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Purpose: The global incidence of primary dysmenorrhea is continuously increasing, and understanding its research trends is crucial
for effective pain management and women’s health. Therefore, this study aims to perform a comprehensive bibliometric analysis of
primary dysmenorrhea research to identify hotspots, explore emerging trends, and provide valuable insights for future research
endeavors.

Material and Methods: All of the relevant studies on primary dysmenorrhea in the Web of Science™ Core Collection database were
searched for bibliometric analysis. Biclustering analysis using gCLUTO software was performed to identify research hotspots. Social
network analysis with Ucinet was employed to reveal knowledge structure. Evolutionary analysis using SciMAT was utilized to predict
thematic trends.

Results: A total of 903 papers were analyzed, indicating a gradual increase in research on primary dysmenorrhea in recent years, with
the scope of research expanding and diversifying. We identified seven hotspots, three treatment nodes, and four thematic trends.
Research hotspots focused on epidemiological studies, adolescent primary dysmenorrhea, drug and non-drug treatments. Within the
realm of treatments, we have identified three treatment nodes: acupuncture, acupressure, and ibuprofen. The evolution of research has
witnessed a shift from traditional epidemiological studies toward a more diverse research landscape. Adolescent primary dysmenor-
rhea is expected to remain a prominent research topic while dietary supplements and lifestyle are predicted to gain more attention. An
emerging theme is the study of variation and polymorphism of circadian rhythm genes concerning primary dysmenorrhea.
Conclusion: This bibliometric analysis provides valuable insights into the current state of research on primary dysmenorrhea,
offering a clearer understanding of the field’s landscape. The identified hotspots, knowledge structure, and thematic trends can serve as
valuable references for future investigations in this area. The research holds significant scientific importance and innovative value in
elucidating the mechanisms of primary dysmenorrhea and finding more effective treatment approaches.
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Introduction
Primary dysmenorrhea (PD) is one of the most common gynecological conditions in women and significantly negatively
impacts the quality of life.! The increasing prevalence of PD globally has made it a public health issue.? Despite its high
prevalence, PD is often perceived as a normal part of the menstrual cycle. There is a wide variation in the prevalence of
PD reported in the literature, ranging from approximately 16% to 91%, with a higher prevalence in younger women
field,® and 2% to 29% experienced severe pain.’

The primary pathogenesis of PD is increased production of endometrial prostaglandins.®’ Nonsteroidal anti-inflammatory
drugs are essential for treatment, and hormone therapy is available for women not planning to become pregnant.' Many
alternative therapies, such as transcutaneous electrical nerve stimulation, acupuncture, acupressure, and yoga, have been

investigated."'""'? It is often assumed that women can self-medicate adequately, but many affected women still do not take
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steps to cope. Most of the previous literature summarizes a brief view of PD through cross-sectional studies, but there is
significant heterogeneity between studies and a need for long-term follow-up. None of the studies comprehensively overview
the hotspots and evolution in PD research themes.

Bibliometric analysis is a quantitative research method used to study and analyze patterns in scientific literature. Key
components of bibliometric analysis include citation analysis, co-authorship analysis, journal analysis, and keyword
analysis. In the context of bibliometric analysis, visual analysis can help researchers better understand and interpret the
findings from bibliometric studies. It often involves the creation of visualizations like co-authorship networks, citation
maps, and keyword clouds to convey information in a more accessible and intuitive manner. Bibliometric and visual
analyses are powerful tools for evaluating the impact, trends, and dynamics within the academic literature. They are
particularly valuable for researchers seeking to make data-driven decisions in various fields of science and academia.
These methods continue to evolve with advances in data analytics and visualization techniques. Bibliometric and visual
analyses have been widely used in the scientific field."?

Our study aims to gain deeper insights into the research landscape of primary dysmenorrhea. Biclustering analysis,
facilitated by gCLUTO, allows us to identify distinct research clusters and uncover hidden patterns within the literature.
Social network analysis, conducted using Ucinet, helps us understand the relationships between keywords and the
importance of specific concepts within the field. Furthermore, the application of SciIMAT software enables us to track the
thematic evolution of research topics over time. Together, these analytical approaches provide a comprehensive under-
standing of the research trends, hotspots, and the evolution of primary dysmenorrhea studies, ultimately aiding
researchers in making informed decisions and advancing the field.

Materials and Methods
Search Strategy

We selected the Web of Science™ Core Collection to examine all the studies related to PD. The search strategy was as
follows: TS = “dysmenorrhea” OR TS = “pain menstruation” OR TS = “menstrual pain” OR TS = “pelvic pain”. The
language was not limited, and publication time was also not limited. The search was completed up to 30 April 2023.
Inclusion criteria were as follows: (1) human studies; (2) articles or reviews; (3) studies on PD. Exclusion criteria were:
(1) animal studies; (2) secondary dysmenorrhea or dysmenorrhea before pregnancy or other systemic diseases causing
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dysmenorrhea. We retrieved 24,320 publications from the Web of Science™ Core Collection database. Two reviewers
independently assessed each piece of literature concerning the inclusion and exclusion criteria. In case of inconsistency,
a third reviewer was involved in judging until an agreement was reached. The agreement rate was 0.9 between the two
independent reviewers, representing a relatively unified opinion.

Data Extraction and Bibliographic Matrix Construction

We used the Bibliographic Item Co-Occurrence Matrix Builder (BICOMB; version 2.0) software developed by Professor
Lei Cui of China Medical University and VOSviewer visual analysis to extract information related to journals, countries,
keywords, and citations.'* Data cleaning was completed before the keyword statistical analysis, including the unification
of keywords in singular and plural, revision of misspellings, unification of full names and abbreviations, merging of
keywords with close meanings, and deletion of keywords unrelated to the study content. We employed BICOMB to
extract high-frequency keywords and generate a term-article matrix and a co-occurrence matrix of high-frequency
keywords and highly cited literature. The term-article matrix of high-frequency keywords represents a binary structure,
with high-frequency keywords forming the rows and source papers forming the columns. The number of high-frequency
keywords is defined based on a threshold value.'® Finally, the high-frequency keyword occurs more than or equal to 10
times. H-index provides a reliable method for estimating a researcher’s overall scientific achievements by combining the
total number of publications and citations. In essence, H-index aims to gauge the quality and quantity of scientific output
cumulatively.'®

Biclustering Analysis

The gCLUTO software was developed by Rasmussen at the University of Minnesota.!” This study imported a matrix of
high-frequency keywords generated by BICOMB into gCLUTO version 1.0. The clustering-related parameters were set:
cluster method was chosen as repeated bisection, the number of clusters was adjusted to gain the best clustering effect,
similarity function was set to the correlation coefficient, criterion function was set to 12, and the other parameters were
chosen as default values. A matrix visualization was employed to present the clustering results of the high-frequency
keywords-source papers matrix. Additionally, a mountain map was employed to validate the clustering’s effectiveness.
Based on the clustering, this study summarized the research directions of each cluster by analyzing the correlation of
high-frequency keywords and the focus of illustrative papers. Finally, we identified the research hotspots of PD.

Social Network Analysis

Social network analysis is mainly used to analyze social networks’ relational structure and attributes for studying citation
or collaborative relationships.'® This study used social network analysis to structure the co-high frequency keywords and
co-citation network related to PD. The high-frequency keywords and highly cited papers co-occurrence matrix con-
structed by BICOMB was imported into Ucinet software (6.0.0.186) and NetDraw (2.0.0.84) to create a visually
represented network map. The nodes represent high-frequency keywords or highly cited papers in the visual network.
The position of a node depends on degree, closeness, and betweenness; the closer the node is to the center, the more
central it is. The thickness of the lines connecting the nodes represents the closeness between high-frequency keywords
or highly cited papers.'® Thicker lines indicate stronger connections. The distribution of nodes in the network represents
the knowledge structure related to PD.

Theme Evolutionary Analysis

The software SciMAT-v1.1.04, developed by the University of Granada, was performed to analyze the development and
evolution of a field. Literature was divided into three periods in this study: 1930-2009, 2010-2019, and 2020-2023,
based on the characteristics of the temporal distribution of PD. The specific parameters were set as follows: words
(including author and source) were selected as the unit of analysis; frequency reduction was ticked as the data reduction
methods in each one time period; co-occurrence was selected as the kind of network; association strength was selected as
the normalization measure; centers simples was chosen as the clustering algorithm; core mapper was selected as the
document mappers; the quality measures was set H-index; Salton cosine parameters were chosen for both evolution

Journal of Pain Research 2023:16 hetps: 3615

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

measure and overlapping measure. The overlapping map was used to give a view of the evolution of the theme over time.
The evolution map was used to study hotspots in a given period and high-frequency themes overlapping successive
periods. Strategic diagrams are graphs with the X-axis denoting centrality and the Y-axis representing density. Centrality
measures the external relationship between themes; density measures the internal cohesion of themes.

Results

Growth of the Literature

Overall, we retrieved and screened 903 papers through our comprehensive search process. Due to the extensive period of
the papers, we listed the temporal distribution of articles by each decade (Figure 1A), which showed that the research on
PD surged in the last decade. Three hundred sixty-nine journals published a study on the direction of PD from 1930 to
2023. As depicted in Figure 1B, this study revealed that the top 10 journals collectively published 276 relevant papers,
representing 30.56% (276/903) of the total publications. Regarding country distribution (Figure 2), the United States had
the maximum number of publications and started researching earlier. China ranked second, with Chinese researchers
beginning to focus on PD in the last five years. The countries ranked 3rd to 10th were Iran, England, South Korea,
Sweden, Australia, Italy, Saudi Arabia, and South Africa.

Research Hotspots of PD

In this study, 44 high-frequency keywords were extracted according to the T-value calculation method, with a cumulative
percentage of 46.70% (Table S1). A co-occurrence analysis was performed on the 44 high-frequency keywords to form
a matrix of 44 rows*903 columns coded with “0” and “1” (Table S2). According to the actual clustering results, the 44
high-frequency keywords were finally clustered into four clusters. The results of the biclustering analysis were presented
in the matrix and mountain map. The matrix visualization was presented with 44 high-frequency keywords as rows and
903 source articles as columns, with little difference in the number of high-frequency keywords within the clusters
(Figure 3A). The three-dimensional visualization of the mountain (Figure 3B) provided a clear picture of the clustering of
high-frequency keywords in terms of the overall layout. Mountain volume was proportional to clustered high-frequency
keywords. The height was proportional to the internal resemblance of the clusters. The steeper mountains have a more
remarkable internal resemblance. The color of the peak was inversely proportional to the internal standard deviation, with
red representing a low standard deviation and blue representing a high standard deviation. Strongly correlated clusters
may have gathering and superposition between mountains. In this study, seven research hotspots were identified based on
the clustering results: epidemiological studies of PD (Cluster 0), PD causing pain hypersensitivity and central sensitiza-
tion (Cluster 1), the relationship between PD and chronic pain (Cluster 1), adolescents PD (Cluster 2), PD causing
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Figure | The number of articles and the published top 10 journals about primary dysmenorrhea from 1930-2023. (A) The number of articles about primary dysmenorrhea
from 1930-2023 in each decade; (B) The published top 10 journals about primary dysmenorrhea from 1930-2023.
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Figure 2 The publications on primary dysmenorrhea in the top ten most productive countries.
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Figure 3 Biclustering analysis of 44 high-frequency keywords-source papers on primary dysmenorrhea. (A) Matrix visualization of biclustering of 44 high-frequency
keywords and source papers on primary dysmenorrhea; (B) mountain visualization of biclustering of 44 high-frequency keywords and source papers on primary
dysmenorrhea.

changes in brain functional connectivity (Cluster 2), the current state of pharmacological treatment research (Cluster 3),

the current state of non-pharmacological treatment research (Cluster 3).

Knowledge Structure of PD

The co-occurrence network of high-frequency keywords is shown in Figure 4. We evaluated node importance based on
degree, betweenness, and closeness. Significant nodes were epidemiological studies on PD, PD in adolescents, pharma-
cological treatment, and non-pharmacological treatment. Three crucial treatment nodes were carefully selected and
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Figure 4 The co-occurrence network of high-frequency keywords.

screened using evaluation indicators: acupuncture, acupressure, and ibuprofen. Table S3 displays the centrality of the 44
high-frequency keywords.

The H-index of the highly cited papers in this study was 49. According to the index value, the 48 most frequently
cited papers were chosen as the highly cited papers in the reference list (Table S4). PD knowledge structure was better
reflected by a co-citation network of 48 highly cited articles (Figure S1). Table S5 lists the centrality of the 48 highly
cited articles. To facilitate observation of the results, the threshold of paper pairs co-occurrence was set to > 40 times in
this study to simplify the network of highly cited papers. Figure 5 shows Coco AS, 1999, AM FAM PHYSICIAN, V60,
P489 had the highest degree of centrality, located at the network’s core. Dawood MY, 2006, OBSTET GYNECOL, V108,
P428 and Iacovides S, 2015. HUM REPROD UPDATE, V21, P762 and SUNDELL G, 1990, BRIT J OBSTET
GYNAEC, V97, P588 and ANDERSCH B, 1982, AM J OBSTET GYNECOL, V144, P655 had higher co-occurrence
frequencies. In addition, WEI SY, 2016, PAIN, V157, P92, Tu CH, 2009, NEUROIMAGE, V47, P28 and Tu CH, 2010,
PAIN, V150, P462 formed a separate structure with a focus on the structure and metabolism in the brain.

Theme Evolution of PD

Overlapping maps illustrate the evolution of themes in PD over time. The distribution of periods is presented in Figure 6,
with circles representing the themes in each period. The numbers represent the shared themes between the adjacent
periods. The stability index is expressed in brackets. The higher the index, the better the stability. The arrows above the
circles represent the themes change, with the inward arrow representing the number of new themes and the outward
arrow representing the number of vanishing themes. The graph showed the evolution of themes in PD research, separated
into three periods: 1930-2009, 2010-2019, and 2020-2023. There have been more significant new themes in the last two
decades than declining ones. Notably, there has been a consistent improvement in both themes and stability index.
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Figure 5 Network structure with high co-occurrence frequency of highly cited papers.
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Figure 6 The overlapping thematic map of primary dysmenorrhea.

Strategic diagrams represented the development status and potential of the themes. Quadrant I of Figure 7A
represented a well-developed theme; quadrant II represented research that was highly developed but relatively isolated,;
quadrant III described research that was low in maturity and isolated (emerging or recessionary theme); quadrant IV
represented research that was central but not yet mature and had great potential for development. The node’s size was
proportional to the literature contained within the theme. In this study, the period of 1930-2009 (Figure 7B) was devoted
to “adolescence” and “hormones”. However, 2010-2019 (Figure 7C) witnessed a shift in focus toward “receptor”.
Furthermore, the more recent period of 2020-2023 (Figure 7D) exhibited a concentration of research on “fatty acids” and
“clinical research”. Accordingly, the potential hotspots were “adolescence” and “randomized controlled trial”.

Journal of Pain Research 2023:16 hetps: 3619

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

A density B

density P°NE
Quadrant Il Quadrant |

Peripheral and developed Central and developed

cumelmss

centrali
Y centrality

Peripheral and undeveloped Central and undeveloped

MENSTR°(MPTOMS density
cnkc»’uv‘mm density

c D

R| R
@
™ ON
CLINI UDIES
RAND°-TR AL ME°°N

centrality

Quadrant lll Quadrant IV

centrali

RANDOM I°CAL-TRIAL
° PR°°DINS

Figure 7 Strategic diagrams for primary dysmenorrhea. (A) The interpretation of the strategic diagram; (B) strategic diagram of primary dysmenorrhea from 1930-2009;
(C) strategic diagram of primary dysmenorrhea from 2010-2019; (D) strategic diagram of primary dysmenorrhea from 2020-2023.

As demonstrated in Figure 8, the thematic evolution map was distributed vertically over three periods. The size of the
nodes was proportional to the volume of literature. The thickness of the lines represented the proximity of themes. Solid lines
represented the dominant direction of thematic evolution within adjacent periods, while dashed lines represented the evolution
of thematic branches. Among the three periods, “adolescents” had been the focus of growing research attention. “Randomized
controlled trials” appeared in third place in the 2010-2019 periods, rising to second place in the 20202023 periods. Moreover,
pain management for PD progressed from a focus on “analgesics” in the earlier periods, transitioning to “fish oil”, and
ultimately evolving into a concentration on “fatty acids” in the later periods. Notably, the circadian rhythm was found to have
a limited correlation with the previous themes, indicating its emergence as a distinct and separate theme.

In essence, our work, despite drawing from known conclusions, offers a contribution by providing a systematic,
organized, and accessible framework for understanding the existing literature in the field. It adds value by simplifying the
research process, identifying trends, and facilitating future research endeavors.
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Figure 8 The thematic evolution map of primary dysmenorrhea.

Discussion

Our study is the first instance of utilizing bibliometric analysis to investigate the global research landscape on PD
comprehensively. The number of studies conducted in developed countries could be much higher. The variations in
geographical distribution can be attributed to differences in the prevalence of the condition, availability of medical and
research resources, and cultural factors. Before 2009, the study on PD was in its early stages. However, from 2010 to
2019, there was a significant increase in the research volume conducted on PD. The number of published papers
plateaued after 2020, when research reached a relatively mature phase. Conversely, the growth of research in adolescent
PD is significantly higher than the overall level of study, which is gradually expanding and maturing.

Four themes were central to the network throughout the study period, including epidemiological studies of PD, PD in
adolescents, and pharmacological and non-pharmacological treatments. These findings highlight the overarching research
direction in this field, which aims to identify high-risk populations and risk factors associated with primary PD. Through
epidemiological research, the goal is to explore practical strategies for preventing and treating PD.

The prevalence of PD ranges from 16% to 91%, with a higher prevalence in adolescents. Variation in most PD may be
due to the lack of standard approaches for evaluating the severity of dysmenorrhea.® Differences in study populations,
medicine use, reporting systems, and symptom recall may also contribute to the variation in the diverse prevalence.
Numerous cross-sectional studies conducted worldwide involving hundreds of thousands of women have revealed the
following risk factors associated with PD: early age at menarche, prolonged periods, irregular periods, premenstrual
symptoms, prematurity, and a family history of dysmenorrhea.”’** Regarding psychological factors, work or life-related
stress was positively associated with the risk of dysmenorrhea. Among the behavioral risk factors, smoking and alcohol
consumption showed conflicting results. There was no clear association between education, marital status, physical
activity, and risk of dysmenorrhea.’

Most women self-medicate using over-The-counter medication or alternative therapies, with fewer consulting
a doctor. The result of the social network analysis showed three key treatment nodes, including acupuncture, acupressure,
and ibuprofen. Substantial evidence supports using NSAIDs as first-line agents for treating PD.*** The primary
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mechanism is that NSAIDs could inhibit prostaglandin production and release.””> Naproxen, ibuprofen, mefenamic acid,
and aspirin are all effective in PD.%® Our results showed that ibuprofen is a relatively well-studied NSAID. Oral
contraceptives offer another effective treatment option, particularly for women needing birth control. It works primarily
by inhibiting ovulation.”” Recently, Alternative therapies such as acupuncture, acupressure, transcutaneous electrical
nerve stimulation, topical heat, and yoga have been increasingly used in recent years.”® However, there is limited and
inconsistent evidence on the effectiveness of non-pharmacological treatments for PD. Social network analysis results
indicate that non-pharmacological treatment studies primarily focus on acupuncture and acupressure. The meta-analysis
showed that the pain severity was significantly reduced after acupuncture and acupressure.”’ However, there was no
difference in pain severity when the control group received sham surgery because of placebo effects.

Scientific research relies primarily on references for knowledge. The knowledge structure can be better visualized by
analyzing highly cited papers from references. Epidemiological studies on PD are the most frequently co-cited. This
knowledge base is, therefore, an essential background of knowledge for researchers in the field. The second knowledge
base obtained from our biclustering analysis and social network analysis was the association of PD with pain
hypersensitivity and chronic pain. Even though PD is prevalent, there are still significant gaps in our understanding of
this condition. Evidence suggests repeated pain episodes may lead to hypersensitivity and central sensitization. The
increased excitability of nociceptive projection neurons not only increases sensitivity to inputs from damaged sites but
also increases sensitivity to other inputs. Prolonged injurious input to the central nervous system can induce functional
and structural changes throughout the nervous system. Studies have shown structural changes in the brain of dysmenor-
rhea women, such as lower grey matter volumes in regions involved in pain transmission and sensory processing while
a larger grey matter volume in regions involved in pain modeling and regulation of endocrine function.’**! Further
research should determine whether effective blockade of PD can improve the development of chronic pain.

Based on our thematic evolutionary analysis, we predicted that dietary supplements would be the following hotspot
for PD. Our strategic diagrams showed that research on fatty acids might go back even further, which evolved from the
original “analgesics” to “fish oil” and finally to “fatty acids”. Studies have shown that n-3 polyunsaturated fatty acid can
improve PD in adolescents.> The mechanism for this is that n-3 polyunsaturated fatty acid reduces prostaglandin and
leukotrienes. The therapeutic effect of low doses of n-3 polyunsaturated fatty acid is optimal and decreases with
increasing daily intake. Another finding showed that n-3 polyunsaturated fatty acid supplementation was less effective
in reducing the severity of PD as women aged.”® Vitamin E may also relieve PD by inhibiting the activity of
phospholipase A2 and cyclooxygenase.>*>> Dietary supplements are widely popular among women and readily available
in pharmacies and supermarkets. Furthermore, more high-quality evidence for dietary supplements for PD needs to be
provided. Randomized controlled trials should consider dose, quality, and drug interactions.

Our biclustering and thematic evolutionary analysis suggested that adolescent PD had always been a research hotspot
in this field. The main reason might be the high prevalence of PD in adolescents and its high co-morbidity with many
functional pain disorders. In recent years, there has been a focus on functional connectivity, which is the functional
interaction between different brain areas. Studies have shown that the functional connectivity of the periaqueductal grey
matter plays a significant role in the neural axis of the regulatory system of PD.>® The low correlation between the
periaqueductal grey and the default mode network is a common endpoint in many functional pain disorders (migraine,
fibromyalgia, and temporomandibular joint disorder). The findings suggested that women with long-term PD may
develop adaptive neuroplasticity and functional reorganization, shifting the network from salient emotional processing
to cognitive pain regulation. Preventing the development of PD in adolescence and actively treating moderate to severe
PD may have clinical implications for preventing chronic pain. Our research highlights the importance of further
investigation to comprehend this disorder and its long-term consequences. It is noteworthy that lifestyle changes can
improve the quality of life and decrease pain levels in individuals with primary dysmenorrhea.’” We urge researchers to
explore genetic predispositions, lifestyle factors, and early interventions impact on long-term outcomes.

Based on our thematic evolutionary analysis, the circadian rhythm was not closely related to the previous themes. It
emerged independently in the third period, suggesting it may be an emerging theme. Based on our analysis, we anticipate
that sleep disorders associated with PD hold promising academic potential. Additionally, the study found that the variable
number of Tandem repeat variants in the Coding Region of the Circadian rhythm gene cycle 3 affects sleep, which may

3622 https: Journal of Pain Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

also be associated with PD in Turkish women.*® However, further studies in ethnically diverse populations are needed to
address the full role of this variant in PD.

This study does have certain limitations that should be acknowledged. Firstly, we only collected data from a single
Web of Science™ Core Collection database. Secondly, we only included articles and reviews from human studies, which
may miss other research hotspots. In addition, biclustering analysis and social network analysis based on high-frequency
keywords may lead to some emerging topics being overlooked.

Conclusion

In conclusion, our study identified seven research hotspots, three key treatment nodes, and four research trends related to
PD. These findings enhance our understanding of the knowledge structure associated with PD. Our study contributes to
the scientific understanding of PD and its broader implications for women’s health, inspiring innovative approaches to
address the challenges posed by this condition. Through continued research efforts, we can improve the quality of life for
affected women and transform PD management.

Abbreviation
PD, primary dysmenorrhea.
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