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Abstract 

Background  Medical school acceptance rates in the United States (US) have been lower for applicants who identify 
as Underrepresented-in-Medicine (UiM) compared to non-UiM applicants. The gap between UiM and no-UiM groups 
is narrowing in recent years. Less well-studied are associations of acceptance decisions with family income and paren-
tal education. This study’s purpose is to evaluate the relationships between medical school acceptance and family 
income, parental education status, racial/ethnic background, Grade Point Average (GPA), Medical College Admission 
Test (MCAT) score, and participation in extracurricular activities.

Methods  This is a cross-sectional study of first-time US medical school applicants between 2017 and 2020. Accept-
ance rates for first-time applicants were calculated for first-generation (FG), low-income (LI), and UiM applicants. 
Associations of these attributes with MCAT scores, science GPAs, and seven categories of extracurricular activities 
were evaluated. Regression analyses estimated associations between acceptance to medical school with all variables 
with and without interaction terms (FG*URM, LI*URM, FG*LI).

Results  The overall acceptance rate for first-time applicants from 2017–2020 was 45.3%. The acceptance rates 
among FG, LI and UiM applicants were 37.9%, 39.6% and 44.2%, respectively. In univariable logistic regression analy-
ses, acceptance was negatively associated with being FG (OR: 0.68, CI: 0.67–0.70), LI (OR: 0.70, CI: 0.69–0.72), and UiM 
(OR: 0.95, CI: 0.93–0.97). In multivariable regression, acceptance was most strongly associated with science GPA 
(OR: 7.15, CI: 6.78–7.54 for the highest quintile) and UiM (OR: 5.56, CI: 5.48–5.93) status and MCAT score (OR: 1.19, 
CI: 1.18–1.19), FG (OR: 1.14, CI: 1.10–1.18), and most extracurricular activities. Including interaction terms revealed 
a negative association between acceptance and LI (OR:0.90, CI: 0.87–0.94) and FG was no longer significant (OR:1.10, 
CI:0.96–1.08).

Conclusions  Collectively these results suggest medical school admissions committees may be relying on holistic 
admission practices. While MCAT and GPA scores continue to predict acceptance, individuals from racially and eth-
nically UiM backgrounds have favorable odds of acceptance when controlling for MCAT and GPA. However, these 
positive associations were not seen for low-income and first-generation applicants. Additional preparation for college 
and the MCAT for these latter groups may help further diversify the medical profession.
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Background
On average over 50,000 aspiring physicians apply each 
year to United States (US) allopathic medical schools. 
However, only around 40–45% of these applicants obtain 
an acceptance [1]. Importantly, medical school matricu-
lants have rarely reflected the US population in terms 
of race and ethnicity. Individuals from racial and eth-
nic minority groups have historically been Underrepre-
sented in Medicine (UiM) with respect to medical school 
enrollment compared to the general population [2]. Stark 
disparities have also been noted in socioeconomic back-
grounds of matriculants. Since 1987, half of entering 
US medical students come from families in the highest 
income quintile, while only 5.5% of entering US medical 
students come from families in the lowest income quin-
tile [3, 4].

Many calls have been made to address underrepresen-
tation in medical schools. For example, the 2009 Liaison 
Committee for Medical Education (LCME) accreditation 
guidelines required medical schools to “make admission 
to medical education more accessible to potential appli-
cants of diverse backgrounds” [5]. In 2012, the American 
Association of Medical Colleges (AAMC) introduced a 
socioeconomic indicator to provide admission commit-
tees a way to identify socioeconomically disadvantaged 
applicants [6]. In 2016, the AAMC recommended that 
medical school admissions committees practice “holistic 
admissions” [7]. The hope is that using a more holistic 
approach will counteract the racial and socioeconomic 
disparities observed in MCAT scores and GPA aver-
ages that may be secondary to structural racism [8–11]. 
Moreover, research has demonstrated that medical stu-
dent and physician diversity is associated with improved 
educational experiences as well as patient outcomes [11–
14]. Despite this concerted effort to raise awareness of 
observed disparities, socioeconomic diversity had failed 
to improve among the medical student population as of 
2023 [1, 15].

To date, most descriptions of medical school appli-
cants’ background have focused on one or two back-
ground features. The purpose of this study is to examine 
the association of multiple factors, alone and in combina-
tion, on the likelihood of acceptance. Of primary inter-
est are self-identification as a first-generation college 
student (FG) and familial low-income (LI). UiM status is 
also included as it is closely intertwined with being FG 
and LI. We hypothesize that all three demographic fac-
tors negatively predict medical school acceptance and are 
also negatively associated with MCAT scores and science 
GPA. Furthermore, we explore the relationship between 
these factors and participation in extracurricular activi-
ties. Additionally, we hypothesize that MCAT scores, sci-
ence GPA, and participation in extracurricular activities 

are each positively associated with acceptance and medi-
ates the negative impact of the socioeconomic indicators.

Methods
The research protocol for this study was deemed exempt 
from review by the institutional review board at the 
University of Pennsylvania. The data used in this pro-
ject were originally collected by the American Medical 
College Application Service (AMCAS) and maintained 
within the AAMC Applicant Matriculant Data file. Data 
were obtained from the AAMC through the standard 
data request process.

Data sources
De-identified individual applicant-level data from 
AMCAS were obtained from the AAMC Applicant 
Matriculant Data File for all medical school applicants 
with application years between 2014 and 2021. Only 
first-time applicants were included in these analyses. The 
following applicant characteristics were extracted: sex, 
age, highest parental education level, childhood family 
income, race/ethnicity, Medical College Admissions Test 
2015 (MCAT) version scores (defined below), science 
and non-science grade point average (GPA), the type and 
number of extracurricular activities, and final acceptance 
to medical school decision. Apart from MCAT and GPA, 
all the characteristics were self-reported by each appli-
cant. Notably, the AAMC launched a new version of the 
MCAT in 2015 (MCAT). Only applicants with scores for 
the newest MCAT version were included for analysis. 
Also, applicants in 2021 (the first year of the pandemic) 
were very different than those in earlier years in terms 
of number and characteristics as there was an unprec-
edented 17% increase in total applicants. Thus, the ana-
lytic data file was limited to the 2017–2020 applicants.

Definition of variables
FG status included those applicants without any parents 
(up to six potentially coded) with a bachelor’s degree or 
higher. LI status was defined as having reported child-
hood family income of less than $75,000. This value 
was chosen as it fell under 300% of the poverty level for 
a family of four in 2019. Furthermore, this value is con-
sistent with the criteria to receive the AMCAS Fee Assis-
tance Program (FAP) for application years within the 
dataset. Individuals with missing data or who reported 
“do not know” were excluded from the analyses. UiM 
included individuals who identified as Black, Hispanic, 
Pacific Islander/Native Hawaiian, or Native American, 
within any of their self-selected designations, while appli-
cants who indicated only Asian and/or White race were 
considered non-UiM. Science GPA was significantly 
right-skewed and therefore divided into quintiles for 



Page 3 of 8Perez et al. BMC Medical Education          (2023) 23:960 	

analysis. Extracurricular activities were organized into 
seven dichotomous (0/1) categories: 1) Employment; 
2) Medical Employment; 3) Scholarly activities which 
included publications, conference attendance, and pres-
entations or poster presentations; 4) Honors/Awards; 5) 
Shadowing; 6) Community Service; and 7) Other activi-
ties which included research, teaching, leadership expe-
riences, and any other extra-curricular activities. Most 
activities were highly skewed and converted to a binary 
characteristic if the applicant had one or more activities 
in this category. Normally distributed activities (com-
munity service and other activities) were divided at the 
median.

Statistical analysis
Within groups defined by FG, LI, and UiM status, analy-
ses summarize overall differences in MCAT averages, 
GPA averages, the type and number of extracurricular 
activities, and acceptance rates overall for medical school 
applicants. To test our hypothesis that applicant charac-
teristics of FG, LI, and UiM have lower MCAT and sci-
ence GPA while having higher employed activities and 
lower non-employment activities compared to other 
applicants, chi-square tests were conducted for each rela-
tionship. Univariable and multivariable regression analy-
ses were performed to evaluate the association of FG, LI, 
UiM, MCAT score (per one point), science GPA quintile, 
and extracurricular activities with medical school accept-
ance among applicants. Interaction terms between FG 
and UiM, LI and UiM, and FG and LI were included in 
multivariable models to examine stability of results. Vari-
ance Inflation Factors (VIF) were calculated between 
variables to evaluate for evidence of multi-collinearity. 
Given the large number of analyses performed, statistical 
significance was set at p <  = 0.01. Statistical analyses were 
performed in SPSS (IBM SPSS Statistics for Windows, 
version 26, Armonk, NY: IBM Corp).

Results
During the 2017–2020 time period, AMCAS collected 
153,664 first-time applicants to US allopathic medical 
schools. Of the applicants who reported parent educa-
tion level or family income, 30,455 (19.8%) were FG col-
lege students or graduates and 54,735 (35.6%) were LI 
(Table  1). The average MCAT score among applicants 
was 506.00 (SD = 9.54). The average science GPA of the 
total applicant pool was 3.51 (SD = 0.42). Applicant par-
ticipation in each of the Extracurricular Activities cat-
egories ranged from 37.0% (n = 56,820) for Scholarly 
Activities to 74.3% (n = 114,164) for Shadowing (Table 1). 
All variables in Table  1 had statistically significant dif-
ferences between the accepted and non-accepted pool 
except for employment.

As shown in Additional File 1, MCAT and science GPA 
scores were lower for applicants identified as FG, LI or 
UiM compared to their non-identified counterparts. Fig-
ure  1 shows in detail how FG, LI, and UiM status were 
negatively related to MCAT and GPA. Self-identified FG, 
LI, and UiM applicants also participated less frequently 
in extracurricular activities, except FG and LI were more 
likely to report medical and non-medical employment. 
The overall acceptance rates for FG, LI, and UiM appli-
cants were 37.9%, 39.6%, and 44.2%, respectively. The 
acceptance rate for the non-UiM counterparts was 45.5%.

First‑Generation
The mean MCAT score of FG applicants was signifi-
cantly lower compared to non-FG applicant pool (502.59 
(SD 9.75) vs 506.86 (SD 9.29), p-value < 0.01 (Additional 
File 1). Similarly, the mean science GPA of FG appli-
cants was 3.42 compared to a mean science GPA of 3.53 
of the non-FG applicant pool, p-value 0.45 (Additional 
File 1). FG applicants had higher engagement rates in 
both non-medical and medical employment of 63.4% 
(19,316/30,455) and 50.4% (15,340/30,455), respectively, 
compared to the non-FG applicant pool’s rates of 57.9% 
and 43.1%. FG applicants had lower engagement in hon-
ors/awards, shadowing, community service, and other 
activities but similar rates of involvement in scholarly 
activities (Additional File 1). However, in many cases the 
differences were less than 1–2%.

Low‑income
The MCAT and science GPA of LI applicants were sig-
nificantly lower than the non-LI applicant pool (Addi-
tional File 1); 503.55 (SD 1.00) versus 507.38 (SD 8.98) for 
MCAT and 3.44 versus 3.55 for GPA. LI applicants did 
have higher engagement in both paid employment cat-
egories and scholarly activities, but lower engagement in 
all other activities such as honors/awards (50.7% versus 
51.3%) and shadowing (73.3% versus 74.8%), but again, 
differences were small (Additional File 1).

UiM
Finally, mean MCAT score of UiM applicants was 500.21 
(SD 10.05) compared to the non-UiM applicant pool’s 
mean of 507.38 (SD 8.79) with a p-value of < 0.01. GPAs 
were also lower (3.30 versus 3.56, respectively). UiM 
applicants had lower engagement in all categories of 
extracurricular activities, including employment.

On univariate logistic regression analysis, accept-
ance was negatively associated with FG college status 
(OR: 0.68, CI: 0.67–0.70) and LI status (OR: 0.70, CI: 
0.69–0.72) (Table 2). UiM status was only slightly nega-
tively associated (OR: 0.95, CI: 0.93–0.97) whereas higher 
MCAT scores and science GPA were positively associated 
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with acceptance (Table  2). All extracurricular activities, 
apart from employment, were positively associated with 
acceptance (Table  2). Subsequent multivariable analysis 
demonstrated that medical school acceptance was most 
strongly associated with science GPA (OR: 7.15, CI: 6.78–
7.54 for the highest quintile) and UiM status (OR: 5.58, 
CI: 5.48–5.93), and positively associated with MCAT 
score (OR: 1.19, CI: 1.18–1.19) and FG status (OR: 1.14, 
CI: 1.10–1.18). All extracurricular activities, apart from 
non-medical employment (OR: 1.01, CI: 0.99–1.04), were 
also associated with medical school acceptance. Low-
income status (OR: 1.00, CI: 0.97–1.03) was not statisti-
cally significant. VIF values were obtained for the UiM, 
FG, and LI and varied between 1.04 and 1.15 which were 

not suggestive of multi-collinearity. Associations of each 
variable with medical school acceptance remained the 
same when adding interaction terms to the multivariate 
regression (Table  2) model (FG*UiM, LI*UiM, FG*LI) 
except LI was now also negatively associated with medi-
cal school acceptance (OR:0.90, CI: 0.87–0.94) where FG 
was no longer associated (OR:1.01, CI:0.96–1.08).

Discussion
This study demonstrates that the overall acceptance rates 
for FG, LI, and UiM applicants are lower compared to the 
non-FG, non-LI, and non-UiM counterparts. However, 
UiM applicants have only a modest difference in accept-
ance rates. As hypothesized, each of these applicant 

Table 1  Demographics

*  p < 0.01

All Applicants
N = 153,664

Accepted Applicants
N = 69,569 (45.3%)

Not Accepted Applicants
N = 84,095 (54.7%)

Sex, n/%
  Female 82,190 / 53.5% 37,683 / 54.2% 44,507 / 52.9%

  Male 71,356 / 46.4% 31,823 / 45.7% 39,533 / 47.0%

  Not Reported 118 / 0.1% 63 / 0.1% 55 / 0.1%

Age, n/%
  UNDER 22 10,896 / 7.1% 6,260 / 9.0% 4,636 / 5.5%

  22 45,647 / 29.7% 23,851 / 34.3% 21,796 / 25.9%

  23 36,610 / 23.8% 17,416 / 25.0% 19,194 / 22.8%

  24 23,485 / 15.3% 9,922 / 14.3% 13,563 / 16.1%

  25 12,596 / 8.2% 4,553 / 6.5% 8,043 / 9.6%

  26 7,422 / 4.8% 2,433 / 3.5% 4,989 / 5.9%

  27 4,591 / 3.0% 1,466 / 2.1% 3,125 / 3.7%

  OVER 27 12,417 / 8.1% 3,668 / 5.3% 8,749 / 10.4%

First-Generation College Student, n/% 30,455 / 19.8% 11,529 / 16.6%* 18,926 / 22.5%*

Low-income (< $75,000 Childhood Income), n/% 54,735 / 35.6% 21,702 / 31.2%* 33,033 / 39.3%*

Underrepresented in Medicine, n/% (95% CI) 31,587 / 20.6% 13,975 / 10.1%* 17,612 / 20.9%*

MCAT2015 Total Score, Mean (SD) 506.00 (9.54) 511.70 (6.46)* 501.46 (9.15)*

Science GPA, Mean (SD) 3.51 (0.42) 3.70 (0.28)* 3.35 (0.45)*

  Quintile 1 (< 3.19) 28,974 / 18.9% 3,840 / 5.5% 25,134 / 19.9%

  Quintile 2 (3.19 – 3.48) 29,495 / 19.2% 9,664 / 14.4% 19,831 / 23.6%

  Quintile 3 (3.49 – 3.69) 29,402 / 19.1% 14,219 / 20.4% 15,183 / 18.1%

  Quintile 4 (3.70 – 3.87) 29,208 / 19.0% 17,474 / 25.1% 11,734 / 14.0%

  Quintile 5 (3.88 – 4.00) 30,617 / 19.9% 22,126 / 31.8% 8,491 / 10.1%

Non-Science GPA, Mean (SD) 3.74 (0.27) 3.83 (0.20)* 3.66 (0.30)*

Extracurricular Activities, n (%)
  Employment 90,657 / 59.0% 41,129 / 59.1% 49,528 / 58.9%

  Medical employment 68,428 / 44.5% 29,214 / 42.0%* 39,214 / 46.6%*

  Scholarly activities 56,820 / 37.0% 28,769 / 41.4%* 28,051 / 33.4%*

  Honors/awards 78,505 / 51.1% 41,129 / 59.1%* 37,376 / 44.4%*

  Shadowing 114,164 / 74.3% 56,053 / 80.6%* 58,111 / 69.1%*

  Community service 75,018 / 48.8% 38,634 / 55.5%* 36,384 / 43.3%*

  Other activities 69,625 / 45.3% 38,935 / 56.0%* 30,690 / 36.5%*
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factors alone is a negative predictor of acceptance. More-
over, as hypothesized, the mean MCAT and science GPA 
are positive predictors of acceptance, consistent with 
prior literature [9, 16]. Additionally, a deeper dive into 
interrelationships among the predictors showed clear 
negative relationships between FG, LI, and UiM status 
and MCAT and science GPA scores. New to the literature 
is the observation that most categories of extracurricular 
activities are positive predictors of acceptance. Participa-
tion in extracurricular activities was variable within the 
three self-identified focal groups, but differences were 
not large except for higher participation in employment 
for FG and LI applicants. Interestingly, the multivari-
able results showed that higher MCAT and science GPA 
scores mediate the initial negative results, especially for 
UiM applicants.

Thus, what do these results mean in the era of rec-
ommended holistic review? The AAMC has officially 

stated that the application review process should bal-
ance the importance of academic metrics with the 
“context of applicants’ experiences and attributes,” as 
well as “educational opportunities, lived experiences, 
[and] academic trajectories” [17]. Surveys to mem-
bers of medical school admissions committees across 
the country found that parental education/occupa-
tion/socioeconomic status (SES) was deemed to have 
a medium mean importance rating, along with factors 
such as non-science GPA and research/lab experiences 
[16]. However, our multivariable logistic regression 
analysis including interaction terms found that LI sta-
tus had a negative association with acceptance while 
FG college status had no statistically significant asso-
ciation with acceptance. UiM status had a more signifi-
cant positive association with acceptance. These results 
suggest that, while US medical schools may be practic-
ing holistic admissions as evident by these analyses, FG 

Fig. 1  Average GPA and MCAT scores for all applicants versus accepted applicants along with all UiM applicants versus UiM accepted applicants 
within each income category and parent education level. Average MCAT and GPAs increase in association with increased family income (a-b) 
and parent education level (c-d) for both applicants (dark gray line) and accepted applicants (light gray line). Similar findings were observed for UiM 
applicants and UiM accepted applicants (e–h). accepted applicants’ MCAT scores and GPA’s are significantly higher than accepted students’ metrics 
for every income category and parental education level. Values represent mean ± standard error
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or LI college applicants may still struggle with medical 
school acceptance.

Furthermore, these results demonstrate that applicants 
with family income less than $75,000 and FG college 
students are relatively under-accepted. These findings 
corroborate prior literature that socioeconomically dis-
advantaged students are underrepresented in the current 
medical student population [3, 4, 15]. Studies outside 
the US have also found that lower-income applicants 
experienced statistically significantly lower acceptance 
rates to medical school than individuals from privileged 
socioeconomic backgrounds [18, 19]. Additionally, socio-
economically disadvantaged applicants are more likely to 
perceive the pre-medical path and medical school appli-
cation process as daunting and less attainable, potentially 
resulting in fewer applicants from these backgrounds 
[20]. However, a key issue is that low-income students 
within this study, as well as others, have significantly 
lower performance in the MCAT and GPA metrics, and 
it is unlikely that parity will be achieved in an admis-
sions process that primarily uses these data to inform 
decisions. Further considerations for these disparities 
in acceptance to medical school amongst lower-income 
applicants includes the possibility that they may not have 
the funds to engage in MCAT preparatory courses or buy 
additional study resources, and that they may experience 

less study time as they may work longer hour to finan-
cially support themselves through college.

The relationship between family income and MCAT 
scores has been widely described since 1995 [21]. Despite 
the MCAT exam being revised in 2015, recent stud-
ies have re-demonstrated the persistence of differences 
in scores relative to income groups with the new scor-
ing scale [22]. Analysis by Terregino et al. reported that 
applicants with MCAT scores in the middle-third of the 
score scale were more likely to be UiM, FG college stu-
dents, or from lower parental educational backgrounds 
than applicants from the upper-third of the score scale 
[23]. Additionally, their study found that admissions 
committees that accepted applicants with MCAT scores 
in the middle-third of the scale selected more diverse 
medical school classes.

Multivariable logistic regression found that UiM iden-
tity had a very strong positive association with accept-
ance and an odds ratio that was orders of magnitude 
larger than that of first-generation student status. The 
strength of the predictor is likely a reflection of adher-
ence to critical and beneficial guidelines for diversity and 
inclusion in medical school admissions [5]. Although this 
admission practice has not yet resulted in significantly 
increased representation of UiM students in medicine 
compared to the US population, our results suggest that 

Table 2  Associations with medical school acceptance

a Science GPAs were compared to quintile 1

Univariate Multivariate Multivariate with 
Interaction Terms

OR OR 95% CI OR OR 95% CI OR OR 95% CI

First-generation (FG) 0.68 0.67–0.70 1.14 1.10–1.18 1.01 0.96–1.08

Low-income (LI) 0.70 0.69–0.72 1.00 0.97–1.03 0.90 0.87–0.94

UiM 0.95 0.93–0.97 5.58 5.48–5.93 5.42 5.13–5.72

First-generation x UiM 0.80 0.74–0.87

Low-income x UiM 1.20 1.11–1.29

First-generation x Low-income 1.34 1.25–1.45

MCAT2015 1.18 1.18–1.18 1.19 1.18–1.19 1.19 1.18–1.19

Science GPAa

  Quintile 2 (3.19–3.48) 3.19 3.06–3.32 2.30 2.18–2.42 2.30 2.19–2.42

  Quintile 3 (3.49–3.69) 6.13 5.88–6.39 3.84 3.66–4.03 3.84 3.55–4.04

  Quintile 4 (3.70–3.87) 9.75 9.35–10.16 5.26 5.00–5.53 5.27 5.00–5.54

  Quintile 5 (3.88–4.00) 17.06 16.36–17.76 7.15 6.78–7.54 7.16 6.79–7.55

  Employment 1.01 0.99–1.03 1.01 0.99–1.04 1.01 0.96–1.04

  Medical employment 0.83 0.81–0.85 1.26 1.22–1.29 1.26 1.22–1.29

  Scholarly activities 1.41 1.38–1.44 1.09 1.06–1.12 1.09 1.06–1.11

  Honors/awards 1.81 1.77–1.85 1.19 1.16–1.22 1.19 1.16–1.22

  Shadowing 1.85 1.81–1.90 1.57 1.52–1.63 1.57 1.52–1.63

  Community service 1.64 1.61–1.67 1.47 1.43–1.51 1.47 1.43–1.51

  Other activities 2.12 2.17–2.26 1.47 1.43–1.51 1.47 1.43–1.51
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institutions are at least making deliberate efforts to con-
sider students from these backgrounds [2, 24]. Extending 
these intentional efforts towards FG and LI applicants 
is encouraged. The data are there: AMCAS includes 
a first-generation college student indicator and fields 
for students to indicate and describe a disadvantaged 
background [6, 7, 25, 26]. Concurrent with admission 
committees using the available data in holistic review, 
activities such as pipeline program support, funded test-
prep and application resources, and targeted outreach 
to and recruitment of socioeconomically disadvantaged 
(SED) college students may help increase their represen-
tation. These activities targeting UiM and SED individu-
als prior to medical school applications may increase the 
number of applicants from these groups. Notably, these 
individuals were underrepresented in the applicant pool 
and thus suggest that barriers may exist earlier in life 
and thus further limit the ability to diversify the medical 
profession.

While our study’s strengths include reporting on a 
large, standardized dataset across multiple admissions 
cycles, there are limitations. Use of the AMCAS data file 
precluded inclusion of applicants who applied solely to 
US osteopathic medicine programs. Furthermore, this 
study did not assess other data points that are impor-
tant parts of the application process such as applicant’s 
essays, or interviews, which may contribute to differences 
observed in acceptance rates among the groups in this 
study. Notably, this study did not include variables such 
as age or applicant-reported sex in multivariable analyses 
as they did not have a statistically significant difference 
in univariable analyses. We were also unable to fine-tune 
the income data by controlling for factors such as fam-
ily size and geographic income averages. Similarly, we 
did not have access to the time frame or number of hours 
dedicated to each extracurricular activity. Furthermore, 
this large cohort study was unable to assess the impact of 
different admission practices and missions at individual 
medical schools. Finally, we recognize that a plurality of 
medical schools incorporates a “secondary application” 
which may further influence a committee’s holistic evalu-
ation and candidacy for acceptance. Future studies using 
similar data but with a medical school indicator may help 
highlight exemplary schools.

Conclusions
The findings in this study suggest that medical school 
admission practices are commensurate with holistic 
review as acceptance to medical schools is positively 
associated with participation in all kinds of extracur-
ricular activities, high MCAT score, high GPA, and 
UiM background when controlling for MCAT and GPA. 
While this study was unable to evaluate the differences 

in outcomes based on individual medical schools’ mis-
sions and admission practices, it is possible that this 
overreliance on science GPA and MCAT for medical 
school acceptance negatively impacts the diversity and 
representation of UiM and SED applicants. On the other 
hand, some strides have been made in the likelihood of 
acceptance for UiM applicants, albeit given high GPAs 
and MCAT scores. To eventually achieve a diverse US 
physician workforce, admission committees will need 
an ongoing commitment to practicing holistic applicant 
assessment. Additionally, applicants from UiM and soci-
oeconomically disadvantaged backgrounds may benefit 
from greater academic support in high school and college 
and in preparation for the MCAT. Finally, FG and LI stu-
dents may not have the same opportunities for engage-
ment in extracurricular activities, possibly impacted by 
their financial responsibilities, which may be suggested 
by the data showing a higher level of participation in 
employment activities. However, if able to participate in 
extracurricular activities, this does have a modest impact 
on the likelihood of being accepted to medical school.

Abbreviations
US	� United States
UiM	� Underrepresented in medicine
GPA	� Grade point average
MCAT​	� Medical college admissions test
FG	� First-generation
LI	� Low-income
LCME	� Liaison committee for medical education
AAMC	� American association of medical colleges
AMCAS	� American medical college application service
FAP	� Fee assistance program

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12909-​023-​04897-8.

Additional file 1: Figure S1. Relationshihp Between FG, LI, UiM, MCAT 
Score, GPA, and activities for applicants regardless of acceptance decision.

Acknowledgements
Ursula Anderson, PhD of the Office of Academic Programs at the University of 
Pennsylvania provided statistical support on this project for which she was not 
compensated.

Authors’ contributions
MAP and CW originally conceived of the study and worked with mentor NV 
to create a proposal and request data. They also wrote the first version of the 
manuscript and edited subsequent versions. KH and RM assisted with data 
interpretation and graphing, as well as manuscript review and editing. JAS and 
CJD did the majority of the analyses as well as edited multiple versions of the 
manuscript.

Funding
This study was funded by the Perelman School of Medicine at the University 
of Pennsylvania.

https://doi.org/10.1186/s12909-023-04897-8
https://doi.org/10.1186/s12909-023-04897-8


Page 8 of 8Perez et al. BMC Medical Education          (2023) 23:960 

Availability of data and materials
The data used in this project were originally collected by the American Medi-
cal College Application Service (AMCAS) and maintained within the AAMC 
Applicant Matriculant Data file. Data were obtained from the AAMC through 
the standard data request process. Others wishing to use the data would 
need to file a request by emailing datarequest@aamc.org. This material is 
based upon data provided by the Association of American Medical Colleges 
(“AAMC”). The views expressed herein are those of the authors and do not 
necessarily reflect the position or policy of the AAMC.

Declarations

Ethics approval and consent to participate
The research protocol for this study was submitted to the Institutional Review 
Board at the University of Pennsylvania for review and the approval was 
obtained from Institutional Review Board at the University of Pennsylvania. 
The study was deemed exempt from requiring informed consent by the 
Institutional Review Board at the University of Pennsylvania. The data used for 
this study were de-identified when shared with us and therefore there was no 
need for informed consent. All methods were carried out in accordance with 
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Neurology, Hospital of the University of Pennsylvania, Phila-
delphia, PA, US. 2 Department of Urology, Hospital of the University of Pennsyl-
vania, Philadelphia, PA, US. 3 Perelman School of Medicine, University of Penn-
sylvania, Philadelphia, PA, US. 4 Department of Radiation Oncology, Hospital 
of the University of Pennsylvania, Philadelphia, PA, US. 5 Division of General 
Internal Medicine, Perelman School of Medicine, University of Pennsylvania, 
Philadelphia, PA, US. 6 Department of Medicine, Division of Allergy, Pulmonary 
and Critical Care, Hospital of the University of Pennsylvania, Philadelphia, 
PA, US. 7 Leonard Davis Institute of Economics, University of Pennsylvania, 
Philadelphia, PA, US. 

Received: 8 June 2023   Accepted: 23 November 2023

References
	1.	 American Association of Medical Colleges. AAMC FACTS table.; 2022. 

Accessed September 7, 2022. https://​www.​aamc.​org/​data-​repor​ts/​stude​
nts-​resid​ents/​inter​active-​data/​2021-​facts-​appli​cants-​and-​matri​culan​ts-​data

	2.	 Lett LA, Murdock HM, Orji WU, Aysola J, Sebro R. Trends in racial/eth-
nic representation among US medical students. JAMA Netw Open. 
2019;2(9):e1910490. https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​2019.​10490.

	3.	 Jolly P. Diversity of US medical students by parental income. Analysis in Brief. 
2008;8(2):1–2.

	4.	 Gabric D, Garrison G, Jolly P. Diversity of U.S. medical school students by 
parental education. Analysis In Brief. 2010;9(10). https://​www.​aamc.​org/​
data-​repor​ts/​analy​sis-​brief/​report/​diver​sity-​us-​medic​al-​school-​stude​nts-​
paren​tal-​educa​tion. Accessed 30 Nov 2023.

	5.	 Liaison Committee on Medical Education (LCME). Liaison Committee on 
Medical Education (LCME) standards on diversity. Accessed January 14, 
2021. https://​health.​usf.​edu/​~/​media/​Files/​Medic​ine/​MD%​20Pro​gram/​Diver​
sity/​LCMES​tanda​rdson​Diver​sity1.​ashx?​la=​en

	6.	 Grbic D, Jones DJ, Case ST. The role of socioeconomic status in medical 
school admissions: validation of a socioeconomic indicator for use in medi-
cal school admissions. Acad Med. 2015;90(7):953–60. https://​doi.​org/​10.​
1097/​ACM.​00000​00000​000653.

	7.	 Conrad SS, Addams AN, Young GH. Holistic review in medical school admis-
sions and selection: a strategic, mission-driven response to shifting societal 
needs. Acad Med. 2016;91(11):1472–4. https://​doi.​org/​10.​1097/​ACM.​00000​
00000​001403.

	8.	 Dong T, Hutchinson J, Torre D, et al. What influences the decision to 
interview a candidate for medical school? Mil Med. 2020;185(11–12):e1999–
2003. https://​doi.​org/​10.​1093/​milmed/​usaa2​37.

	9.	 Davis D, Dorsey JK, Franks RD, Sackett PR, Searcy CA, Zhao X. Do racial and 
ethnic group differences in performance on the MCAT exam reflect test 
bias?: Academic Medicine. 2013;88(5):593–602. doi:https://​doi.​org/​10.​1097/​
ACM.​0b013​e3182​86803a

	10.	 Lucey CR, Saguil A. The consequences of structural racism on MCAT 
scores and medical school admissions: the past is prologue. Acad Med. 
2020;95(3):351–6. https://​doi.​org/​10.​1097/​ACM.​00000​00000​002939.

	11.	 Mason HRC, Ata A, Nguyen M, et al. First-generation and continuing-
generation college graduates’ application, acceptance, and matriculation 
to US medical schools: a national cohort study. Medical Education Online. 
2022;27(1):2010291. https://​doi.​org/​10.​1080/​10872​981.​2021.​20102​91.

	12.	 Whitla DK, Orfield G, Silen W, Teperow C, Howard C, Reede J. Educational 
benefits of diversity in medical school: a survey of students. Academic 
Medicine. 2003;78(5). https://​journ​als.​lww.​com/​acade​micme​dicine/​Fullt​ext/​
2003/​05000/​Educa​tional_​Benef​its_​of_​Diver​sity_​in_​Medic​al.7.​aspx

	13.	 Komaromy M, Grumbach K, Drake M, et al. The role of black and hispanic 
physicians in providing health care for underserved populations. N Engl J 
Med. 1996;334(20):1305–10. https://​doi.​org/​10.​1056/​NEJM1​99605​16334​2006.

	14.	 Takeshita J, Wang S, Loren AW, et al. Association of racial/ethnic and gender 
concordance between patients and physicians with patient experience 
ratings. JAMA Netw Open. 2020;3(11):e2024583. https://​doi.​org/​10.​1001/​
jaman​etwor​kopen.​2020.​24583.

	15.	 Youngclaus J, Roskovensky L. An updated look at the economic diversity of 
US medical students. AAMC Anal Brief. 2018;18(5):1–3.

	16.	 American Association of Medical Colleges. Using MCAT® data in 2023 medi-
cal student selection. Published online 2022. Accessed September 7, 2022. 
https://​www.​aamc.​org/​system/​files/​2022-​06/​2023%​20MCAT%​20Data%​
20Sel​ection%​20Gui​de%​20Onl​ine.​pdf

	17.	 Dunleavy DM, Sondheimer H, Castillo-Page L, Beer Bletzinger R. Medical 
school admissions: more than grades and test scores. AAMC Analysis in Brief. 
2011;11(6). https://​www.​aamc.​org/​data-​repor​ts/​analy​sis-​brief/​report/​medic​
al-​school-​admis​sions-​more-​grades-​and-​test-​scores. Accessed 30 Nov 2023.

	18.	 Pitre T, Thomas A, Evans K, Jones A, Mountjoy M, Costa AP. The influence of 
income on medical school admissions in Canada: a retrospective cohort study. 
BMC Med Educ. 2020;20(1):209. https://​doi.​org/​10.​1186/​s12909-​020-​02126-0.

	19.	 Steven K, Dowell J, Jackson C, Guthrie B. Fair access to medicine? Retrospec-
tive analysis of UK medical schools application data 2009–2012 using three 
measures of socioeconomic status. BMC Med Educ. 2016;16:11. https://​doi.​
org/​10.​1186/​s12909-​016-​0536-1.

	20.	 Greenhalgh T, Seyan K, Boynton P. “Not a university type”: focus group study of 
social class, ethnic, and sex differences in school pupils’ perceptions about medi-
cal school. BMJ. 2004;328(7455):1541. https://​doi.​org/​10.​1136/​bmj.​328.​7455.​1541.

	21.	 Fadem B, Schuchman M, Simring SS. The relationship between parental 
income and academic performance of medical students. Acad Med. 
1995;70(12):1142–4.

	22.	 Girotti J, Chanatry J, Clinchot D, et al. Investigating group differences in 
examinees’ preparation for and performance on the new MCAT exam. Acad 
Med. 2020;95(3):365–74.

	23.	 Terregino CA, Saguil A, Price-Johnson T, Anachebe NF, Goodell K. The 
diversity and success of medical school applicants with scores in the middle 
third of the MCAT score scale. Acad Med. 2020;95(3):344–50. https://​doi.​org/​
10.​1097/​ACM.​00000​00000​002941.

	24.	 Morris DB, Gruppuso PA, McGee HA, Murillo AL, Grover A, Adashi EY. Diver-
sity of the national medical student body — four decades of inequities. N 
Engl J Med. 2021;384(17):1661–8. https://​doi.​org/​10.​1056/​NEJMs​r2028​487.

	25.	 AAMC. AMCAS 2018 New Questions. Published 2017. Accessed January 
16, 2021. https://​aamc-​orange.​global.​ssl.​fastly.​net/​produ​ction/​media/​filer_​
public/​7d/​4c/​7d4c5​b3c-​be52-​4c93-​b382-​8dcc9​ea7ff​d3/​2018_​amcas_​
new_​quest​ions-_​fact_​sheet.​pdf

	26.	 Lowrance AM, Birnbaum MG. Am I Disadvantaged? How applicants decide 
whether to use the disadvantaged status in the american medical college 
application service. Acad Med. 2019;94(11):1766–73. https://​doi.​org/​10.​
1097/​ACM.​00000​00000​002798.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.aamc.org/data-reports/students-residents/interactive-data/2021-facts-applicants-and-matriculants-data
https://www.aamc.org/data-reports/students-residents/interactive-data/2021-facts-applicants-and-matriculants-data
https://doi.org/10.1001/jamanetworkopen.2019.10490
https://www.aamc.org/data-reports/analysis-brief/report/diversity-us-medical-school-students-parental-education
https://www.aamc.org/data-reports/analysis-brief/report/diversity-us-medical-school-students-parental-education
https://www.aamc.org/data-reports/analysis-brief/report/diversity-us-medical-school-students-parental-education
https://health.usf.edu/~/media/Files/Medicine/MD%20Program/Diversity/LCMEStandardsonDiversity1.ashx?la=en
https://health.usf.edu/~/media/Files/Medicine/MD%20Program/Diversity/LCMEStandardsonDiversity1.ashx?la=en
https://doi.org/10.1097/ACM.0000000000000653
https://doi.org/10.1097/ACM.0000000000000653
https://doi.org/10.1097/ACM.0000000000001403
https://doi.org/10.1097/ACM.0000000000001403
https://doi.org/10.1093/milmed/usaa237
https://doi.org/10.1097/ACM.0b013e318286803a
https://doi.org/10.1097/ACM.0b013e318286803a
https://doi.org/10.1097/ACM.0000000000002939
https://doi.org/10.1080/10872981.2021.2010291
https://journals.lww.com/academicmedicine/Fulltext/2003/05000/Educational_Benefits_of_Diversity_in_Medical.7.aspx
https://journals.lww.com/academicmedicine/Fulltext/2003/05000/Educational_Benefits_of_Diversity_in_Medical.7.aspx
https://doi.org/10.1056/NEJM199605163342006
https://doi.org/10.1001/jamanetworkopen.2020.24583
https://doi.org/10.1001/jamanetworkopen.2020.24583
https://www.aamc.org/system/files/2022-06/2023%20MCAT%20Data%20Selection%20Guide%20Online.pdf
https://www.aamc.org/system/files/2022-06/2023%20MCAT%20Data%20Selection%20Guide%20Online.pdf
https://www.aamc.org/data-reports/analysis-brief/report/medical-school-admissions-more-grades-and-test-scores
https://www.aamc.org/data-reports/analysis-brief/report/medical-school-admissions-more-grades-and-test-scores
https://doi.org/10.1186/s12909-020-02126-0
https://doi.org/10.1186/s12909-016-0536-1
https://doi.org/10.1186/s12909-016-0536-1
https://doi.org/10.1136/bmj.328.7455.1541
https://doi.org/10.1097/ACM.0000000000002941
https://doi.org/10.1097/ACM.0000000000002941
https://doi.org/10.1056/NEJMsr2028487
https://aamc-orange.global.ssl.fastly.net/production/media/filer_public/7d/4c/7d4c5b3c-be52-4c93-b382-8dcc9ea7ffd3/2018_amcas_new_questions-_fact_sheet.pdf
https://aamc-orange.global.ssl.fastly.net/production/media/filer_public/7d/4c/7d4c5b3c-be52-4c93-b382-8dcc9ea7ffd3/2018_amcas_new_questions-_fact_sheet.pdf
https://aamc-orange.global.ssl.fastly.net/production/media/filer_public/7d/4c/7d4c5b3c-be52-4c93-b382-8dcc9ea7ffd3/2018_amcas_new_questions-_fact_sheet.pdf
https://doi.org/10.1097/ACM.0000000000002798
https://doi.org/10.1097/ACM.0000000000002798

	Association of applicant demographic factors with medical school acceptance
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data sources
	Definition of variables
	Statistical analysis

	Results
	First-Generation
	Low-income
	UiM

	Discussion
	Conclusions
	Anchor 18
	Acknowledgements
	References


