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Gender differences in how scientists present the importance of 
their research: observational study
Marc J Lerchenmueller,1,2 Olav Sorenson,2 Anupam B Jena3

AbstrAct
Objectives
Women remain underrepresented on faculties of 
medicine and the life sciences more broadly. Whether 
gender differences in self presentation of clinical 
research exist and may contribute to this gender 
gap has been challenging to explore empirically. 
The objective of this study was to analyze whether 
men and women differ in how positively they frame 
their research findings and to analyze whether the 
positive framing of research is associated with higher 
downstream citations.
Design
Retrospective observational study.
Data sOurces
Titles and abstracts from 101 720 clinical research 
articles and approximately 6.2 million general life 
science articles indexed in PubMed and published 
between 2002 and 2017.

Main OutcOMe Measures
Analysis of article titles and abstracts to determine 
whether men and women differ in how positively they 
present their research through use of terms such as 
“novel” or “excellent.” For a set of 25 positive terms, 
we estimated the relative probability of positive 
framing as a function of the gender composition of the 
first and last authors, adjusting for scientific journal, 
year of publication, journal impact, and scientific field.
results
Articles in which both the first and last author were 
women used at least one of the 25 positive terms in 
10.9% of titles or abstracts versus 12.2% for articles 
involving a male first or last author, corresponding to 
a 12.3% relative difference (95% CI 5.7% to 18.9%). 
Gender differences in positive presentation were 
greatest in high impact clinical journals (impact 
factor >10), in which women were 21.4% less likely to 
present research positively. Across all clinical journals, 
positive presentation was associated with 9.4% 
(6.6% to 12.2%) higher subsequent citations, and in 
high impact clinical journals 13.0% (9.5% to 16.5%) 
higher citations. Results were similar when broadened 
to general life science articles published in journals 
indexed by PubMed, suggesting that gender differences 
in positive word use generalize to broader samples.
cOnclusiOns
Clinical articles involving a male first or last author 
were more likely to present research findings 
positively in titles and abstracts compared with 
articles in which both the first and last author were 
women, particularly in the highest impact journals. 
Positive presentation of research findings was 
associated with higher downstream citations.

Introduction
Women remain underrepresented in academic medi
cine and the life sciences more broadly.1 Even the most 
recent surveys indicate that the proportion of women 
declines at every career step, including promotion to 
full professorship.2 Women also earn lower salaries,3 4 
receive fewer research grants,5 and receive fewer 
citations than their male colleagues.6

One mechanism that may contribute to these gender 
gaps is differences in the extent to which women 
promote their research accomplishments relative to  
men.7 Yet, systematic evidence of differences in how 
men and women present their research findings in 
the academic life sciences is lacking. Identifying 
gender differences in how research is selfpresented 
is potentially important given that visible research 
productivity is central to career progress in the 
academic life sciences and medicine, affecting hiring, 
promotion, pay, and funding decisions.8 9
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WhAt Is AlreAdy knoWn on thIs topIc
Women remain underrepresented on faculties of medicine and the life sciences. 
Women also earn lower salaries, receive fewer research grants, and receive fewer 
citations than their male colleagues
One mechanism that may contribute to these gender gaps is differences in the 
extent to which women promote their research accomplishments relative to men. 
Yet, systematic evidence of differences in how men and women present their 
research findings in the academic life sciences is lacking. Identifying gender 
differences in how research is self presented is potentially important given that 
visible research productivity is central to career progress in the academic life 
sciences and medicine, affecting hiring, promotion, pay, and funding decisions

WhAt thIs study Adds
This study investigates gender differences in the positive framing of research 
findings (that is, use of words such as “novel,” “excellent,” etc), analyzing 
101 720 research articles published between 2002 and 2017 in clinical journals 
indexed in PubMed, as well as over 6.2 million general life science articles
Articles in which the first and last authors were both women were, on average, 
12.3% less likely to use positive terms to describe research findings compared 
with articles in which the first and/or last author was male. The gender 
difference in positive presentation was greatest in high impact clinical journals, 
with women being 21.4% less likely to present research positively. Positive 
presentation was, on average, associated with 9.4% higher subsequent citations 
and 13.0% higher citations in high impact clinical journals. These results 
remained consistent even after accounting for the specific journal, journal impact 
factor, scientific area of study, and year of publication
Clinical articles involving at least one male first or last author were more likely to 
present research findings positively in titles and abstracts compared with articles 
in which both the first and last authors were women, particularly in the highest 
impact journals. Positive presentation of research findings was associated with 
higher downstream citations
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We studied gender differences in the self presentation 
of scientific research—as identified by authors’ use of 
terms such as “novel,” “unique,” “unprecedented,” 
etc to describe their research in scientific titles and 
abstracts—among 101 720 clinical research articles 
published between 2002 and 2017 and indexed in 
PubMed. We examined how gender differences in 
positive presentation evolved over 15 years and varied 
with journal impact. We also examined the external 
validity of our findings in a dataset of roughly 6.2 
million general life science articles published over the 
same time span in PubMedindexed journals.

Methods
Data sources
We assembled data from several sources. First, we 
extracted information from the PubMed database, 
which represents the most comprehensive reference list 
of scientific publications in the life sciences. Second, 
we determined the probable gender of the authors 
through the Genderize database, an established app
roach8 10 11 that allows gender assignment for a large 
number of authors based on their first names. Third, 
we used information from the Journal Citation Report 
(Clarivate Analytics) to determine the impact factor of 
the publishing journals as well as the MeSH (Medical 
Subject Headings) library to categorize articles into 
fields of research.

assignment of author gender
We assigned author gender to the first and last 

(senior) authors of each article in our database. We 
focused on these authorship positions because in 
the life sciences these two authorship positions are 
typically most important. First authorship often goes 
to a junior scientist who executed and wrote up the 
research, while the senior investigator who may have 
conceived of and/or funded the research receives last, 
or senior, authorship. Interior authors generally serve 
in supporting roles.

We determined the gender of these individuals by 
associating the first names of the authors with the 
probability of the name being held by a man versus 
by a woman, using the Genderize database. Tests of 
the accuracy and comprehensiveness of four gender 
assignment algorithms, using a control sample of 
gendermatched forenames from a US government 
office, found that the Genderize algorithm provided 
the most accurate estimates of gender.12 The Genderize 
algorithm allowed us to assign the probable gender 
of first and last authors for over 90% of the articles in 
our database (for additional details see appendix on 
bmj.com). Applying a 90% probability threshold to 
the algorithm’s gender designation yielded an average 
probability of 99.5% with which gender could be 
assigned in our dataset for analysis.

Outcomes
To determine whether men and women differed in the 
positive presentation of their research, we focused 
on the use of a set of 25 words (see fig 2) that past 

research has identified as distinctively positive13—
such as “unprecedented” and “novel”—in the titles 
and abstracts of clinical research articles. Our primary 
outcome was a binary variable for whether any of these 
words were used in a scientific abstract or title. In a 
secondary analysis, we explored gender differences 
in the use of each specific word. Titles and abstracts 
represent some of the most important text in research 
papers because readers often use this information to 
screen articles to determine which ones deserve further 
attention.

covariates
To account for the possibility that men and women 
may differ in the positive presentation of research due 
to the journals or fields in which they tend to publish, 
we adjusted for these factors using a set of granular 
covariates. Covariates included indicator variables for 
the year of publication and the specific scientific journal 
(based on unique journal International Standard Serial 
Number (ISSN) numbers)—to account, for example, 
for the possibility that author gender and the positive 
presentation of research findings vary across journals 
or over time. The covariates also included features of 
the author byline (number of authors and percentage 
female authors).

We also adjusted for the frequency with which 
positive terms appear in titles and abstracts in certain 
research areas. Specifically, we used the article 
keywords (more than 26 000 MeSH terms) to adjust 
for the areas of research being reported by creating 
a centile ranking of these keywords in terms of their 
frequency of being associated with the 25 positive 
words. Since many articles are associated with more 
than one MeSH term, we calculated the median centile 
ranking across all MeSH terms associated with a given 
article and included this measure as a covariate in our 
analyses.

statistical analyses
We estimated the probability that an article used 
one or more positive words in its title or abstract as 
a function of the gender composition of the first and 
last authors, using multivariable linear probability 
models. We categorized authorship of articles into two 
categories: articles with female first and last authors 
versus articles where a man served as first and/or last 
author, which served as the baseline. We estimated the 
probability that an article used one or more positive 
words in its title or abstract as a function of this 
indicator variable for gender composition, adjusting 
for journal indicator variables, indicator variables for 
year of publication, number of authors and percentage 
of female authors in the author byline, and the extent 
of use of positive words in the article’s area of study 
(centile rank for MeSH category). The inclusion of 
journal fixed effects accounted for factors that do not 
vary within a journal over time and that might be 
correlated with both the prevalence of positive terms 
in abstracts or titles of a given journal and the gender 
composition of first and last authors. Our approach 
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therefore effectively compared gender differences in 
the positive presentation of research between articles 
published within the same journal, year, and field of 
research.

We next analyzed whether gender differences in 
the positive presentation of clinical research varied 
with the impact of the journal. We classified clinical 
journals with an impact factor of up to 10 versus those 
exceeding 10 (supplementary table S1 in appendix). 
The former category includes the journals ranked 
25 and lower by journal impact factor in the 2017 
Journal Citation Report (Clarivate Analytics); the 
latter category represents the top 24 clinical journals. 
To analyze the generalizability of our findings, we 
conducted a similar analysis extended to a broader set 
of life science journals indexed in PubMed. We also 
analyzed how the positive presentation of research 
findings varied over the 15year sample window across 
journal impact categories. To further contextualize the 
use of the positive words, we determined the frequency 
with which each individual word occurred in different 
sections of the structured abstracts of clinical research 
articles, broadly classified as background, methods, 
results, and conclusions.

Finally, using article citation data, we estimated the 
relation between the positive presentation of research 
findings and the downstream citations received by 
articles. Gender differences in the positive presentation 
of research findings may be particularly important 
if the positive presentation of findings leads to more 
downstream citations. Citations are often used to 
gauge a researcher’s influence and many organizations 
use cumulative citations explicitly in their decisions 
regarding recruitment, promotion, pay, and funding. 
We estimated a multivariable linear regression of the 
association between (logged) downstream article 
citations and whether an article positively presented 
its research findings, adjusting for the covariates 
described above.

sensitivity analyses
We conducted several sensitivity analyses. First, we 
estimated Poisson regressions of the frequency with 
which positive words are used as a function of author 
gender composition and the previously described 
covariates. Second, we used Natural Language 
Processing to further characterize the context in which 
positive words appeared, extracting the most common 
nouns that immediately followed the 25 positive words 
(adjectives). We conducted this analysis to understand 
better whether the use of terms like “novel” might 
reflect subjective interpretations of research findings, 
such as the couplet “novel findings” would suggest. 
Third, to account for the possibility that men and 
women might write abstract of different lengths, we 
included a covariate for abstract length. Fourth, we 
replicated our analysis in samples beyond research 
articles, including, for example, letters and comments. 
Fifth, to test the accuracy of our gender designation 
method, we examined variation in the reliability with 
which Genderize designated gender for USbased 

authors of different ethnic backgrounds, including 
Asian, black, Hispanic, and white authors. Sixth, we 
replicated our results for different gender designation 
probability thresholds (50%, 80%, 90%, and 95%). 
Seventh, we estimated the probability of positive 
framing for different gender compositions of first 
and last authors (malemale, malefemale, female
male, and femalefemale). Eighth, we estimated 
both multivariable least squares regressions and 
Poisson regressions to estimate the effect of positive 
presentation on downstream citations using the 
Scopus database as a secondary source for citation 
data. Ninth, we replicated the analyses with a set of 
negative words.13 Tenth, we examined whether gender 
differences existed in the use of positive words in a 
sample of introductions of analyzed articles to gauge 
whether language use might differ between titles and 
abstracts and the main body. Additional details on 
these analyses appear in the appendix.

Patient and public involvement
No patients were involved in setting the research 
question or the outcome measures, nor were they  
involved in developing plans for design or implemen
tation of the study. No patients were asked to advise on 
the interpretation or write up of the results. There are 
no plans to disseminate the results of the research to 
study participants or the relevant patient community.

results
Overall, 101 720 clinical research articles and 
6 246 112 general life sciences articles, published 
between 2002 and 2017, were analyzed. Among 
clinical articles, 12.1% (12 309/101 720) used at least 
one of the 25 positive words to frame research findings. 
In comparison, 11.7% (729 619/6 246 112) of all life 
science articles indexed in PubMed used at least one 
of the 25 positive words (table 1). Overall, 17% of 
clinical research articles involved a female first and 
last author, whereas 83% of articles involved a male 
first or last author. Positive presentation of research 
findings increased significantly over the study period 
(fig 1). For example, among clinical journals with an 
impact factor exceeding 10, the prevalence of positive 
framing rose by over 80% from 2002 to 2017 (from 
9.0% to 16.9% of articles).

gender differences in positive presentation
Figure 2 ranks individual positive words in descending 
order in terms of prevalence and compares the 
proportion of articles using each word in which the first 
and last author were both women with the proportion 
of articles in which the first and/or last author was a 
man. The most commonly used positive word was 
“novel” (used in 44.8% of positively framed articles). 
Articles with a male first and/or last author used 
the word 59.2% (95% confidence interval 48.8% to 
69.6%) more often than articles with female first and 
last authors. For nine of the 10 most commonly used 
positive words, gender differences were statistically 
significant at the 5% level (for example, “unique” 
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appearing in 13.3% of positively framed articles and 
being used 43.8% (25.9% to 61.7%) more often by 
teams with male authors, and “promising” appearing 
in 12.5% of positively framed articles and being used 
72.3% (50.6% to 94.0%) more often by teams with a 
male first and/or last author. (See supplementary table 
S26 in appendix for further details on the 10 most 
common words.)

We next made use of the fact that most (81%) 
abstracts of clinical research articles are structured, 
broadly classifying content into categories of back
ground, methods, results, and conclusions. Figure 3 
depicts the frequency with which the top 10 positive 
words occurred across these structured categories, 
with deeper shading indicating higher frequency. The 
top 10 positive words were used in 73% of cases, on 
average, to describe results and conclusions. That use 
did not differ across men and women. Considering the 
descriptive results from figures 2 and 3 together, the 
data suggest that women and men use positive words 

in a similar fashion (fig 3) but that women use them 
less often (fig 2).

After multivariable adjustment for the specific journal 
in which an article appeared, year of publication, 
journal impact factor, and extent of use of positive 
words in the article’s area of study, clinical research 
articles in which the first and last author were both 
women were less likely to use positive terms to report 
research findings compared with articles in which the 
first and/or last author was a man (10.9% v 12.2% of 
articles, corresponding to a 12.3% relative difference 
(95% CI 5.7% to 18.9%); see table S11 in the appendix 
for full regression results). For broader life science 
research indexed in PubMed, positive modifiers were 
used to report research in 11.4% of articles in which 
both the first and last author were women compared 
with 11.5% of articles in which the first and/or last 
author was a man, corresponding to a nonsignificant 
relative difference of less than 1% (−0.3% to 1.5%). 
Importantly, however, the samples differed in the share 
of journals with an impact factor exceeding 10 (61% of 
articles in clinical research articles v 5% of articles in 
the broader life sciences (table 1)).

Gender differences in positive presentation were 
largest among articles published in journals with high 
impact factors (fig 4), for both clinical and broader 
life science research and even after multivariable 
adjustment. While the gender difference in positive 
presentation was small and not statistically significant 
in journals with an impact factor below 10, among 
articles published in clinical journals with an impact 
factor exceeding 10, those that involved a male first 
and/or last author were significantly more likely to 
present research positively compared with articles in 
which both first and last authors were women (absolute 
difference 10.7% v 12.9%, relative difference 21.4% 
(12.3% to 30.5%); see also table S11 in the appendix). 
We observed a similar pattern for high impact journals 
for the broader set of life science articles indexed 
in PubMed. Articles published in journals with an 
impact factor of more than 10 with a male first and/
or last author included positive words to describe the 
research more frequently than those with female first 
and last authors (absolute difference 14.4% v 12.8%, 
relative difference 12.8% (8.2% to 17.4%)).

Positive presentation of research findings and 
subsequent article citations
After multivariable adjustment, the positive presen
tation of research findings was associated with greater 
downstream citations for both clinical research arti
cles and for life sciences articles more broadly (fig 
5). Among clinical journals with an impact factor 
exceeding 10, positive presentation was associated 
with a 13.0% (95% CI 9.5% to 16.5%) increase in 
downstream citations, versus a nonsignificant 3.3% 
(−0.6% to 7.2%) increase in clinical journals with an 
impact factor of 10 or less. Among general life science 
articles, the positive presentation of research findings 
was associated with a 12.0% (10.2% to 13.8%) relative 
increase in downstream citations for articles published 

table 1 | characteristics of analyzed articles

characteristic
clinical journals  
(n=101 720)

PubMed indexed journals  
(n=6 246 112)

Sex composition of lead authors:
 Female first and last author 17% 16%
 Female first and male last author 16% 23%
 Male first and female last author 9% 11%
 Male first and last author 57% 51%
Percentage female authors on byline 37% 35%
Mean No of authors per paper 7.2 4.8
Median publication year 2010 2011
Journal impact factor (JIF) tier:
 Paper published in journal with JIF >10 61% 5%
 Paper published in journal with JIF ≤10 39% 95%
Median centile for positively presented research 
topics based on MeSH terms per paper*

43.8 47.7

No (%) of papers using positive words 12 309 (12%) 729 619 (12%)
*Based on 96 543 clinical articles and 5 046 315 life science articles with associated MeSH terms. Percentages 
on the sex composition of lead authors do not sum to 100% due to rounding. Clinical journals included in the 
analysis and their associated journal impact factor (JIF) are listed in the appendix on bmj.com.
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Fig 1 | change in use of positive terms to present research findings in articles published 
between 2002 and 2017. Proportion of positively presented articles was calculated as a 
three-year rolling average and indexed to the proportion of positively presented articles 
in 2002 for the respective journal categories. Figure presents trends for research 
articles in clinical journals and broader life science articles indexed in PubMed. 
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in journals with an impact factor exceeding 10, versus 
a 5.7% (5.5% to 5.9%) increase in journals with an 
impact factor of 10 or less.

sensitivity analyses
Our findings were robust to analyses of positive word 
use as a count rather than binary variable; articles 
by female first and last authors used positive words 
approximately 40% less often compared with articles 
in which a man served in the first and/or last author 
position (supplementary table S17 in appendix). To 
understand better the context of the use of positive 
words, we used Natural Language Processing to identify 

the nouns that appeared immediately following 
the positive words (adjectives) (supplementary 
tables S8 to S10). The positive words commonly 
modified nouns such as “strategy,” “approach,” and 
“mechanism,” suggesting that these words are often 
used to characterize the research findings (such as 
“novel mechanism” or “novel approach”). Positive 
word use did not differ between titles and abstracts 
(supplementary table S9) or by author gender 
(supplementary table S10). Adding abstract length as 
a covariate to our regressions only marginally affected 
the magnitude of our estimated effect sizes (roughly 
1%; supplementary table S12). Extending the article 
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Fig 2 | gender differences in positive presentation of clinical research articles according to specific positive words, 
based on 101 720 articles during 2002-17. gender differences in positive presentation were estimated from a linear 
probability model with a binary dependent variable (variable equal to one if positive word was used in an article’s 
title or abstract and zero otherwise) and a single independent variable that recorded the gender composition of the 
first and last authors (variable equal to one if both authors were female (“female lead authors”) and zero otherwise). 
in the figure, positive words are ranked according to the proportion of all positively framed articles that used a given 
word (for example, “novel” was the most commonly used positive word with a prevalence of 45% among all positively-
framed articles). the word “favorable” included us and uK spelling.
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Fig 3 | location of most common positive words in structured abstracts of clinical research articles during 2002-17. Percentages may not sum to 
100% due to rounding. based on 62 877 structured abstracts (81% of available abstracts for clinical research articles).
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types to include nonresearch articles produced similar 
results to our baseline analysis (supplementary table 
S15). An examination of the accuracy with which 
Genderize designated gender across different ethnic 
backgrounds found that the algorithm could assign 
gender with average probabilities exceeding 90% 
across all ethnic categories (supplementary table 
S5). Moreover, varying the probability threshold for 
gender designation to 50%, 80%, and 95% produced 
results consistent with our main findings based on a 
90% probability threshold (supplementary table S24). 
Examining the probability of positive framing by the 
four possible gender combinations of first and last 
authors found that female first and last author pairs 
used positive words the least often. Mixed gender pairs 
and teams of male first and last authors, by contrast, 
had relatively similar levels of positive word usage 
(supplementary figure S18). Next, sensitivity analyses 
on the relationship between positive framing and 
downstream citations, using Poisson regressions and 
Scopus as a secondary source for citations, yielded 
consistent results but effect sizes of roughly double 
those presented in the main analysis (supplementary 
table S19). Finally, we neither discerned corresponding 
gender differences in the use of negative words 
(supplementary figure S28) nor in the use of positive 
words in introductions (supplementary table S31), 
suggesting that gender differences in the use of positive 
words primarily relate to how research is presented in 
titles and abstracts of publications.

discussion
Principal findings
Analyzing titles and abstracts from 101 720 clinical 
research articles and from approximately 6.2 million 
articles indexed in PubMed during 2002 to 2017, we 
found that articles in which the first and last author 
were both women were significantly less likely to use 
positive terms to describe research findings compared 
with articles in which the first and/or last author was 
a man. Gender differences in the positive presentation 
of research findings were largest in high impact 
journals. Positive presentation of research findings 
was also associated with higher downstream citations, 
suggesting that observed gender differences in the 
positive framing of research may have a number of 
important implications.

study implications
Although the gender gap in academic medicine and 
the life sciences has been closing at the earliest stages 
in the career pipeline, it has remained at later stages, 
with female scientists being less likely to transition 
to junior and then senior faculty.8 Prior research has 
mostly pointed to discrimination, biased resource 
allocation, or outright exclusion as causes for slower 
career progress.8 14 15 Less empirical research has 
focused on whether gender differences may exist in 
how scientists promote themselves and their research. 
This lens seems important as it may inform possible 
interventions to reduce the gender gap in science. 
Although our findings suggest that men and women 
differ in how they “spin” research results, our approach 
cannot determine the optimal degree of positive 
framing for the dissemination of research (that is, 
“spin” may have disadvantages for the advancement 
of science).

A broad social science literature that examines 
gender disparities in professional labor markets has 
argued that men engage in more self promotion than 
women,16 17 potentially to their advantage.1820 Gender 
stereotypes depicting women as more communal and 
less forceful and achievement oriented than men have 
been shown to influence women’s careers,2123 for 
example, through muting women’s voices in teams 
that include both men and women. In particular, some 
evidence suggests that women tend to underestimate 
their abilities relative to men,2426 especially in public 
settings, which may contribute to women negotiating 
less often and less forcefully2729 and being less likely 
to seek promotion than men.30 31

Selfpromotion may take different forms: positively 
framing research findings, using social media to call 
attention to one’s research, or presentation at scientific 
meetings. Compared with salary negotiations or 
hiring and promotion decisions, opportunities for self 
promotion occur more often and depend largely on the 
discretion of the individual. These features may render 
self promotion a powerful tool for gradually challenging 
gender stereotypes.20 Moreover, although science 
is increasingly produced by teams,32 perceptions of 
individual performance continue to be important 
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Fig 4 | adjusted gender differences in positive presentation of articles, 2002-17. Figure 
shows relative percentage difference in positively framed articles between articles in 
which both first and last authors were female (“female lead authors”) and articles in 
which first and/or last author was male (“male lead authors”) based on 101 720 clinical 
research articles and approximately 6.2 million life science articles. gender differences 
in positive presentation were estimated from a multivariable linear probability model 
with a binary dependent variable equal to one if any positive word was used in the 
articles’ title or abstract and zero otherwise. covariates included a binary variable 
equal to one if both first and last authors were female (“female lead authors”) and 
zero otherwise (“male lead author(s)”), indicator variables for year of publication 
and publishing journal, a continuous measure of use of positive terms in the article’s 
research field, number of co-authors, and percentage female co-authors in the article 
byline. Full regression results are provided in the appendix on bmj.com. Figure presents 
estimates for research articles in clinical journals and broader life science articles 
indexed in PubMed.
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determinants of career progress. Self promotion may 
therefore be critical to drawing attention to one’s 
abilities and to pursuing careers more forcefully.33 34

Our study provides large scale evidence that men in 
academic medicine and the life sciences more broadly 
may present their own research more favorably than 
women, and that these differences may help to call 
attention to their research through higher downstream 
citations. These findings suggest that differences in the 
degree of self promotion may contribute to the well 
documented gender gaps in academic medicine and 
in science more broadly.6 8 10 Moreover, the observed 
gender differences seem most pronounced in the 
highest impact journals, which may disadvantage 
women when it matters the most.

strengths and limitations of study
Although this study is the first, to our knowledge, that 
analyzes gender differences in self promotion at a large 
scale, our approach has several limitations. First, our 
data do not allow us to assess whether men and women 
are held to different standards during the journal 
evaluation process. Recent research examining article 
submissions to a leading economics journal suggests 
that journal editors and reviewers opine on women’s 
versus men’s writing more frequently, in turn, tangibly 
altering the end product and prolonging peer review for 
women.35 Whether this phenomenon may extend to the 
large body of clinical and life science research analyzed 
here remains unclear but could, in part, contribute to 
women being systematically less likely to use positive 
words to describe their research. Second, and relatedly, 
our analysis focused on published articles’ titles and 
abstracts, both of which result from editorial curation. 
Larger gender differences may exist in how scientific 
findings are reported at the article submission stage, 

before selection and editorial modifications occur, in 
which case our estimates would understate gender 
differences in positive framing.

Of course, articles with greater scientific novelty 
and importance may appropriately use terms that 
positively frame research findings. If men more 
commonly author such articles, it could account for 
our observed findings. However, our analysis adjusted 
for the specific journal, for the area of research based 
on a granular assessment of articles’ MeSH terms, and 
for journal impact factor, which should mitigate these 
concerns.

Our analysis uses a set of 25 words that were 
identified by prior research as distinctly positive and 
frequently used in life science articles. Expanding this 
set of positive words might have resulted in a larger 
percentage of articles being classified as positively 
framed. But our study focused on the relative gender 
difference in positive framing and, other than the  
frequency of using these words, we found no differ
ences between men and women in the way that they 
used them. If the results from this sample of positive 
words extended to other positive words, then these 
gender differences might be large not only in relative 
terms but in absolute terms as well. Moreover, 
gender differences may also exist in other forms of 
self promotion, potentially contributing to gender 
differences in a variety of career outcomes.

conclusions
In an analysis of titles and abstracts from over 100 000 
clinical research articles and over six million articles 
in the life sciences, we found that articles in which the 
first and last author were both women were less likely 
to use positive terms to describe research findings 
compared with articles in which the first and/or last 
author was a man. As this gender difference was most 
pronounced in the highest impact journals and was 
associated with higher downstream citations, the 
potential propensity of women to present equivalent 
work less positively than men may influence career 
progress and deserves further attention.
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Fig 5 | adjusted percent increase in downstream citations associated with positive 
presentation of articles, 2002-17. adjusted relative percent increase in downstream 
citations was estimated from a multivariable linear regression in which the dependent 
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articles in clinical journals and broader life science articles indexed in PubMed.
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