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Small female citation advantages for US journal articles in 

medicine1 
Female underrepresentation continues in senior roles within academic medicine, potentially 

influenced by a perception that female research has less citation impact. This article provides 

systematic evidence of (a) female participation rates from the perspective of published journal 

articles in 46 Scopus medical subject categories 1996-2018 and (b) gender differences in 

citation rates 1996-2014. The results show female proportion increases 1996-2018 in all fields 

and a female majority of first authored articles in two fifths of categories, but substantial 

differences between fields: A paper is 7.3 times more likely to have a female first author in 

Obstetrics and Gynecology than in Orthopedics and Sports Medicine. Only three fields had a 

female last author majority by 2018, a probable side effect of ongoing problems with 

appointing female leaders. Female first-authored research tended to be more cited than male 

first-authored research in most fields (59%), although with a maximum difference of only 5.1% 

(log-transformed normalised citations). In contrast, male last-authored research tends to be 

more cited than female last-authored research, perhaps due to cases where a senior male has 

attracted substantial funding for a project. These differences increase if team sizes are not 

accounted for in the calculations.  Since female first-authored research is cited slightly more 

than male first-authored research, properly analysed bibliometric data considering career gaps 

should not disadvantage female candidates for senior roles. 

 

Keywords: Gender differences; research evaluation; academic medicine; citation analysis 

Introduction 
Gender, race and social background inequalities in US medicine are being addressed at many 

stages of medical careers, from careful selection of applicants1 to mentoring2 and examination 

of salary differentials.3 Here we focus on gender disparities. Whilst females have achieved 

parity in medical school matriculants4 and at least parity at junior academic ranks in some 

specialisms,5 they remain scarce in senior roles.5,6,7,8 

One possible underlying cause of the lack of females in senior posts might be a 

perception that their work is inferior. Females have been claimed to be less successful in some 

areas of medicine, by winning fewer prizes9,10 and generating fewer citations to their work11. 

As explained below, direct comparisons of career citations or h-indexes between academics in 

Google Scholar or bibliometric lists favour males and may have helped to create an erroneous 

(see below) impression that males tend to outperform females in academic medicine, biasing 

senior promotion committees towards males. 

 A second issue is that if female-authored publications tend to be less cited, then a lack 

of citations could affect females when citation counts or the h-index are considered in 

promotion decisions and for funding.12 Whilst females seem to accumulate fewer career 

citations (as sometimes partly assessed by the h-index),13,14 raw career statistics are unfair 

because females are more likely to lose publishing time due to career breaks and part-time 

working for carer responsibilities. Studies incorporating career factors and/or academic rank 

have found no gender difference in productivity or h-indexes.5,7,15,16,17 Thus, if male and female 

candidates for a senior role started at the same time then the female candidate may have a 

shorter CV, fewer career citations and a lower h-index if she took full time or part-time career 

breaks for carer responsibilities. A promotion committee considering all three and ignoring 

 
1 Thelwall, M. & Maflahi, N. (in press). Small female citation advantages for US journal articles in medicine. 
Journal of Information Science. 
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contributory career factors might therefore erroneously find triple evidence of greater 

achievement over the same period by the male candidate.  

In this article we assess evidence of a gender difference in citation impact from a 

different perspective: the citation rate of individual articles. This has the advantage of increased 

robustness because it is impossible to fully disentangle career factors and changes for a large 

enough sample of academics to generate fair comparisons between males and females for 

career citations, the h-index or productivity.  Whilst there have been article-level bibliometric 

studies of gender for individual journals,18,19 for small sets of journals or articles in a field,14,20,21 

and science-wide investigations22, or selected medical fields23, large-scale country-specific 

studies of medicine are needed to give systematic evidence. Thus, we report a medicine-wide 

field-by-field analysis of changes in the proportion of US female authorship 1996-2018 and 

gender differences in citation rates per article 1996-2014 to test whether female-authored 

publications are indeed less cited.  

Methods 

Sample 

We extracted journal article records from all 49 Scopus narrow fields within the broad category 

Medicine, retaining only those that are registered as standard journal articles. We excluded two 

categories for being too general (Medicine (all) and Medicine (miscellaneous)) and one for 

having only 19 qualifying articles (Reviews and References (medical)). We chose Scopus 

rather than the Web of Science to get a larger collection of articles.24 Medline seems to be more 

inclusive than Scopus, but its inclusion of apparently lower quality research would degrade the 

quality of the field normalisation used. 

Articles were only retained when all author affiliations were in the United States, as 

registered in Scopus. We excluded articles with any non-US author to avoid complicating the 

results by the influence of international collaboration, which tends to increase citation counts. 

This is a substantial limitation because much important medical research is internationally 

collaborative, and the extent to which international research is important may vary by field. If 

the gender profile of the first authors of international research is different from that of national 

research, then the focus on national research would disadvantage the more international gender 

because international research tends to be more cited.  

We downloaded Scopus records for 1996-2017 in November-December 2018 and 

records from 2018 at the end of January 2019 to ensure near-complete coverage. We used data 

from 1996-2018 to show authorship trends and data from 1996-2014 for citation analysis, 

giving each article the required minimum of three years to attract citations.25 

Gender detection 

We detected author genders from their names using a list of first names derived from the US 

census 2010 and social media profiles via genderapi.com. Only names that are at least 90% of 

the same gender were used to ensure a high degree of accuracy. This algorithm made 1.5 errors 

per 100 gender assignments on a sample of 1000 US authors manually classified for gender 

from a previous paper,26 but overestimated the proportion of female authors by 1%. We 

excluded records for which the first or last author gender could not be determined, when 

relevant. A total of 94001 articles had a male or female first author from the US, with 76% of 

first author genders being detected. The missing authors had a mixture of initials rather than 

names, unisex names, and rare gendered names. 

 The gender detection method biases the results away from researchers that have 

emigrated to the USA or that are from ethnic minorities within the USA, since their first name 



3 
 

genders are less likely to be detected from the US-based name list. This will be particularly the 

case for countries, such as China, where first names are often gender-ambiguous when written 

in the Latin alphabet. Assuming that such researchers have a different gender breakdown and 

seniority breakdown to the remaining scholars, the results may not be applicable to this group.  

Normalised citation impact 

We did not use raw citation counts directly to assess citation impact because it is not fair to 

compare citation counts for older articles with citation counts for newer articles because of the 

differing periods to accrue citations. It is also not fair to compare citation counts for articles in 

different fields because they attract citations at different rates due to differing typical reference 

list lengths, publication speeds, and types of document cited. It is even not completely fair to 

compare citation counts for articles from the same field and year because there may be differing 

degrees of interdisciplinarity, which affects citation counts. We therefore used normalised 

citation counts instead of raw citation counts, considering publication year, publication field 

and interdisciplinarity, as follows. 

We calculated the Normalised Log-transformed Citation Score (NLCS) for the field 

and year normalised citation impact of each article, relative to the world average. This is the 

natural log of the citation count plus one, divided by the average of these calculations for all 

articles from the same field and year, ln(1 + 𝑐)/ ln⁡(1 + 𝑐)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅. Thus, a score higher than 1 

indicates more (log-transformed) citations than average for the field and year of publication. 

Scopus often classifies journals into more than one category. In such cases the NLCS 

denominator is the average of the denominators for all fields in which the article is classified 

(including any non-medical categories), but the article is only counted once. This adjusts for 

interdisciplinarity to some extent. In practice, interdisciplinarity is difficult to quantify and so 

this approach is an oversimplification.27 If one gender is more likely to be the first author of 

journal articles that are disadvantaged by this oversimplification of interdisciplinarity, then this 

would influence the results. 

The logarithm transformation in the above formula is necessary for the normalisation 

process because sets of citation counts are highly skewed and follow close to a lognormal 

distribution.28 This affects the denominator because the arithmetic mean is inappropriate for 

the untransformed skewed sets of citation counts.29 The arithmetic mean of a skewed set of 

numbers can be dominated by the largest numbers in the set, therefore not giving a fair 

estimation of central tendency. 

Averaging NLCS gives the Mean Normalised Log-transformed Citation Score 

(MNLCS),30 which can be used to compare the average citation impact of sets of articles even 

if they are from different fields and years. An MNLCS above 1 again indicates citation impact 

above the world average for the field(s) and year(s) of the set of articles involved. NLCS can 

be used as the independent variable for regression even if the articles are from different fields 

and years because of the normalisation process. 

Covariates 

We used first and last author gender and team size as the key independent variables. Whilst all 

authors contribute to an article, the first author normally performs most tasks and the most 

important tasks, although the last author may oversee the study.31 The gender of the first author 

is therefore the main independent variable, and the last author gender is a secondary 

independent variable. We also added the publication year as a set of independent variables (as 

a series of binary variables, one for each year after 1996) since the average impact of a nation’s 

research evolves non-linearly over time. If US national impact did not vary over time, then 

publication years would not be needed because the expected citation impact for any year (other 
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factors being equal) would be the same. Since it does vary over time (decreasing) and the 

proportion of female first-authored articles also varies over time (increasing), failing to account 

for publication year would result in a spurious attribution of a male citation advantage due to a 

higher proportion of male first authors in (earlier) years with a higher national citation 

advantage. 

Since team size associates with citation rate,32 we added the number of authors as 

another set of independent variables for a follow-up analysis. The exact nature of the 

relationship is unknown so we used five team sizes (1, 2, 3, 4, 5+), without using a formula for 

their value.  

A nonparametric Wilcoxon rank sum test with continuity correction was used to check 

whether the number of authors associated with first author gender. 

Statistical analysis 

We used linear regression to assess the relationship between normalised citations (NLCS), and 

team size (𝐴𝑖 = 1 if the paper has 𝑖 = 2,3,4 authors or 𝐴5 = 1 if the paper has 5 or more 

authors), gender (𝐹 = 1 if the first author is female, 𝐿 = 1 if the last author is female) and the 

(dummy) publication year (𝑃𝑦 = 1 if the paper was published in year 𝑦). 

𝑁𝐿𝐶𝑆 = 𝛼 + 𝛽1𝐹 + 𝛽2𝐴2 + 𝛽3𝐴3 + 𝛽4𝐴4 + 𝛽5𝐴5+ + 𝛽6𝐿 + 𝛽7𝑃97 +⋯+ 𝛽24𝑃14 

A secondary regression was performed without the author number independent nominal 

variables 𝐴𝑖. This regression models the first author as controlling who contributes so that the 

size of the team is their achievement rather than an independent input. 

 We used weighted least squares regression33,34 rather than ordinary least squares 

regression to fit the linear model due to heteroscedasticity in the publication year and gender 

variables. 

Results  

Proportions of female first authors 

We wanted to know which Scopus medical categories had a majority of female first and/or last 

(normally senior) authors for journal articles in 2018, and how this had changed since 1996. 

About two fifths of the medical fields investigated (19 out of 46, or 41%; 37% allowing for the 

1% overestimation of females by the gender detection algorithm) had a majority of female first 

authors of US-only research by 2018, compared to only one field in 1996 (Table 1). 

Only three fields had achieved a female last author majority by 2018, reflecting the 

almost medicine-wide domination of senior roles by males. All fields had experienced an 

increase in the share of female first and last authors between 1996 and 2018. 

Differences between fields are substantial. In 2018, the ratio of female to male first 

authors was 7.3 times greater in Obstetrics and Gynecology (2.4:1) than in Orthopedics and 

Sports Medicine (0.32:1). 
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Table 1. Gender identification and share statistics for 46 Scopus narrow Medicine fields 

1996-2018 (descending order of Female first in 2018).  

Narrow field 

Articles 
with US 

only 
authors 

Gendered 
first & last 
authors % 

Female 
first in 

1996 % 

Female 
first in 

2018 % 

Change 
1996-

2018 % 

Female 
last in 

1996 % 

Female 
last in 

2018 % 

Change 
1996-

2018 % 

Obstetrics and Gynecology 49997 63.0 30.4 70.3 39.9 27.4 54.9 27.5 

Reproductive Medicine 14190 59.5 28.9 67.1 38.2 20.9 45.3 24.5 

Epidemiology 38417 66.1 37.5 61.6 24.1 27.4 46.2 18.9 

Public Health, Environmental & 
Occupational Health 

139180 70.4 37.3 60.5 23.2 34.5 50.6 16.1 

Pediatrics, Perinatology & Child 
Health 

101727 69.2 39.1 60.4 21.3 32.9 46.1 13.3 

Geriatrics and Gerontology 29027 70.9 50.1 59.7 9.7 47.6 48.4 0.9 

Embryology 3987 58.7 39.7 59.0 19.3 16.4 49.5 33.1 

Psychiatry and Mental Health 128674 74.1 37.5 58.3 20.8 34.5 46.7 12.3 

Genetics (clinical) 32603 54.3 42.7 57.0 14.3 27.1 41.3 14.1 

Endocrinology, Diabetes & 
Metabolism 

49933 57.4 38.5 56.4 17.9 22.9 40.7 17.9 

Rehabilitation 30301 71.9 39.5 56.4 16.9 36.4 43.7 7.3 

Rheumatology 10872 56.4 34.8 55.3 20.5 23.8 44.3 20.6 

Dermatology 30827 65.8 30.7 53.0 22.3 23.1 42.2 19.2 

Health Policy 47975 73.6 30.4 52.7 22.3 32.6 44.6 12.1 

Biochemistry (medical) 9350 58.3 39.5 52.2 12.7 23.3 35.1 11.9 

Complementary & Alternative 
Medicine 

8234 67.4 25.4 51.5 26.1 23.9 46.6 22.6 

Infectious Diseases 66038 63.3 31.1 51.0 19.9 22.7 37.6 14.9 

Health Informatics 12934 63.3 47.0 50.1 3.1 43.5 41.0 -2.5 

Drug Guides 526 65.0 22.2 50.0 27.8 11.1 50.0 38.9 

Family Practice 6474 77.2 32.6 49.1 16.5 36.8 41.6 4.8 

Pathology and Forensic Medicine 41635 64.1 30.1 49 18.9 22.1 38.8 16.7 

Immunology and Allergy 51353 58.3 33.9 48.8 14.9 19.2 32.9 13.7 

Internal Medicine 29087 64.1 30.2 48.8 18.6 20.9 37.1 16.2 

Oncology 125333 59.7 29.5 47.8 18.3 20.3 36.6 16.3 

Pharmacology (medical) 53734 61.0 28.0 47.5 19.5 23.0 36.4 13.4 

Anatomy 12068 63.2 38.7 47.2 8.6 26.2 36.7 10.5 

Hematology 42489 54.0 27.6 46.7 19.1 18.5 30.6 12.1 

Microbiology (medical) 31318 64.1 30.0 46.5 16.5 24.2 32.9 8.7 

Anesthesiology & Pain Medicine 26321 64.8 19.7 43.0 23.3 19.5 32.2 12.7 
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Histology 12330 55.5 41.2 42.9 1.7 28.3 36.0 7.7 

Transplantation 21795 50.6 21.5 42.8 21.4 13.0 27.5 14.5 

Nephrology 17359 61.5 26.7 42.6 15.8 21.4 25.5 4.2 

Critical Care & Intensive Care 
Medicine 

27379 68.8 17.1 39.8 22.8 13.3 32.0 18.8 

Emergency Medicine 28423 73.5 21.8 39.7 17.9 17.3 32.7 15.4 

Ophthalmology 49174 58.0 23.8 38.9 15.1 17.6 29.1 11.4 

Physiology (medical) 52039 59.7 21.7 38.3 16.6 14.6 27.0 12.4 

Neurology (clinical) 115803 63.7 24.1 37.8 13.7 17.9 25.7 7.8 

Otorhinolaryngology 36228 68.2 21.1 36.0 14.8 16.1 27.0 10.9 

Gastroenterology 37151 56.2 19.2 35.9 16.8 16.6 20.4 3.8 

Pulmonary & Respiratory Medicine 43449 63.6 20.5 35.0 14.5 13.8 26.2 12.4 

Urology 34504 62.8 9.2 33.3 24.0 8.0 17.2 9.2 

Radiology, Nuclear Medicine & 
Imaging 

104196 55.8 21.7 32.9 11.3 16.5 23.3 6.8 

Hepatology 15405 56.7 22.2 32.7 10.4 14.7 21.3 6.7 

Surgery 163418 66.7 12.5 30.0 17.5 11.8 18.9 7.1 

Cardiology & Cardiovascular 
Medicine 

123747 63.6 13.6 28.1 14.5 10.2 20.2 10.1 

Orthopedics and Sports Medicine 79332 70.4 15.4 24.5 9.1 14.0 16.7 2.8 

 

Gender differences in citations 

We also wanted to discover any gender-based citation advantages for first or last authors (our 

primary goal). Most fields (57%, 26) had a female citation advantage and this advantage was 

statistically significant for 26% of fields (12) for females and for 17% of fields (9) for males 

(Table 2). The citation advantages for females were a maximum of 0.051, equating to a 5.1% 

higher citation ratio for female first-authored articles than for male first-authored articles in 

Complementary and Alternative Medicine. For males, the statistically significant maximum 

was 0.057: a 5.7% higher citation ratio in Genetics (clinical). 

 For last authors the position is reversed. A minority of fields (33%, 15) had a female 

last author citation advantage, with differences being statistically significant for only 15% (7) 

whereas males had a statistically significant last author citation advantage in 37% of fields (17). 

The maximum statistically significant citation advantages were small for both female (8.0%) 

and male (8.0%) last authors. 

 Multi-author teams tend to produce statistically significantly more citations than solo 

author teams (Table 2, with one small field minor exception), and the team citation advantage 

tends to increase with the number of members (Table 2). We also found a tendency for female 

first authors to be in larger teams and for male last authors to be in larger teams. The team size 

with female first authors was larger than for male first authors in 31 out of 45 fields where there 

was a difference and in 10 out of 13 fields where there was a statistically significant difference 

(Appendix, Table A1). In contrast, the team size with female last authors was larger than for 

male last authors in 12 out of 45 fields where there was a difference and in 1 out of 13 fields 

where there was a statistically significant difference (Appendix, Table A1). 
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Removing team size independent variables from the regression equations corresponds 

to crediting the first and/or last author with putting together the research team, rather than 

independently crediting the team with performing the research. Removing team size variables, 

there is a female first author citation advantage in 80% of fields (37 out of 46) and a male last 

author citation advantage in 85% of fields (39 out of 46) (Appendix, Table A2, Model 2). This 

strengthens the female first author and male last author citation advantage trends found when 

team sizes are included in the regression (and therefore factored out of the citation advantage 

calculations). Ignoring the first or last author gender as well makes little difference (Appendix, 

Table A2, Model 3 and 4). 

 

Table 2. Regression coefficients for the full regression model for each of 46 Scopus narrow 

Medicine fields (US only, first and last author gendered). Publication year regression 

coefficients are not shown. Order as in Table 1. 

Narrow field 
Female 
first 

Female 
last 

2 auth 3 auth 4 auth 5+ auth 

Obstetrics and Gynecology 0.027*** 0.020** 0.327*** 0.425*** 0.476*** 0.611*** 

Reproductive Medicine -0.030* -0.009 0.223*** 0.273*** 0.273*** 0.407*** 

Epidemiology 0.016* -0.013 0.202*** 0.271*** 0.319*** 0.392*** 

Public Health, Environmental and 
Occupational Health 

0.025*** -0.017*** 0.334*** 0.445*** 0.501*** 0.578*** 

Pediatrics, Perinatology and Child 
Health 

0.050*** 0.022*** 0.291*** 0.400*** 0.477*** 0.622*** 

Geriatrics and Gerontology 0.014 -0.014 0.339*** 0.446*** 0.545*** 0.665*** 

Embryology 0.018 0.009 0.180*** 0.194*** 0.227*** 0.250*** 

Psychiatry and Mental Health 0.014*** -0.008* 0.364*** 0.447*** 0.504*** 0.601*** 

Genetics (clinical) -0.057*** -0.057*** 0.250*** 0.259*** 0.263*** 0.371*** 

Endocrinology, Diabetes and 
Metabolism 

0.011 -0.004 0.245*** 0.364*** 0.449*** 0.576*** 

Rehabilitation 0.012 -0.064*** 0.344*** 0.476*** 0.564*** 0.677*** 

Rheumatology 0.027* 0.015 0.245*** 0.310*** 0.427*** 0.567*** 

Dermatology -0.030** -0.016 0.277*** 0.295*** 0.374*** 0.543*** 

Health Policy -0.006 -0.031*** 0.389*** 0.507*** 0.581*** 0.663*** 

Biochemistry (medical) -0.002 0.007 0.215*** 0.391*** 0.527*** 0.730*** 

Complementary and Alternative 
Medicine 

0.051** 0.007 0.341*** 0.534*** 0.639*** 0.764*** 

Infectious Diseases -0.011* -0.013* 0.346*** 0.397*** 0.463*** 0.568*** 

Health Informatics 0.027 -0.061*** 0.291*** 0.286*** 0.379*** 0.481*** 

Drug Guides -0.069 -0.120 0.242** 0.213 0.330* 0.334** 

Family Practice 0.025 0.000 0.519*** 0.634*** 0.738*** 0.972*** 

Pathology and Forensic Medicine -0.015* -0.019* 0.112*** 0.187*** 0.185*** 0.327*** 

Immunology and Allergy -0.009 -0.020** 0.195*** 0.234*** 0.316*** 0.439*** 

Internal Medicine -0.008 -0.012 0.384*** 0.543*** 0.652*** 0.770*** 



8 
 

 

Discussion 
The female first and last authored journal article share increase in all 46 categories 1996-2018 

confirms on a systematic level increases found in many previous studies of medical journals or 

specialisms.19,20,35,36,37,38 The lower rate of increase for female last authors similarly provides a 

systematic confirmation of previous studies with a more limited scope,20,35,37,38 although two 

studies had partly conflicting findings.18,40 It nevertheless remains possible that there are 

narrower specialisms in which the female participation rate has not increased. 

 Most medical fields still have male first author majorities, but this may naturally reduce 

as more male-dominated generations retire. More concerning is the much slower progress in 

female last authors, echoing continuing male domination of senior roles and much slower 

progress towards overturning this gender imbalance. Disparities of up to a factor of 7 between 

fields in female participation rates are also concerning for fields near the bottom of Table 1. 

There is awareness from some of these fields of gender disparity issues, including surgery41,42,43 

Oncology -0.003 -0.014** 0.383*** 0.483*** 0.546*** 0.703*** 

Pharmacology (medical) 0.008 -0.033*** 0.341*** 0.434*** 0.499*** 0.590*** 

Anatomy 0.013 -0.027 0.091*** 0.116*** 0.105*** 0.286*** 

Hematology 0.009 -0.023** 0.297*** 0.316*** 0.357*** 0.536*** 

Microbiology (medical) 0.019* 0.011 0.384*** 0.455*** 0.569*** 0.704*** 

Anesthesiology and Pain Medicine 0.031** 0.033** 0.395*** 0.516*** 0.619*** 0.804*** 

Histology 0.002 -0.015 0.097** 0.167*** 0.184*** 0.296*** 

Transplantation -0.009 -0.043*** 0.129*** 0.189*** 0.309*** 0.420*** 

Nephrology -0.019 -0.080*** 0.173*** 0.247*** 0.351*** 0.523*** 

Critical Care and Intensive Care 
Medicine 

0.006 -0.010 0.208*** 0.319*** 0.422*** 0.631*** 

Emergency Medicine -0.027* -0.029* 0.425*** 0.640*** 0.768*** 0.966*** 

Ophthalmology -0.037*** 0.000 0.340*** 0.414*** 0.531*** 0.720*** 

Physiology (medical) 0.008 0.003 0.082*** 0.103*** 0.131*** 0.293*** 

Neurology (clinical) 0.017*** 0.014** 0.261*** 0.341*** 0.415*** 0.558*** 

Otorhinolaryngology 0.050*** 0.080*** 0.156*** 0.225*** 0.339*** 0.532*** 

Gastroenterology -0.036*** -0.037** 0.240*** 0.323*** 0.473*** 0.682*** 

Pulmonary and Respiratory Medicine 0.009 0.011 0.211*** 0.329*** 0.401*** 0.649*** 

Urology -0.051*** -0.010 0.575*** 0.696*** 0.799*** 0.965*** 

Radiology, Nuclear Medicine and 
Imaging 

-0.005 -0.038*** 0.257*** 0.355*** 0.492*** 0.686*** 

Hepatology -0.011 -0.012 0.183*** 0.217*** 0.419*** 0.579*** 

Surgery 0.006 0.014* 0.257*** 0.376*** 0.479*** 0.683*** 

Cardiology and Cardiovascular 
Medicine 

0.035*** 0.043*** 0.219*** 0.310*** 0.413*** 0.669*** 

Orthopedics and Sports Medicine -0.011 -0.010 0.334*** 0.457*** 0.570*** 0.708*** 
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and Neurology44 (International Women in MS), but perhaps not of their position in relation to 

the rest of medicine. Causes of gender disparities in careers are complex, however, and may 

include socialised gender differences in career preferences,45,46 so explicit bias is not 

necessarily the cause of female under-representation in any field.   

The female first author citation advantage in more fields than the opposite (whether 

considering statistically significant results or all results) is surprising, given that previous 

medical research has tended to find males to be more highly cited, and to have a higher h-index, 

or for there to be no gender differences if career and/or seniority factors are considered. The 

findings agree with one citations per-paper analysis of neurosurgery,47 however. 

The most important discrepancy is with a study of 1,269,542 journal articles and 

reviews 2008-14 from the MeSH Diseases category of PubMed Medline, matched with the 

Web of Science for citations. Using field-normalised citation counts (not log-transformed in 

the denominator but using a much finer-grained and probably more accurate set of fields), male 

first-authored articles had a 3.4% higher median than that for female first-authored articles (0. 

759 vs. 0. 734).23 The discrepancy could be due to the different fields covered in the prior 

paper, the inclusion of review articles (which tend to be highly cited and can therefore be 

influential), the inclusion of international collaborative articles (international collaboration 

favours males), 23 the shorter time span, the inclusion of multiple countries, or not taking into 

account collaboration (in the first analysis of the prior paper). 23 Multiple countries could cause 

the discrepancy if women are first author more often in countries with fewer resources, 

although this did not seem to be the case. 23 The most likely two causes seem to be the inclusion 

of internationally collaborative research and not considering the help provided by 

collaboration. The prior research also reported a regression analysis, different to the one here, 

for example considering journal impact factors and collaboration (in a different way to above). 

The female citation advantage shrank, but did not disappear, with this regression. A plausible 

cause of the continued discrepancy (slight male advantage vs. slight female advantage in the 

current paper) is the inclusion of internationally collaborative research (a male citation 

advantage), although field and country coverage differences could also be explanations.  

There are many reasons why one gender may tend to be cited more in a field, other than 

that their research tends to be more impactful. Men tend to self-cite more than women,48 

although self-citation may not be prevalent in all medical fields,49 and so the underlying impact 

of female first-authored research may be underestimated in some areas. Articles are more likely 

to be cited if they are from some narrow specialisms,50 so it is possible that citation advantages 

are due to the over-representation of one gender within these specialisms. 

The tendency for a male last author citation advantage is a new type of finding. Since 

last authors tend to be senior, this implies that male last authors tend to oversee research with 

slightly more citation impact. There are different plausible explanations for this, other than 

gender differences in team leadership skills. Senior males may tend to be more successful with 

funding bids, therefore overseeing better financed research. Alternatively, team research with 

a female last author may tend to be of a different type: it may be less likely to be laboratory or 

departmental research with a senior last author. If true, then the research may be less well 

financed. 

Female first authors and male last authors tend to work in larger teams in most fields. 

Again, there are multiple possible explanations.  For first authors, females may tend to work 

on more complex projects requiring more input or may be less likely to author solo articles, 

such as theoretical or invited opinion pieces. For last authors, males may be more likely to be 

the senior of a team than a participant that happens to be in last place. Males may also tend to 

lead more complex projects or larger departments, with occasionally large teams. The gender 

differences in citation rates are strengthened if team size is ignored in the analysis. 
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Given that previous research factoring out seniority and/or career factors when 

comparing career citations, has not found statistically significant evidence of gender 

differences in productivity, career citations or the h-index,5,7,15,16,17 the tendencies for small 

female first author and male last author citation advantages found here are the only known 

publishing-based gender differences in medicine that cannot be accounted for by career factors. 

These occur irrespective of team size. Since last authors tend to be senior, females applying for 

medical posts should therefore tend to have a small CV advantage if citations are considered 

for publications where they were the main (first) author. In contrast, males may have an 

advantage in situations where senior researchers are being compared, such as prestigious senior 

positions, career achievement awards or honorary senior positions. Nevertheless, the key take-

away message is that medical research tends to have slightly higher citation impact when 

females are its main contributors. Thus, in any situation where males appear to be 

outperforming females on citation-based indicators, care should be taken to examine whether 

this is due to ignoring career factors, thereby biasing the results in favour of males. 
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Appendix 
Table A1. Average team sizes 2018 for 46 Scopus narrow Medicine fields (US only) by first 

and last author gender (order as for Table 1). 

Narrow field Articles 
Female first 
team size 

Male first 
team size 

Female last 
team size 

Male last 
team size 

Obstetrics and Gynecology 1885 4.47 4.17 4.30 4.48 

Reproductive Medicine 450 4.98* 4.25 4.57 4.87 

Epidemiology 1530 5.37*** 4.56 5.17 4.93 

Public Health, Environmental and 
Occupational Health 

6159 
4.21*** 3.77 3.99 4.06 

Pediatrics, Perinatology and Child 
Health 

4849 
4.32 4.38 4.10 4.56*** 

Geriatrics and Gerontology 1033 4.53 4.65 4.29 4.87** 

Embryology 105 4.78 4.36 4.41 4.80 

Psychiatry and Mental Health 5827 4.16*** 3.79 3.93 4.07*** 

Genetics (clinical) 1032 5.68* 5.18 5.55 5.40 

Endocrinology, Diabetes and 
Metabolism 

1385 
5.68 5.34 5.44 5.59 

Rehabilitation 1076 3.83 4.04 3.58 4.21*** 

Rheumatology 291 5.37 5.25 5.21 5.40 

Dermatology 1269 3.89 3.71 3.79 3.81 

Health Policy 2716 3.75*** 3.06 3.48 3.35 

Biochemistry (medical) 205 5.80 4.74 5.08 5.37 

Complementary and Alternative 
Medicine 

307 
2.97 2.54 2.84 2.68 

Infectious Diseases 2489 5.47*** 4.83 5.25 5.08 

Health Informatics 871 4.60 4.74 4.28 4.97** 

Drug Guides 2 2.00 2.00 2.00 2.00 

Family Practice 346 3.23** 2.62 2.87 2.93 

Pathology and Forensic Medicine 1535 3.70 3.61 3.50 3.75 

Immunology and Allergy 1789 5.80 5.71 5.77 5.74 
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Internal Medicine 948 5.21 4.92 4.67 5.31** 

Oncology 4517 6.45 6.64* 6.01 6.87*** 

Pharmacology (medical) 1981 4.71 4.42 4.48 4.59 

Anatomy 379 3.74 3.39 3.40 3.64 

Hematology 1229 5.63 5.78 5.15 5.97** 

Microbiology (medical) 1072 5.39*** 4.66 5.11 4.93 

Anesthesiology and Pain Medicine 999 4.76* 4.17 4.76* 4.27 

Histology 450 4.38 4.05 4.15 4.21 

Transplantation 614 6.80 6.65 6.58 6.77 

Nephrology 458 5.41 4.95 4.84 5.24 

Critical Care and Intensive Care 
Medicine 

881 
4.56 4.42 4.41 4.51 

Emergency Medicine 1369 3.86 4.06 3.60 4.18*** 

Ophthalmology 1255 4.37 4.03 4.32 4.09 

Physiology (medical) 1401 4.89 5.05 4.86 5.04 

Neurology (clinical) 4910 5.24 5.19 5.14 5.24 

Otorhinolaryngology 1438 4.20 4.08 3.95 4.19* 

Gastroenterology 1274 4.68 4.63 4.32 4.74 

Pulmonary and Respiratory Medicine 1629 5.47 5.47 5.61 5.42 

Urology 1335 5.20 5.56*** 5.31 5.47 

Radiology, Nuclear Medicine and 
Imaging 

3487 
4.86 4.91 4.63 4.97 

Hepatology 493 5.19 5.32 4.47 5.51* 

Surgery 7256 4.99 4.85 4.97 4.87 

Cardiology and Cardiovascular 
Medicine 

3898 
5.57 5.58 5.61 5.56 

Orthopedics and Sports Medicine 3863 4.33 4.52* 4.02 4.57*** 
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Table A2. Regression coefficients for three reduced regression models for each of 46 Scopus 

narrow Medicine fields (US only, first and last author gendered), ignoring team size. 

Publication year regression coefficients are not shown. Order as for Table 1. 

 Model 2  Model 3  Model 4 

Narrow field 
Female 
1st 

Female 
last 

 Female 
1st 

 Female 
last 

Obstetrics and Gynecology 0.054*** -0.002   0.054***   0.011 

Reproductive Medicine -0.006 -0.022   -0.010   -0.023 

Epidemiology 0.050*** -0.011   0.048***   -0.001 

Public Health, Environmental and Occupational Health 0.057*** -0.034***   0.048***   -0.019*** 

Pediatrics, Perinatology and Child Health 0.071*** -0.006   0.069***   0.011* 

Geriatrics and Gerontology 0.020* -0.073***   0.003   -0.068*** 

Embryology 0.028 0.005   0.029   0.009 

Psychiatry and Mental Health 0.035*** -0.024***   0.031***   -0.017*** 

Genetics (clinical) -0.038*** -0.058***   -0.049***   -0.066*** 

Endocrinology, Diabetes and Metabolism 0.039*** -0.022**   0.036***   -0.014* 

Rehabilitation 0.008 -0.121***   -0.027**   -0.118*** 

Rheumatology 0.070*** 0.028   0.074***   0.039** 

Dermatology 0.010 -0.021*   0.007   -0.019 

Health Policy 0.060*** -0.044***   0.044***   -0.021* 

Biochemistry (medical) 0.062*** 0.018   0.064***   0.028 

Complementary and Alternative Medicine 0.074** -0.070**   0.043*   -0.037 

Infectious Diseases 0.011* -0.016**   0.009   -0.014* 

Health Informatics 0.018 -0.110***   -0.023   -0.103*** 

Drug Guides -0.060 -0.083   -0.095   -0.109 

Family Practice 0.082** -0.005   0.081**   0.019 

Pathology and Forensic Medicine 0.003 -0.031***   -0.002   -0.031*** 

Immunology and Allergy 0.012* -0.023***   0.009   -0.021** 

Internal Medicine 0.043*** -0.034**   0.039***   -0.026* 

Oncology 0.015*** -0.036***   0.009*   -0.033*** 

Pharmacology (medical) 0.024*** -0.055***   0.016*   -0.051*** 

Anatomy 0.015 -0.043**   0.007   -0.040** 

Hematology 0.041*** -0.029**   0.037***   -0.023* 

Microbiology (medical) 0.068*** 0.018   0.070***   0.027** 

Anesthesiology and Pain Medicine 0.078*** 0.036**   0.085***   0.054*** 
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Histology 0.009 -0.021   0.007   -0.020 

Transplantation -0.009 -0.065***   -0.017   -0.067*** 

Nephrology 0.002 -0.107***   -0.017   -0.106*** 

Critical Care and Intensive Care Medicine 0.002 -0.075***   -0.012   -0.075*** 

Emergency Medicine -0.011 -0.076***   -0.026*   -0.078*** 

Ophthalmology -0.006 -0.004   -0.007   -0.005 

Physiology (medical) 0.011 -0.010   0.010   -0.008 

Neurology (clinical) 0.031*** -0.009   0.029***   -0.002 

Otorhinolaryngology 0.063*** 0.076***   0.080***   0.092*** 

Gastroenterology -0.015 -0.099***   -0.033**   -0.102*** 

Pulmonary and Respiratory Medicine 0.028*** -0.009   0.027**   -0.002 

Urology -0.018 -0.031*   -0.023*   -0.036** 

Radiology, Nuclear Medicine and Imaging 0.018** -0.067***   0.008   -0.064*** 

Hepatology 0.023 -0.013   0.021   -0.010 

Surgery 0.030*** -0.005   0.030***   0.001 

Cardiology and Cardiovascular Medicine 0.060*** 0.016*   0.062***   0.028*** 

Orthopedics and Sports Medicine -0.009 -0.036***   -0.016*   -0.038*** 

 
 


