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    Abstract
Background: There has been increasing awareness on the issue of underrepresentation in academic cardiology. However, to date, most mentorship programs are not designed specifically tailored for future careers in cardiology or cardiovascular medicine. We present our 6-year experience in running two research mentorship platforms, the International Health Informatics Study Network and the Cardiovascular Analytics Group. Objective: To study the underrepresentation in academic cardiology. Methods: Researchers were prospectively recruited into the mentorship programs between September 2015 and September 2021. A combination of online mentorship approaches was employed, including one-to-one mentoring (between faculty and students and between peers), group mentorship, and teaching sessions. Outcomes included the number of publications related to cardiovascular medicine, including those with student members in key authorship positions, and students serving as mentors. Female representation was assessed. Results: A total of 117 researchers from 19 countries were recruited between September 2015 and September 2021, leading to the successful publication of 164 research articles on cardiovascular medicine or epidemiology. Students participated in 80% of the articles (n = 131). At least one student served as the first author in 34% of the articles (n = 56; at least one female student as the first author in 48% of the 56 articles; n = 27), as the senior author in 7.3% of the articles (n = 12), and as a mentor in 15% of the articles (n = 26; at least one female student served as a mentor in 42% of the 26 articles; n = 11). Female researchers occupied one of the four key authorship positions in 43% of the articles (n = 70; 47 female first authors; 10 female co-first authors; 6 female co-corresponding authors; and 17 female last authors). There was a 12% increase in the percentage of females in key authorship positions between the periods 2016–2018 and 2019–2021, from 47% (n = 33) and 53% (n = 37) of the 70 publications having at least one female in key authorship positions, respectively. Conclusions: Online-based mentorship programs can promote the development of independent research and leadership skills in students, with a positive impact on diversity, gender equity, inclusion, and productivity in cardiovascular research.
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    Introduction


    Over the past years, there has been increasing awareness on underrepresentation in academic cardiology[bookmark: ft1][1],[bookmark: ft2][2] with different groups facing barriers to entering research, promotions, and representation in leadership roles.[bookmark: ft3][3] For example, female talents in academic cardiology are significantly underrepresented.[bookmark: ft4][4] In addition, while women have a slightly higher frequency of attaining first authorships, it has been reported that women are 50% less likely to hold a senior authorship position for cardiovascular research.[bookmark: ft5][5] The drop in female representation in senior ranks of academic cardiology may be contributed by a lack of female talent engagement, particularly during their early career advancement, in high-impact journals and leadership roles. The development of membership programs represents an option to provide support and guidance for successful careers,[bookmark: ft6][6] with positive effects on capacity building for mentees.[bookmark: ft7][7] Of the different types of programs, remote mentorship has previously been shown to be effective[bookmark: ft8][8] and can improve access in underrepresented groups[bookmark: ft9][9] and reduce gender inequalities.[bookmark: ft10][10] However, to date, these programs are not specific designed for mentorship in cardiovascular medicine.


    In light of these findings, we present an accessible distributed research team model to help raise the female representation and tackle the challenges faced by female academics in the field of cardiovascular medicine. We present our 6-year experience in running two closely connected research mentorship platforms, the International Health Informatics Study (IHIS) Network and the Cardiovascular Analytics Group (CVAG), for meta-analysis and original studies, respectively.


    Methods


    Description of mentorship platforms and recruitment


    The IHIS network was established for systematic reviews and meta-analyses and CVAG provided supervision for original studies, reviews, case reports, and other article types. Capacity building was achieved using blended learning, one-to-one, and small group mentoring. Research skills training was provided by standardized teaching in large group sessions on project management for original studies (including study design, database handling, propensity score methods, regression analysis, calculation of accuracy metrics, and study write-up), systematic reviews and meta-analysis (introductions to different databases, creation and optimization of search terms, heterogeneity, different effect estimates, and methods of pooling, meta-regression and trial sequential analysis), and complemented by the availability of offline learning materials. Twenty-four-h advice can be sought from the large group messaging platform. Both mentees and mentors are encouraged to use any communication platform preferred, including electronic mails and messaging apps.


    Recruitment of participants and outcomes


    All participants provided informed consent in joining our mentorship programs. Aspiring researchers were recruited into either mentorship program, or both, between September 2015 and September 2021. They were matched with more experienced colleagues who provided mentorship regarding different aspects of the research project management. Smaller groups were created based on research themes. Outcomes included the number of publications, including those with student members in key authorship positions, those with students serving as mentors, and those where female members have occupied key authorship positions. They are presented as count (percentage).


    Results


    Over a 6-year period between September 2015 and September 2021, a total of 117 researchers from 19 countries joined the mentorship programs. Of these, 91 (78%) were from medicine, 15 (13%) from biological or biomedical sciences, 7 (8%) from pharmacy, 2 from data science or computing backgrounds (2%), and 1 (1%) was from social sciences. A total of 164 research articles were published between January 1, 2016, and October 1, 2021.


    Students participated in 80% of the articles (n = 131; 1 student author in 34 articles; 2 student authors in 26 articles; 3 student authors in 41 articles; 4 student authors in 18 articles; and >5 student authors in 12 articles). There was at least one student as the first author in 34% of the articles (n = 56; at least one female student as first author in 48% of the 56 articles; n = 27) and at least one student as senior author in 7.3% of the articles (n = 12). Moreover, at least one student served as a mentor in 15% of the articles (n = 26; at least one female student served as a mentor in 42% of the 26 articles; n = 11). There is at least one female in one of the four key authorship positions in 43% of the articles (n = 70; 47 female first authors; 10 female co-first authors; 6 female co-corresponding authors; and 17 female last authors). There was a 12% increase in the percentage of females in key authorship positions between the periods 2016–2018 and 2019–2021, from 47% (n = 33) and 53% (n = 37) of the 70 publications having at least one female in key authorship positions, respectively.


    Discussion


    The IHIS network was created by a senior faculty member (AB) and junior faculty member (GT) at the time of conception, specifically designed to facilitate the conducting of systematic reviews and meta-analyses in 2017. By contrast, the CVAG started as a local research group in 2015 for conducting original research in Hong Kong, China, which has promptly expanded to include mentors and mentees globally.[bookmark: ft11][11] The main findings of this study are that over a 6-year period, of all publications produced from the mentorship programs, 80% had student representation, 34% of first authors were students, and 43% had female members occupying a key authorship position.


    Underrepresentation in academic medicine has been an ongoing issue in various specialties,[bookmark: ft12][12] with a negative impact on gender,[bookmark: ft13][13],[bookmark: ft14][14] ethnicity,[bookmark: ft15][15],[bookmark: ft16][16] and those from low-income countries.[bookmark: ft17][17] A range of successful mentorship programs has hitherto been described,[bookmark: ft9][9] many of which have a positive effect on gender equity.[bookmark: ft18][18] The evaluation of mentorship programs can be achieved using different outcome measures, including satisfaction levels of mentees and mentors, vitality and active participation levels, program growth, knowledge and skills acquired, productivity, and recognition.[bookmark: ft19][19] The success of mentorship programs was evaluated by assessing the satisfaction and experience of mentees and mentors alike through the analysis of survey data and thematic analysis of interviews,[bookmark: ft20][20] as well as quantifying productivity.[bookmark: ft21][21],[bookmark: ft22][22],[bookmark: ft23][23]


    There are two strategies that our research platforms have adopted: accessible and distributive [Figure - 1]. To allow accessibility, an effective collaboration is essential, where female mentees can openly take counsel from senior members and principal investigators. Open communication is also encouraged by accepting feedback and concerns from mentees through various platforms, such as e-mails, real-time messaging apps, or monthly video conferences. In the monthly video conference, members of our group are empowered to propose research ideas publicly, after which all members are able to discuss the feasibility, design, and execution of proposed ideas. A supportive learning environment is created; accessible research guidance and inspiration are empowered under the decentralized management. Thereby, female mentees' interest in cardiovascular academic medicine is raised, and institutional barriers are broken down for early-career female talents who lack prior experience in mentorship. Students are accredited to lead projects of their choice and be involved in all phases from study idea inspiration, formulating proper research questions, systematic search and appraisal of literature, data collection and analysis and to manuscript writing and submission. The early development of complimentary independent research skills equips students to become principal investigators and mentors in the future.
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        	Figure 1: Distributed global network of junior and senior investigators (top panel). Accessibility is enhanced by interactions between group members and principal investigators (bottom panel). This system allows gender equity to be achieved by breaking down institutional barriers and provides support and opportunities for students with no prior experience to enter biomedical research. Copyright Cardiovascular Analytics Group 2021. Reproduced with permission

        

        Click here to view
      

    


    The decentralized research approach demonstrates the distributive element of our research platforms meaning that individual female talents at individual aspects of the project, such as protocol development, data collection and review, statistical analysis, and drafting as well as the finalization of manuscripts. Implementing the distributive strategies to projects increases the flexibility and adaptability of individual involvement, which allows student talent to rapidly gain new skills and engage in mentorship. Furthermore, it increases the efficiency and productivity of the research group and hence promotes early career development and advancement into leadership roles. Moreover, the mentorship platforms have fostered an environment to promote gender equity. This is evidenced by female colleagues represented in 43% of all publications on key authorship positions.


    Our mentorship programs focus predominantly on peer-to-peer (horizontal) mentoring. The combination of both vertical and horizontal mentorship has previously been shown to produce positive results on deliverables in other settings.[bookmark: ft24][24] In our programs, group mentoring involves different group sizes (from one to one to the whole group). Previous studies have found that large group mentoring is an efficient and productive training model, allowing strong outputs with relatively few mentors.[bookmark: ft25][25] A key component of this strategy is the bidirectional concept: the mentee will learn from the mentor and vice versa.


    The positive impact of the mentorship programs is evidenced by the achievements of a female undergraduate student (Sharen Lee [SL]), who completed high school in 2017. She was new to academic research without prior training when she joined the team in October 2018 as a 3rd-year undergraduate student and is currently in her final year of the undergraduate medical program in China. She has since published more than 50 publications, most of which have been published in Science Citation Index (SCI)-indexed journals in quartiles 1 and 2 in the respective fields, as well as two chapters in academic texts. Moreover, she has over five published articles as a corresponding or co-corresponding author and has been leading junior mentees as a senior author of upcoming manuscripts from the team.[bookmark: ft26][26] She is also an active member of the International Society of Electrocardiology Young Community, where she is involved in leading international, multi-center studies on the effects of coronavirus disease 2019 on the cardiovascular system.[bookmark: ft27][27],[bookmark: ft28][28] Furthermore, she has led several projects on congenital ion channelopathies,[bookmark: ft29][29],[bookmark: ft30][30],[bookmark: ft31][31],[bookmark: ft32][32],[bookmark: ft33][33],[bookmark: ft34][34] cardiovascular effects of anti-diabetic drugs,[bookmark: ft35][35],[bookmark: ft36][36],[bookmark: ft37][37] and cardiovascular outcomes in diabetes mellitus[bookmark: ft38][38],[bookmark: ft39][39],[bookmark: ft40][40],[bookmark: ft41][41],[bookmark: ft42][42] and cancer.[bookmark: ft43][43] Interestingly, the mentor (GT) is of a different gender, suggesting that same-gender mentorship is not a prerequisite for success. Indeed, successful mentorship of women can be achieved when all of the attributes are present, including accessibility, active listening, be affirmative, and a catalyst for excellence.[bookmark: ft44][44] However, we nevertheless acknowledge that the presence of a successful role model can project a positive image to aspiring trainees.[bookmark: ft45][45] Indeed, we strongly believe that “Great mentors inspire others to become mentors.”[bookmark: ft46][46] Mentorship can promote intergenerational learning where knowledge is passed down from one generation of researchers to the next. Our focus on experiential learning through active participation has supported the next generation of researchers, with elements of interprofessional learning, mixed-learning approaches supported by a range of mentorship modalities.[bookmark: ft47][47]


    Limitations


    Our experience is not free from different types of bias. Language barriers have not been acknowledged; inherited cultural bias can be a limitation to proper communications; one-in-one encounters were not recorded systematically or supervised by the coordinators of the different programs.


    Conclusions


    Online-based mentorship programs can promote the development of independent research and leadership skills. This is evidenced by the number of students represented in subsequent publications and increasing numbers as first authors on publications related to cardiovascular medicine. They have also produced a positive impact on female representation. The taking up of leadership roles is encouraged, allowing undergraduate students to supervise projects successfully, who subsequently served as senior authors in the publications.
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  Figure 1: Distributed global network of junior and senior investigators (top panel). Accessibility is enhanced by interactions between group members and principal investigators (bottom panel). This system allows gender equity to be achieved by breaking down institutional barriers and provides support and opportunities for students with no prior experience to enter biomedical research. Copyright Cardiovascular Analytics Group 2021. Reproduced with permission
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