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EDITORIAL

Important Questions Deserve Rigorous 
Analysis: A Cautionary Note About 
Selection Bias
Lucia C. Petito , PhD; Louisa H. Smith, PhD

In this issue of the Journal of the American Heart 
Association (JAHA), the article by Millenaar et al. ti-
tled “Sex Differences in Cardiovascular Research: 

A Scientometric Analysis,” tackles a pervasive issue 
in cardiovascular research: the sex gap in publish-
ing.1 We commend the authors (henceforth referred to 
as “researchers” to avoid confusion with the authors 
they study) for tackling this difficult topic, adding to a 
growing body of literature documenting both historical 
underrepresentation of women in and recent upwards 
trends in number of publications by female authors in 
published cardiovascular research.2–4 As female re-
searchers ourselves, we agree with the researchers’ 
conclusions that structural changes—such as parity in 
pay and mentorship programs—are important steps 
toward reducing disparities between men and women 
in research opportunities. However, this important 
issue deserves to be held to rigorous standards, both 
for study design and statistical approach.

The researchers assert in their discussion that over 
the last decade there has been “an overall increase in 
the number of cardiovascular research articles, driven 
by a relative increase in female first and last authorship 
position.”1 They also draw conclusions about the over-
all research quality of publications written by female 

versus male first and senior authors by comparing im-
pact factors and H-Indexes thereof. Other researchers 
have pointed out limitations in inferring gender or sex 
in bibliometric analyses, chiefly that biological sex as-
signed at birth does not necessarily reflect the spec-
trum of gender identity, and names do not necessarily 
reflect either biological sex or gender identity.5–7 That 
limitation notwithstanding, we have chosen to focus 
our comments here on the fact that author sex was 
unable to be ascertained for over 30% of articles in 
the sample—a number that is compatible with that 
found in other bibliometric analyses on this topic.1,4 
Accordingly, our criticism pertains to any analysis, ob-
servational or experimental, with a substantial amount 
of missing data.

The researchers initially retrieved 387  463 arti-
cles from the Web-of-Science Core Collection.8 After 
processing them through the Science Performance 
Evaluation web application and using a Python library 
(https://pypi.org/proje​ct/SexMa​chine/) to assign author 
sex, they excluded 117 636 articles—more than 30% 
of their sample—owing to their inability to assign the 
sex of the first author.1,9 The researchers present some 
data about the articles with first authors of unknown 
sex in the Supplemental Material but otherwise do not 
address this issue in their analysis. However, the char-
acteristics of the excluded articles differ in almost all re-
spects from those of the included articles. Missing data 
such as these can introduce substantial selection bias.
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For example, in the results section the researchers 
place emphasis on global findings, namely that “female 
cardiovascular publications were distributed unevenly 
around the globe,” with the majority of female first-
author articles from European and North American 
countries.1 However, likely because Asian names are 
more difficult to classify via algorithm, a substantial 
number of articles written by first authors from Asia 
were excluded.10 In their initial data pull, 102 733 pa-
pers were from Asian countries, but the researchers’ 
analytic sample included only 44  194 articles from 
Asian countries and excluded 57  913 articles—56% 
of those from the initial pull—owing to unknown sex 
of the first author.1 The researchers found that Asian 
countries had the lowest ratio of female to male first 
authors, at 0.4. To understand the possible selection 
bias, we can compute what percentage of the missing 
authors would have to be female for the researchers’ 
conclusions to change (Figure). If just 41% of those 
authors with unknown sex were truly female, the 

female to male ratio would be 0.55, the same as was 
observed in North America (12  640+(0.41×57  913))/
(31 554+(0.59×57 913)). If nonclassifiable Asian names 
were equally likely to be female as male, then the 
ratio would be 0.69, which would imply that the ratio 
observed in Asia was more favorable toward female 
authors than in North America. Moreover, if 66% or 
greater of nonclassifiable publications were written by 
female authors, the ratio would be >1.0, implying more 
publications by female first authors than male in Asian 
countries. Understanding how the missing data would 
need to be distributed to invalidate the findings from 
an analysis can shed light on the plausibility of those 
distributions.

Such calculations are a form of sensitivity analysis, 
in which assumptions about the data or analysis meth-
ods are varied in order to understand how much the 
results would change. Deciding whether it is possible 
that as many as 41% or 50% of the missing Asian au-
thors were female requires more knowledge about the 

Figure 1.  Estimated ratio of number of female to male first author publications under varying assumptions of what 
percentage of publications with unknown sex are truly written by female first authors.
The dashed line indicates the observed ratio in the nonmissing data presented in Millenaar et al.1
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data, but we can get some hints from what the authors 
provided. For example, among all last authors with as-
signed sex, those who coauthored with first authors 
of unknown sex are relatively more likely to be female 
than those whose coauthors also had an assigned 
sex.1 Patterns of sex homophily in this study and oth-
ers tell us that those with unknown sex are therefore 
likely more often female than those with known sex.11 
A sensitivity analysis may incorporate other back-
ground knowledge as well; for example, many English-
language names that were historically male are now 
given to girls, which may make certain names belong-
ing to women more difficult to classify.12

Other forms of sensitivity analysis may involve re-
peatedly assigning values for sex to the missing data 
and repeating the analysis.13 The assigned values 
would be drawn according to some probability distribu-
tion. A validation study in which the researchers hand-
code sex in a small random sample of the authors with 
missing data could inform those probabilities. When 
multiple variables are missing—for example, first and 
last author sex—they can be drawn together from a 
joint probability distribution. Other sensitivity analysis 
methods for selection bias are applicable to specific 
statistical parameters, such as the odds ratio from a 
case-control study.14

Of course, sensitivity analysis does not and cannot 
tell us what the truth is; in a world with infinite resources 
and time, the researchers would make a heroic effort to 
reach out to the corresponding authors of all publica-
tions with unknown author sex and ask for more infor-
mation. In fact, prior work that has focused on a more 
limited number of journals has done exactly this.2 Even 
then, with a larger sample size of journals, nonresponse 
could likely result in some remaining bias. Although se-
lection bias can seem like an intractable problem, better 
data sources and study designs can help avoid it alto-
gether, statistical methods can help correct for it, and 
sensitivity analysis can help us begin to understand its 
extent and implications in a particular situation.15

There is no disputing the fact that sex differences 
have been observed in authorship of published cardio-
vascular health research for decades. It is of paramount 
importance that women have equitable opportunities 
to build and thrive in careers in cardiovascular health 
research and that structural barriers are recognized 
and removed to promote their success. Although we 
should all celebrate that the number of female first-
author cardiovascular publications has increased in 
the last decade, we should consider whether these 
findings are our own confirmation bias speaking or if 
they arise from unaddressed selection bias. When im-
portant questions are on the line, it is incumbent on the 
research community to hold the quality of evidence to 
a higher standard.
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