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Abstract
Purpose The admission process for medical school relies on objective and subjective measures of personal achievement, and
selecting successful medical students is a daunting task for admission committees. While there is a significant body of literature
examining MCAT scores and undergraduate grade point average (GPA) with medical school performance, there is a paucity of
research on impact of specific student accomplishments on future performance. We hypothesize participation in a varsity
collegiate sport will correlate with higher performance during medical school.
Methods A retrospective review of four medical school classes at a single institution was completed. Each student’s admission
application was examined for at least 1 year of participation in a varsity-level sport at their respective undergraduate institution. A
total of 62 athletes (16.36%) were identified out of 441 total students. Multiple medical school performance metrics were
obtained for each student.
Results There was no difference in MCAT scores between athletes and non-athlete medical students. There was a significant
difference in step 1, step 2 CK, NBME shelf exams, cumulative year 3 performance, and AOA status with the athletes
outperforming their peers.
Conclusion Students who participate in collegiate varsity athletics excel in medical school. One explanation for this finding may
be participation in high-stakes athletic training and competition results in development of specific attributes beneficial in medical
school. These attributes may include receptiveness to criticism, time management, resiliency, team participation, and performing
under pressure. Additional research is needed to elucidate the attributes that determine improved medical school performance,
such that medical educators can utilize this knowledge to better prepare all students for the rigors of medical school.

Keywords Medical school admissions . Collegiate athletes . Performance . This work has not been previously presented.

Introduction

In the USA, the number of students applying to medical
school is increasing, as are the available positions within med-
ical schools. For the 2017–2018 academic year, a total of
51,680 students applied to medical school and 21,338 matric-
ulated (41.3%) [1]. Medical school admission committees are
charged with carefully selecting a handful of candidates from
a large pool of applicants who will not only score well on

standardized testing, but who will perform well in the clinical
environment and ultimately in the residency match and in
graduate medical education. Medical school admissions
packets contain both objective measurements of academic
performance including MCAT score, GPA, and science
GPA, and a record of self-reported applicant attributes.
These other attributes are categorized into volunteerism, re-
search, employment, extracurricular activities, military expe-
rience, and other significant achievements. A survey conduct-
ed by the AAMC in 2015 asked medical school admissions
officers from 130 allopathic medical schools to rate the impor-
tance of different components of the admission application.
The highest rating metrics included MCAT score, GPA, and
community service, while collegiate athletic experience was
ranked in the lowest category [2]. Multiple prior publications
have assessed the relationship between MCAT and GPA
scores and medical school performance and noted a moderate
correlation between these factors [2–4], but there exist far
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fewer studies examining the relationship between these other
application components and performance.

Parallel to medical school admissions, significant literature
has been devoted to determining how programs select their
residency applicants, with the highest weighted factors being
USMLE step 1 score followed by performance in clinical
clerkships [5, 6]. While step 1 scores may offer a straightfor-
ward and objective way to compare students across medical
schools, direct observation of student performance by clinical
faculty is a better indicator of future student performance in
residency [7]. The lack of strong correlation between USMLE
step 1 scores and performance in residency has been demon-
strated in multiple studies [8–10]. Similarly, there is criticism
of other objective tests such as the MCAT and its ability to
predict clinical performance [11–13]. It is intuitive to believe
clerkship performance better predicts residency performance,
since the clinical clerkship environment more closely mimics
residency than a standardized test. However, clerkship perfor-
mance and evaluation is more complicated, subjective, and
less comparable across medical school programs.
Nonetheless, program directors value these performance as-
sessments highly in prospective residency candidates [5].

Student expectations and performance assessments are per-
vasive throughout medical school but tend to evolve as stu-
dents move through the 4-year curriculum, which can be a
source of uncertainty and stress [14]. The high performing
medical student adapts easily to an ever-changing environ-
ment, engages as a part of a team, responds positively to crit-
icism and feedback, and embraces the challenges with resil-
iency. These traits are similar to those seen in successful ath-
letes. Athletes who succeed at a high level must possess a
level of determination, self-discipline, time management, re-
siliency in the face of defeat, receptiveness to coaching and
criticism, and respect for their teammates [21]. Student ath-
letes may already possess many of the qualities needed for
success in medical school and beyond. This study aims to
extract one of these self-reported admissions attributes, name-
ly, collegiate varsity athletic experience, and examine whether
student athletes outperform their non-athlete peers in medical
school.

Methods

We performed a retrospective analysis of students who matric-
ulated to our medical school between the years of 2012–2015.
We examined student admission records for evidence of var-
sity athlete status, defined as at least 12-month participation in
a varsity-level sport at their undergraduate institution and ex-
tracted demographic information including age, sex, and
race/ethnicity. Additional analysis revealed differences be-
tween the two cohorts with respect to sex and race and there-
fore a sub-group analysis of white males was performed and

included below. We did not include students who participated
in club-level or recreational sports. Those with missing year 3
performance data (withdrawals or dismissals) were removed
from data analyses. The total number of participants was 441
students, including 62 athletes and 379 non-athletes. MCAT
scores were obtained from admission records, and in cases of
multiple MCAT scores, the highest score was used in this
analysis. For MCAT scores obtained after 2015, a score con-
verter was used to convert new scores to the former scoring
system.

For performance measures during medical school, we used
initial step 1 attempt score at completion of the second year of
medical school, initial attempt step 2 Clinical Knowledge
(CK) score, and several year 3 clerkship performance mea-
sures. These included clinical scores which are composite
scores generated based on multiple faculty and resident scor-
ing across multiple clerkships, NBME shelf exam scores, and
letter grades (Honors/High Pass/Pass/Low Pass/Fail). For
clinical scores, a standard form assessing eight aspects of
clerkship performance is used in all rotations (medical knowl-
edge, history taking, physical examination, clinical data, clin-
ical skills, communication, team rapport, motivation, and atti-
tude). Raw clinical scores were converted to Z scores to re-
duce variability across grading among the eight clerkships
(family medicine, internal medicine, emergency medicine, ob-
stetrics and gynecology, pediatrics, psychiatry, neurology, sur-
gery). NBME shelf exam scores were also converted to Z
scores for easier comparison between exams, using a mean
of 70 and standard deviation of 8. Average number of clerk-
ship Honors per student was calculated, as well as average
year 3 grade score (0 = Fail, 1 = Low Pass, 2 = Pass, 3 =
High Pass, 4 = Honors).

Linear regression analyses were conducted to examine the
relationship between athlete status and various performance
outcomes duringmedical school (step 1, step 2 clinical knowl-
edge, year 3 clinical score, year 3 subject exam results).
Regression analysis was first conducted to see whether there
were differences in MCAT performance prior to medical
school. Effect sizes were calculated for the statistically signif-
icant differences to identify differences of practical impor-
tance. In this study, we used a specific type of effect size,
Cohen’s d, which expresses the mean difference between the
two groups in standard deviation units to assess the magnitude
of the differences. A Cohen’s d of 0.01 would be considered
very small, while a Cohen’s d of 2.0 is very large.

In addition, percentage of students in each cohort who
achieved Alpha Omega Alpha (AOA) status and Gold
HumanismAward status were determined. Logistic regression
analyses were conducted andWald chi-square test was used to
determine statistical significance.

Given the fact that white males account for over 50% (32
out of 62 athletes) of the athletes, the significant differences
could be associated with the differences in the demographics
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for the two groups (Table 1); therefore, sub-analyses were
conducted to see whether there are group differences in the
same variables within the white males. The same statistical
techniques were used for the analyses on white males as for
the ones for the entire sample and effect sizes were calculated.

Institutional IRB approval was obtained for this study
(IRB00043836) and students were consented for participa-
tion. Identifying information was removed from records and
students were assigned a unique study number to protect in-
dividual identity. Student performance was not examined on
an individual basis.

Results

The total number of varsity athletes (n = 62) represented
16.36% of subjects. The number of student athletes in each
matriculating class was fairly consistent (range 15–17, aver-
age 16). Twenty-two different varsity sports were represented
in this cohort (Table 2). Baseline matriculation demographics
of athletes versus non-athlete students are shown in Table 1.
There was no significant difference in ages between the two
groups of students. The athlete student group showed a pre-
ponderance of male students that self-identify as white
(Table 1). For this reason, sub-analysis was performed to ex-
amine performance in white male students alone (Table 5).

MCAT scores did not differ between athlete and non-
athlete students. However, in all medical school standardized
tests examined in this study, the athlete cohort performed sig-
nificantly better than their non-athlete peers, including on step
1, step 2 CK, and NBME shelf exams during year 3 clerkships
(Table 3).

Multiple performance metrics relevant to year 3 were ex-
amined and are outlined in Table 4. These included both ob-
jective measures (shelf scores) as well as many subjective
measures. The cohort of student athletes performed signifi-
cantly better as a whole on shelf exams, clinical scores, num-
ber of Honors clerkships, year 3 overall score, and AOA sta-
tus. There was not a significant difference between cohorts
with respect to Gold Humanism award status. Effect sizes
for the group differences indicate that there is very little dif-
ference in MCAT performance (Cohen’s d = 0.07) and a larger
difference in step 1 performance at the end of second year of

medical school (Cohen’s d = 0.36), though the overall magni-
tude of this difference remains small. Effect sizes were larger
for year 3 metrics (Cohen’s d = 0.49 for total year 3 score and
Cohen’s d = 0.46 for number of Honors) and step 2 CK scores
(Cohen’s d = 0.4).

To control for differences in gender and ethnicity, a sub-
group analysis of white male (WM) athletes and WM non-
athlete students was performed. Comparing these two cohorts
revealed similar results, withWMathletes outperforming their
WM non-athlete peers in all analyzed metrics except Gold
Humanism Award status (Table 5). Similar patterns of group
differences were found for WM sub-sample. The group dif-
ference increased fromCohen’s d = 0.1(very small) forMCAT
to Cohen’s d = 0.5 (medium) for step 1 score and continued to
show a medium sized difference throughout the clinical years.

Table 1 Demographic data of
included subjects (N = 441) Athletes (N = 62) Non-athlete students (N = 379)

Average age at matriculation (years) 24.16(SD = 1.96) 24.35(SD = 3.04)

Male 42 (67.74%) 190 (50.13%)

Female 20 (32.26%) 189 (49.87%)

White 48* (78.69%) 226* (64.76%)

Non-white 13* (21.31%) 123* (35.24%)

*Race is self-reported data, 31 students did not report race

Table 2 College varsity sports included in analysis

Type of sport Number of students (n = 62)*

Baseball 3

Basketball 3

Cheerleading 2

Crew 8

Dance 1

Equestrian 1

Fencing 1

Figure skating 1

Football 7

Gymnastics 2

Hockey 1

Lacrosse 2

Rugby 2

Sailing 1

Soccer 8

Softball 1

Squash 1

Swimming 3

Tennis 6

Track/cross country 7

Volleyball 1

Wrestling 1

*One student played two varsity sports
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This is similar to the magnitude of difference found in the
larger athlete cohort.

Discussion

This study shows medical students with experience as a col-
legiate varsity athlete outperform their peers in both standard-
ized tests and in the clinical clerkship environment. To the
authors’ knowledge, this finding has not been previously pub-
lished in the undergraduate medical education literature.
Despite similar MCAT scores athletes performed better than
non-athletes on standardized tests during medical school, in-
cluding step 1, step 2 CK, and NBME shelf exams. Some
studies have shown that college students who have 10–20 h
of weekly extra-curricular commitments outperform their
peers who have either less or more time commitments. The
authors in these studies hypothesize that this amount of extra-
curricular activity teaches students important time manage-
ment skills, regardless of whether this time is spent in athletics
or employment [15, 16]. We hypothesize that student athletes
may have better time management skills coming into medical
school and therefore adapt more easily to the rigorous didactic
schedule, and may also be better equipped to manage test-
taking anxiety compared to their non-athlete peers [17].
Prior studies have shown self-motivated student athletes em-
ploy effective study strategies and achieve higher academic
performance than non-athlete students [18]. Further qualita-
tive research is needed to fully explain this finding.

In this study, athletes also outperformed their peer on sub-
jective aspects of medical school performance, namely, the

clinical evaluation score. Honors designation, overall average
year 3 score, and AOA election combine both subjective and
objective measures. Athletes outperformed their peers in all of
these categories as well. Though there is a lack of literature
examining the relationship between athletic achievement and
academic achievement in medical school, there is literature to
support this study’s finding when examining graduate medical
education performance. One study looked at surgical resident
performance and found that 40% of residents in the top decile
of the program participated in team sports in the past, com-
pared to 0% of residents in the bottom decile [19]. Another
study examined predictors of future success in otolaryngology
residency applicants and found that Bexcellence in athletics^
significantly correlated with superior faculty ratings of perfor-
mance [9]. A meta-analysis of 21 articles relating to pre-
residency predictors of success in neurosurgical training found
that while standardized test scores correlated poorly with fac-
ulty performance evaluations, athlete status had a much higher
correlation with overall faculty evaluation [20]. Spitzer and
colleagues found that residents who were varsity athletes in
college were significantly more likely to be appointed chief
resident compared to their non-athlete co-residents [21].

Another study examined the effect of athletic involvement
on medical student attitudes and burnout. This cross-sectional
study of 267 Canadian medical students found that students
with more athlete experience suffered significantly less burn-
out compared to their peers. They also had significantly more
desire to gain competence for its own sake and less desire to
avoid incompetence due to fear of making errors or looking
incompetent in front of others. The authors discuss how
Binvolvement in sport offers invaluable opportunities for an

Table 4 Comparing athlete and
non-athlete medical student per-
formance in year 3 clerkships

Athletes (N = 62) Non-athlete students
(N = 379)

p value Effect
size

Clinical scores (Z score
average)

0.34 (SD = 0.46) 0.04 (SD = 0.57) p < 0.05 0.53

Average number of
Honors

3.15 (SD = 2.32) 2.18 (SD = 2.07) p < 0.05 0/46

Average year 3 score 25.34 (SD = 3.72) 23.17 (SD = 4.54) p < 0.05 0.49

AOA status (%) 19 (30.65%) 61 (16.05%) Wald chi-square is 7.35,
p < 0.01

Gold Humanism Award
status (%)

8 (12.9%) 39 (10.21%) Wald chi-square is 0.41,
p > 0.52

Table 3 Comparing athlete and
non-athlete medical student per-
formance on standardized testing

Athletes (N = 62) Non-athlete students
(N = 379)

p value Effect
size

MCAT score (average) 31.02 (SD = 3.36) 30.79 (SD = 3.43) p > 0.62 0.07

USMLE step 1 score (average) 237.32 (SD = 16.92) 230.43 (SD = 20) p <0 .05 0.36

NBME year 3 shelf exam Z score
(average)

1.47 (SD = 0.79) 1.14 (SD = 0.84) p < 0.05 0.40

USMLE step 2 score (average) 252.70 (SD = 15.06) 246.35 (SD = 16.26) p < 0.05 0.40
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individual to develop self-discipline, resilience, and motiva-
tions that may subsequently influence their functioning in
stressful, high-stakes environments such as medical school
and eventual medical practice^ [22].

Grit and mental hardiness have also been studied in mili-
tary medical students. There is evidence to support that stu-
dents who display excellent performance under a range of
stressful conditions (psychological hardiness), adaptability in
the workplace, commitment and receptiveness to grow from
challenges, and ability to persevere (grit) show improved per-
formance when compared to peers [23, 24]. Grit and mental
hardiness can also be attributed to successful athletes. Dr. Jim
Taylor, a PhD sports psychologist, has published extensively
on the attitudinal attributes of athletes. He describes four prin-
ciples which are critical to the success of athletes: overcoming
fear of failure, recovering from mistakes quickly, managing
performance anxiety, and believing in your abilities [25]. Dr.
Angela Duckworth, a well-known psychologist who special-
izes in the psychology of grit, describes a slightly different set
of four principles related to acquiring grit. These include de-
liberate practice, a long-term commitment to a purpose, em-
bracing failure as an opportunity to learn, and time spent de-
veloping skills [26]. Though these principles differ some from
Dr. Taylor’s, they can also be ascribed to successful athletes.

The only assessed metric of medical school performance
that did not demonstrate a significant difference between co-
horts was the percentage of students receiving Gold
Humanism Honor Society membership. Membership in this
society requires nomination by one’s medical school peers as
an individual who exemplifies compassionate patient care.
This metric differs from others in this study as it is the only
one impacted by peer assessment. Empathy and compassion
are not discreetly assessed by faculty in the clinical evaluation
scores, but rather students are scored on their overall attitude,
motivation, and team rapport.

It remains unanswered as to exactly why this cohort of
student outperformed their peers in nearly every aspect of
medical school performance, though the discussion above

suggests potential explanatory theories. It cannot be said with
certainty that this cohort had superior performance due direct-
ly to their past athletic endeavors or whether sports participa-
tion serves as a proxy for other traits useful in medical school.
It cannot also be confidently attributed to time management
versus attitudinal traits such as grit, hardiness, and resilience.
The authors recognize this paper represents a starting point, a
fascinating observation that necessitates replication and
thoughtful, directed qualitative research to further explore this
relationship. Once this relationship is better characterized,
medical school educators will have an opportunity to develop
resources and curricula designed to empower non-athlete stu-
dents with these same skills. It is not the intention of the
authors to suggest or promote the notion of using athlete status
as a reason for admission, but rather to identify a cohort of
students who may have acquired performance strategies that
could be useful to the student population at large.

Limitations

There are multiple limitations to this study. This was a single
institution study so results many not be generalizable to other
institutions. Our two cohorts had some difference in baseline
demographics, namely, that the athletes had higher percent-
ages of males and white race compared with non-athlete stu-
dents. To address this limitation, we performed a sub-analysis
comparing white male athletes to white male non-athlete stu-
dents. This sub-analysis revealed similar statistically different
performance metrics to our original cohort, supporting the
hypothesis that athlete status, not gender or race, was related
to improved performance. We did not have a large enough
sample size to run similar sub-analyses on white female ath-
letes, non-white female athletes, and non-white male athletes.
Our identification of athletes was based on student admission
applications and confirmatory verification of athlete status
was not obtained.

Table 5 Sub-group analysis comparing white male (WM) athlete and WM non-athlete medical student performance

WM athletes (N = 32) WM non-athlete students
(N = 123)

p value Effect size

MCAT score (average) 32.16 (SD = 2.92) 31.87 (SD = 3.06) p > 0.64 0.10

USMLE step 1 score (average) 245.34 (SD = 13.38) 235.85 (SD = 19.02) p < 0.05 0.54

NBME year 3 shelf exam (Z score average) 1.70 (SD = 0.76) 1.28 (SD = 0.85) p < 0.05 0.51

USMLE step 2 score (average) 258.20 (SD = 12.28) 248.28 (SD = 16.80) p < 0.05 0.63

Clinical scores (Z score average) 0.35 (SD = 0.40) 0.07 (SD = 0.58) p < 0.05 0.5

Average number of Honors 3.69 (SD = 2.36) 2.37 (SD = 2.24) p < 0.05 0.57

Average year 3 score 26.22 (SD = 3.65) 23.79 (SD = 4.43) p < 0.05 0.55

AOA status (%) 13 (40.63%) 26 (21.24%) Wald chi-square is 4.92, p < 0.05

Gold Humanism Award status (%) 4 (12.5%) 13 (10.57%) Wald chi-square is 0.10, p > 0.76
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Student performance evaluations during year 3 clerkships
have subjective scoring elements. Each clerkship at our insti-
tution employs a different criterion weighting scale to calcu-
late student final grades and the shelf exam score contribution
to the overall clerkship grade varies. The numbers of clinical
evaluations vary between students and are comprised of resi-
dents, fellows, and faculty evaluators. We attempted to ac-
count for this variability by performing and presenting analy-
sis of separate measures of clerkship performance including
shelf exam scores, clinical evaluation scores, Honors designa-
tion, and overall year end performance score. AOA status is
another subjective measure of medical student performance
that encompasses many aspects of a student’s performance
in medical school including pre-clerkship performance, step
1 and 2 scores, clerkship performance, community service,
and leadership attributes.
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