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ABSTRACT

Background: Admission to an anesthesiology residency in
the United States is competitive, and the odds associated
with a successful match based on the applicants’ characteris-
tics have not been determined. The objective of this study
was to examine factors associated with admission to anesthe-
siology residency in the United States.
Methods: The study was a retrospective cohort evaluation of
the 2010 to 2011 residency applicants. Applicants’ charac-
teristics and objective factors used to select trainees were
extracted. The primary outcome was a successful match to an
anesthesiology residency. Data were analyzed using condi-
tional inference tree analysis and propensity score matching.
Results: Data available from 1,976 applications were exam-
ined corresponding to 58% of the national sample. The odds
(99% CI) for successful match were 3.6 (3.1–4.2) for U.S.
medical school graduates, 2.6 (2.3 to 3.0) for applicants with
United States Medical Licensing Examination Step 2 scores
more than 210, and 1.2 (1.1 to 1.3) for female applicants.
The odds (99% CI) for a successful match for international
and U.S. graduate applicants younger than 29 yr was 3.3
(2.0–5.4) and (1.9 to 4.2), respectively, even after propensity

matching for medical school, exam scores, and gender.
The average applicant had no peer-reviewed scholarly pro-
ductivity.
Conclusion: Although anesthesiology residency acceptance
was primarily associated with U.S. medical school atten-
dance and United States Medical Licensing Examination
Step 2 scores, our study suggest an influence of age and
gender bias in the selection process. Peer-reviewed scholarly
production among applicants and prior graduate education
did not appear to influence candidate selection.
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What We Already Know about This Topic

• Although the change in number of applicants to U.S. anesthe-
sia residencies has been quantified, a detailed examination of
factors associated with successful matching in these pro-
grams has not been performed.

What This Article Tells Us That Is New

• In a review of 2010 to 2011 residency applicants to North-
western University, the odds of a successful match at any U.S.
residency was greater (2.8) for U.S. graduate applicants
younger than 29 yr old, and 1.2 for female applicants. The
average applicant had no peer-reviewed publications.

• These data, representing approximately half of all applicants to
U.S. anesthesia residencies, suggest a strong bias against
older applicants, a slight bias in favor of women, and lack of
research publications in successful applicants.

� This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.

� This article is accompanied by an Editorial View. Please see:
Fleisher LA, Evers AS, Wiener-Kronish J, Ulatowski JA: What
are we looking for? The question of resident selection.
ANESTHESIOLOGY 2012; 117:230–1.
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M ATCHING and matriculating in an anesthesiology
residency in the United States has become much

more competitive than 5 yr ago. According to the National
Residency Matching Program, only 36% of anesthesiology
residency spots were filled by U.S. medical students in the
1995 match. In contrast, 87% of spots offered in the 2010
match were filled by U.S. medical students** (fig. 1). The
high demand for medical students to pursue an anesthesiol-
ogy residency creates a unique opportunity for our specialty.
Academic programs can now select better applicants who will
be more capable to further advance the science and the vari-
ous needs of our profession.

Other traditionally competitive specialties, such as der-
matology and pediatric surgery, have examined factors asso-
ciated with a successful admission to their residency training
programs.1,2 Factors associated with a successful admission
to anesthesiology residency have not been quantified. The
identification and importance of factors associated with a
successful residency match is valuable for both applicants
(they can better prepare for a competitive journey) and aca-
demic programs (they can compare their values with national
standards).

A critical need for more anesthesiologist-researchers has
been recognized in order to advance the specialty as a re-
spected member of the academic community.3 Since the in-
terest for research usually develops early in the medical ca-
reer,4 one of the pathways proposed to respond to that
critical need was to recruit research-oriented medical stu-
dents by residency programs.5 It has not been determined if
applicants with prior research productivity are more likely to
be admitted to an anesthesiology residency than applicants
with no research productivity.

Residency selection in the United States is also based on
subjective criteria during the interview process, such as an
evaluation of applicant’s interpersonal skills and his or her
interaction with program faculty. Any process that involves
selection of personnel based on subjective criteria during
personal interviews is vulnerable to the developments of de-
mographic bias (age, gender, and race) because of the subjec-
tive rating of candidates.6 Other postgraduate disciplines
have demonstrated or refuted the effect of demographic bias
in the selection process of its residency applicants.7,8,9 It is
also unknown if the selection of anesthesiology residents is
affected by these demographic factors.

The objective of this current investigation is to examine
factors affecting a successful admission to an anesthesiology
residency in the United States.

Materials and Methods
The study was a retrospective cohort investigation. The pro-
tocol was approved by the Northwestern University Institu-
tional Review Board, Chicago, Illinois. The requirement of
informed consent for this study was waived by the Board.

The data were obtained from the Electronic Residency
Application Service. The Electronic Residency Application
Service was developed by The Association of American Med-
ical Colleges to electronically transmit application materials
from medical schools to residency programs. During the
2010 and 2011 admission cycle periods, applicants could
apply to 132 anesthesiology programs. Programs evaluate
applications and invite applicants to interview. Applicants
and programs submit their rank lists to the National Resi-
dency Match Program, which utilizes an algorithm to match
individuals with residency positions. Highly ranked appli-
cants by programs are more likely to be admitted to a resi-
dency program.

The data from applicants to Northwestern University’s
anesthesiology residency program for the application periods
of 2010 and 2011 were examined. The data were de-identi-
fied in order to protect applicant’s privacy. The data were
extracted by two of the investigators (TA and MCK). A typ-
ical applicant applies to more than 20 programs across the
country, which enables access of a single program to obtain a
large national sample of applicants.††

Data extracted from the applications included applicant
demographics’ information (age, gender, ethnicity) and ob-
jective data used by programs to select residents including
United States Medical Licensing Examination (USMLE)
scores for Step 1 and 2, medical school origin (United States
vs. international), membership in Alpha Omega Alpha
Honor Society, medical school class rank, graduate school
education (applicants who received either a master’s degree

** http://www.nrmp.org. Results and data from 2011 from Na-
tional Residency Matching Program with The Association of Amer-
ican Medical Colleges. Accessed December 20, 2011.

†† www.nrmp.org. Data from National Residency Matching Pro-
gram from The Association of American Medical Colleges. Accessed
March 30, 2011.

Fig. 1. Number of residency spots filled by U.S. medical
school graduates, comparing anesthesiology to all special-
ties. Although the number of spots filled by U.S. graduates in
all specialties has remained stable over the years, the number
of spots filled by U.S. graduates in anesthesiology rose from
36% in 1995 to 87% in 2010. Data were obtained from the
National Residency Matching Program.
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or a Ph.D.), and the presence and number of peer-reviewed
publications in the applicant’s curriculum. The primary out-
come was a successful anesthesiology residency match. A suc-
cessful match was defined as the applicant who matched and
was admitted to an anesthesiology residency program. An
unsuccessful match was defined as the applicant who did not
match to an anesthesiology residency program.

Statistical Analysis
Assuming a 85% matching success, a sample of 1,000 appli-
cations would be required in order to evaluate 10 predictors
in the nonmatched group, assuming a rate of 15 events to 1
predictor.10

A conditional inference tree analysis was constructed to
model a decision tree for matching in an anesthesiology res-
idency program. The conditional tree algorithm uses binary
recursive splitting to classify applicants belonging to either
the matched or unmatched groups. Because 10 variables were
evaluated for recursive splitting, a P � 0.005 was selected as
the minimal criterion for splitting of the groups. Stopping
criteria for the analysis is based on multiplicity-adjusted P
values with Bonferroni correction. Based on the primary di-
vision of the conditional tree analysis, characteristics of the
applicants who successfully matched in an anesthesiology
resident program were compared with applicants who did
not match using a Fisher exact test or the Mann–Whitney U
test. The association between predictor variables was evalu-
ated using Spearman rank test. The overall predictive value of
the conditional tree model was assessed as the area under the
receiver-operator characteristics curve of a successful match
predicted by the model. Sensitivity, specificity, positive and
negative predictive values, and the positive likelihood ratio of
a test positive were calculated using standard formulae. To
evaluate the effect of age bias in the selection process, we
performed a propensity score-matched analysis. The propen-
sity score was the conditional probability for age 28 yr or
younger or more than 28 yr, as a binary dependent variable,
under a set of predetermined covariates, added into a multi-
ple logistic regression. Each applicant got an individualized
propensity score derived from the logistic regression. Using
these estimated propensity scores, we performed a one-to-
one matched analysis (nearest neighbor with caliber match-
ing) and randomly selected an applicant with age 28 yr or
younger versus applicants with an age more than 28 yr who
had the closest estimated propensity score. The pair of appli-
cants would be eligible for matching if the caliber width of
pair is within 0.6 SD of all selected pairs. Cochran and Rubin
had suggested that a caliber width of 0.6 SD will remove
approximately 90% of the bias in observed confounders.11

Applicants who did not have an acceptable range of match
were excluded. Logistic regression analysis was then per-
formed to estimate the odds ratio for the propensity-matched

groups. Significance was accepted at P � 0.005. Data were
analyzed using Stata version 11 (StataCorp LP, College Sta-
tion, TX) and R version 2.14.0, release date October 31,
2011 (The R Foundation for Statistical Computing, Vienna,
Austria).

Results
For this study, 1,976 applicants for anesthesiology residency
for the admission years of 2009 to 2010 and 2010 to 2011
were evaluated. There were 1,773 applicants competing for
1,385 residency spots ranked anesthesiology in the 2010
year, and 1,748 applicants competed for 1,404 residency
spots in the 2011 year.3 Data from the 1,976 applicants
represented 58% of the total national applicant pool. The
mean age of applicants was 29 � 4; 64% were males and
36% females; and 51% were Caucasians. The median
(99.5% CI) number of publications per applicant was 0 (0 to
1). Among the 1,976 applicants evaluated, 66% percent suc-
cessfully matched to an anesthesiology residency position.
Mean USMLE Step 1 and 2 scores for the 1,976 subjects
were 222 � 19 and 229 � 19, which were not different from
the 2011 match cycle Step 1 (222 � 17) and Step 2 (229 �
19) scores from the national sample. ‡‡

U.S. medical school graduates, age, USMLE Step 1 and 2
scores, and gender were identified by conditional inference
tree analysis for classification of applicants for successful
match into an anesthesiology residency program (fig. 2). The
odds (99% CI) for a successful match for a U.S. medical
school graduate was 3.6 (3.1–4.2) compared with an inter-
national medical school graduate, 2.6 (2.3 to 3.0) for appli-
cants with USMLE Step 2 scores more than 210, and 1.2
(1.1 to 1.3) for female applicants. At a cutoff P � 0.5, the
conditional inference tree accurately (99.5% CI) classified
0.81 (0.76 to 0.85) of the applicants. The sensitivity and
specificity (99.5% CI) of the classification was 0.87 (0.82 to
0.92) and 0.69 (0.61 to 0.78), respectively. The positive
predictive value of a test positive was 0.84 (0.79 to 0.89), the
positive likelihood ratio was 2.8 (2.1–3.1), and the negative
predictive value was 0.73 (0.65 to 0.82).

Younger age, higher USMLE Step 1 and 2 scores, female
gender, and ranking in the upper third of the applicant’s
medical school class were associated with a successful match
among international medical school applicants (table 1).
Within this subset, older age was correlated with lower
USMLE Step 1 scores (� � �0.24, P � 0.0005) and
USLME Step 2 scores (� � �0.15, P � 0.001) but gender did
not correlate with any other applicant characteristics. Com-
pared to applicants that did not match, U.S. medical school
applicants with USMLE Step 2 scores more than 210 that
matched were younger and had higher scores on USMLE
exam Step 1 and 2. Females were more likely to match than
male applicants. (table 2). Within this subset, older age was
correlated with lower USMLE Step 1 (� � �0.15, P �
0.0005) and Step 2 scores (� � �0.12, P � 0.0005) and
with previous graduate education (� � 0.24, P � 0.0005),

‡‡ www.nrmp.org. Data obtained from the National Matching
Resident Program from The Association of American Medical Col-
leges. Accessed March 30, 2011.
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but gender did not correlate with any other applicant char-
acteristics. U.S. medical school applicants with USMLE Step
2 scores less than 210 were further classified by gender. Ap-
plicants who matched were younger and had higher USMLE
scores compared with those who did not match (table 3).
Within this subgroup, older age was associated with previous
graduate education (� � 0.21, P � 0.002), but age and gender
were not correlated with any other applicant characteristics.

Propensity-adjusted samples for applicant’s age more
than 28 yr among international and U.S. medical school
applicants are shown in tables 4 and 5. Propensity-match-
ing logistic regression found the odds (99% CI) for a
successful match for applicants younger than 29 yr was 3.3
(2.0 –5.4) and 2.8 (1.9 – 4.2) for international and U.S.
graduates, respectively.

We could find no evidence of preference for applicants
with a history of graduate education and peer-reviewed
publications. Of the U.S. medical school applicants
younger than 28 yr, 40% had scholarly activity compared
with 46% of those more than 28 yr old (P � 0.03). Of the

U.S. graduates older than 28 yr who matched, 45% had
peer-reviewed publications compared with 48% of those
who did not match (P � 0.58). In the less than 28 yr age
group, 40% of those who matched had peer-reviewed
publications compared with 37% of those who did not
match (P � 0.43). Of the U.S. medical school candidates
with no prior graduate education, there was no difference
in the proportion with research productivity among the
matched 39% and the unmatched 40% (P � 0.5). The
correlation between the number of publications and
match in the top 20 National Institutes of Health-funded
institutions was � � 0.04, P � 0.59 for international
medical school applicants and � � �0.06, P � 0.12 for
U.S. medical school applicants. Overall, the association
was � � �0.08, P � 0.03.

Applicants included in this study matched in 125 differ-
ent residency programs. Of the 679 nonmatched applicants,
80 had matched in previous residences and 28 of the 297
U.S. candidates who did not match had attended graduate
school. Sixty-seven applicants matched in a specialty other

Fig. 2. Algorithm for classification of applicants to anesthesiology residency programs during the 2010 and 2011 match cycles.
Branches to the right classify applicants likely to achieve a successful match and those to the left classify candidates unlikely
to match. There was an association between U.S. medical school attendance and acceptance in a residency program, 80%
versus 26% for international medical school graduates (P � 0.005). Classification within the U.S. medical school applicant pool
was divided by United States Medical License Examination (USMLE) Step 2 scores more than 210 (231 missing). Age less than
29 (0 missing), USMLE Step 1 scores more than 204, and female gender (0 missing) were used to classify applicants with
missing USMLE Step 2 data. Subjects in the branch with USMLE scores less than 210 were separated into terminal branches
by gender. USA � United States of America.
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than anesthesiology, but only 19 matched in more compet-
itive residency programs based on 2010 match data. Thirty-
six percent of the applicants matched at a top 20 research
institution in the U.S.

Discussion
The important finding of the current investigation is that
U.S. medical school graduation and USMLE Step 2 board

scores were the primary determining factors associated with a
successful match and admission to a U.S. anesthesiology res-
idency. Another important finding of our study was the pres-
ence of demographic bias with respect to age and gender in
the selection of applicants. The bias toward the selection of
female applicants was seen in international medical school
applicants as well as those from U.S. medical schools, espe-
cially among U.S. medical school applicants who had lower

Table 1. Characteristics of International Medical School Applicants

Matched
(n � 135)

Did Not Match
(n � 382) P Value

Age (y) 28 (26–31) 31 (28–35) �0.0005
USMLE Step 1 Score 229 (220–241) 219 (204–232) �0.0005
USMLE Step 2 Score 234 (221–246) 222 (208–237) �0.0005
Gender, n, (% of gender) 0.002

Male 73 (22) 264 (78)
Female 62 (34) 118 (65)

Ethnicity, n (% of ethnicity) 0.53
Caucasian (not Hispanic) 50 (28) 130 (72)
Not Caucasian 85 (25) 252 (75)

Rank in Upper Third of Medical School Class,
n (% of rank in upper third)

�0.0005

No 74 (21) 275 (79)
Yes 61 (36) 107 (64)

Graduate School Degree, n (% of graduate school
applicants)

0.88

No 116 (26) 324 (74)
Yes 19 (25) 58 (75)

Previous Publications, n (% of previous publications) 0.76
No 81 (25) 236 (75)
Yes 54 (27) 146 (73)

Data presented as median (interquartile range) or n (%).
USMLE � United States Medical Licensing Examination.

Table 2. Characteristics of U.S. Medical School Applicants with USMLE Step 2 Scores Higher Than 210

Matched
(n � 1,076)

Did Not Match
(n � 184) P Value

Age (y) 26 (26–28) 28 (26–31) �0.0005
USMLE Step 1 Score 226 (216–236) 220 (208–228) �0.0005
USMLE Step 2 Score 238 (227–248) 229 (219–241) �0.0005
Gender, n, (% of gender) 0.005

Male 667 (83) 134 (17)
Female 409 (89) 50 (11)

Ethnicity, n (% of ethnicity) 0.42
Caucasian (not Hispanic) 620 (86) 100 (14)
Not Caucasian 456 (84) 84 (16)

Rank in Upper Third of Medical School Class,
n (% of rank in upper third)

0.04

No 789 (84) 148 (16)
Yes 287 (89) 36 (11)

Graduate School Degree, n (% of graduate school applicants) 0.24
No 969 (86) 160 (14)
Yes 107 (82) 24 (18)

Previous Publications, n (% of previous publications) 0.63
No 621 (85) 110 (15)
Yes 455 (86) 74 (14)

Data presented as median (interquartile range) or n (%).
USMLE � United States Medical Licensing Examination.
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USMLE scores. The bias observed against applicants older
than 28 yr could somewhat be accounted for by the inverse
relationship between age and USMLE board scores; how-
ever, despite propensity matching of subjects for other pred-
icators, we were still able to observe an association of age on
the likelihood of a successful match.

Applicants who were international medical graduates
were less likely to successfully match than applicants who
graduated from a medical school in the United States. This
phenomenon has happened across all medical specialties
and can be more accentuated as the specialty becomes
more competitive.12 Causes previously cited for a lower

Table 3. Characteristics of Anesthesiology Residency Applicants with USMLE Step 2 Scores Lower Than 210

Matched
(n � 86)

Did Not Match
(n � 107) P Value

Age (y) 28 (26–30) 29 (27–33) 0.003
USMLE Step 1 Score 205 (201–216) 200 (192–210) 0.001
USMLE Step 2 Score 203 (196–207) 199 (192–205) 0.005
Gender, n, (% of gender) �0.0005

Male 37 (28) 93 (71)
Female 49 (71) 20 (19)

Ethnicity, n (% of ethnicity) 0.48
Caucasian (not Hispanic) 45 (46) 53 (54)
Not Caucasian 41 (41) 60 (59)

Rank in Upper Third of Medical School Class,
n (% of rank in upper third)

0.28

No 82 (44) 103 (56)
Yes 4 (29) 10 (71)

Graduate School Degree, n (% of graduate school applicants) 0.91
No 71 (43) 94 (57)
Yes 15 (44) 19 (56)

Previous Publications, n (% of previous publications) 0.06
No 58 (49) 61 (51)
Yes 28 (35) 52 (65)

Data presented as median (interquartile range) or n (%).
USMLE � United States Medical Licensing Examination.

Table 4. Propensity-matched Covariates for Age 28 yr among International Medical School Applicants

Before Matching After Matching

Age 28 yr
or Younger
(n � 173)

Age Older
Than 28 yr
(n � 343) P Value

Age 28 yr
or Younger
(n � 173)

Age Older
Than 28 yr
(n � 173) P Value

Propensity Score 0.38 � 0.11 0.31 � 0.12 �0.001 0.38 � 0.11 0.38 � 0.11 0.78
Gender 0.1 1.0

Male 104 232 104 104
Female 69 111 69 69

Rank in Upper Third of Medical
School Class

0.06 1.0

Yes 66 102 66 65
No 107 241 107 108

Graduate School Degree 0.006 1.0
Yes 15 61 15 15
No 158 282 158 158

Previous Publications �0.001 1.0
Yes 44 156 44 45
No 129 187 129 128

USMLE Step 1 Score Higher Than 194 0.15 0.49
Yes 165 316 165 161
No 8 28 8 12

USMLE Step 2 Score Higher Than 210 0.47 0.79
Yes 144 276 138 141
No 29 68 35 32

Data are presented as mean (SD) or counts (n).
USMLE � United States Medical Licensing Examination.
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admission of international medical graduates include
lower scores on the USMLE, medical schools unfamiliar
to program directors, language barriers, and problems
with visa requirements.13,14,15 Specifically in anesthesiology,
attending an international medical school has been associ-
ated with a higher failure on the American Board of Anes-
thesiology specialty exam.16 Some individual programs may
prioritize USMLE Step 1 instead of USMLE Step 2 scores in
their admission process; however, USMLE Step 1 was only a
distant branch of the decision tree analysis for American
medical school graduates in the current investigation.

The other primary association with successful admission
to an anesthesiology residency was higher scores on the
USMLE Step 2 examination. This was also among one of the
most important considerations for ranking applicants ac-
cording to the postmatch survey of program directors con-
ducted by the National Residency Match Program (table 6).
Higher USMLE scores have not been associated with a better
clinical performance during residency, but they have been
associated with higher scores during residency in-training
exams.17,18,19 Programs where residents do well on in-train-
ing exams have been granted longer periods of accredita-
tion.20 Program directors have, therefore, an incentive to
recruit applicants who do well on exams.

A bias toward the acceptance of a greater proportion of
female applicants was not unexpected. A lower rate in the

increase of female anesthesiology residents compared with
female medical students has been previously demonstrated.21

Our findings suggest that the low proportion of female resi-
dents in anesthesiology is more likely a result of a lower
application rate by females to anesthesiology residency pro-
grams rather than a lower selection rate of female applicants.
The low number of female applicants to anesthesiology res-
idency might be an incentive to programs to accept female
applicants in order to increase diversity.

Younger age was as an independent predictor of a success-
ful match to anesthesiology residency. The effect of age on
applicant selection was further confirmed by propensity-
matching graduates from both international and U.S. med-
ical school programs. The high cost of medical education in
the United States can be contributing factor for some appli-
cants to apply for a residency position at a later age.22 Pre-
vious studies have not identify applicant’s age as a predic-
tor of poor residency performance in anesthesiology and
other specialties.23,24,25

Contrary to what was expected, there was a lack of an
association between the presence of an applicant’s peer-re-
viewed scholarly production and a likelihood of admission to
anesthesiology residency. The typical applicant had no peer-
reviewed publications in their application, and applicants
who had attended a graduate school, which frequently in-
volves some degree of research training, were not more likely

Table 5. Propensity-matched Covariates for Age 28 yr among U.S. Medical School Applicants

Before Matching After Matching

Age 28 yr
or Younger
(n � 1,046)

Age Older
Than 28 yr
(n � 413) P Value

Age 28 yr
or Younger
(n � 277)

Age Older
Than 28 yr
(n � 277) P Value

Propensity Score 0.73 � 0.10 0.66 � 0.14 �0.001 0.67 � 0.13 0.67 � 0.13 0.89
Gender 0.05 0.66

Male 651 280 177 171
Female 395 133 100 106

Rank in Upper Third of Medical
School Class

�0.001 0.27

Yes 269 68 25 33
No 776 345 252 244

Alpha Omega Alpha Membership �0.001 1.0
Yes 97 14 10 10
No 320 399 267 267

Graduate School Degree �0.001 0.58
Yes 72 93 56 50
No 974 320 221 227

Previous Publications 0.04 0.86
Yes 418 190 130 133
No 628 223 147 144

USMLE Step 1 Score Higher Than 194 �0.001 0.57
Yes 998 372 247 252
No 48 41 30 25

USMLE Step 2 Score Higher Than 210 0.02 0.90
Yes 912 341 230 232
No 134 134 47 45

Data are presented as mean (SD) or counts (n).
USMLE � United States Medical Licensing Examination.
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to be admitted for an anesthesiology residency. The lack of
emphasis on research experience/productivity in the selec-
tion of prospective anesthesiology residents was further con-
firmed by a postmatch survey of anesthesiology program di-
rectors who reported involvement and interest in research as
one of the least important factors in ranking applicants (table
6). Although other competitive specialties have valued re-
search skills among their applicants,1,2 anesthesiology seems
to be missing an important window of opportunity to meet
the current/future needs of the specialty.3,5 We suggest that a
requirement for research productivity during residency train-
ing by the Accreditation Council for Graduate Medical Ed-
ucation will create an incentive for programs to recruit appli-
cants with prior research experience and productivity.
Higher commitment to research by the anesthesiology spe-
cialty leadership has been cited as a critical factor in changing
the current need to develop research within the anesthesiol-
ogy specialty.3 It is important to note that the selection of
residency candidates who will have productive academic ca-
reers is a very complex process and candidates who have prior
scholarly productivity may not achieve a successful scholarly
career after residency graduation, even for those with prior
master’s degree or Ph.D. Nonetheless, other specialties have
emphasized prior publication as a criteria for residency
admission.

The presence of demographic bias in the selection of ap-
plicants raises questions regarding the need for the develop-
ment of objective scoring systems by academic programs be-
fore submission of a ranking list to the match system.26 This

strategy may limit the possibility of bias regarding demo-
graphic factors but it is unlikely that it will eliminate all biases
because of the strong emphasis that subjective criteria play in
the selection of anesthesiology residents (table 6). Many
countries around the world have a similar residency admission
process to the United States, which involves both objective and
subjective evaluations, making the process vulnerable to the de-
velopment of demographic bias (table 7). Countries that per-
form resident selection based solely on objective information
such as test scores avoid the presence of demographic bias on
their resident selection process. Although this strategy may help
restrict demographic bias during the selection process, it also
limits the ability of programs and applicants to interact and
evaluate their mutual expectation before establishing a commit-
ment for the next years. The interview process is therefore not
only important for academic programs but also for applicants
making their choices.

Our study is only valid when interpreted within the con-
text of its limitations. Despite the high capacity of our model
to predict a successful match, we did not include variables
that are often considered by programs in the selection of
applicants, such as letters of recommendation and personal
statements. The lack of standardized and validated instru-
ments to evaluate those variables and the subjective nature of
their assessment were the reasons why we decided not to
include them in the study design. Recent evidence also sug-
gests that personal statements discuss a number of common
themes and thus might appear to offer little utility in differ-
entiating residency candidates.27 Although our sample size
represented 58% of a whole national sample of applicants, it
is possible that programs located in different geographic re-
gions would have slightly different results than what we ob-
served in our sample. The strong association between the
independent factors (age, gender, USMLE scores, and origin
of medical school) and a successful anesthesiology residency

Table 6. 2010 Postmatch Survey of Anesthesiology
Program Directors Regarding Importance of Factors in
Rating Applicants

Score

Residency Interview
Interpersonal Skills 4.7
Evidence of Professionalism and Ethics 4.6

Medical School Performance
Grades in Clerkship 4.4
Class Ranking 4.4

Standardized Test Scores
USMLE Step 1 Score 4.2
USMLE Step 2 Score 4.2

Letters of Recommendation 4.2
U.S. Graduates

Alpha Omega Alpha Membership 3.9
Graduate of Highly Regarded Medical School 3.7

Personal Statement 3.4
Research

Involvement and Interest in Research 3.3
Interest in Academic Career 3.0

Rating on a Likert scale from 1 (not at all important) to 5 (very
important). Reprinted with permission from the National Resident
Matching Program (National Resident Matching Program, Data
Release and Research Committee: Results of the 2010 NRMP
Program Director Survey. National Resident Matching Program,
Washington, DC. 2010).
USMLE � United States Medical Licensing Examination.

Table 7. Factors Utilized by Academic Programs to
Select Residents around the World

Subjective/Objective Objective Only

United States Portugal
Canada Brazil
Germany Spain
England India
France
Italy
Australia
Argentine
Japan
China
Singapore
Netherlands
Chile

Subjective criteria involve ranking applicants based on results of
an interview process; objective criteria relies only on test scores
or academic grades. Data was obtained by visiting the specific
country’s resident selection website or by speaking with a med-
ical resident of the cited country.
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matching makes unlikely that small variations in the sample
characteristics would lead to a different result than the one
demonstrated in the current study.

In summary, we demonstrated that graduation from a
medical school in the United States, USMLE Step 2 scores,
younger age, and female gender were characteristics associ-
ated with a successful match to anesthesiology residency.
Peer-reviewed research productivity was not associated with
a successful admission to an anesthesiology residency. The
presence of demographic bias (age and gender) in the selec-
tion of applicants suggests that academic programs examine
their selection process and implement measures in the gen-
eration of their ranking list of applicants to avoid this phe-
nomenon in the future. The poor peer-reviewed scholarly
production of applicants to anesthesiology when compared
with other competitive specialties, as well as the lack of em-
phasis on research requirements by academic programs dur-
ing the admission process of anesthesiology residents, may be
a concern for the academic future of our specialty.
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