F I 124 China Harel Z 134 USA
9 Yang | I 115 China Harlow SD 122 USA
10 Chen CX I 127 USA French L 118 USA
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Figure 5 Author cooperation visualization map. The larger the node, the greater the number of articles issued. Hsieh JC and Hellman KM were both the most prolific

author. Authors with the same color cooperate closely with each other and belong to the same cluster. This map shows the cooperation relationship between authors. 5
major research groups respectively with Hsieh JC, Hellman KM, Zhu J, Liang F and Dun W, were the core of the group.
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Figure 6 Co-cited author cooperation visualization map. This figure displays a cooperative network map of co-cited authors. The larger the node, the greater the citations
of articles are. Papers of Dawood MY were cited most frequently.
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Figure 7 Journal cooperation visualization map. The larger the node, the more frequently the journal appears. The journal of Cochrane Database of Systematic Reviews
appears most frequently, followed by Fertility and Sterility and Pediatric and Adolescent Gynecology.

Analysis of Keywords

In this study, there are 2966 keywords extracted in total. As shown in Figure 9, “dysmenorrhea” appears most frequently,

ERINNT3 ER I3 CE N3

primary dysmenorrhea” “pain” “prevalence

CEINRT3 99 G EE I3

followed by “women management” “menstrual pain” “endometriosis”

99 66

“impact” “symptoms”. All the extracted keywords formed a total of 12 clusters (Figure 10) according to similarity, showing
the knowledge structure of this field to a certain extent. Based on the 12 clusters, it can be found that the research hotspots of
dysmenorrhea can be divided into several aspects: pathophysiology (nitric oxide), the potential central mechanism (functional
connectivity), syndrome (menstrual cycle, menstrual pain, pelvic pain, and premenstrual syndrome), evaluation index (severity,
intrauterine pressure), diagnosis to adenomyosis-associated dysmenorrhea (annexin a2), treatment (complementary therapies,
Xuanzhong [GB39]). Figure 11 shows top 25 keywords with the strongest citation bursts, which display changes in the research

hotspots over time visually. Focuses of researchers in recent five years are “population”, “herbal medicine”, “functional

99 ¢ EEINT3 CEINT3

connectivity” “clinical trial” “chronic pain” “systematic review” “quality of life” “pain management” and “medicine”.

Discussion
Dysmenorrhea is a common disease, affecting daily activities of childbearing-age women as well as reducing quality of
life. Besides, most patients with dysmenorrhea may suffer from symptoms such as nausea and vomiting. Moreover,

severe pain may trigger psychological problems, such as anxiety or depression.'?
Table 3 Top 10 Journals of Dysmenorrhea
Rank Count Journal Country IF Category
| 73 Cochrane Db Syst Rev England 8.4 Ql
2 69 Fertil Steril USA 6.7 Ql
3 66 ) Pediatr Adol Gynec USA 1.8 Q3
4 6l Hum Reprod England 6.1 Ql
5 60 Pain Netherlands 74 Ql
6 51 ] Obstet Gynaecol Re Australia 1.6 Q4
7 50 Eur ] Obstet Gyn Rb Netherlands 2.6 Q3
8 43 Contraception USA 2.9 Q2
9 41 Gynecol Endocrinol England 2 Q3
10 41 J Minim Invas Gyn USA 4.1 Ql
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Figure 8 Co-cited journal cooperation visualization map. This figure displays a cooperative network map of co-cited journals. The larger the node, the greater the citations
of journals are. The journal of Fertility and Sterility was cited most frequently.

An upward trend in articles continued in this field overall in the past 21 years, which indicates that dysmenorrhea
continues to receive the attention of researchers. Based on the upward trend, we hypothesized that dysmenorrhea will
remain an important topic with great potential in the future. This trend may be related to the high prevalence of

Table 4 Top 10 Co-Cited Journals of Dysmenorrhea

Rank Count Journal Country IF Category

| 5479 Fertil Steril USA 6.7 Ql

2 4002 Pain Netherlands 74 Ql

3 3073 Obstet Gynecol USA 72 Ql

4 2995 Hum Reprod England 6.1 Ql

5 2760 Am ] Obstet Gynecol USA 9.8 Ql

6 1723 Contraception USA 2.9 Q2

7 1420 Headache USA 5 Ql

8 1337 Cephalalgia Norway 49 Ql

9 1334 Cochrane Db Syst Rev England 84 Ql

10 1210 J Clin Endocr Metab USA 5.8 Ql

Table 5 Top 10 Cited References of Dysmenorrhea

Rank Count Year First Author Journal Vol Page
| 197 2006 Dawood MY Obstet Gynecol 108 428
2 154 2015 lacovides S Hum Reprod Update 21 762
3 125 2006 Proctor M BM]J-Brit Med ] 332 1134
4 122 2014 JuH Epidemiol Rev 36 104
5 114 2005 French L Am Fam Physician 71 285
6 107 1982 Andersch B Am | Obstet Gynecol 144 655
7 103 2000 Banikarim C Arch Pediatr Adol Med 154 1226
8 99 1999 Coco As Am Fam Physician 60 489
9 94 2010 Unsal A Upsala | Med Sci 115 138
10 92 2005 Burnett Ma ] Obstet Gynaecol Ca 27 765
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Figure 9 Keyword visualization map. The larger the node, the more frequently the keyword appears. The keyword “dysmenorrhea” appears most frequently, followed by
“women” “primary dysmenorrhea” “pain” “prevalence” “management” “menstrual pain” “endometriosis " “symptoms”, and so on.
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Figure 10 Keyword cluster map. A color represents a cluster; and 12 clusters were formed to show the knowledge structure of dysmenorrhea.

dysmenorrhea and the increased awareness of modern women’s health care. Studies on dysmenorrhea have been carried
out in many countries, China, USA and Turkey contributed most, and China was the most productive country and
performed well in cooperative networks. A survey in Changsha, China, reported that the incidence of PDM was as high
as 41.7% among Chinese female college students.'* Another survey studied 706 Hispanic female adolescents at a local
urban high school in USA, and 85% reported dysmenorrhea.' In Turkey, a cross-sectional survey of 658 students was
conducted at a health sciences university, and the reported prevalence was 79.7%."¢ The prevalence of the three countries
is high, which may also account for their great number of scientific research. The USA had very close links with almost
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Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2001 - 2021

nonsteroidal antiinflammatory drug 2001 3.8 2001 2003

intrauterine pressure 2001 3.7 2001 2006

naproxen sodium 2001 3.8 2002 2007

risk 2001 5.24 2003 2008

oral contraceptive 2001 3.4 2003 2011

young women 2001 7.33 2004 2008

severity 2001 4.95 2005 2008

stress 2001 5.49 2009 2011

stimulation 2001 3.91 2009 2014

symptom 2001 4.69 2010 2012

acupressure 2001 546 2011 2015

questionnaire 2001 3.48 2012 2013

premenstrual syndrome 2001 3.19 2012 2016

point 2001 4.53 2013 2016

population 2001 4.23 2014 2019

visual analog scale 2001 3.95 2014 2016

mefenamic acid 2001 3.13 2014 2016

herbal medicine 2001 4.14 2016 2021

functional connectivity 2001 421 2017 2021

clinical trial 2001 4.06 2017 2018 —
chronic pain 2001 3.27 2017 2021

systematic review 2001 6.02 2018 2021

quality of life 2001 3.71 2018 2019 A
pain management 2001 3.31 2018 2021

medicine 2001 3.26 2019 2021

Figure Il Top 25 keywords with the strongest citation bursts. This figure shows top 25 keywords with the strongest citation bursts, with the beginning year and
ending year, which can display changes of the research hotspots over times visually.

all other regions, which showed high academic influence. Countries with high GDP per capita will receive more
international collaborations, which suggests that economic power is an important factor influencing scientific activities
and rich countries will invest more in scientific research and produce more scientifically influential results. However,
international scientific research cooperation is still limited due to time and space limits. Therefore, it is necessary to
strengthen international exchanges and cooperation. In the future, researchers can increase focus on collaboration with
the help of network platforms to achieve breakthrough progress. As for institutions, most are universities with abundant
scientific research resources, mostly in China and the United States. Colleges from the same country conducted close
cooperation, while transnational cooperation among institutions is lacking, which calls for international cooperation in
scientific research.

Hsieh JC and Hellman KM were both the most prolific author with 14 articles. The group of Hsieh JC mainly focused
on the neuroimaging studies of dysmenorrhea, especially on structural alterations in the brain, BDNF Val66Met

Polymorphism, and functional connectivity of pain modulatory systems;'*'’" 2"

the group of Hellman KM mainly focused
on the research of bladder pain sensitivity and spontaneous pain in dysmenorrhea women.**** Dawood MY is the most
dominant author and the most frequently cited author, which is a medical doctor of the Department of Obstetrics and

Gynecology, West Virginia University School of Medicine, writing a great number of reviews on dysmenorrhea, mainly
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about the nonsteroidal anti-inflammatory drugs like Ibuprofen.’**>” The team notes that once primary dysmenorrhea is
diagnosed, the most effective treatments are NSAID and oral contraceptives.” Our study found that nine of the ten most
productive journals belonged to JCR Q1 and one belonged to JCR Q2. In addition, the journal co-citation network
identified several major clusters of journals, including obstetrics and gynecology, pain and neuroscience, reproductive
biology, and endocrinology, which indicated that there was close interdisciplinary communication in the study of
dysmenorrhea.

More importantly, bibliometric analysis can help us gain insight into disciplinary development. Our study revealed the
current research topics focus on three primary areas: (1) pathophysiology, such as “nitric oxide”, “functional connectiv-
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ity”, “annexin a2” and “intrauterine pressure” and (2) public health impacts, such as “prevalence”, “quality of life”, and
“severity” and (3) treatment, such as “herbal medicine”, “complementary therapies”, “Xuanzhong GB39”, and “pain
management”.

The study on the pathological mechanism of dysmenorrhea has been paid much attention, especially in “nitric oxide”
and “functional connectivity”, according to Figures 9 and 10. It is well-recognized that an increase in endometrial
prostaglandin during menstruation can cause pelvic pain. Nitric oxide (NO) has relaxant effects on myometrial cells,
contrary to prostaglandins, so NO donor drugs were used to relieve uterine contractions caused by endometrial
prostaglandin, thus relieving menstrual cramps.>® The potential central mechanism of PDM has been noticed recently.
It has been found that the state of chronic recurrent pain affects the central nervous system (CNS), leading to pathological
changes in the brain, worsening menstrual pain in turn. Functional connectivity (FC) in human brain is within the realm
of modern cognitive neuroscience. FC analysis can explore changes in brain functional activity associated with PDM, by
analyzing the strength of the FC relationship between a particular brain region and other brain regions, from a functional
integration perspective.® The cluster map showed a special protein (annexin a2, ANXA2), relevant to the diagnosis of
dysmenorrhea caused by adenomyosis. ANXA?2 is a kind of calcium-binding cytoskeleton protein, existing in a variety of
cell types, with diverse cellular functions, including angiogenesis, proliferation, apoptosis and cell growth regulation. It
can be used as a diagnostic sign and provide a new diagnostic method for PDM caused by adenomyosis. In addition,
ANXAZ2, a biological target for gene therapy applications, can offer a new way to relieve menstrual cramps in patients
with adenomyosis-associated dysmenorrhea.> “Intrauterine pressure” can be used to assess myometrium activity, which
increases in women with dysmenorrhea. A double-blind RCT was conducted to show that a kind of oral drug, blocking
the effect of vasopressin and relieving intrauterine pressure in consequence, can reduce menstrual pain when given before
the onset of symptoms.®’

Keyword analysis shows that “prevalence” was also one of the hotspots in the research of dysmenorrhea. There were
lots of epidemiological surveys focusing on prevalence, however, owing to differences in countries and cultures, the
prevalence reported was inconsistent. We found two systematic reviews published in 2013 and 2019, one of which
highlighted that among the limited studies identified, the prevalence of dysmenorrhea ranged from 16% to 91%, and 2—
28% of women reported severe pain or pain restricting daily life.> Another review was based on meta-analysis, reporting
that the prevalence of dysmenorrhea was high, with more than two-thirds (70.8%) of young women suffering from
dysmenorrhea, regardless of the country’s economic status or geographic location.®' Dysmenorrhea negatively affects
patients’ quality of life and sometimes results in activity restriction. Thus, “quality of life” is another hotspot. Women
with PDM are weak in physical and social functioning and so on, reducing the quality of life (QoL) during menstruation.
Also, women with PDM may have some emotional distress and may suffer from sleep disturbances and distress.” Some
evaluation indexes for dysmenorrhea are important, like the “severity” of the pain. The severity of dysmenorrhea varies
from person to person, and the impact on different patients is also different, so focusing on the severity of dysmenorrhea
in patients, like using the visual analogue scale may also be worth attention.

Given the negative effects of dysmenorrhea, it is essential to prevent and treat dysmenorrhea. To reduce the impact of
dysmenorrhea, research in the future should focus on strategies that improve pain and symptom management.®’

LEINTS

Keywords like “herbal medicine” “complementary therapies” “Xuanzhong GB39” “pain management” are all related
to treatment. There are lots of medical approaches for treating primary dysmenorrhea, including oral contraceptives and
NSAIDS, which have been reported to have some side effects and complications. Thus, the study of complementary

therapies has been highlighted for effectiveness and low adverse reactions. Dysmenorrhea can be treated with alternative
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therapies such as essential oils, acupuncture, aromatherapy, and exercise, which can decrease the intensity and duration of
pain and reduce the need for medication. In a recent study, researchers used inhalation of rose essential oil with NSAID
for dysmenorrhea treatment, finding that the combination was more effective in reducing pain in PDM rather than
NSAID alone, suggesting that inhalation of rose essential oil can be used as an alternative treatment to relieve pain.
However, the importance of looking for new approaches should be highlighted to relieve pain. Besides, more study on
possible effective treatments is demanded because of the existing limited research.'?

However, the limitation of this study must be considered. The study was based on WOS database, not including all
the related papers in this field, so the literature is incomplete. Nevertheless, due to the high quality of the papers included
in WOS, we believe that the research results have a certain guiding significance.

Conclusion

Our study analyzed global dysmenorrhea research hotspots and trends over the past 21 years, which can guide scholars in
exploring new research directions. An upward trend in articles continued in this field overall. Through the map, China
contributed the most, followed by the USA and Turkey. For institutions, BUCM in China contributed the most, followed
by NYMU in Taiwan, China. Hsieh JC and Hellman KM were both the most prolific authors with 14 articles. We found 5
major research groups, respectively with Hsieh JC, Hellman KM, Zhu J, Liang F and Dun W, as the core. Dawood MY
was the most dominant author and most frequently cited author. Advances in pathogenesis and management for primary
dysmenorrhea written by Dawood MY was most cited and most influential. The Cochrane Database of Systematic
Reviews Journal was the most productive and the Fertility and Sterility Journal was the most cited. Advances in
pathogenesis and management for primary dysmenorrhea written by Dawood MY was most cited and influential.
Pathophysiology, the potential central mechanism, syndrome, evaluation index, diagnosis of adenomyosis-associated
dysmenorrhea, treatment, etc., were the main trends and hotspots.
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