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Abstract
Introduction: In the past 15 years, the ratio of female dermatologists in the USA increased from 41% up to 52.2%, and a surge in female authorship (FAP) was noted. Academic authorship is a pivotal objective measurement of productiveness in academia and author contribution, as first or senior author, plays a major role in the promotion process of active physicians and faculty members. 
Objective: To validate, analyze and clarify trends in female authorship in high quality dermatology research in the past 15 years.
Methods: The Thomson Reuters Web of Science (WebOS) Journal citation reports 2021 was used to retrieve the 100 most cited original articles on each three-year interval between 2009 and 2023 (overall 500 articles) in the top five dermatology journals according to impact factor (2021). Gender-API, a gender algorithm, was used to identify females according to country of origin and first name.	Comment by אמיר חורב: לעדכן 2022
Results: 14,187 articles were retrieved and subdivided to the 100 topmost cited in three-year intervals. Out of 500 articles, 418 first and 447 senior authors were identified by their gender. FAP was found in first (43%), last (31%) and total (37%) authors of the sample. Monotonic trend analysis was conducted for FAP, revealing a significant decrease (S= -4610, p < 0.1) of senior FAP. A similar trend was found in the USA. (S= -1606, p < 0.1)
Conclusions: A significant decline occurred in the past 15 years in senior FAP in high quality journals in the general dermatology community and particularly in the USA. 






Introduction:
In the past 15 years, changes occurred in the field of dermatology in the shape of a shift in active physician’s gender. The ratio of female to male dermatologists in the USA has changed in this period, with a rise from 41% up to 52.2% and  decline from 59% to 47.8%, respectively.1 This trend, was also present in the three decades prior to 2006, with a dramatic influx of female dermatologists (FD) into the field in the USA. Moreover, during those decades, a surge in FD publication authorship was noted in high impact factor (IF) and high citation half-lives journals in the USA. An observational study that was published in the Journal of the American Academy of Dermatology (JAAD) 2, showed a statistically significant increase during that period regarding USA-affiliated first authorship (FA) and Senior authorship (SA) from 12% to 48% and 6.2 to 31%, respectively. Academic authorship is a pivotal objective measurement of productiveness in academia and is often used in the promotion process of active physicians and faculty members.2,3 In original articles, the FA is normally responsible for the execution and writing of the entire study, whereas the SA, with regards to status and contribution, makes the conduction of paper possible. This, with the option of not explicitly partaking in major labor regarding the manuscript.4 Senior researchers might prefer to be located last, while young researchers or less experienced ones would normally be located as FA or coauthors, meaning that allocation as SA puts the researcher at higher ground and reputation than the allocated FA or coauthors.5,6. Several studies regarding gender gaps were published in the field of dermatology. One, was a retrospective descriptive study of 23 Q1, the top quartile of published journals, dermatological journal publications between 2008 and 2017 by Bendels et al., that analyzed 23,373 articles written by 74,354 authors in dermatology research. Regarding Scientific authorships, they have shown that by 2017, 50.2% and 33.1% were female FA and SA respectively. 7 two other papers emphasized on pediatric dermatology and contact dermatitis. The first was a study that focused on 352 original articles between 1983 and 2019 in the Pediatric Dermatology journal, they found that by 2019, regarding to their sample, 71% and 65% were female FA and SA, respectively.8 The second paper, that emphasized on women representation in contact dermatitis, showed a significant increase in female authorship (FAP) between 1992 and 2019 from 37% to 66% of FA and 27% to 61% for SA.9 Thus, we can see different trends and data that arose from different studies regarding women representation in dermatology. when analyzing the field of dermatology, the trends were less inclined and a lesser portion of female FA and SA than sub analyzes of fields in dermatology such as pediatrics or contact dermatitis.7-9  Therefore, in order to further validate and present gender disparities in high quality dermatology research, we aimed in our paper to focus our analysis on the period between 2009 and 2023, with reviewing the 100 most cited articles in the field of dermatology in each three-year interval, as were published in the top 5 Q1 dermatology journals.	Comment by אמיר חורב: לתת כאן הפנייה למספר הרפרנס
Materials and methods
Bibliometric analysis is a method used to assess literature with metric tools, such as statistical analysis and refinement of extracted data with regards to certain parameters, such as citation rates, impact factor, country of origin. This analysis, may assist in achieving conclusions regarding the change of research focuses, topics and study design over a period of time. For instance, analysis of the top 100 most cited articles per a certain period of time, might introduce the changes, trends and high-yield conclusion in a specific analyzed field and could bring up gaps in knowledge and direct future warranted research.10,11 Approval from an ethics committee was not required, given that no data collection or intervention in animal or human experiments took place. 
Search strategy: Original articles of the top 5 dermatology journals according to the Thomson Reuters Web of Science (WebOS) Journal citation reports 2021, were retrieved on May 11th, 2023. Refinement and subdivision to was conducted to include the 100 most cited articles in each three-year interval between 2009 and 2023. Refining the 100 most cited was described previously by Mahamud and Mainwaring and bullock et al.,12,13 and usage of three-year intervals was described by Baker et al.8To encompass the trends that have occurred over the years, we decided to search via the following strategy: dermatology was designated as the WebOS search category, and the results were restricted to original articles in the field of dermatology between the years 2009 and 2023, with no limitation on language. Raw data and graph analysis were performed on Excel software. 	Comment by אמיר חורב: ברק יצא הדרוג החדש 2022- אין הבדל גדול בחמישה הראשונים לפי מה שראיתי אם ניתן, הייתי מעדכן ל 2022
Data extraction and bibliometric parameters: Theoriginal articles were extracted to Microsoft Excel 2019. The search results directly led to the retrieval of the title, total citations (TCs) by the webOS database, journal, year of publication, first author, and senior author. Annual citation (AC), the division of TCs by how old the publication is – has been described as a tool to counter the bias arising from older publications having more prominent citations over time.14,15,16 The research focus was determined by screening the abstract, available full text, and keywords of the articles. Country of origin was recorded according to the first author’s and senior author's information for each article. Journal impact factors (IFs) were acquired from the 2021 webOS database. 
Determination of gender: Gender API (GAPI) (www.gender-api.com), is a validated algorithm17 used in a previous work,8 that uses social media and publicly available government databases to differentiate gender based on first name. GAPI was used to encode the gender of authors as either male or female. GAPI contains approximately 1,850,000 unique first names across 177 countries and assigns relative gender probabilities of 0-100 for each name accordingly. Gender was coded M for male and F for female if the probability was 95% or higher that name would match to a specific gender. Unassigned gender was coded as N for Non-assigned.
Statistical analysis: Statistical analysis was done on JASP18 and excel using XLSTAT. The normality of data was assessed using the Shapiro-Wilk test and heterogeneity was assessed using the Levine’s test. The categorical variable of gender was evaluated with the assigning the value of 1 for female and males with the value of 0. Due to the lack of normal data distribution, statistical differences were evaluated for non-parametric data using Kruskal-Wallis (KW) test with a Dunn post hoc test to compare groups on a dependent variable and Kendall tau-b correlation test with a significance level of 95%, p < 0.05. Mann-Kendall (MK) monotonic trend test was used on a dependent variable in a time series with a trend significance level of 90%, p < 0.1. The value of “S” of the Mann-Kendall test was calculated by comparing the values of subsequent gender values on the time series. For each comparison pair, score will be +1 if the latter value is greater than the former and -1 if it is smaller and all scores are then summed up to calculate the test statistic “S”. Thus, a positive “S” will mean that the trend for FAP is increasing, and a negative “S” will mean that the trend for FAP is decreasing. The “Z” statistic of the Kruskall-Wall is test indicates how the average rank, as calculated by FAP, is compared between a certain group to the average rank of all observations.
Results:
14,187 original articles in the field of dermatology between 2009 and 2023 in the top five dermatology journals were retrieved from Thomson Reuters Web of Science (WebOS) Journal citation reports 2021.  The refined sample was ranked according to AC and is seen in supplementary table 2. Out of Out of 500 original articles, 418 FA and 447 SA were identified by their gender. FAP was seen in 43% of FA, 31% for SA and 37% in total out of the identified sample. 	Mann-Kendall monotonic trend analysis was conducted for FAP, revealing a significant decrease of female SA (S= -4610, p < 0.1). Sub-analysis for country of origin, revealed a significant decrease of female SA of the USA origin (S= -1606, p < 0.1). Further sub-analysis for trends in FAP from European countries (EU) revealed an increase in FA and a decrease in SA, and a general increase of FA with no statistical significance. The above-mentioned trends are shown in figure 2 alongside the rise in active FD in the USA. Kendall's Tau B correlation test was conducted between FAP and AC, revealing a weak non-significant correlation for FA and SA. The Kruskal-Wall is test was conducted to examine the effect of different journals and research focuses on FAP. While journals did not significantly affect FAP, diagnosis had a significantly higher first FAP compared to pathogenesis and treatment (z= 2.3 and z= 2.05 respectively, p< 0.05). Furthermore, medical education had a significantly higher first FAP compared to pathogenesis and treatment (z= 2.42 and z= 2.12 respectively, p< 0.05). Moreover, epidemiological studies had significantly higher probability of first FAP compared to pathogenesis focused studies (z= 2.03, p< 0.05). Different research focuses did not appear to significantly affect senior FAP.
Discussion: 
Between 2010 and 2021, there was a steady influx of FD in the USA from 41% up to 52.2%.1 In our analysis, First and senior FAP showed an insignificant increase and a significant decrease, respectively. Furthermore, while the total FAP in our study (37%) was higher than previous studies that analyzed the whole area of science (30%)19 and six high-impact medical journals (34%)20, it was lower than the total FAP of 43%. This was reported by bendels et al. 7, who analyzed high quality dermatology research. This decline, which is an inverse trend from other dermatology related publications mentioned above2, 7-9 might be explained by the methodology of each study. Feramisco et al. analyzed the three most prestigious general dermatology journals for FAP from 1976 to 2006 with no other refinement.2 In the consequent study performed by Bendels et al. a similar trend of increase was observed with an analysis of 23,373 Q1 journal publications in the field of dermatology between 2009 and 2017.7 Nevertheless, the refinement methodology of our analysis to include only the top 100 most cited original articles in the field of dermatology for each three-year interval could serve as a plausible explanation for this difference. When analyzing a general picture of publications in high IF dermatology journals, the results might reveal an increasing number of FAP over the years. However, sub-analysis of the highest citated papers in each journal for each three-year interval might reveal the trend presented in our work of an increase and significant decrease in female FA and SA respectively, and a significant decrease in USA origin female SA. This difference might be further supported by the fact that focusing on sub fields in dermatology, can shift the trends and present a different picture. When comparing the study by Feramisco et al. and the study by bendels et al. mentioned above to other dermatological gender analyses, several studies showed higher percentages of FAP in recent years. 2, 7-9 Nevertheless, our analysis showed lower percentages of FAP and different trends in FAP. Thus, our study shows a specific refined picture on FAP with emphasis on the highest citated research in the top five dermatology journals, rather than a bigger sample of publications that might introduce other trends. When sub-analyzing the separate effect of each journal for FAP, no effect was found for FA and SA, meaning that there was no significant disparity in authorship of a specific journal amongst those reviewed in our analysis. The same pattern was for the different effects of research focuses on SA gender. Even though, when examining the effect of research focuses on Female FA, we found significantly higher FAP when comparing researchers who focused on diagnosis than on treatment or pathogenesis. The same pattern was found when comparing first FAP of medical education to treatment or pathogenesis and epidemiological to pathogenesis research. This finding, might illustrate that females who perform high quality dermatologic academic studies take a major part in conducting studies as FA more in the focuses mentioned above when compared to the above stated areas of research in the past 15 years. 
The strength of our analysis is mainly shown in our refinement methodology, that focuses on the topmost cited original articles in each three-year interval from 2009. This method was conducted with regards to the highest citations and IF in dermatology journals, to hold bibliometric data of the highest quality research in dermatology. Another aspect that gives strength to our study, is the choice of the probability of gender to at least 95% while using the GAPI algorithm, to receive an accurate picture regarding binary gender trends and allow gender identification of authors that by their country of origin and name. Nevertheless, there are several limitations to our study. First, is the choice of a level of significance of 90% when stating a monotonic trend which was influenced by the small sample of articles chosen for this analysis. Second, is our small sample of articles, which on the one hand serves as focused picture of high-quality dermatology research and on the other hand might deviate from the data presented by prior studies. Third, is possible misidentification of authors gender and profession. Non-binary gender could not be included in this analysis due to the lack of current algorithms and resource’s ability to designate another sex than binary male or female. This is countered by the level of probability of 95% used in the GAPI algorithm. Moreover, when extracting the data from Webos, we could not analyze the position and profession of each author due to lack of data. This situation could extract data, of which a certain portion of authors were from another discipline than dermatology. To counter this limitation, we focused on the highest quality dermatology research and further refined the results to include only the results that were published in the category of dermatology in the Webos database.								
In conclusion, we present an image on FAP in the field of dermatology in the highest quality research over the past 15 years. Our analysis, with regards to existing literature, elucidates the dichotomy created between female FA and SA over the study period in the topmost cited original articles in the global dermatology community and particularly in the USA. Further tracking and research of trends of FAP over the years is warranted for further validation of FAP patterns. Considering that, we hope that our paper might open a window for further research methodology to consider the effect of the choice of sample and sub fields analysis on shifting a trend towards increase and decrease.
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	Impact factor (2021)

	Journal of The American Academy of Dermatology
	15.487

	Jama Dermatology 
	11.816

	British Journal of Dermatology
	11.113

	Journal of European Academy of Dermatology and Venereology
	9.228

	Journal of Investigative Dermatology
	7.59



Sup table 1
	Rank
	Title
	FA
	SA
	Year
	Journal
	TC
	AC
	Ctry.  FA
	Ctry. SA
	Research focus

	1
	Classification of the cutaneous manifestations of COVID-19: a rapid prospective nationwide consensus study in Spain with 375 cases
	Galvan Casas
	 Garcia-Doval
	2020
	BJD
	729
	243
	ES
	ES
	Diagnosis

	2
	Cutaneous reactions reported after Moderna and Pfizer COVID-19 vaccination: A registry-based study of 414 cases
	McMahon, Devon
	Freeman, Esther
	2021
	JAAD
	439
	220
	USA
	USA
	Treatment

	3
	Incidence Estimate of Nonmelanoma Skin Cancer (Keratinocyte Carcinomas) in the US Population, 2012
	Rogers, Howard 
	Coldiron, Brett
	2015
	JAMA
	981
	123
	USA
	USA
	Epidemiology

	4
	Cutaneous reactions after SARS-CoV-2 vaccination: a cross-sectional Spanish nationwide study of 405 cases
	Catala, Alba
	Guilabert, Antonio
	2022
	BJD
	116
	116
	ES
	ES
	Treatment

	5
	Guidelines of care for the management of acne vulgaris
	Zaenglein, Andrea 
	Bhushan, Reva
	2016
	JAAD
	674
	96
	USA
	USA
	Treatment

	6
	Joint AAD-NPF guidelines of care for the management and treatment of psoriasis with biologics
	Menter, Alan
	Elmets, Craig
	2019
	JAAD
	374
	94
	USA
	USA
	Treatment

	7
	SARS-CoV-2 endothelial infection causes COVID-19 chilblains: histopathological, immunohistochemical and ultrastructural study of seven paediatric cases
	Colmenero, Isabel
	Torrelo, Antonio
	2020
	BJD
	276
	92
	ES
	ES
	Diagnosis

	8
	Consensus-based European guidelines for treatment of atopic eczema (atopic dermatitis) in adults and children: part I
	Wollenberg, Andreas
	Ring, Johannes
	2018
	JEADV
	456
	91
	DE
	DE
	Treatment

	9
	Efficacy and safety of guselkumab, an anti-interleukin-23 monoclonal antibody, compared with adalimumab for the continuous treatment of patients with moderate to severe psoriasis: Results from the phase III, double-blinded, placebo- and active comparatore-controlled VOYAGE 1 trial
	Blauvelt, Andrew
	Kimball, Alexandra
	2017
	JAAD
	506
	84
	USA
	USA
	Treatment

	10
	Deucravacitinib versus placebo and apremilast in moderate to severe plaque psoriasis: Efficacy and safety results from the 52-week, randomized, double-blinded, placebo-controlled phase 3 POETYK PSO-1 trial
	Armstrong, April
	Blauvelt, Andrew
	2023
	JAAD
	28
	84
	USA
	USA
	Treatment

	11
	Early ultrasound for diagnosis and treatment of vascular adverse events with hyaluronic acid fillers
	Schelke, Leonie
	Swift, Arthur
	2023
	JAAD
	28
	84
	CHR
	CA
	Diagnosis

	12
	The Global Burden of Skin Disease in 2010: An Analysis of the Prevalence and Impact of Skin Conditions
	Hay, Roderick J.
	Naghavi, Moshen
	2014
	JID
	754
	84
	GB
	USA
	Epidemiology

	13
	Guidelines of care for the management of atopic dermatitis Section 2. Management and treatment of atopic dermatitis with topical therapies
	Eichenfield, Lawrence F
	Sidbury, Robert
	2014
	JAAD
	742
	82
	USA
	USA
	Treatment

	14
	The International Criteria for Behcet's Disease (ICBD): a collaborative study of 27 countries on the sensitivity and specificity of the new criteria
	Davatchi, Fereydoun
	Ziaei, Neda
	2014
	JEADV
	726
	81
	IRAN
	IRAN
	Diagnosis

	15
	European S1 guideline for the treatment of hidradenitis suppurativa/acne inversa
	Zouboulis, christoff
	Jemec, Gregor Borut
	2015
	JEADV
	618
	77
	DE
	DK
	Treatment

	16
	Further characterization of clinical and laboratory features in VEXAS syndrome: large-scale analysis of a multicentre case series of 116 French patients
	Georgin-Lavialle, Sophie
	Mekinian, Arsene
	2022
	BJD
	73
	73
	FR
	FR
	Diagnosis

	17
	Guidelines of care for the management of atopic dermatitis Section 1. Diagnosis and assessment of atopic dermatitis
	Eichenfield, Lawrence F
	Sidbury, Robert
	2014
	JAAD
	655
	73
	USA
	USA
	Treatment

	18
	Efficacy and safety of guselkumab, an anti-interleukin-23 monoclonal antibody, compared with adalimumab for the treatment of patients with moderate to severe psoriasis with randomized withdrawal and retreatment: Results from the phase III, double-blind, placebo- and active comparatore-controlled VOYAGE 2 trial
	Reich, Kristian
	Gordon, Kenneth
	2017
	JAAD
	427
	71
	DE
	USA
	Treatment

	19
	Clinical and pathologic correlation of cutaneous COVID-19 vaccine reactions including V-REPP: A registry-based study
	McMahon, Devon
	Freeman, Esther
	2022
	JAAD
	68
	68
	USA
	USA
	Diagnosis

	20
	The spectrum of COVID-19-associated dermatologic manifestations: An international registry of 716 patients from 31 countries
	Freeman, Esther
	Fox, Lindy
	2020
	JAAD
	200
	67
	USA
	USA
	Diagnosis

	21
	Monkeypox outbreak in Spain: clinical and epidemiological findings in a prospective cross-sectional study of 185 cases
	Catala, Alba
	Fuertes, Irene
	2022
	BJD
	66
	66
	ES
	ES
	Epidemiology

	22
	Efficacy and Safety of Dupilumab in Adolescents With Uncontrolled Moderate to Severe Atopic Dermatitis A Phase 3 Randomized Clinical Trial
	Simpson, Eric
	Bansal, Ashish
	2020
	JAMA
	197
	66
	USA
	USA
	Treatment

	23
	Consensus-based European guidelines for treatment of atopic eczema (atopic dermatitis) in adults and children: partII
	Wollenberg, Andreas
	Ring, Johannes
	2018
	JEADV
	319
	64
	DE
	DE
	Treatment

	24
	Guidelines of care for the management of primary cutaneous melanoma
	Swetter, Susan
	Lamina, Toyin
	2019
	JAAD
	255
	64
	USA
	USA
	Treatment

	25
	Cutaneous squamous cell carcinoma Incidence, risk factors, diagnosis, and staging
	Que, Syril Keena
	Schmults, Chrysalyne
	2018
	JAAD
	318
	64
	USA
	USA
	Epidemiology

	26
	Baricitinib in patients with moderate-to-severe atopic dermatitis and inadequate response to topical corticosteroids: results from two randomized monotherapy phaseIIItrials
	Simpson, Eric
	Reich, Kristian
	2020
	BJD
	190
	63
	USA
	DE
	Treatment

	27
	Association of Vitiligo With Tumor Response in Patients With Metastatic Melanoma Treated With Pembrolizumab
	Hua, Camille
	Robert, Caroline
	2016
	JAMA
	431
	62
	FR
	FR
	Treatment

	28
	Psoriasis prevalence among adults in the United States
	Rachakonda, Tara D
	Armstrong, April W
	2014
	JAAD
	542
	60
	USA
	USA
	Epidemiology

	29
	The Psychological Burden of Skin Diseases: A Cross-Sectional Multicenter Study among Dermatological Out-Patients in 13 European Countries
	Dalgard, Florence 
	Kupfer, Joerg
	2015
	JID
	477
	60
	NO
	DE
	Epidemiology

	30
	Efficacy and Safety of Upadacitinib vs Dupilumab in Adults With Moderate-to-Severe Atopic Dermatitis A Randomized Clinical Trial
	Blauvelt, Andrew
	Eyerich, Kilian
	2021
	JAMA
	119
	60
	USA
	DE
	Treatment

	31
	Guidelines of care for the management of atopic dermatitis
	Sidbury, Robert
	Eichenfield, Lawrence F
	2014
	JAAD
	530
	59
	USA
	USA
	Treatment

	32
	Classification of the Clinical Images for Benign and Malignant Cutaneous Tumors Using a Deep Learning Algorithm
	Han, Seung Seog
	 Chang, Sung Eun
	2018
	JID
	281
	56
	KR
	KR
	Diagnosis

	33
	Dupilumab with concomitant topical corticosteroid treatment in adults with atopic dermatitis with an inadequate response or intolerance to ciclosporin A or when this treatment is medically inadvisable: a placebo-controlled, randomized phase III clinical trial (LIBERTY AD CAFE)
	de Bruin-Weller, Marjolein
	 Shumel, Brad
	2018
	BJD
	275
	55
	NL
	USA
	Treatment

	34
	Global Burden of Cutaneous Melanoma in 2020 and Projections to 2040
	Arnold, Melina
	Bray, Freddie
	2022
	JAMA
	54
	54
	FR
	FR
	Epidemiology

	35
	Efficacy and Safety of Lebrikizumab, a High-Affinity Interleukin 13 Inhibitor, in Adults With Moderate to Severe Atopic Dermatitis A Phase 2b Randomized Clinical Trial
	Guttman-Yassky, Emma
	Simpson, Eric
	2020
	JAMA
	158
	53
	USA
	USA
	Treatment

	36
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Fig 2
Gender of active dermatologists in the USA by year

%F D US	
2010	2013	2017	2019	2021	41	44.7	48.9	51	52.2	%M D US	
2010	2013	2017	2019	2021	59	55.3	51.1	49	47.8	Year
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%Female FA and SA in the USA and EU over the past 15 years

%F Dermatology US	
2009-2011	2012-2014	2015-2017	2018-2020	2021-2023	41	44.7	48.9	51	52.2	%Female FA	
2009-2011	2012-2014	2015-2017	2018-2020	2021-2023	42	52	32	45	44	%Female SA	
2009-2011	2012-2014	2015-2017	2018-2020	2021-2023	36	33	34	21	31	%Female SA US	
2009-2011	2012-2014	2015-2017	2018-2020	2021-2023	45	39	40	20	38	%Female SA EU	
2009-2011	2012-2014	2015-2017	2018-2020	2021-2023	35	26	21	22	24	



