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ACADEMIC PERSPECTIVES
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X M. Ahmadi, X K. Khurshid, X P.C. Sanelli, X S. Jalalkhan, X T. Chahal, X A. Norbash, X S. Nicolaou, X M. Castillo, and X F. Khosa

ABSTRACT

BACKGROUND AND PURPOSE: There has been extensive interest in promoting gender equality within radiology, a predominately male
field. In this study, our aim was to quantify gender representation in neuroradiology faculty rankings and determine any related factors that
may contribute to any such disparity.

MATERIALS AND METHODS: We evaluated the academic and administrative faculty members of neuroradiology divisions for all on-line
listed programs in the US and Canada. After excluding programs that did not fulfill our selection criteria, we generated a short list of 85 US
and 8 Canadian programs. We found 465 faculty members who met the inclusion criteria for our study. We used Elsevier’s SCOPUS for
gathering the data pertaining to the publications, H-index, citations, and tenure of the productivity of each faculty member.

RESULTS: Gender disparity was insignificant when analyzing academic ranks. There are more men working in neuroimaging relative to
women (�2 � 0.46; P � .79). However, gender disparity was highly significant for leadership positions in neuroradiology (�2 � 6.76; P �

.009). The median H-index was higher among male faculty members (17.5) versus female faculty members (9). Female faculty members have
odds of 0.84 compared with male faculty members of having a higher H-index, adjusting for publications, citations, academic ranks,
leadership ranks, and interaction between gender and publications and gender and citations (9).

CONCLUSIONS: Neuroradiology faculty members follow the same male predominance seen in many other specialties of medicine. In this
study, issues such as mentoring, role models, opportunities to engage in leadership/research activities, funding opportunities, and mind-
fulness regarding research productivity are explored.

Gender disparity among medical students, residents, physi-

cians, and faculty members is widespread, and several re-

ports show an underrepresentation of women in academic med-

icine.1-6 It is interesting to note that in North America (US and

Canada), female physicians have been shown to be equally

likely as men to pursue a career in academic medicine.5 Despite

the similar amount of prospective interest in academics, the

proportion of women who successfully advance to the rank of

professor is significantly lower.7,8 Women who occupy faculty

positions are also more likely to leave academics for commu-

nity or hospital practices.9 This has been explained in part by a

lack of adequate mentorship and the inability of women to be

promoted at the same pace and on the same timeline as men.

These factors contribute to the relative lack of female leaders in

academic medicine.

Although there is gender parity for medical students and res-

idents in the North America, when analyzing faculty members of

medical institutions, female physicians only constitute 38% of

faculty rosters.1,3 When examining senior academic adminis-

tration, the gender disparity increases even further. In the US,

women account for only 21% of full professors, 16% of medical

school deans, and 15% of department chairs.1,3 The only aca-

demic rank in which women outnumber men in the US is the

clinical instructor level.1

This is a concern because increased diversity allows for a more

creative, productive, egalitarian, and innovative environment. A

lack of gender parity within faculty rankings may specifically also

adversely affect initiatives, collaborations, and research efforts

where women’s health is concerned. The described gender dispar-

ity also leads to a lack of female faculty members serving as men-

tors and role models. Medical students and those interested in
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pursuing medicine look to mentors for encouragement and inspi-

ration.10-12 The lack of strong corrective actions regarding gender

disparities within academic medicine over the past decade sug-

gests the need for active intervention.1,3,10,11 An improved under-

standing of gender disparities in academic medicine would allow

solutions to be formulated and implemented.

Previous research in anesthesia, gastroenterology, ophthal-

mology, otolaryngology, plastic surgery, and general surgery

highlight gender disparities favoring men in relation to factors

such as research productivity, income, leadership, and faculty

promotion.13-19 Not surprisingly, previous studies have also

shown a similar male predominance in radiology.20-22

Radiology has men overrepresented in residency programs,

academic departments, and private practice groups.21 Prior re-

ports show that in the US, women occupy 27% of the radiology

residency positions.23 When investigating contributory reasons,

surveys of medical students have shown a lack of exposure early in

their training, a lack of role models, and the apparent lack of

patient contact as major deterrents for women considering radi-

ology as a career choice.24-26

Prior reports have shown that women across the US are un-

derrepresented in radiology senior faculty positions.20,22 A study

of female representation in radiology subspecialties such as neu-

roradiology has not been published in the literature. Our aim was

to quantify the gender imbalance of neuroradiology faculty rank-

ings and related or explanatory factors that may contribute to

such a disparity. Our hope is our findings will help initiate addi-

tional research, and ultimately interventions, in both neuroradi-

ology and the larger academic medical community.

MATERIALS AND METHODS
We tabulated the gender of academic and administrative faculty

members in the neuroradiology divisions of all the programs

across the US and Canada. First, we created a list of all diagnostic

radiology programs in North America (Canada and US) by using

the Web site of the Fellowship & Residency Electronic Interactive

Database, or FREIDA, which provides a list of 227 Accreditation

Council for Graduate Medical Education–accredited diagnostic

radiology programs of the American Medical Association. For the

diagnostic radiology programs in Canada, we referred to the Ca-

nadian Resident Matching Service Web site, which provided a

total of 16 programs. Using these Web sites, we compiled the list

of diagnostic radiology programs that included their faculty ros-

ters on their individual Web sites. We excluded programs that did

not include faculty rosters and those that had rosters but did not

provide any information regarding administrative or faculty rank.

We then filtered the remaining programs to specifically identify

neuroradiology programs. After applying these selection criteria,

we evaluated 85 US and 8 Canadian programs. Data collection

started in July 2016 and included reviewing selected programs’

Web sites for their faculty rosters and individual faculty. Inclusion

criteria were full-time faculty members with the academic rank of

professor, associate professor, or assistant professor with MD de-

grees and a listing on the affiliated university Web site. Faculty

with departmental leadership roles such as chair, vice chair, pro-

gram director, and associate and assistant program directors were

included. Faculty not having stated academic ranks were ex-

cluded. Exclusion criteria were also applied to adjunct, emeritus,

and retired faculty as well as faculty who did not have an MD

degree or whose gender could not be ascertained. We used Elsevi-

er’s SCOPUS to determine the individual faculty member’s pub-

lications, H-index, citations, and productivity. SCOPUS was cho-

sen because it is a robust and reliable tool for measuring the

H-index compared with Google Scholar and Web of Science.

RESULTS
We found 465 faculty members who met the inclusion criteria of

our study. Among them, 76.9% (358/465) were men and 23.01%

(107/465) were women. Most of them (87.3% [406/465]) were

from the US, and 12.69% (59/465) were from Canada (Table 1).

Faculty academic ranks were available for 447. Among them,

50.34% (225/447) were assistant professors, 27.74% (124/447)

were associate professors, and 21.92% (98/447) were professors.

Of the assistant professors, 75.11% (169/255) were men, whereas

24.89% (56/255) were women. Among associate professors,

76.61% (95/124) were men, whereas only 23.39% (29/124) were

women. Last, among the professors, 78.57% (77/98) were men;

however, 21.43% (21/98) were women. Of the 72 faculty serving

in leadership positions, 84.7% (61/72) were men, and 15.28%

(11/72) were women. Of those in the higher leadership ranks,

91.8% (56/61) were men, and only 8.2% (5/61) were women. In

lower leadership ranks (eg, co-chair, deputy director), 63.6% were

men (7/11), and 36.36% were women (4/11).

Data for citations, publication, and H-index did not follow a

conventional or balanced distribution. For that reason, medians,

ranges, and nonparametric tests were carried out. To calculate

regression, all variables were first log-transformed.

In the bivariate analysis, the �2 test was used to evaluate the

association of gender with academic and leadership rank.

There was a higher number of men (358 [76.9%]) among the

neuroradiology faculty compared with women (107; [23.01%]).

When considering gender incidence against leadership rank, the

gender discrepancy was evidenced as highly significant (�2 �

6.76; P � .009), with 87.5% of leadership ranks occupied by men

compared with 12.5% of leadership ranks occupied with women.

The median of time spent in academia among the male faculty was

20 years and was 17 years among the female faculty.

H-index was noted for 360 faculty members. After testing for

association of gender with H-index using the Wilcoxon rank sum

test, we found an insignificant difference (test statistics � 0.46;

P � .794) when assessing the 2 genders. Upon applying the

Kruskall-Wallis test, there was a significant difference between

academic rank H-index (Fig 1) across all academic ranks (�2 �

113.32; P � .001), with a median male H-index of 17.5 and a

median female H-index of 9.

Data were tested for normality. Log-transformation was per-

formed considering the continuous variables of H-index, cita-

tions, and the number of publications, which were initially

skewed in distribution. At the univariate level, simple linear re-

gression was applied. Each variable was regressed independently

considering H-index, the assumptions were assessed, and their

significance was reported. Gender relationships were our primary

consideration of interest. Variables that both were investigated

and were significant on univariate regression included gender,
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publications, citations, years of active research, academic ranks,

and leadership ranks. These variables were selected for inclusion

into multivariable linear regression analyses. We checked for mul-

ticollinearity between independent variables, which were assessed

by using a correlation coefficient. The Cramer V test was used for

1 nominal and 1 ordinal variable; the Spearman test was used for

1 continuous variable and 1 ordinal variable. A correlation of 0.8

was treated as the presence of multicollinearity. There was no

multicollinearity seen. Main effects were

identified by using a stepwise selection

strategy and were based on the P value;

we decided to either preserve a variable

in the model or to drop it. As one exam-

ple, years of research (P � .30) was

dropped from the model. The multivari-

able analysis supported the inclusion of

gender, citations, publications, aca-

demic rank, and leadership rank in the

preliminary model. The final step was to

check for interaction effect. Interaction

terms were created between each of the

main effects in the model; 2 examples

include significant interaction between

gender and citations and between gen-

der and publications. Academic rank,

publications, and citations were not

confounders for the H-index.

The final model:

y (x) � �0 � �1 (Gender) � �2 (Publica-

tions) � �3 (Citations) � �41 (Aca-

demic Rank: Associate Professor) � �42

(Academic Rank: Professor) � �5

(Leadership Rank: Second in Com-

mand) � �61 (Gender � Publications)

� �62 (Gender � Citations)

Female faculty had odds of 0.84 com-

pared with male faculty, also having a

higher H-index when adjusting for pub-

lications, citations, academic rank, lead-

ership rank, and interaction between

gender and publications and gender and

citations. This prediction equation ac-

counted for major variability in the

model as adjusted with R2 � 0.92; the F

test was 57.11, and the P value was �

.001. The remaining variability in the

model may have been explained by vari-

ables such as full-time versus part-time
employment, years of employment, and
contract versus tenure positions. Exam-

ining these additional variables was be-

yond the scope of our paper, as we used

data that were publicly available.

DISCUSSION
Neuroradiology faculty members are

predominantly men, similar to the gen-

der imbalance seen in diagnostic radiology and many other spe-
cialties in medicine as previously demonstrated.13-19 Women fill
only 25% of assistant professor positions, 23% of associate pro-
fessor positions, and 21% of professor positions among neurora-

diology faculty members analyzed in our study. It may be argued

that women only comprise 27% of radiology residents according

to 2014 Association of American Medical Colleges data, and a

continuation of that fraction through the rising ranks suggests

FIG 1. Distribution of median H-index according to academic ranks and gender.

Table 1: Description of baseline characteristics for neuroimaging faculty in North America

Variables Men Women
Total Available

Numbers
Total population, no. (%) 358 (76.9) 107 (23.01) 465 (100)
Academic ranks, no. (%)

Assistant professors 169 (75.11) 56 (24.89) 225 (100)
Associate professors 95 (76.61) 29 (23.39) 124 (100)
Professors 77 (78.57) 21 (21.43) 98 (100)

Leadership, no. (%)
Heads, chiefs, chairs, and directors 56 (91.8) 5 (8.2) 61 (100)
Second in command: associate chiefs, vice

chairs, deputy directors
7 (63.6) 4 (36.36) 11 (100)

Citations USA Canada
Assistant professors n � 110 n � 29 n � 139

Median 103.5 53 96
Range 0–4935 2–4507 0–4935

Associate professors n � 71 n � 23 n � 94
Median 292 376 301.5
Range 0–15,039 4–7871 0–15,039

Professors n � 61 n � 19 n � 80
Median 2065 1081 1745
Range 22–21,708 0–9548 0–21,708

Publications
Assistant professors n � 128 n � 34 n � 162

Median 12 12.5 12
Range 1–144 2–245 1–245

Associate professors n � 80 n � 24 n � 104
Median 23 28.5 23.5
Range 2–349 2–177 2–349

Professors n � 70 n � 20 n � 90
Median 81.5 55 72
Range 5–460 3–285 3–460
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that the 20%–25% range in faculty rankings may be appropri-

ate.27 Gender disparity was highly significant for leadership posi-

tions (�2 � 6.76; P � .009 [Table 2]).

The reasons for gender disparity in neuroradiology leadership

positions are likely multifactorial and warrant examination. Pre-

vious studies exploring women in academic medicine have shown

unique barriers faced by female physicians throughout their ca-

reers.28 For example, female physicians have been shown to have

fewer available same-sex mentors, receive fewer research oppor-

tunities, and also encounter greater difficulty in obtaining fund-

ing from the National Institutes of Health.28 Some experts also

believe that additional responsibilities such as child care and dis-

proportionate home responsibilities outside of work are gender-

specific barriers unique to women.28 Hofler et al29 examined these

encumbrances and concluded that specialties that allow for more

predictable work hours may lead to fewer gender disparities. Oth-

ers refute these contentions and state that increasing numbers of

women are choosing to make personal sacrifices at the expense of

advancing their professional lives and careers.30

A recent study of women in leadership positions in emergency

medicine residency programs by Cheng et al31 demonstrated that

of 133 university emergency medicine programs in the US, 7.5%

have a female chair. Compared with other emergency medicine

programs in the US overseen by male chairs, programs with fe-

male chairs had a higher percentage of female faculty (22% versus

31%). Studies have shown that having an identifiable mentor

doubles a physician’s chance of being promoted.32 Mentorship,

leadership, and promotion are connected, leading to the conten-

tion that female physicians with guidance, role models, and men-

tors are more likely to be promoted in academic centers.

In terms of satisfaction in regards to mentorship, previous

studies have shown that male physicians report higher satisfaction

with the mentoring experience than their female counterparts

(53% versus 42.5%).28 The lack of women in leadership positions

within neuroradiology is a contributory cause for concern. With-

out active correction, this lack of female mentors will likely per-

petuate the lack of women in academic leadership positions.

In exploring research productivity and citation counts, we as-

sessed the H-index of faculty members to identify the presence of

discrepancies between men and women. The H-index is based on

the most cited papers of the author, other publications, and the

number of citations they have received from other authors.33 The

H-index is widely used to evaluate and compare scholarly efforts

and is particularly helpful when assessing impact because it rep-

resents not only quantity, but also quality of publications as

judged by citability. This information is often used to help with

promotion decisions and the allocation of funding resources and

is therefore meaningful and important where academic rank pro-

motion potential and leadership promotion are concerned.33

We studied the H-index for 360 of the total 465 faculty mem-

bers, and we discovered that median H-index was higher among

male faculty compared with female faculty (17.5 versus 9 [Table

3]. As one measure of potential future academic success, previous

studies in Academic Radiology have suggested that an H-index of

10 may represent a reliable metric to determine the likelihood of

receiving funding from the National Institutes of Health.34 In our

analysis, male faculty members had more citations and publica-

tions than women in all academic ranks (Table 1). Upon applying

the Kruskall-Wallis test, there was a significant gender-related

difference between academic ranks and H-index (Fig 1) across all

academic ranks (�2 � 113.32; P � .0001). As noted, female faculty

members had fewer total citations compared with men (Table 1).

The demonstrated difference between academic ranks and H-

index suggests the importance of research productivity. This find-

ing also highlights concerns regarding barriers female physicians

may face in academic faculty ranks. A recent study assessing radi-

ology faculty demonstrated that men and women were similarly

likely to be full professors; however, differences in promotion and

research productivity were also present, suggesting that female

radiologists may lack equal research opportunities.35 Our find-

ings suggest that to minimize gender disparities in leadership po-

sitions, female physicians will benefit from increased availability

of mentors and opportunities for research and funding.

Limitations
One of our study limitations recognizes that we collected our

information regarding faculty members from publicly accessible

academic department Web sites. It is possible that the informa-

tion on these Web sites may not have been up to date. One addi-

tional limitation is that our methodology represents a snapshot in

time. This is important because a female faculty member may

have served in a leadership role several years prior, which would

not be present on current data, yet would be important for report-

ing their involvement. We were also unable to determine the H-

index for 105 of the total 465 faculty members because of a lack of

available information. In addition, we were not able to determine

all sought statistics for each faculty member. For example, if we

were able to secure career stage, age, and length of time the person

has been in his or her current role, that would have allowed us to

perform a more detailed analysis. Another variable that we were

unable to reliably calculate but could help explain gender dispar-

ity in leadership roles is the shortened career duration of women

in academic medicine, in many instances because of their choos-

ing to recuse themselves from full-time academic positions as a

result of shouldering a disproportionate share of home and child-

Table 2: Association of academic hierarchy and leadership roles with gender of faculty
Association of Gender with Academic Rank Association of Gender with Leadership Rank

Men, no. (%) Women, no. (%) �2 P value Men, no. (%) Women, no. (%) �2 P value
341 (76.29) 106 (23.71) 0.46 .79 63 (87.5) 9 (12.5) 6.76 .009

Table 3: Median H-index according to gender
H-Index Men Women

Overall
Median 9
Range 1–76

n � 360 281 79
Median 17.5 9
Range 1–76 1–51

4 Ahmadi ● 2018 www.ajnr.org



care responsibilities. Diamond et al36 determined that women in

their cohort had overall lower research productivity than men,

but when they corrected for career duration, this difference was

insignificant. Another consideration is that often authors publish

under different names. This is important in several scenarios such

as when a person, regardless of gender or sexual orientation,

changes their name after marriage or divorce, takes their spouse’s

surname, or creates a hyphenated name; or in the case of a trans-

gender person who may change his or her name. When these

name changes are taken into consideration, it shows that the

number of publications and H-index for female faculty may be

erroneously underestimated. The inclusion or exclusion of mid-

dle initials can also contribute to miscalculations of attributable

academic productivity.

CONCLUSIONS
Gender disparities exist in neuroradiology, especially where lead-

ership positions are concerned. The gender discrepancies that are

observed in this traditionally male-dominated field can be used to

better inform the medical community regarding issues related to

gender imbalances in academic medicine. We recommend that

early mentorship, with ensuing increased directed opportunities

and groomed career development of female faculty, could play a

key role in helping diversify academic medicine. Many radiology

societies have recognized the importance of mentorship and have

created programs to help empower and promote women, includ-

ing the American Association for Women Radiologists and the

Women in Radiology branch of the Society of Interventional Ra-

diology. In 2012, the American Society of Neuroradiology, Amer-

ican College of Radiology, and the American Association for

Women Radiologists jointly funded the Women in Neuroradiol-

ogy Leadership Award to support leadership training for female

neuroradiologists. Ongoing studies are needed to examine trends

over time relating and connecting factors such as mentorship,

ranking promotion, academic productivity, and methods to help

eliminate the underlying causes of the gender gap. We hope that

our work will catalyze and substantiate further directed initiatives

that will help female physicians achieve and occupy both senior

faculty and leadership positions and help blaze pathways to dura-

ble success in leadership careers.
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