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Abstract

Dual-degree MD-PhD programs have historically lacked diversity of race, ethnicity, gender, sexual orientation, and
other facets of identity. Like MD- and PhD-granting programs, MD-PhD program training environments are also
marked by structural barriers that negatively impact measurable academic outcomes of underrepresented and/or
marginalized students in academic medicine (racial and ethnic minority groups considered underrepresented by the
National Institute of Health, sexual and gender minorities, individuals with disabilities, and individuals of low socio-
economic status). In this article, we review the existing literature on MD-PhD program disparities affecting students
from these groups and provide recommendations grounded on the reviewed evidence. Our literature review identi-
fied four generalizable barriers that can impact the training outcomes of students from these marginalized and/or
underrepresented groups: 1) discrimination and bias, 2) impostor syndrome and stereotype threat, 3) lack of identity-
similar mentors, and 4) suboptimal institutional policies and procedures. We propose goal-oriented interventions that
may begin to ameliorate the disparities present in MD-PhD program training environments that affect students from
marginalized and/or underrepresented groups in academic medicine.
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Introduction
Physician scientists are key contributors to the advance-
ment and bridging of medicine and biomedical research.
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American Indians or Alaska Natives, Native Hawai-
ians, and Pacific Islanders), for example, report a higher
commitment to the care of underserved populations,
and African American patients are more likely to con-
sider preventative interventions (e.g., vaccination) when
counseled by a race-concordant doctor [4-7]. Similarly,
diversity in science promotes innovation and better per-
formance in problem solving, as evidenced by studies that
have found that racially and ethnically diverse research
teams are more scientifically productive as measured by
increased numbers of publications, higher journal impact
factors and a higher number of citations, compared to
homogenous groups [8-10]. To ensure a more diverse
physician scientist workforce that is able to meet the
needs of a diverse population, it is necessary that dual-
degree MD-PhD-granting programs not only recruit, but
also retain trainees from diverse backgrounds histori-
cally marginalized and/or underrepresented in the work-
force [11]. The training environments of these programs,
however, continue to be burdened by structural barriers
that hinder the advancement of these trainees, as exem-
plified by higher attrition rates from MD-PhD programs
of underrepresented racial and ethnic minorities relative
to white males [12]. Furthermore, certain marginalized
trainees in MD-PhD programs may not benefit fully from
diversity and inclusion programming because of their
exclusion from groups classified as underrepresented by
key institutions. For example, the National Institute of
Health (NIH) includes individuals with disabilities but
omits sexual and gender minorities when describing
populations in need of more administrative support in
academia based on their identity (see NIH notice NOT-
OD-20-031). While sexual and gender minorities are not
considered underrepresented by the NIH, their training
experience can be negatively impacted by their marginal-
ized identity, and the lack of their acknowledgement in
NIH communications relating to increasing diversity in
academia undermines the role intersectionality plays in
exacerbating structural barriers for people from under-
represented groups that also have a marginalized identity.
The NIH’s terminology stands in contrast to the one put
forth by the Association of American Medical Colleges
(AAMC), which defines "Underrepresented in medicine”
as “those racial and ethnic populations that are under-
represented in the medical profession relative to their
numbers in the general population” along with the sepa-
rate designation of “Unique Populations” to define sexual
and gender minorities as well as trainees with disabilities
[13]. Despite the discordant definitions offered by these
institutions, MD-PhD trainees from underrepresented
minority groups and those with marginalized identities
still deserve unique consideration in the efforts to pro-
mote a more diverse healthcare workforce. The declining
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numbers of physician scientists, the scarcity of underrep-
resented minorities in this profession, and the undeniable
marginalization that students from certain communities
experience calls for an evaluation of the physician scien-
tist training in order to promote the retention and suc-
cess of these students throughout the training process
[14].

In this article, we provide an overview of the existing
literature and propose solutions on MD-PhD program
disparities affecting underrepresented racial and ethnic
minorities (Blacks/African Americans, Native Hawai-
ians/Pacific Islanders, American Indians/Alaska Natives,
and Hispanics/Latinos), sexual and gender minorities
(SGMs, including non-heterosexual and non-cisgender
individuals), individuals with disabilities, and individuals
of low socioeconomic status (SES) or financially disad-
vantaged background. Collectively, these individuals will
be referred to as Underrepresented and/or Marginalized
students in Academic medicine (UrMAs).

Our review is divided into three sections. First, we
assess the current state of UrMA training in MD-PhD
programs. Second, we discuss four major barriers to suc-
cessful MD-PhD training of UrMAs. For each barrier,
we provide a collection of evidence of how the different
underrepresented and/or marginalized groups compos-
ing the UrMA umbrella term are affected by that bar-
rier. Lastly, we discuss a selection of published solutions
and provide recommendations informed by the litera-
ture aimed at addressing these disparities. Peer-reviewed
publications that specifically address current trends and
outcomes of MD-PhD UrMAs are scarce; therefore, as
MD-PhD trainees are de facto participants of curricu-
lums prepared by MD-only and PhD-only programs at
all points in their training, our review is supplemented
with publications on MD-only, PhD-only, and residency
programs. The goal of this review is to support future
efforts of MD-PhD programs to address disparities
affecting UrMAs pursuing a physician scientist career,
and to invite readers and relevant institutions to consider
how the intersection of different identities contained in
the UrMA umbrella term may exacerbate the identified
disparities.

Current state of underrepresented and/or marginalized
student training in MD-PhD programs

Dual-degree training via MD-PhD programs has been
established since the 1950s. MD-PhD programs are
either partially funded by the NIH through T32 awards
from the National Institute of General Medical Sciences
and known as a Medical Scientist Training Programs
(MSTPs, first launched in 1964) or funded entirely at the
individual institutional level through research grants, fel-
lowships, and institutional commitments [15]. There is
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also the NIH MD-PhD Partnership Training Program,
which partners with academic universities to support the
PhD portion of MD-PhD training in MD-granting-only
institutions. The AAMC currently lists 122 MD-PhD pro-
grams in the US across 43 states and Washington D.C,,
with more programs concentrated in New York, Califor-
nia, and Illinois and at least 5000 MD-PhD students in
training [15, 16]. Of these programs, there are 50 MSTPs
supporting around 1000 trainees [17]. There is limited
publicly available data on MD-PhD program applicants
and matriculation per institution, so it is unclear which
programs have higher percentages of matriculants from
certain UrMA groups (e.g., SGMs). Of note, there are
currently 6 Historically Black Colleges or Universities
(HBCUs) with medical schools, which play an outsized
role in the education of Black/African American medical
students [18, 19]. Of these, three HBCUs (Meharry, How-
ard, and Morehouse) have MD-PhD programs, making
up approximately 2.4% of all MD-PhD programs.

Most MD-PhD programs consist of three training
phases and have an estimated completion length of
7-9 years [20, 21]. During the pre-clinical phase, students
partake in the didactic portion of the medical school
curriculum. This first phase typically concludes with the
first US Medical Licensing Exam (USMLE 1), after which
they begin the graduate phase of their training, follow-
ing selection of their thesis mentor. During this second
phase, MD-PhD students are required to meet certain
milestones for graduation that can include: the publica-
tion of a first-authored, peer-reviewed research article,
the successful composition and defense of a graduate the-
sis and a mock research proposal (i.e., “qualifying exam”),
and the presentation of original research in an academic
setting. After obtaining their doctoral degree, students
move on to clerkship rotations as part of the clinical
phase of their training. This last phase has students iden-
tifying clinical areas of interest to pursue during their
residency training, acquiring advanced clinical knowl-
edge and skills required to pass the US Medical Licensing
Exam 2 (USMLE 2), and partaking in residency program
interviews.

The overall attrition rate is estimated to be 3% for both
MD-PhD and MD-only students. This rate remains well
below the 31-50% range estimated for PhD programs in
engineering, life sciences, social sciences, mathematics,
and physical sciences, suggesting that a commitment to
clinical training influences trainee attrition [22]. How-
ever, around 75% of non-graduating MD-PhD students
cite “non-academic” reasons for attrition, while only
around 50% of non-graduating MD-only students cite
these same reasons [23]. This discrepancy between MD-
PhD and MD-only students may be attributed to factors
that are specific to the dual-degree training curriculum,
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such as the longer time-to-degree, the difficult transitions
between pre-clinical, graduate, and clinical phases of the
training, among others [24]. MD-PhD students belonging
to the UrMA umbrella term face both shared and sub-
group-specific challenges during their training that may
contribute to a significantly higher attrition rate or lower
quality of life compared with non UrMAs; for example,
MD-PhD students from underrepresented racial and eth-
nic minority groups have a higher attrition rate relative
to white MD-PhD students [12]. Some UrMA subgroups
affected by structural barriers during MD-PhD training
are outlined below.

Underrepresented racial and ethnic minorities consti-
tuted around 11% of all MD-PhD graduates from 2016
to 2020 [3]. These individuals remain underrepresented
in the MD-PhD graduate pool relative to their respec-
tive community’s contribution to the total US popula-
tion. For example, African American MD-PhD graduates
corresponded to around 5% of all MD-PhD graduating
students during 2016—2020, meaning that African Amer-
icans make up less than half of the expected MD-PhD
graduates if graduating classes were to recapitulate the
demographics of the general US population; similar
trends can be observed for other racial and ethnic groups
(Fig. 1) [23, 25]. Moreover, underrepresented racial and
ethnic minorities encounter barriers to performance in
key academic parameters important for admission into
post-graduate training, including USMLE 1 and 2 scores
and total number of first-author publications during
graduate school [26, 27]. Women constituted approxi-
mately 35% of all graduating MD-PhD students between
2005-2014, and although this represents an 8% increase
in female graduates compared to the previous decade,
women still remain underrepresented in dual-degree
programs and also publish less on average during gradu-
ate school than their male counterparts [20, 27]. SGM
students also face their own set of structural barriers
throughout their training. One study of medical stu-
dents that matriculated in 2010 found that lesbian, gay
and bisexual (LGB) students constituted 5% of studied
matriculants, although this is likely an underestimation
of the representation of these students given the barriers
associated with self-disclosure of SGM identity; data on
the representation of non-cisgender individuals in dual-
degree programs is not available [28—30]. Students with
disabilities may also have higher attrition rates from med-
ical school relative to medical students without protected
disabilities according to the limited data available [31].
A survey administered to medical school disability ser-
vices administrators found that 2.7% of the students
from responding institutions reported having a disability
[32]. This survey found the following prevalence among
respondents who disclosed having a disability: ADHD
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Ratio of percent of total MD-PhD graduates by race/ethnicity to
percent of raciallethnic group out of the total US population
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Fig. 1 Ratio of percent (%) of total MD-PhD graduates by race or ethnicity to % of racial or ethnic group’s fraction out of the total US population.
Demographic data of MD-PhD graduates from academic years 2016-2017 to 2019-2020 was obtained from AAMC's website (AAMC data table
B-13). Demographic data of the US population was obtained from the 2020 US census website. The averages of the ratios of graduating MD-PhD
students to the percentage of the corresponding racial and ethnic category from the total US population were compared using a one-way analysis

of variance (ANOVA); * =p-val < .05, **=p-val < .01, ****=p-val <.0001

(33.7%), learning disabilities (21.5%), psychological dis-
abilities (20.0%) and mobility disabilities (2.5%).

Barriers to successful training of underrepresented and/

or marginalized students in MD-PhD programs

Bias, microaggressions and discriminatory attitudes

in the training environment

Constant exposure to an unsafe academic environment,
particularly in the form of microaggressions and discrim-
ination, contributes to the poor well-being of underrep-
resented racial and ethnic minorities and thereby impacts
their performance and retention [33]. Survey data of
MD-PhD and MD-only students indicates that under-
represented racial and ethnic minorities are significantly
more likely to have faced discrimination on the basis of
race and gender relative to their white colleagues, and
that their degree of burnout and disengagement is corre-
lated with the extent to which they experience discrimi-
nation [33-36]. Unfortunately, underrepresented racial
and ethnic minorities sometimes encounter these atti-
tudes within their own graduate programs and research
groups during their PhD training as well [37, 38]. Under-
represented racial and ethnic minorities are also less
likely to be inducted to the Alpha Omega Alpha (AQA)
honor medical society relative to white males, even when
controlling for USMLE 1 scores, which can impact their
competitiveness for selection into post-graduate physi-
cian scientist training programs [39]. Data on the expe-
riences of LGB medical students indicate they are also
subjected to discrimination, and that many report they
do not feel comfortable disclosing their sexual orienta-
tion in their training environment [35, 40, 41]. A survey
on transgender and nonbinary medical students and

physicians found that half of respondents had yet to dis-
close their non-cisgender status to their medical school,
citing fear of transphobia and/or discrimination/harass-
ment as reasons for non-reporting [42]. Seventy-eight
percent of all survey participants (of which 58% were
medical students) also reported censoring speech and/
or mannerisms in their training environment; transgen-
der graduate students also report similar experiences
during their PhD training [43]. Faculty members are
not the only source of SGM discrimination; in fact, a
survey of medical students at the University of Ottawa
found that the majority of discrimination experienced by
SGM students originated from fellow medical students
[44]. Moreover, female pre-clinical medical students are
more likely to report experiencing, observing, or hear-
ing about at least one incident of gender discrimination
and sexual harassment during medical school relative to
males [45]. Importantly, studies suggest that medical stu-
dents who identify with two or more underrepresented
or marginalized identities experience higher incidences
of discrimination and bias, consistent with the literature
on intersectionality as a predictor of the magnitude and
frequency of negative experiences related to one’s identi-
ties [36, 46].

Disproportionate burden of non-academic stressors

According to a 2014 survey administered by the AAMC
to second-year medical students, many UrMA subgroups
(underrepresented racial and ethnic minorities, LGB stu-
dents, and first-generation college students) experience
either significantly higher levels of stress, fatigue, finan-
cial concerns, significantly lower quality of life, social
support, or a combination of these when compared to
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white cis-gender heterosexual individuals [47]. Another
survey-based study assessing the barriers to successful
residency training anticipated by MD-PhD trainees iden-
tified both general and specific concerns held by indi-
viduals from underrepresented racial and ethnic groups
[34]. Hispanic and Black MD-PhD students reported that
the caretaking of others and being financially responsible
for individuals other than themselves were considerable,
non-work-related responsibilities they foresee themselves
facing during residency. These specific concerns were sig-
nificantly higher for these underrepresented racial and
ethnic minorities when compared to white males. While
these data represent anticipated challenges for residency
and not dual-degree training, they do provide insight into
some of the social pressures students from underrepre-
sented racial and ethnic minority groups are more likely
to face throughout their academic career. Other studies
have found that LGB medical students report higher lev-
els of depression, lower levels of perceived social support,
and discomfort with disclosure of their sexuality in clini-
cal settings [28, 40, 41]. Importantly, data suggests that
differences in USMLE1/2 performance seen with indi-
viduals from underrepresented racial and ethnic minor-
ity groups are explained in part by this disproportionate
burden of non-academic stressors [26].

Lack of identity-concordant mentors and the negative
implications of academic medicine’s “hidden curriculum”
Mentorship of women and of individuals from under-
represented racial and ethnic minority groups by faculty
members that they can identify with benefits and facili-
tates the success of these students in academic medicine
and other higher education settings [48—-51]. However,
recruitment of faculty from underrepresented racial and
ethnic minority communities to medical schools has
stalled over the past three decades [52, 53]. So, while
most MD-PhD programs do offer mentorship networks
for their students to partake in, the demographics of par-
ticipating mentors likely recapitulate the demographics
of the respective institution’s faculty, who are predomi-
nantly able-bodied, cis-gender, heterosexual white males
[54]. Irrespective of the lack of diversity present in insti-
tutional mentorship networks, individuals from under-
represented racial and ethnic minority groups are less
likely to receive formal mentorship relative to white
males throughout their career [55]. Moreover, SGM
trainees that report having negative experiences as a con-
sequence of their identity during their medical training
cited a lack of non-cisgender mentors as a contributing
factor to their negative experiences [42]. The absence
of a diverse mentorship network exacerbates the nega-
tive implications of the “hidden curriculum” of academic
medicine, which refers to the lessons and expectations
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(e.g., the importance of networking for success in aca-
demia) that are embedded in the organizational structure
and culture of academic medicine but are not explicitly
taught or communicated through the curriculum [50, 56,
57]. The power of the hidden curriculum is exemplified
by the fact that tenure-track faculty are 25 times more
likely than others to have a parent with a PhD [58, 59].
These data imply that first-generation students, who are
more likely to lack previous exposure to the innerwork-
ings of academia and are more likely to be of an under-
represented racial and ethnic minority group, are less
likely to receive future tenure and therefore less likely to
succeed in academic medicine [59].

Impostor syndrome and stereotype threat

A survey assessing medical student trainee attitudes
toward careers in academic medicine found that the
Black/African American and Hispanic/Latino survey
respondents were significantly more in agreement with
the claim that underrepresented racial and ethnic minor-
ity groups have a harder time succeeding in academic
medicine relative to white males [60]. This attitude likely
reflects both their perception of real barriers that would
impede their success in academia, but also the preva-
lence of impostor syndrome in these trainee groups.
Female medical students are also more likely to experi-
ence imposter syndrome than male counterparts [61].
Students from underrepresented racial and ethnic minor-
ity groups pursuing a healthcare-related career are also
more likely to report feeling anxious about their perfor-
mance and believe this anxiety has negatively impacted
their performance; indeed, these students are more likely
to attribute anxiety about their performance to negative
stereotypes about the group with which they identify
[62]. Accordingly, impostor syndrome and stereotype
threat have been shown to disproportionately affect black
students and their performance, but whether this holds
true for other UrMA subgroups remains to be deter-
mined [63].

Lack of supportive institutional policies

Trainees in academic medicine who aspire to bear and
rear children can encounter poor institutional support
for this aspiration, and this burden falls disproportion-
ately on women and SGM trainees. For example, survey
data indicates that many residency program directors
perceive maternity leave to have more of a negative
impact on female trainee’s time-to-board certification
and fellowship opportunities than paternity leave does
on male trainees [64]. Poor support for childbearing and
rearing also come in the form of single-gender policies
during the graduate phase of training that denies paid
paternity leave by dual-degree programs [65]. These and
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many other factors shift the brunt of childbearing to
female trainees and may contribute to higher attrition
rates for women in certain MD-PhD programs. Another
example pertains to programs’ support of individuals
with protected disabilities. A substantial portion of MD-
granting programs expect students with disabilities to
provide their own accommodations or lack clear techni-
cal standards outlining which party (the student or the
institution) holds the locus of responsibility in this regard
[66]. This lack of clear institutional policies pertaining
to accommodations for individuals with protected dis-
abilities can contribute to their attrition and hinder their
performance.

Solutions to ameliorate the attrition and barriers

to performance of underrepresented and/or marginalized
students in MD-PhD programs

Diversify the academic mentorship network available

to MD-PhD students

As discussed, mentorship of dual-degree trainees from
underrepresented racial and ethnic groups by faculty
members that they identify with can facilitate these stu-
dents’ success. Yet, these faculty members tend to be
saturated by administrative responsibilities meant to pro-
mote institutional diversity and inclusion and therefore
may be unable to undertake mentorship responsibilities.
This phenomenon has been coined the “ambassador role”
or “minority tax’, and many faculty members from under-
represented racial and ethnic groups report that this can
undermine their own professional goals and responsi-
bilities [67, 68]. Dual-degree programs can ameliorate the
burden placed on existing faculty members by recruit-
ing physician scientists from underrepresented and/or
marginalized groups in academic medicine as program
administrators, who interact with dual-degree trainees
frequently. Moreover, if faculty are expected to mentor
a disproportionate number of trainees because of their
role in mentoring identity-concordant students, then
they must also be rewarded properly for their work (both
through remuneration and career advancement) and their
other administrative responsibilities must be reduced
accordingly so as to prevent the hindering of career pro-
gress by their mentorship responsibilities. Training in
culturally-aware mentorship for faculty may also reduce
biased mentoring practices, change approaches toward
mentee and colleague interactions, and lighten the men-
torship load for faculty over-extended by their “minority
tax” MD-PhD programs can also sponsor the participa-
tion of UrMAs to identity-specific research conferences,
such as the Annual Biomedical Research Conference for
Minoritized Scientists (ABRCMS), the Society for the
Advancement of Chicanos/Hispanics and Native Ameri-
cans in Science’s (SACNAS) annual conference, and the
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National LGBTQ Health Conference, where UrMAs have
access to a more diverse network of mentors.

Focus administrative support and initiatives on helping
students achieve the academic milestones needed to advance
MD-PhD training

As discussed, the transition between the different
phases of dual-degree training (and the academic mile-
stones required for each) come with a set of challenges
frequently cited by non-graduating students that may
explain some of the attrition and barriers to perfor-
mance of trainees from underrepresented racial and
ethnic groups [24]. While a diverse mentorship network
can provide substantial support throughout these tran-
sitions, enrolled UrMA students who have successfully
transitioned between these phases can also play a key
role in assisting identity-concordant students that have
yet to transition between phases. Therefore, it is quin-
tessential for MD-PhD programs to provide space in
their curriculum for peer-to-peer and near-peer men-
torship in the form of student Q&A panels that address
all program phase transitions, student groups that sup-
port transitioning students, as well as social activities
that foster community building and conversations about
the challenges that come with dual -degree training and
strategies to overcome them. For these initiatives to be
successful, programs must be willing to commit a signifi-
cant portion of their budget to offer positive incentives
for participation, such as providing food or leisure activi-
ties. Various PhD-granting programs have implemented
initiatives like these with great success. For example, the
University of Texas MD Anderson Cancer Center UT
Health Graduate School of Biomedical Sciences created
student groups specifically tailored to support students
from underrepresented racial and ethnic minority groups
throughout their training, which yielded an improvement
in their candidacy exam scores and retention rates over
time [69]. Notably, while including UrMA peer mentors
in these spaces is ideal, program administrators should
provide appropriate compensation for their engagement
or be careful not to place excessive burden on successful
UrMA students to mentor identity-concordant trainees
at lower stages of training, for just like faculty members,
trainees are also susceptible to the “minority tax” phe-
nomenon [70, 71].

Facilitate access to professional opportunities meant

for students of underrepresented and/or marginalized
identity

To address performance barriers experienced by UrMA
dual-degree students, program administrators must lev-
erage existing opportunities to enhance UrMA students’
training and facilitate UrMA engagement with them.
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equity, and inclusion topics along with their success in improving the outcomes

Topic addressed by interventions

Intervention

Outcomes measured pre-and post-intervention

Successful in improving
measured outcomes?
(p-val <.05)

Impostor syndrome

Academic appointment and promotion (an
example of the "hidden curriculum”of academic
medicine)

Identifying and communicating with prospec-
tive mentors

Diversity in academic medicine leadership: why
itis important and how can URMs contribute
toit

Racism, Discrimination, and Microaggressions

Promoting a safe space learning environment
for LGBT medical students

Confidence in recognizing imposter syndrome and
taking action to address it

Fraction of participants that would use information
from impostor syndrome workshop in the future

Confidence in navigating tasks related to pursuing
academic appointment

Extent to which workshop shared 1) key termi-
nology associated with becoming an academic
physician, 2) considerations a new physician
should make before joining an academic physician
practice, and 3) an optimal timeline for securing an
academic physician position

Participant’s belief that a career in academic medi-
cine would allow them to serve in a leadership role
at a medical school

Confidence in finding a mentor in academic medi-
cine and having a successful relationship with them

Participant identification of strengths and weak-
nesses in current mentoring relationships

Confidence in ability to: 1) define self-leadership,

2) identify leadership roles that align with own
interests, 3) assess own self-leadership skills, and 4)
effectively serve as leader at an academic institu-
tion given one’s identity

Comfort discussing issues relating to race/ethnicity,
gender identity/expression, sexual orientation, and
spirituality with colleagues or trainees

Confidence in 1) recognizing and interrupting
microaggressions, and 2) in supporting peers when
they experience microaggressions

Knowledge about microaggressions, confidence in
responding to microaggressions, and commitment
to intervening when witnessing microaggressions

Confidence in 1) responding appropriately when
an LGBT community member comes out, and 2)
ability to ask community members about their
preferred pronouns

N/A

N/A

YES

YES

YES

YES

YES

YES

N/A

N/A

YES

YES

For example, myriad institutions and organizations offer
grants specifically geared towards subsets of UrMA stu-
dents, such as the NIH’s Ruth L. Kirschstein National
Research Service Award Individual Predoctoral Fellow-
ship to Promote Diversity in Health-Related Research,
among others. The NIH also offers “Diversity Supple-
ments” for select funding mechanisms, including the
R series and P series awards. These supplements repre-
sent additional funding opportunities for the training
of students the NIH considers underrepresented in the
extramural scientific workforce. Communicating these
opportunities to the relevant students is necessary but
not sufficient; dual-degree programs should also pro-
vide formal guidance on how to apply for these grants,

including how to properly address the sections pertain-
ing to diversity and inclusion that are required to receive
these awards. MD-PhD programs can also leverage the
opportunities for UrMA training enhancement offered by
local, identity-based, and student-led organizations that
belong to either the medical or graduate schools, includ-
ing, for example, chapters of the Latino Medical Student
Association, “Out Lists” meant to make SGM faculty
institutionally visible, among others. Program adminis-
trators should proactively advertise the existence of these
organizations and their professional development events
to applicable UrMA students to not only achieve UrMA
engagement with these opportunities, but also help them
build community throughout their training [72].
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MD/PhD Training

Discrimination and bias
Imposter syndrome
Stereotype threat
Lack of identity-similar mentors
Overemphasis on standardized tests
Lack of supportive institutional policies

MD/PhD Training

Identity-similar mentors
Administrative support
Professional opportunities
Pass/fail curriculum
Space for discussion of UrMA issues
Data collection on UrMA experience

Fig. 2 Summary of barriers affecting training outcomes of underrepresented and/or marginalized MD-PhD students along with proposed solutions

Finalize the transition to a pass/fail (P/F) curriculum

and standardized testing format

Standardized testing and pre-clinical training grades
are not predictive of clinical performance, hence why
USMLE 1 has moved towards a pass/fail grading system
and many academic medicine institutions have followed
suit with their own curriculum [26, 73]. Considering all
the structural barriers that contribute to poor perfor-
mance of students from underrepresented racial and
ethnic minority groups in these areas, moving towards a
P/F format for pre-clinical grades would alleviate some of
the factors that limit the selection of some UrMAs who
apply to post-graduate physician scientist training pro-
grams (PSTPs) and residency programs. P/F grading for-
mat may also alleviate feelings of impostor syndrome that
students experience in the face of a suboptimal grade.

Create appropriate spaces for discussion and education

of issues pertaining to individuals of underrepresented and/
or marginalized identity

Many UrMA subgroups believe that the creation of
spaces for discussion of UrMA issues would increase
their sense of community and support [74-76]. For
example, a survey administered by Stanford Medicine
found that, when asked about which strategies would
“improve the participants’ sense of SGM community’,
SGM students gave overwhelming support to increased
diversity, bias, and sensitivity training [77]. Various
institutions have administered interventions meant to
educate about topics pertaining to UrMA issues as part

of their curriculum. The format of these interventions
ranges from workshops (sharing of information by con-
tent experts) to faculty- or student-led group discussions
(see Table 1 for examples of published interventions and
their success in improving measured outcomes). These
interventions are good opportunities to educate the stu-
dent body about the identity-specific struggles faced by
patients and fellow UrMA students when engaging with
the healthcare system and academia, respectively. Impor-
tantly, we recommend that programs administer the pre-
and post-intervention questionnaires of these published
interventions, when available, to measure how the inter-
vention is received by the program’s student body.

Concluding remarks

The goal of this literature review was to provide a
resource for MD-PhD programs on how underrepre-
sented and/or marginalized identity status may impact
training outcomes and what evidence-based interven-
tions could aid UrMA students during their training.
To this end, we have summarized the barriers affecting
training outcomes and quality of life of UrMAs pursu-
ing the physician scientist career track according to data
on MD-only, PhD-only, and MD-PhD students (Fig. 2).
Because of the lack of published literature on MD-
PhD programs, we chose to also include MD-only and
PhD-only studies in our review. However, the literature
included in this article does not explain all the observed
UrMA disparities in the MD-PhD training pipeline. We
specifically found a lack of data on how the intersection
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of different identities modifies these barriers, and data
from underrepresented and/or marginalized individuals
in other contexts, including most STEM careers, sup-
ports the contention that intersectionality can indeed
exacerbate disparities [46, 90, 91]. We have also sug-
gested goal-oriented and evidence-based interventions
to address said barriers, although more data on the effi-
cacy of other interventions and the specific issues they
aim to address are needed. Importantly, most of these
groups share the fact that they are minoritized, often as
an unintended consequence of systems established from
historical legacy [92]. Without the appropriate interven-
tions, these individuals will continue to be minoritized by
the current physician scientist training pipeline. As the
predominant cradle of the next generation of physician
scientists, it is the responsibility of dual-degree MD-PhD
programs to leverage evidence-based interventions to
modernize their training practices and to provide equita-
ble training opportunities for UrMAs.
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