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Article 

The Need for an Interdisciplinary Approach to 
Marfan Syndrome: Future Direction from the Results 
of a Network Analysis of Marfan Syndrome Studies 
Naruaki Ogasawara 

Editorial Department, The Japanese Society of Internal Medicine, 3-28-8 Hongo Bunkyo-Ward,  
Tokyo 113-8433, Japan; n-ogasawara@naika.or.jp; Tel./Fax: +81-0-3813-5991 

Abstract: Aim: This study aims to explore the collaborative networks in Marfan Syndrome (MFS) 
research by analyzing co-authorship patterns from 2000 to 2023. The objective is to identify key 
researchers, trends in collaboration, and the extent of interdisciplinary cooperation within the global 
MFS research community. Understanding these dynamics will inform the future direction of 
research in this field, emphasizing the need for a more integrated, interdisciplinary approach. 
Method: This study utilized network analysis techniques to evaluate 6,657 publications related to 
MFS research indexed in the Web of Science (WoS) Core Collection between 2000 and 2023. The 
analysis was conducted using Python (Version 3.10.5) in the PyCharm development environment 
(Software Version 2022.1.3). The co-authorship networks were assessed using macro-level 
indicators such as network density (the ratio of actual to possible connections), clustering coefficient 
(degree of node clustering), number of components (distinct connected subgroups), and average 
path length (average distance between nodes). Micro-level indicators including degree centrality 
(importance based on the number of connections), closeness centrality (proximity to other nodes), 
and betweenness centrality (frequency of a node on the shortest paths between others) were also 
analyzed. Result: The network analysis revealed a persistent fragmentation within the MFS research 
community over the past two decades. While network density slightly increased from 0.0012 in the 
2000–2009 period to 0.0016 in 2020–2023, the network remained disjointed with numerous 
disconnected components. Key contributors, such as Harry C. Dietz, Guillaume Jondeau, and Julie 
De Backer, demonstrated high centrality values, playing pivotal roles in shaping collaboration. The 
clustering coefficient remained high across all periods, indicating strong intra-group collaboration, 
yet underscoring the need for broader interdisciplinary partnerships. Conclusion: This study 
highlights the need for more integrated and cross-disciplinary collaboration in MFS research. 
Despite the significant contributions of central researchers, the overall fragmentation limits 
potential advancements. Fostering a more interconnected global network and encouraging 
interdisciplinary cooperation will be crucial to addressing the complex, multi-systemic nature of 
Marfan Syndrome and improving patient outcomes. 

Keywords: endocrinology and metabolism; marfan syndrome; co-authorship network analysis; 
network analysis; research collaboration; research trend analysis; research trends; key researchers; 
research strategies; internal medicine; planning future collaborative studies; interdisciplinary 
approach 

 

Introduction 

Background and Objectives 

Marfan Syndrome (MFS) is a genetic disorder that affects connective tissue, with complications 
that can involve the heart, blood vessels, bones, joints, and eyes. The complexity and multi-organ 
impact of MFS has made it a critical area of medical research. With advancements in genetics, 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 September 2024 doi:10.20944/preprints202409.2404.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202409.2404.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

molecular biology, and treatment options, global efforts have increased to understand the disease 
better and improve patient outcomes. However, despite significant progress, challenges remain in 
the diagnosis, management, and long-term treatment of MFS, particularly in less-resourced regions 
[1,2]. 

In terms of scientific collaboration, network analysis provides a powerful method for 
understanding the structure of research communities and the collaborations that drive innovation. 
By applying network analysis techniques to the study of co-authorship in MFS research, we can gain 
insights into how research networks have evolved over time, the key players within these networks, 
and how collaboration has contributed to advancements in the field. 

The global landscape of MFS research grew significantly from 2000 to 2023. This period 
witnessed the formation of international consortiums and registries, an increase in multi-center 
studies, and regular global conferences that fostered networking among researchers. Collaborative 
projects focusing on specific aspects of MFS emerged, while shared databases enhanced research 
capabilities. This cooperation led to an improved understanding of MFS genetics, clinical aspects, 
and treatments, positively impacting patient care [4]. The collaborative approach in MFS research 
now serves as a model for international cooperation in rare disease studies, demonstrating the power 
of global synergy in addressing complex medical challenges. 

Scope of the Study 

This study examines publications related to MFS research indexed in the Web of Science (WoS) 
Core Collection database between 2000 and 2023. A total of 6,657 articles were selected for analysis, 
providing a comprehensive overview of the collaborative landscape within this specialized field over 
the past two decades. The dataset ensures the inclusion of the most recent publications (as of 
September 2024). The analysis will focus on constructing and evaluating co-authorship networks 
using macro-level indicators such as network density (the ratio of actual to possible connections), 
clustering coefficient (the degree to which nodes tend to cluster together), number of components 
(distinct connected subgroups within the network), and average path length (the average distance 
between nodes). At the micro-level, I will assess degree centrality (the number of direct connections 
each node has), closeness centrality (how close a node is to all other nodes), and betweenness 
centrality (the extent to which a node lies on the shortest path between other nodes). These metrics 
will help illuminate the structure and dynamics of researcher collaborations in this field. 

Significance of the Study 

This study holds significant value in the context of MFS research by offering a detailed 
exploration of the collaborative landscape within this field. Identifying major researchers and 
institutions involved in MFS research can help highlight leading contributors and emerging leaders. 
Furthermore, evaluating the progression of international collaborative research and its impact is 
essential for understanding how global partnerships contribute to advancements in this area. The 
analysis of network structures and their evolution over time can reveal critical trends, such as shifts 
in research focus or the emergence of new collaborative clusters. 

By providing a clear picture of the current state of research and collaboration in MFS, this study 
not only enhances our understanding of existing networks but also sheds light on future directions 
and potential areas for new partnerships. The findings underscore the importance of international 
collaboration in addressing the complex challenges associated with MFS, highlighting the role of 
network analysis as a powerful tool for guiding future research strategies and fostering global 
cooperation. 

Material and Methods 

The present study investigates the co-authorship patterns in MFS research articles. I utilized the 
WoS Core Collection database, conducting a “Topic Search” with the keyword “Marfan syndrome” 
to analyze a total of 6,657 articles published between 2000 and 2023 (as of September 2024). In this 
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analysis, I examined who collaborated with whom in co-authoring these articles. I conducted 
network analysis using the Python programming language (version 3.10.5) within the integrated 
development environment (IDE) PyCharm (software version 2022.1.3). This study employed 
methodology-established principles of social network analysis [5]. I carried out the analysis in two 
main parts: 

Macro-Level Metrics: 

Network Density: Calculated as the ratio of the number of edges to the maximum possible edges 
Between all nodes. 

Clustering Coefficient: Measured the extent to which nodes form clusters by considering the 
number of edges among neighboring nodes and calculating the average. 

Components: Identified and counted the number of subgraphs (components) where nodes are 
mutually connected. 

Average Path Length: Evaluated the average “distance” between nodes by calculating the overall 
average path length in the network [6]. 

Micro-Level Metrics: 

Degree Centrality: Measured the importance of each node by counting the number of edges it has 
in the network. 

Closeness Centrality: Defined as the inverse of the sum of the shortest path lengths from a node 
to all other nodes, measuring how close each node is to others in the network. 

Betweenness Centrality: Assessed the extent to which a node lies on the shortest paths between 
other nodes, indicating its importance in information transmission within the network [6,7]. 

The significance of these macro-level metrics in understanding the structure of scientific 
collaboration networks and these micro-level centrality measures in scientific collaboration networks 
has been well documented and used [6,7]. Through these analyses, I can identify collaborative 
relationships and influential researchers in MFS research. This information may be useful for 
understanding research trends and planning future collaborative studies. 

Results 

The study analyzed the co-authorship network of researchers in MFS research, focusing on the 
periods from 2000 to 2023. The analysis was conducted using data from the WoS Core Collection and 
utilized both macro and micro-level network metrics to understand the evolution of collaborative 
networks in this field. 

2000-2009. Network Analysis 

The co-authorship network for Marfan Syndrome research between 2000 and 2009 exhibited a 
sparse and fragmented structure. The network density was calculated to be 0.0012 (Table 1), 
indicating that only a small fraction of potential connections between researchers was realized 
(Figure 1). The average clustering coefficient was remarkably high at 0.912, suggesting that the 
researchers who collaborated tended to form tight-knit groups. However, the network was highly 
disconnected, consisting of 777 components, and the average distance between nodes was infinite, 
meaning that many nodes were isolated or in small, disconnected groups [8]. 

Table 1. Network Metrics. 

Metric 2000 - 2009 2010 - 2019 2020 - 2023 
Network Density 0.0012  0.0009  0.0016  

Average Clustering 
Coefficient 

0.912  0.911  0.924  

Number of Components 777 1109 705 
Average Distance infinite infinite infinite 
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Figure 1. Top 20 Marfan Syndrome Researcher Network from 2000 to 2009. 

Key contributors during this period included Dietz, Harry C., who topped the list for degree 
centrality (0.0211) (Table 2), reflecting his extensive collaboration network. Jondeau, Guillaume and 
Boileau, Catherine followed closely with centrality values of 0.0183 and 0.0178, respectively. Notably, 
Boileau, C also ranked highest in closeness centrality (0.0638), indicating that this researcher was 
more directly connected to others in the network (Table 3). In terms of betweenness centrality, 
Boileau, C again led with a score of 0.0108, suggesting a pivotal role in bridging different research 
groups (Table 4). 

Table 2. Top 20 Nodes by Degree Centrality. 

Nod
e 

2000 - 2009 
Degree 

Centrality 
2010 - 2019 

Degree 
Centrality 

2020 - 2023 
Degree 

Centrality 
1 Dietz, Harry C. 0.0211  Dietz, Harry C. 0.0429  Jondeau, Guillaume 0.0320  
2 Jondeau, Guillaume 0.0183  De Backer, Julie 0.0261  Boileau, Catherine 0.0262  
3 Boileau, Catherine 0.0178  Jondeau, Guillaume 0.0219  De Backer, Julie 0.0222  
4 Boileau, C 0.0151  Milewicz, Dianna M. 0.0213  Maroofian, Reza 0.0219  
5 Dietz, HC 0.0133  Boileau, Catherine 0.0210  Arnaud, Pauline 0.0216  
6 Milewicz, DM 0.0132  Van Laer, Lut 0.0199  Milewicz, Dianna M. 0.0214  
7 Jondeau, G 0.0127  Loeys, Bart 0.0197  Hanna, Nadine 0.0199  
8 Milewicz, Dianna M. 0.0124  Loeys, Bart L. 0.0180  Evangelista, Arturo 0.0192  
9 Loeys, Bart L. 0.0119  von Kodolitsch, Yskert 0.0162  Teixido-Tura, Gisela 0.0174  
10 De Paepe, A. 0.0106  Pyeritz, Reed E. 0.0160  Milleron, Olivier 0.0166  
11 Pyeritz, Reed E. 0.0099  De Paepe, Anne 0.0142  Braverman, Alan C. 0.0158  

12 De Backer, Julie 0.0099  Timmermans, Janneke 0.0124  
Deleuze, Jean-

Francois 
0.0156  

13 Robinson, Peter N. 0.0098  Lacro, Ronald V. 0.0118  Oderich, Gustavo S. 0.0155  
14 De Paepe, A 0.0097  Evangelista, Arturo 0.0116  Watkins, Hugh 0.0153  
15 Handford, PA 0.0097  LeMaire, Scott A. 0.0116  Odent, Sylvie 0.0145  
16 Reinhardt, DP 0.0095  Robinson, Peter N. 0.0112  Petit, Florence 0.0138  

17 
Cormier-Daire, 

Valerie 
0.0093  Jeunemaitre, Xavier 0.0110  Wang, Jing 0.0136  

18 Kiotsekoglou, A. 0.0087  Kempers, Marlies 0.0109  Blair, Edward 0.0127  
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19 Pelliccia, A 0.0087  Groenink, Maarten 0.0108  
von Kodolitsch, 

Yskert 
0.0127  

20 Ramirez, Francesco 0.0084  Hilhorst-Hofstee, 
Yvonne 

0.0107  Pagnamenta, Alistair 
T. 

0.0125  

2010-2019. Network Analysis 

During the 2010 to 2019 period, the network expanded but remained relatively sparse with a 
network density of 0.0009 (Table 1). The average clustering coefficient was similar to the previous 
decade at 0.911, suggesting sustained tendencies for collaboration within small groups (Figure 2). 
The number of disconnected components increased to 1109, further reflecting the network’s 
fragmented nature. The average distance between nodes remained infinite, again indicating that 
many researchers were isolated [8]. 

 
Figure 2. Top 20 Marfan Syndrome Researcher Network from 2010 to 2019. 

Dietz, Harry C. continued to dominate the field with a significantly higher degree centrality of 
0.0429, nearly double that of the previous decade (Table 2). De Backer, Julie and Jondeau, Guillaume 
followed, with degree centrality scores of 0.0261 and 0.0219, respectively. Dietz, Harry C. also ranked 
first in closeness centrality (0.1809) and betweenness centrality (0.0647), reinforcing his central role in 
the global MFS research network (Table 3, Table 4). Milewicz, Dianna M. and De Backer, Julie also 
displayed high closeness and betweenness centrality scores, indicating their growing influence in the 
network. 

Table 3. Top 20 Nodes by Closeness Centrality. 

Node 2000 - 2009 
Closeness 
Centrality 

2010 - 2019 
Closeness 
Centrality 

2020 - 2023 
Closeness 
Centrality 

1 Boileau, C 0.0638  Dietz, Harry C. 0.1809  
Jondeau, 

Guillaume 
0.1297  

2 Steinmann, B 0.0633  De Backer, Julie 0.1745  De Backer, Julie 0.1285  

3 Child, A 0.0625  
Milewicz, Dianna 

M. 
0.1730  Evangelista, Arturo 0.1251  

4 Loeys, B 0.0622  Pyeritz, Reed E. 0.1687  Boileau, Catherine 0.1203  
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5 Dietz, HC 0.0618  
Jondeau, 

Guillaume 
0.1685  

Milewicz, Dianna 
M. 

0.1197  

6 Milewicz, DM 0.0617  Loeys, Bart L. 0.1681  Morris, Shaine A. 0.1182  

7 Kaitila, I 0.0615  
Devereux, Richard 

B. 
0.1659  

Teixido-Tura, 
Gisela 

0.1176  

8 Booms, P 0.0614  Boileau, Catherine 0.1650  Braverman, Alan C. 0.1168  
9 De Paepe, A 0.0608  Evangelista, Arturo 0.1639  Shalhub, Sherene 0.1150  
10 Halliday, D 0.0599  Braverman, Alan C. 0.1637  Verstraeten, Aline 0.1142  
11 Junien, C 0.0588  Lacro, Ronald V. 0.1632  Ouzounian, Maral 0.1142  
12 Nuytinck, L 0.0588  Loeys, Bart 0.1627  Pyeritz, Reed E. 0.1138  
13 Comeglio, P 0.0587  Eagle, Kim A. 0.1602  Groenink, Maarten 0.1133  
14 Boxer, M 0.0577  LeMaire, Scott A. 0.1596  Milleron, Olivier 0.1130  
15 Le Bourdelles, S 0.0576  De Paepe, Anne M. 0.1593  Lacro, Ronald, V 0.1125  

16 Ala-Kokko, L 0.0576  Roman, Mary J. 0.1590  
Muino-Mosquera, 

Laura 0.1122  

17 Peltonen, L 0.0576  Mahony, Lynn 0.1584  Cervi, Elena 0.1120  

18 Collod-Béroud, G 0.0575  
Hilhorst-Hofstee, 

Yvonne 
0.1584  Nistri, Stefano 0.1119  

19 Ades, L 0.0575  Sleeper, Lynn A. 0.1582  Pepe, Guglielmina 0.1119  
20 Hyland, JC 0.0575  Pearson, Gail D. 0.1580  Sleeper, Lynn A. 0.1118  

Table 4. Top 20 Nodes by Betweenness Centrality. 

Node 2000 - 2009 
Betweenness 

Centrality 
2010 - 2019 

Betweenness 
Centrality 

2020 - 2023 
Betweenness 

Centrality 

1 Boileau, C 0.0108  Dietz, Harry C. 0.0647  
Jondeau, 

Guillaume 
0.0252  

2 
Kiotsekoglou, 

Anatoli 
0.0099  

Milewicz, Dianna 
M. 

0.0314  De Backer, Julie 0.0212  

3 Child, Anne 0.0095  Dietz, H. C. 0.0299  
Milewicz, Dianna 

M. 
0.0162  

4 Dietz, Harry C. 0.0093  De Backer, Julie 0.0258  Evangelista, Arturo 0.0139  
5 Milewicz, DM 0.0089  De Backer, J. 0.0172  Boileau, Catherine 0.0116  
6 Comeglio, P. 0.0087  Benson, D. W. 0.0153  Watkins, Hugh 0.0114  

7 Dietz, HC 0.0084  
Jondeau, 

Guillaume 
0.0136  Li, Yang 0.0108  

8 Loeys, Bart L. 0.0057  Pyeritz, Reed E. 0.0127  Dietz, Harry C. 0.0101  
9 Booms, P 0.0052  Loeys, B. 0.0119  Morris, Shaine A. 0.0100  
10 Driscoll, DJ 0.0051  Evangelista, Arturo 0.0111  Braverman, Alan C. 0.0097  
11 Bavaria, Joseph E. 0.0051  Boileau, Catherine 0.0100  Liu, Yan 0.0097  

12 Handford, PA 0.0050  Loeys, Bart L. 0.0094  
von Kodolitsch, 

Yskert 
0.0086  

13 Child, A 0.0049  
Elefteriades, John 

A. 
0.0090  Ouzounian, Maral 0.0084  

14 Reinhardt, DP 0.0049  Fan, Yuxin 0.0089  Kallenbach, Klaus 0.0079  
15 Ramirez, Francesco 0.0043  Loeys, Bart 0.0087  Zhu, Jun-Ming 0.0079  
16 Steinmann, B 0.0039  Braverman, Alan C. 0.0084  Li, Yu 0.0074  
17 Towbin, JA 0.0038  Robinson, Peter N. 0.0082  Shalhub, Sherene 0.0074  

18 
Di Bartolomeo, 

Roberto 
0.0038  Sakai, Lynn Y. 0.0079  Groenink, Maarten 0.0069  

19 Starcher, Barry 0.0036  Coselli, Joseph S. 0.0076  LeMaire, Scott A. 0.0067  

20 Fattori, Rossella 0.0036  Arbustini, Eloisa 0.0075  
Teixido-Tura, 

Gisela 
0.0066  

2020-2023. Network Analysis 

The analysis of the most recent period (2020–2023) revealed a slight increase in connectivity, as 
reflected by a network density of 0.0016, the highest across the three decades (Table 1). The average 
clustering coefficient increased to 0.924, indicating that collaboration within small groups was even 
more pronounced (Figure 3). The network, however, remained fragmented with 705 components, 
and the average distance between nodes was still infinite, suggesting persistent isolation in some 
segments of the network [8]. 
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Figure 3. Top 20 Marfan Syndrome Researcher Network from 2020 to 2023. 

During this period, Jondeau, Guillaume emerged as the most connected researcher, with a 
degree centrality of 0.0320 (Table 2), surpassing other leading figures from earlier periods such as 
Boileau, Catherine and De Backer, Julie. However, De Backer, Julie and Milewicz, Dianna M. 
continued to play prominent roles, ranking high in both degree and closeness centrality (0.1285 and 
0.1197, respectively). Jondeau, Guillaume also held the highest closeness centrality (0.1297) (Table 3), 
confirming his central position in the collaborative network. Additionally, Jondeau led in 
betweenness centrality (0.0252), solidifying his role as a key figure in connecting disparate groups 
within the MFS research community (Table 4). 

Discussion 

The network analysis of MFS research from 2000 to 2023 provides valuable insights into the 
evolution of collaborative patterns within this specialized field. Over the course of two decades, our 
study highlights several key trends and characteristics that have shaped the research landscape. This 
discussion synthesizes the findings, contextualizes them in relation to previous studies, and examines 
their implications for future MFS research and scientific cooperation. 

Network Fragmentation and Density Trends 

One of the most striking features observed throughout the study period is the persistent 
fragmentation of the MFS research network. Despite a steady increase in the number of publications 
and collaborations, the network remained highly disjointed, with a significant number of 
disconnected components. The network density, although slightly improved in the most recent 
period (2020-2023), remained low across all time frames, indicating that only a small portion of 
potential collaborations were realized. This suggests that, while the field has seen growth, many 
researchers continue to operate in isolated clusters rather than forming more integrated, cross-
collaborative networks. 

The low density and high fragmentation likely reflect the diverse nature of MFS research, which 
spans various medical specialties such as cardiology, genetics, ophthalmology, and orthopedics. 
Researchers may focus on specific aspects of MFS, leading to subfields that develop in parallel rather 
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than in a unified, interdisciplinary manner. The high number of components observed in all periods 
indicates that while there are core researchers driving collaboration, a significant number of 
individuals and smaller groups remain peripheral, limiting the overall cohesiveness of the research 
network. 

Centrality and Key Collaborators 

The identification of central researchers through degree, closeness, and betweenness centrality 
measures provides further insight into the structure of the MFS research community. Consistently, 
researchers such as Harry C. Dietz, Guillaume Jondeau, and Julie De Backer emerged as central 
figures within the network. Dietz, in particular, maintained a dominant position in both the 2000-
2009 and 2010-2019 periods, likely due to his groundbreaking work on the genetics of MFS and his 
role in advancing clinical treatments. His high centrality scores underscore his influence in 
connecting different research groups and shaping the direction of MFS research. 

Interestingly, by the 2020-2023 period, Guillaume Jondeau surpassed Dietz in degree centrality, 
marking a shift in the leadership of MFS research collaboration. Jondeau’s prominent role in recent 
years can be attributed to his involvement in large-scale clinical studies and his leadership in 
international collaborations. His elevated closeness and betweenness centrality suggest that he has 
become a key facilitator of research interactions, bridging disparate research clusters and contributing 
to the dissemination of knowledge across the field. 

Clustering and Collaborative Tendency 

The consistently high clustering coefficient observed across all periods indicates that researchers 
within the MFS network tend to form close-knit groups. While this can foster deep, specialized 
collaboration within certain areas of MFS, it may also contribute to the overall fragmentation of the 
network. The formation of tight clusters, while beneficial for advancing specific research agendas, 
can potentially limit cross-disciplinary and international collaboration, which is essential for 
addressing the complex, multi-systemic nature of MFS. 

It is noteworthy that the clustering coefficient slightly increased in the most recent period, 
suggesting a further intensification of intra-group collaboration. This could reflect the rise of 
specialized consortia and collaborative initiatives focused on particular aspects of MFS, such as 
molecular genetics or cardiovascular complications. While these collaborations are crucial for 
advancing knowledge in targeted areas, the field may benefit from fostering broader, more 
integrative research networks that bring together experts from different disciplines and regions. 

Implications for Future Research and Collaboration 

The findings of this study highlight both the strengths and limitations of the current MFS 
research network. On the one hand, the presence of key central researchers and tightly clustered 
groups has led to significant advancements in understanding and treating MFS. On the other hand, 
the overall fragmentation of the network suggests that there are untapped opportunities for broader 
collaboration, particularly in areas that require interdisciplinary approaches. 

Looking ahead, efforts to strengthen global cooperation and integrate more peripheral 
researchers into the core of the network may be essential for overcoming some of the remaining 
challenges in MFS research. Initiatives such as international consortiums, shared databases, and 
collaborative platforms could help bridge gaps between isolated groups and foster a more cohesive 
research community. Additionally, the inclusion of researchers from underrepresented regions, 
particularly those in developing countries, could enrich the network and lead to more diverse 
perspectives on MFS. 

Finally, the role of network analysis in guiding future research strategies cannot be overstated. 
By identifying key collaborators and trends in scientific cooperation, this study provides a roadmap 
for enhancing collaboration and ensuring that future research efforts are aligned with the complex 
and evolving needs of MFS patients. As the field continues to grow, fostering stronger, more 
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interconnected networks will be crucial for translating scientific discoveries into tangible clinical 
outcomes. 

Conclusions 

The network analysis of MFS research from 2000 to 2023 reveals critical insights into the 
collaborative structures and dynamics within this specialized field. Over the past two decades, the 
global research community has grown in size and complexity, yet significant challenges remain in 
achieving greater connectivity and interdisciplinary collaboration. Prominent researchers such as 
Harry C. Dietz (Johns Hopkins University, USA), Guillaume Jondeau (Hospital Bichat-Claude 
Bernard, France), and Dianna M. Milewicz (the University of Texas Health Science Center at Houston, 
USA) have been central figures throughout this period, the overall research network continues to 
exhibit fragmentation, with many researchers working in isolated clusters. 

The findings indicate a need for a more integrated and interdisciplinary approach to MFS 
research. The relatively low network density and the high number of disconnected components 
suggest that opportunities for collaboration are not being fully realized. Encouraging greater 
cooperation across research institutions, disciplines, and geographical boundaries will be essential to 
advancing our understanding of MFS and improving patient outcomes. This is particularly crucial 
given the complexity of MFS, which requires insights from genetics, molecular biology, cardiology, 
and other fields. 

Looking forward, fostering international partnerships, expanding shared databases, and 
promoting cross-disciplinary projects can help overcome the current fragmentation. By leveraging 
the strengths of a more connected global research network, future studies on MFS may unlock 
breakthroughs, leading to better diagnosis, treatment, and management strategies for this 
multifaceted disorder. 

This study underscores the importance of network analysis as a tool for identifying gaps and 
opportunities in scientific collaboration. The insights derived from this analysis provide a roadmap 
for future research directions, highlighting the necessity of a collaborative and interdisciplinary 
approach to address the complex challenges posed by Marfan Syndrome. 
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