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Abstract

Several studies explored gender inequalities in research, but only limited data are available
concerning general internal medicine and family medicine. We aimed to assess the level
of gender inequalities in Swiss academic medical research. In this bibliometric study con-
ducted in March 2020, we selected all senior hospital physicians practicing internal medi-
cine or family medicine in the six Swiss university hospitals. The list of these physicians
was extracted from the hospitals’ websites. We recorded their socio-demographic charac-
teristics. Then, using Web of Science, we retrieved the number of publications (overall, as
first author, per year, per year as first author), the proportion of publications as first author,
the number of citations (overall, per year, per publication) and the /-index, and we com-
pared the data by gender. 367 senior physicians were included in the study [female physi-
cians: 172 (47%), internal medicine: 187 (51%)]. Female physicians were four times less
likely to be a professor (5% vs. 20%, p value <0.001) and half as often heads of division
or staff physicians (19% vs. 40%, p value <0.001). The proportion of physicians having
published at least one article was lower among women than men (79% vs. 90%, p value
0.003). Finally, all bibliometric indices were associated with male gender (incident rate
ratios ranging from 1.9 [(95% CI 1.3-2.8), p value 0.001] for number of citations per pub-
lication to 9.3 [(95% CI 5.3-16.2), p value <0.001] for number of citations), except the
proportion of publications as first author that was associated with female gender [odds ratio
1.7 (95% CI 1.2-2.3), p value 0.003). Our data suggest a “leaky pipeline” phenomenon (a
lower proportion of women moving up the academic ladder). In addition, with the excep-
tion of the proportion of publications as first author, all bibliometric indices were lower for
female than male physicians.
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Background

In the last decades, we have seen a major shift in the medical profession, with an
increasing proportion of women doctors, even in disciplines that were previously largely
dominated by males, such as surgery (Filardo et al. 2016; Allen 2005). Despite this pos-
itive development, gender inequalities persist in the academic environment and become
particularly pronounced when looking at senior positions (Allen 2005; Rexrode 2016;
Bernard 2018; Diamond et al. 2016; Holman et al. 2018).

These inequalities are caused by multiple factors. In addition to family reasons,
including inequalities in the time devoted to domestic responsibilities and career breaks
for maternal leaves, women often face major obstacles throughout their academic
careers (Bates et al. 2016; Ashmos Plowman and Smith 2011). For the same level of
responsibility, their salaries are often lower than those of men, they have more difficul-
ties in funding and publishing their research, and generally have slower and more erratic
career progression than their male counterparts (Bates et al. 2016; Ashmos Plowman
and Smith 2011).

Publication of research is crucial, not only because it disseminates scientific knowl-
edge but also because it increases the recognition of researchers (Rexrode 2016; Vale
2015; Bavdekar and Tullu 2016; Post et al. 2012). The productivity of researchers has
become a common variable used to measure the performance of researchers in most
fields, including medicine (Pfeiffer et al. 2016; Prpi¢ 1996). The publication of scientific
articles obviously plays a crucial role in the process of promotion and career advance-
ment. There is no doubt that gender inequalities in this field are one of the main factors
contributing to the major disequilibrium between male and female physicians in senior
positions in university hospitals.

Several studies explored gender inequalities in research, mostly assessing the pub-
lication of scientific articles in various medical fields, but little data exist for general
biomedical journals. A recent bibliometric study that included 767 randomly selected
articles published in 2016 in high impact factor journals of family medicine (n=9) and
internal medicine (n=9) found that the female authorship proportion was, overall, 48%
but with notable differences by medical specialty (63% for family medicine and 33%
for internal medicine) (Sebo et al. 2020). Since these studies focused primarily on the
analysis of articles published in medical journals, we thought it useful to address the
theme of gender inequalities in research by focusing on researchers who publish rather
than on published articles.

The objective of our study was to assess the level of gender inequalities in research
in Swiss academic medical centers. To do this, we searched the publications of all sen-
ior hospital physicians practicing internal medicine or family medicine in the six Swiss
university hospitals. The study focused on bibliometric indicators, mainly the number of
publications, the number of citations and the h-factor. We hypothesized higher indices
among male researchers.
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Methods
Study site and study population

This bibliometric study was carried out between 1 and 14 March 2020 in the six Swiss
university hospitals (Geneva, Lausanne, Bern, Basel, Zurich and Fribourg). We selected
all senior hospital physicians (heads of division, staff physicians and senior registrars)
practicing internal medicine or family medicine. There were no exclusion criteria. The
list of these physicians was extracted from the hospitals’ websites.

Data collection

We recorded their socio-demographic characteristics (name, gender, medical depart-
ment, academic rank [professor (Y/N)]), position [head of division, staff physician,
senior registrar, other (consulting physician, senior research physician, senior education
physician)].

Then, using the citation report function of Web of Science, we extracted their biblio-
metric data (number of publications, number of publications as first author, year of first
publication, number of citations, h-index). In addition to the number of publications and
citations, the h-index has become relatively popular for measuring researcher productiv-
ity because it takes better account of both the productivity and impact of researchers’
publications (Hirsch 2005). This index is defined as the number of papers / that were
each cited at least i times. The year of first publication (i.e. the year of publication of
the first article) was chosen to evaluate the career length.

The list of publications was obtained for all years up to the survey by using the fol-
lowing search criteria: “all databases” and “search by author, select from index”, and
by entering the surname and first name in the search box. For physicians with two sur-
names, we searched with the two surnames separated by a space, the two surnames sep-
arated by a hyphen, and with each of the two surnames. For physicians with two first
names, we used the first one. Extraction was carried out by two investigators (PS and
NV). All data were double-checked to exclude any errors. Before extracting the data
we removed articles published by homonyms (doubts about certain publications were
resolved by discussion within the study team).

Statistical analyses and sample size

We created five new bibliometric variables. The number of publications per year was
computed by dividing the number of publications by the number of years since the
publication of the first article. The number of publications per year as first author was
obtained by dividing the number of publications as first author by the number of years
since the publication of the first article. The number of citations per year was computed
by dividing the number of citations by the number of years since the publication of the
first article. The number of citations per publication was obtained by dividing the num-
ber of citations by the number of publications. These four variables were rounded to
the nearest unit. Finally, the proportion of publications as first author was computed by
dividing the number of publications as first author by the total number of publications.

@ Springer



744 Scientometrics (2021) 126:741-755

We used frequency tables to describe sociodemographic characteristics (=categorical
variables), and medians and interquartile ranges (IQRs) to summarize bibliometric data
(=non-normal variables).

We compared the data by gender using Chi square tests for sociodemographic character-
istics and Wilcoxon rank-sum tests or univariate negative binomial regressions for all bib-
liometric data (=count data with over-dispersion) except for the proportion of publications
as first author (=proportion). (Negative Binomial Regression 2019a; b) For this variable,
its values ranging between 0 and 1, we used a generalized linear model (glm) with the logit
link, the binomial family, and the robust option to obtain robust standard errors (Papke and
Wooldridge 1996; Stata 2020).

We also carried out multivariable analyses to adjust the results for sociodemographic
characteristics (number of years since the publication of the first article grouped into six
categories, location, department and academic rank) using multivariable negative bino-
mial regressions for all bibliometric data except for the proportion of publications as first
author. For this variable, as we did for the univariable analysis, we used a generalized
linear model. As planned within the study team, we decided to include these sociodemo-
graphic variables in the multivariable model, because they are theoretically important and
might be significant confounders in the association we observed between the risk factor
(gender) and the outcome (bibliometric variables).

Using the sample size determination for negative binomial regression, we estimated that
by comparing two groups (male and female physicians), a sample of 343 would be suf-
ficient to detect a difference of five publications with type I and II error both set at 5%. We
expected the average number of publications to be 10 for male physicians and 5 for female
physicians, the ratio of the number of participants to be 0.75 and the dispersion parameter
to be five (Zhu and Lakkis 2014). We performed all statistical analyses with STATA ver-
sion 15.1 (College Station, USA).

Results

A total of 367 senior physicians were included in the study, of whom 172 (47%) were
women. Table 1 summarizes their socio-demographic characteristics. Slightly more than
half of the physicians were located in Western Switzerland (Geneva and Lausanne). Half of
them were affiliated to a department of family medicine and were senior registrars. Overall,
13% were professors. Female physicians were four times less often professors and half as
often heads of division or staff physicians. Of the 367 physicians included in the study,
85% published at least one article (N=312) with a majority of male physicians (90% vs.
79% for females, p value 0.003). Female physicians had published their first article more
recently (median: 7 years vs. 11 years for men).

Table 2 presents physicians’ bibliometric data, overall and stratified by gender. Their
median number of publications and citations was 4 (IQR 26, min—max 0-510) and 12 (IQR
225, min—max 0-43201), respectively, and their median h-index was 1 (IQR 7, min—max
0-94). All indices were statistically significantly lower for female physicians compared
to their male counterparts, with the exception of the proportion of publications as first
author, which was 13% higher in absolute terms for females (median: 33% vs. 20%, p value
0.003). As the number of female professors in our sample was extremely low compared
to their male counterparts, we repeated the analyses for professors only (N=48). Gender
differences remained, with p-values close to statistical significance: the median number of
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Table 1 Physicians’ sociodemographic characteristics, overall and stratified by gender (n=367)

Characteristics Total (n=367) Female physicians Male physicians  p value?
(n=172) (n=195)
N (%) N (%) N (%)
University hospital 0.18
Geneva 134 (36.5) 72 (41.9) 62 (31.8)
Lausanne 81 (22.1) 31 (18.0) 50 (25.6)
Bern 49 (13.3) 26 (15.1) 23 (11.8)
Basel 39 (10.6) 15 (8.7) 24 (12.3)
Zurich 38 (10.4) 18 (10.5) 20 (10.3)
Fribourg 26 (7.1) 10 (5.8) 16 (8.2)
Department 0.58
Family medicine 180 (49.0) 87 (50.6) 93 (47.7)
Internal medicine 187 (51.0) 85(49.4) 102 (52.3)
Professor < 0.001
Yes 48 (13.1) 9(5.2) 39 (20.0)
No 319 (86.9) 163 (94.8) 156 (80.0)
Hierarchical position < 0.001
Heads of division 20 (5.4) 2(1.2) 18(9.2)
Staff physicians 92 (25.1) 31 (18.0) 61 (31.3)
Senior registrars 185 (50.4) 107 (62.2) 78 (40.0)
Other® 70 (19.1) 32 (18.6) 38 (19.5)
47 tests

®Consulting physicians, senior research physicians and senior education physicians

publications was 50 (IQR 28) for female professors versus 96 (IQR 78) for male professors,
p value 0.05; the median number of citations 1117 (IQR 1486) versus 2234 (IQR 3405), p
value 0.08; and the median %-index 16 (IQR 10) versus 21 (IQR 19), p value 0.07. The only
bibliometric index that was higher among women was, again, the median proportion of
publications as first author: 20.5% (IQR 21.2) versus 17.0% (IQR 13.1), but the difference
was not statistically significant (p value 0.32).

Table 3 shows the measures of effect between bibliometric data and male gender in uni-
and multivariable analysis. In univariable analysis, all bibliometric indices were associated
with male gender (incident rate ratios ranging from 1.9 to 9.3), except the proportion of
publications as first author that was associated with female gender [odds ratio 1.7 (95% CI
1.2-2.3), p value 0.003]. In multivariable analysis, all bibliometric variables were associ-
ated with male gender, except the proportion of publications as first author [the association
with female gender was close to statistical significance: OR 1.4 (95% CI 1.0-1.9), adjusted
p value 0.07] and the number of citations per publication [incident rate ratio IRR 0.9 (95%
CI 0.7-1.3), adjusted p value 0.64]. Concerning the other variables, the IRRs ranged from
1.5 (for number of publications as first author and h-index) to 2.1 (for number of citations
and number of citations per year). The results obtained were similar if we included in the
multivariable analysis the academic rank [professor (Y/N)] in addition to the other three
socio-demographic factors (“Appendix”).

Figures 1, 2 and 3 show physicians’ number of publications, number of citations and
h-index, by the number of years since the publication of their first article and gender.
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Fig. 1 Physicians’ number of publications by number of years since first publication (data are shown sepa-
rately for female and male physicians)
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Fig.2 Physicians’ number of citations by number of years since first publication (data are shown separately
for female and male physicians)
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Fig.3 Physicians’ s-index by number of years since first publication (data are shown separately for female
and male physicians)

For all three variables, the differences between male and female physicians increased
with the number of years since their first article was published.

Discussion
Main findings

In this sample comprising all senior physicians practicing internal medicine or family
medicine in the university hospitals in Switzerland, we found that, compared to male
physicians, their female counterparts were four times less often professors and half as
often heads of division or staff physicians. We also found that the proportion of sen-
ior physicians having published at least one article was 10% lower in absolute value
for women than for men. Finally, we found that all bibliometric indices were associ-
ated with male gender, with the exception of the proportion of publications as first
author (this variable was associated with female gender in univariable analysis and the
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association was close to statistical significance in multivariable analysis) and the num-
ber of citations per publication (in multivariable analysis).

Comparison with existing literature

Several studies assessed the degree of gender inequality in academic medicine, mainly
by examining the proportion of women in senior positions and the proportion of female
authors in scientific publications (Lariviere et al. 2013; Bendels et al. 2018; Feramisco
et al. 2009; Fishman et al. 2017). Various forms of discrimination occurring in the careers
of female scientists prevent them from reaching the highest positions or hinder their aca-
demic progression (Kalaitzi et al. 2019a, b; Ramakrishnan et al. 2014; Carr et al. 2002).
Although the number of female physicians outreaches that of their male counterparts at the
outset, they become increasingly rare in the course of a scientific career. This phenomenon
has been called the “leaky pipeline” (Carr et al. 2002; Swiss Medical Weekly 2020). Our
data suggest as well that a lower proportion of women move up the academic ladder: 62%
of female physicians were senior registrars (compared to 40% of male physicians), but only
18% were staff physicians (vs. 31%) and 1% were heads of division (vs. 9%).

Regarding scientific publications, there is little data about authors’ gender to our knowl-
edge for journals in internal medicine or family medicine. According to a study by Filardo
et al. the proportion of women among the first authors (female first authorship) of six high-
impact biomedical journals (Annals of Internal Medicine, Archives of Internal Medicine,
BMJ, JAMA, Lancet, NEJM) was 37% in 2014 (Filardo et al. 2016). Another study by Jagsi
et al. showed that this proportion was 29% in 2004 in six high-impact journals, includ-
ing NEJM, JAMA and Annals of Internal Medicine (Jagsi et al. 2006). A third study by
Schrager et al. that targeted family medicine journals (Family Medicine, Journal of Family
medicine, Journal of the American Board of Family Medicine, Annals of Family Medicine,
and American Family Physician) found that the female first authorship was 34% between
2006 and 2008 (Schrager et al. 2011). Finally, a study having included 767 randomly
selected articles published in 2016 in high impact factor journals of family medicine (n=9)
and internal medicine (n=9) found that the overall proportion of female first authorship
was 48%, but that the proportion varied considerably from one journal category to another
(63% for primary health care journals and 33% for internal medicine journals) (Sebo et al.
2020).

Our study addressed gender inequalities by focusing on the productivity of researchers.
We included in the study all senior physicians practicing internal medicine or family medi-
cine in the six university hospitals in Switzerland. Our study identified a clear gender gap
as the aforementioned studies. Taking into account confounding factors, we showed that
women published on average half as many articles as men. As shown in Fig. 1, the gender
differences, which were minimal at the beginning, gradually increased over the course of a
medical career.

Interestingly, although female physicians published less than their male counterparts
they were more often the first author (proportion of publications as first author: 33% vs.
20%). The difference was statistically significant in univariable analysis and close to statis-
tical significance in multivariable analysis. Several studies showed an uneven gender dis-
tribution across authorship places, which is probably linked to women underrepresentation
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in leadership positions. In these studies, compared to men, women were relatively overrep-
resented at first but underrepresented at last authorship place (Fishman et al. 2017; Long
et al. 2015; Bendels et al. 2017; Dotson 2011). Last authors in biomedical sciences are gen-
erally more likely to be in senior positions in research teams. Senior authorship is corre-
lated with academic advancement and frequently used as a career evaluation metric (Ben-
dels et al. 2017). Our finding of a gender gap in first authorship might therefore reflect the
lower proportion of women among senior faculty members (except for first authorship, our
study was not designed to examine the authorship position). Alternatively, this relatively
high percentage of women among first authors could also mean that they are less likely
to work or be involved in a research team. Here again, our data do not allow us to verify
whether this assumption is correct.

However, this finding can also be interpreted in a more positive way, taking into account
the number of citations, which, although lower in absolute numbers for female physicians,
was similar in the two groups when examining the number of citations per publication.
Indeed, these results suggest that women are able to invest time for their research projects
and complete them, and that their publications are as useful for the scientific community as
those of their male counterparts are.

The h-index, which is defined as the number of articles h that were each cited at least h
times, and which is therefore a combined measure of the number of publications and cita-
tions, was about one-third lower for female than male physicians (incident rate ratio 1.5).

The number of female professors in our sample was extremely low compared to their
male counterparts, which could explain in part the gender differences in the bibliometric
indices. One might imagine that, compared to those with the title of professor, non-pro-
fessor researchers would be more likely to be involved in routine or non-scientific tasks
in their department, and less likely to collaborate in or be the instigator of a large num-
ber of studies. However, our results do not support this hypothesis, the gender differences
remained whether we limited our analyses to professors only. Furthermore, the results of
the multivariable analysis were not modified by the adjustment for academic rank (profes-
sor yes/no).

Socio-cultural perspective

Gender inequality in academic medicine is a complex and evolving issue (Kalaitzi et al.
2019a, b; Reed and Buddeberg-Fischer 2001). Socio-cultural factors such as work-family
balance preferences are likely to have a major influence on gender differences in scien-
tific productivity (Kalaitzi et al. 2019a, b; Ramakrishnan et al. 2014; Lachish et al. 2016).
Indeed, the balance that some women create between their career and family aspirations
makes it difficult for them to devote the time necessary to their academic work. In addition,
some forms of gender based discrimination are still occurring in academic medicine and
are changing the academic trajectories of women (Bates et al. 2016; Kalaitzi et al. 2019a,
b; Ramakrishnan et al. 2014).

In addition to combating stereotypes and discrimination, various strategies could be
implemented to try to reduce gender inequalities in academic research. Possible strategies
include providing strong role models for female researchers and promoting flexible work-
ing hours, developing curricula aiming to an optimal work-private life balance and working
on the establishment of alternative indicators to evaluate academic careers.
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Limitations

Some limitations need to be kept in mind when considering our results. First, the study
sample consisted only of physicians practicing internal medicine or family medicine in
the six Swiss university hospitals. The findings cannot necessarily be generalized to other
physicians or researchers in Switzerland, or to other countries. Second, the risk of errors
in publication lists cannot be completely excluded, even though we standardized search
procedures and duplicated all searches. In order to reduce this risk as much as possible, we
reviewed all the publications of each physician included in the study. Doubts about certain
publications (mainly articles that could have been authored by homonyms) were resolved
by discussion within the study team. In addition, we preferred to retrieve physicians’ pub-
lication lists using their first name spelled out in full. Even though this strategy probably
reduced the risk of homonymy, we might have missed a few publications that were refer-
enced without the full first name. Third, the data for the study were collected at only one
point in time (March 2020). It would have been useful to collect data over several years in
order to assess the evolution of the gender gap. Finally, this bibliometric study is limited by
the absence of information concerning certain important socio-demographic characteris-
tics, such as physicians’ age.

Conclusion

In summary, in this sample comprising all senior physicians practicing internal medicine
or family medicine in the six university hospitals in Switzerland, we found a lower propor-
tion of women moving up the academic ladder (a phenomenon known as “leaky pipeline”).
We also found that the proportion of senior physicians having published at least one article
was 10% lower in absolute value for women than for men. Finally, we found that all biblio-
metric indices were associated with male gender, except the proportion of publications as
first author that was associated with female gender.
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