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ABSTRACT: A bibliometric study of authors across medicinal
chemistry journals over 20 years reveals important trends. Most United
States (US) based authors are assigned as racially/ethnically Asian or
White; few are Black or Hispanic. More US coauthors have the same
race/ethnicity as the corresponding author than expected. The
percentage of female authors increased globally, but only slowly. Since
2010, the number of female and male authors declined by 9% and 30%,
respectively. Geographically, most authors are male except in Italy where
there is gender balance. Gender homophily is observed globally.
Geographically, the discipline is now more widely practiced. Article
output doubled from 2000 to 2010 with a large increase in articles from
China. China excepted, output has since declined. The average number
of authors per article rose by a third since 2000. The value of high
diversity groups in education, research, and industry cannot be overstated. We recommend diversity is addressed by every medicinal
chemist.

■ INTRODUCTION
Chemistry Is Not Diverse. Nobel prizes are some of the

most prestigious accolades in science. In chemistry, only 7
women have won a Nobel prize compared to 179 men, a
significant difference, even accounting for fewer women in
science (vide inf ra).1,2 There have been no Black Nobel prize
winners in any science subject despite widespread and
significant contributions.3 These imbalances permeate science,
and action is required.4

The Aims of This Perspective. This perspective explores
race/ethnicity/origin, gender, and geography of authors of
medicinal chemistry articles through bibliometric analyses of
published journal information. The aims are to gain a greater
understanding of diversity in the field over the last 20 years, to
highlight the current status, and to raise awareness of recent
trends. The findings should be of value to scientists, managers,
and policy makers in medicinal chemistry and may have
application in related subjects.

Why Explore Medicinal Chemistry and Not Chemistry
in General? Medicinal chemistry was selected for several
reasons. First, it is the background of some of the authors
(R.J.D.H., S.P.M., and S.J.F.M.); second, it is carried out in
academia, industry, and nonprofit institutions; and third it is
carried out globally. Fourth, analysis of chemistry articles as a
whole provides averaged data from across the subcategories of
chemistry, many of which have quite different metrics.5 For
example, the gender balance in organic chemistry is quite
different from that of medicinal chemistry which is different
again compared to computational chemistry (for further

background and references, see the later section titled
“Previous Studies in Medicinal Chemistry and Related
Fields”). Thus, data from this specific field allows clear trends
and potential actions to be identified for this specific field.
Fifthly, this perspective may also provide useful benchmarking
data in the field of medicinal chemistry which could then
inform diversity policies in the institutions.6 Finally, the
findings may also be valuable to publishers as they seek to
address a long-standing issue of how to increase diversity and
inclusion in the articles they publish.7,8

DiversityEqual Opportunities and Treatment for
All. Why is diversity so important? We highlight two reasons.
Primarily, and most importantly, diversity means providing
equal opportunities and treatment to all. Second, diversity
catalyzes innovation.

Scienceand medicinal chemistry herehas in large part
been practiced by White males. A recent Nature editorial9

entitled “Systemic racism: science must listen, learn and change”
states:
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We recognize that Nature is one of the white institutions
that is responsible for bias in research and scholarship. The
enterprise of science has beenand remainscomplicit in
systemic racism...

There is also considerable evidence that scientists are treated
differently and have different opportunities according to their
gender, race/ethnicity/origin, and/or sexual orientation.10−12

In science, discrimination is evident in the workplace13,14 and
in educational institutions,15,16 where, for the latter, student
uptake and progression for minority groups at universities is
low;17 the “doctoral dearth” is widespread in the United States
(US).18 Some students have even lacked a sense of
belonging.19 There is evidence of racial and gender
discrimination in the hiring of women and minority groups
in STEM subjects,20 a lack of advancement to leadership
positions,21 and lower publication rates for research academ-
ics22 leading to a gender-productivity gap.23 The devaluation of
women’s work in science creates cumulative disadvantages in
scientific careers.24 Innovative ideas from minority groups are
also frequently devalued and discounted.25 Gender bias has
even been seen in factors affecting sex-related reporting in
biomedical journals.26 Drugs have been marketed with
insufficient trials in females, resulting in sex-specific toxicity
effects being observed.27−29 Even a therapeutic, BiDil, was
marketed for heart failure for patients who self-report as Black,
but this received negative press.30

As a result of such widespread discrimination, there are now
many initiatives both to raise awareness of these issues and to
provide much greater access to science to all31,32 consistent
with Mertonian’s norms.33 The importance of diversity and
representation in the sciences is clearly of paramount
importance for ethical reasons, so all scientists have the
opportunity to meet personal goals and for scientific
advancement.

DiversityEnhancing Innovation. Innovation is partic-
ularly relevant to medicinal chemistry. New medicines
continue to transform human health and improve the quality
of life but drug discovery - of which medicinal chemistry plays
a key part - remains enormously challenging and expensive. It
is a field with very high social and economic significance where
innovation is at a premium and this can be enhanced with a
diverse workforce.

High diversity groups provide a number of advantages to
solving problems including richer and alternative approaches
and access to a wider talent pool. There is substantial evidence
that a diverse workforce catalyzes innovation particularly those
requiring team efforts,34 where cognitive,35 gender36,37 and
race/ethnicity diversity38 can be invaluable in identifying the
best solutions39 and can lead to greater long-term economic
growth.40

Historically, a common approach in recruitingparticularly
in the pharmaceutical industryhas been “to hire the best”
from a subset of the top universities. However, hiring the
brightest minds with similar qualifications and experiences
from the same universities runs the risk of cognitive and
demographic homogeneity which may be suboptimal, in
tackling tough problems.41

Previous Studies in Medicinal Chemistry and Related
Fields. What is already known about diversity in medicinal
chemistry? To our knowledge, there have been few studies on
the race, ethnicity, or origin42 of authors or geography, that is,
where medicinal chemistry is practiced. In contrast, previous
studies have focused on gender balance in science, patents,43

and chemistry as a whole;5 the granularity for medicinal
chemistry is not reported. The experiences of female chemists
and gender balances in some of the subdisciplines in chemistry
have been described including computational chemistry,44

medicinal chemistry,45−47 organic chemistry,48 supramolecular
chemistry,49 and process research.50 Excellent recommenda-
tions and calls to action have been made.51,52 Additionally,
preliminary bibliometric studies of chemistry articles focusing
on gender by the Royal Society of Chemistry in the United
Kingdom (UK)5 and by Cotton and Seiple53 have been
reported, but we are unaware of detailed data for medicinal
chemistry articles as presented here. Other bibliometric studies
of medicinal chemistry articles include exploring the geo-
graphic origins of articles published from Latin America, India,
and China,54 the contributions of Brazilian55 and Russian56

scientists to the field, and a detailed analysis of articles in the
Journal of Medicinal Chemistry.57 Previously, we have published
data on the number of articles in medicinal chemistry journals
over the last two decades noting that while there has been an
increase in articles overall particularly from academia and
nonindustrial institutions, there has been a decline in those
from pharma.58 The analyses here are an extension of that
work.

Summary of the Methodology. Our analyses here focus
on bibliographic data from medicinal chemistry articles with
the data extracted from Pubmed and Scopus. The algorithms
used for race/ethnicity/origin and gender are widely used.
These, and some of their limitations, are discussed later. The
data set obtained is large enough to provide statistically
significant trends (over 640,000 authors in 87,000 articles over
20 years).

Overview of Results. This bibliometric analysis reveals the
relative homogeneity of the scientific workforce in two main
ways. First, most medicinal chemists are male. In nearly every
country, women form a distinct minority of the medicinal
chemistry workforce and while this is slowly changing, in some
countries at the current rate it will take many decades to reach
gender balance. Second, the vast majority of medicinal
chemists are (as assigned by an algorithmsee later) either
racially or ethnically White or Asian. Based on our analyses,
few medicinal chemists are assigned as Black or Hispanic. The
proportion of medicinal chemists from these groups are
significantly lower compared to the proportions in the general
population of some countries even where huge amounts of
capital are spent on research, with the US being the prime
example. Unlike gender balance, there is no indication that
these proportions have changed for either group in the last 20
years. Third, the discipline, which historically59 was mainly
(but certainly not exclusively) carried out in the US, Europe
and Japan, has recently widened significantly, particularly in
China. Fourthly, the number of authors per publication have
risen substantially particularly in the highest impact journal
studied.

In the first section of this Perspective, a description of the
methodology is provided. Then, in three distinct sections, we
present analyses of (i) the race/ethnicity,60 (ii) gender, and
(iii) geographic location of authors in medicinal chemistry.
The last section also includes the changes in the average
number of authors per article. Some final remarks are then
made in the conclusion. Statistical details are provided in the
Supporting Information (SI).
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■ METHODOLOGY

Extensive details of the methodology and limitations are
provided in the SI. Key points are described here.

Journal Selection. Analyzed here are articles from a set of
medicinal chemistry journals over an 18−20 year period. The
journals selected are those that predominantly publish original
research and are based on the “Journal Citation Report”
category for “medicinal chemistry” from Clarivate (see the SI).
The four journals studied that predominantly published full
articles were Bioorganic Medicinal Chemistry (BMC), Chem-
MedChem (CMC), the European Journal of Medicinal Chemistry
(EJMC), and the Journal of Medicinal Chemistry (JMC). The
three journals that mainly published communications or letters
were ACS Medicinal Chemistry Letters (ACS MCL), Bioorganic
Medicinal Chemistry Letters (BMCL) and MedChemComm
(MCC) (which was renamed RSC Medicinal Chemistry in
2020). The Journal of Organic Chemistry (JOC) is used as a
comparator high quality journal from a single subdiscipline of
chemistry (organic chemistry). The resultant journal set
therefore are the more well-known and prestigious in the
field (based on impact factor). These are also the journals that,
from over 60 years in the field, the authors recognized as
primary sources for medicinal chemistry research (see the
SI).58,61

Race/Ethnicity/Origin Algorithms. All author names
were assigned race, ethnicity or origin using established
algorithms based on US62 and UK63 voting or census data
where race/ethnicity/origin is self-reported. Comments on the
weaknesses and bias of both algorithms are described in the
original papers.62,63

To address the ambiguity in the assignment of names using
the US algorithm, statistical simulations were carried out
10 000 times to improve the assignments of race/ethnicity and
reduce the possibility of racial/ethnic profiling. Additional
details of statistical methods are provided in the SI.

It is appreciated that there are concerns regarding the
assignment of race/ethnicity/origin in the context of a growing
number of people with a multiracial and multiethnic

background. The terms “race and ethnicity” used here are
those used in reported data from the US and UK censuses. The
difference in the meanings of “race” and “ethnicity” are
complex.60 For example, the literature that describes the
algorithms used here, uses the word “ethnicity” but the US
census uses the word “race”.

Gender Algorithms. Authors were assigned gender in a
binary fashion (that is, as male or female) using established
algorithms, and statistical simulations were also carried out for
gender assignments (provided in the SI).

A limitation to this gender assignment methodology is that it
only assigns sex and does not take account of nonbinary
individuals or individuals who identify as gender neutral or
other gender categories. Data on this important area is lacking
to the best of our knowledge, which means we have been
unable to take account of nonbinary members of the medicinal
chemistry community. Recent studies of transgender individ-
uals in the US by Meerwijk and Sevelius estimated prevalence
at around 390 people out of 100 000 and, quoting directly
from their study, “may be more indicative for younger adults”
than the entire population although a referee pointed out that
there may be an age-correlated social stigma on trans-
genderism.64 In another study from the US, the transgender
or gender nonconforming populations is estimated at between
0.1 to 2% of the general population depending on inclusion
criteria and location.65 Based on these studies, it is therefore
unlikely that the number of transgender or gender neutral
authors would change the conclusions.

Intersectionality and Major Limitations. Details of
these are provided in the SI.

■ RACE AND ETHNICITY

In an ideal world, the ethnic makeup of employees of a large
institution might be expected to reflect the population
demographic of the country concerned, but in reality this is
rare.66 For many complex reasons beyond the scope of this
Perspective, representation of minority ethnic/racial groups in
certain workplaces and fields is significantly unbalanced

Figure 1. Estimated percentage race/ethnicity/origin of corresponding authors and all authors from all institutions globally based on articles
published in the six medicinal chemistry journals from 2002 to 2019. For authors who wrote more than one article, each article is counted
separately (i.e., each article is included in the data set). The definition of “Other” is any other race/ethnicity/origin than that listed; see Table S2 for
details.
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