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INTRODUCTION

Anesthesiology has emerged as an
increasingly competitive medical specialty,
fueled by its attractive earning potential,
the essential role anesthesiologists play in
patient care, and growing interest from
highly qualified applicants. According to
the National Resident Matching Program
(NRMP), anesthesiology residency
applicants rose from 2418 in 2020 to 3034
in 2024, representing a 25% increase

in applicants. Although the number of
residency positions offered increased from
1370 to 1695 over the same period, the
specialty has consistently attracted nearly
twice as many applicants as available spots,
underscoring its competitiveness."* During
this same period, unmatched applicant
rates rose from 10.4% to 14.8% for MD
seniors and 21.3% to 41.7% for DO
seniors.*® As more applicants compete for
limited positions, programs are compelled
to become increasingly selective in their
matching decisions, whereas applicants
must adapt their strategies to enhance
competitiveness.

Although variability exists among
program directors regarding the criteria
for offering interviews, the US Medical
Licensing Examination (USMLE) Step

1 score has historically been regarded as
1 of the most important factors across
specialties, often ranking higher than
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research output or clinical performance
grades.”® However, with the transition of
Step 1 from numerical scoring to pass/

fail in January 2022, greater emphasis is
now being placed on other application
components, such as USMLE Step 2 CK
scores, letters of recommendation, and
research productivity.” According to

the NRMP’s Charting Outcomes in the
Match, the average number of abstracts,
presentations, and publications among
matched US MD seniors applying to
anesthesiology rose from 5.2 in 2020 to

9 in 2024, whereas matched DO seniors
showed a similar increase from 2.5 to 4.9.>
¢ These findings suggest that applicants are
turning to research activities to distinguish
themselves, particularly as traditional
quantitative metrics have become less
influential. Notably, NRMP data are
self-reported and include abstracts and
presentations together with peer-reviewed
publications, making it difficult to assess
the true volume of full-length manuscripts
published by applicants. In contrast, our
study focuses exclusively on published
manuscripts, which are often considered
the highest form of scholarly activity for
medical students.

Whereas research productivity is
increasingly emphasized, output can be
influenced by external factors beyond
an applicant’s individual effort or ability.

One such factor is institutional research
infrastructure, commonly approximated
by medical school National Institutes

of Health (NIH) funding. Attending a
top NIH-funded medical school has

been linked to higher publication output
and a lower likelihood of never having
published.' This relationship is likely
multifactorial: schools with greater NIH
support often offer enhanced access to
research infrastructure and mentorship,
but they may also attract students who
are research-oriented with prior scholarly
experience. Conversely, students at
under-resourced institutions may face
both structural barriers that limit research
access and lower baseline interest or
exposure to research, each of which could
contribute to reduced publication output
and perceived competitiveness in the
residency match.

This study aims to examine trends in
preresidency research output before and
after the USMLE Step 1 transition to
pass/fail scoring. The primary objective
is to compare publication volume
during medical school among matched
anesthesiology residents from cohorts
applying before and after the scoring
change. The secondary objective is to
assess the relationship between medical
school NIH funding level and publication
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volume. As the first study to provide
quantitative data on publication metrics
specific to anesthesiology applicants, these
findings may offer valuable insights for
medical students building competitive
applications and for program directors
and faculty seeking clearer benchmarks
for scholarly activity in this evolving
application landscape.

METHODOLOGY
Ethical Considerations

This study utilized publicly available data
and did not involve any direct interaction
with human subjects or identifiable private
information. It was, therefore, determined
by the Institutional Review Board (IRB)

at Augusta University to not constitute
human subjects research and to meet the
requirements for IRB exemption.

Program Selection

Anesthesiology residency programs were
identified using Doximity Residency
Navigator, filtered by “Reputation”
ranking.! These rankings are based on
board-certified physician nomination
surveys, resident satisfaction data, and
objective program metrics and were
selected as a publicly available standard for
identifying US anesthesiology residency
programs.'? To be included, programs
had to publicly list resident information,
including full names, medical degrees
(MD, DO, or MD/PhD), and medical
school affiliation for residents in the classes
of 2026 (postgraduate year [PGY]-3/
second year clinical anesthesia resident)
and 2028 (PGY-1). Programs lacking this
public information were excluded and
replaced with the next eligible program

in the same tier. Thirty programs were
included and divided into 3 tiers by the
order of Doximity reputation rankings.
The top tier consisted of the first 5 eligible
programs (ranks 1-57), the middle tier
included the next 10 eligible programs
(ranks 58-115), and the bottom tier
comprised the final 15 eligible programs
(ranks 116-172). More programs were
selected from the middle and bottom tiers
to balance sample sizes as higher ranked
programs typically have larger resident
class sizes. These tiers were used solely to
structure program selection and ensure
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a standardized, representative sampling
of programs, providing an objective
framework to minimize selection bias
in program inclusion. They were not
incorporated as an analytic variable.

Resident Selection

Residents from the graduating residency
classes of 2026 and 2028 were selected

to represent cohorts immediately before
and after the transition of USMLE Step

1 to pass/fail scoring on January 26,
2022. Based on the typical timeline of
US MD and DO curricula, the 2026
cohort would have graduated from
medical school in 2022 and likely took
Step 1 in the summer of 2020 under
numerical scoring. In contrast, the 2028
cohort would have graduated medical
school in 2024 and likely took Step 1 in
the summer of 2022 or later after the
transition to pass/fail scoring. Residents
who started medical school in 2019 were
excluded as they may have tested under
either scoring system depending on
individual timelines. Medical school start
years were determined using publicly
available data from LinkedIn or Doximity
resident profiles. If unavailable, start
years were inferred by subtracting 4 years
from medical school graduation year.
This classification assumes a standard
progression through medical school
without interruptions. MD/PhD trainees
were excluded due to their elevated
research output resulting from extended
research training.” International medical
graduates (IMGs) were also excluded due
to variable timelines and the absence of a
standardized Step 1 schedule outside the
US medical education system.

Publication Data Collection

Preresidency publication data was
collected via PubMed using each resident’s
full name, medical school, and hospital
affiliation. Only full manuscripts indexed
before PGY-1 start dates (July 2022

for the class of 2026, July 2024 for the
class of 2028) were included to capture
research completed during medical
school. Whereas this cutoff may include
some publications accepted between
Match Day (March) and residency start
(July), the typical publication timeline
suggests most manuscripts indexed by
July were submitted well before Match
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Day, reflecting research conducted during
medical school. Only PubMed-indexed
publications were considered to maintain
consistency in indexing standards and
accessibility and to prevent variability
introduced by nonindexed sources, such
as conference abstracts or nonindexed
presentations. The number of total
publications and first author publications
was recorded based on PubMed listings.
In-specialty publications, defined as
those relevant to anesthesiology, were
manually classified based on the article’s
title, content, and journal with inclusion
limited to studies directly related to
anesthesiology or its subspecialties,
including perioperative medicine,

critical care, pain management, airway
management, anesthesia techniques, and
anesthetic pharmacology. Three authors
independently reviewed and verified all
classifications to ensure consistency and
accuracy. Publications were classified
into 3 categories: journal articles
(original research, clinical investigations,
experimental studies), case reports, and
other (observational studies, clinical trials,
comparative studies, editorials).

Medical School NIH Funding Level
Classification

NIH funding levels for each resident’s
medical school were determined using

the 2024 Blue Ridge Institute for Medical
Research (BRIMR) rankings, which
included 144 US MD-granting institutions.
Medical schools were stratified into 3 tiers:
high NIH funding (ranks 1-48), moderate
NIH funding (ranks 49-96), and low

NIH funding (ranks 97-144). Residents
were assigned a funding tier based on
their medical school. Institutions not
listed in BRIMR were labeled unknown
NIH funding. NTH funding level was

used to stratify institutions as a proxy for
research opportunity but may not directly
reflect student-level access to resources,
particularly across departments with
differing mentorship structures or resource
distribution. Accordingly, NTH ranking
was treated as an approximate rather than
absolute indicator of research opportunity.

Statistical Analyses
Descriptive statistics summarized resident

characteristics, residency program tier
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distribution, and research productivity
metrics. Continuous variables were
reported as means SD, whereas categorical
variables were reported as frequencies and
percentages. The Kolmogorov-Smirnov
test confirmed significant deviation from
normality for publication counts (p <
.001). The Mann-Whitney U test was,
therefore, used to compare research output
between pre- and post-Step 1 transition
cohorts and across NIH funding tiers due
to the nonnormal distribution of the data.
A significance level of p < .05 was used for
all statistical tests.

To assess predictors of research
productivity, a multivariable logistic
regression model was used to identify
factors associated with having at least

1 publication. Independent variables
included Step 1 format (pass/fail vs
numerical) and NIH funding tier (high vs
moderate/low). The dependent variable
was dichotomized as total publications >1
versus 0. Model fit was evaluated using
the likelihood ratio test and pseudo-R*
Odds ratios (ORs) and corresponding 95%
confidence intervals (ClIs) were reported.
Additionally, Poisson regression was

used to model total publication counts

as a function of Step 1 format and NIH
funding tier; incidence rate ratios (IRR)
and corresponding 95% Cls were reported.
Analyses were conducted in Python
(version 3.12).

RESULTS

A total of 461 anesthesiology residents
were included, comprising 206 residents
from the class of 2026 (pre-Step 1
transition) and 255 residents from the class
of 2028 (post-Step 1 transition). Residents
were stratified by the NTH funding level
of their medical schools (Table 1). Across
both cohorts, 29.7% graduated from high
NIH-funded medical schools, 27.8% from
moderate, 18.4% from low, and 24.1%
from institutions with unknown NIH
funding status.

Comparisons between pre- and post-
Step 1 transition cohorts showed no
significant differences across any of the
measured outcomes. The mean number
of total publications was 1.04 + 2.79 in
the pretransition group and 0.80 + 1.38
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in the post-transition group (p = .516).
First author publications (0.28 + 0.81

vs 0.21 + 0.58, p = .623), in-specialty
publications (0.17 + 1.01 vs 0.15 £ 0.45, p
=.181), and citation counts (1.27 + 4.82

vs 0.75 £ 1.96, p = .936) also did not differ
significantly (Table 2). This shows that

the transition to pass/fail scoring was not
immediately associated with an increase in
full-manuscript research output in the first
year following this scoring change.

When stratified by NIH funding level,

no significant differences were observed
across most categories. Mean values for
total publications, first authorships, in-
specialty publications, and citation counts
were similar between the pretransition
and post-transition cohorts regardless

of funding tier. The only exception

was a modest increase in in-specialty
publications among graduates from
moderately funded schools, rising from
0.03 + 0.16 pretransition to 0.13 = 0.39
post-transition (p = .047) (Table 3).
Overall, the transition to pass/fail scoring
did not correspond with meaningful
changes in research output across funding
strata.

Publication types remained consistent
before and after the Step 1 transition.
Journal articles made up the majority,
accounting for 87.9% of pretransition

and 83% of post-transition publications.
Case reports followed, composing 7.6% of
pretransition and 11.5% of post-transition
publications. Other types, including
editorials, clinical trials, observational
studies, and comparative studies, each
represented less than 5% of publications
(Figure 1). These findings indicate relative
stability in publication type distribution.

Percentile analysis of research publications
showed that most residents had little or no
publication output. The 50th percentile for
total publications, first author publications,
and in-specialty publications was 0 in both
cohorts, indicating that at least half had

no publications before residency. Even
among those who had published, output
remained low. The 90th percentile of the
pretransition group had a maximum of 3
publications, whereas the post-transition
group had at most 2. Citation counts
followed a similar pattern with median
values of 0 and only slight increases among
top performers. This data suggests that,
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whereas research productivity through
publications is often emphasized, many
successfully matched residents had
minimal publication history.

Multivariable logistic regression was
conducted to identify predictors of

having at least 1 preresidency publication.
Variables included Step 1 transition status
(pretransition vs post-transition) and
NIH funding level (high vs nonhigh).
Graduating from a high NIH-funded
institution was significantly associated
with greater odds of having at least 1
publication (OR 1.87,95% CI 1.21-2.89,

p =.005), whereas Step 1 transition status
was not (OR 1.27, 95% CI 0.82-1.96, p =
.284). The model showed improved fit over
the null (likelihood ratio test p =.012) and
demonstrated acceptable discrimination
(c-statistic = 0.61), suggesting that
institutional funding may be a stronger
predictor of research productivity than
the transition to pass/fail Step 1 scoring.
Poisson regression examining total
publication counts yielded consistent
findings. High NIH funding was associated
with increased publication rates (IRR 2.24,
95% CI 1.81-2.77, p < .001), whereas Step
1 transition status showed no significant
association (IRR 0.85, 95% CI 0.70-1.03, p
=.092).

DiscussioN

Research Output Before and After Step 1
Transition

Our analysis revealed that the median
anesthesiology residency applicant in both
pre- and post-Step 1 transition cohorts
had no PubMed-indexed publications with
the 50th percentile in total publications
equal to 0. There was also no significant
difference in total research publications
among anesthesiology applicants who
received a numerical score on Step 1 versus
pass/fail scoring. Despite the specialty’s
increasing competitiveness and the
transition of Step 1 to pass/fail scoring, our
findings indicate no meaningful change

in publication volume among matched
anesthesiology applicants. This contrasts
with NRMP data, which report increasing
research activity when combining
abstracts, posters, and presentations
together with peer-reviewed publications.
In contrast, our study focused specifically
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on PubMed-indexed publications,
providing a level of detail not captured in
NRMP data. Based on NRMP’s Charting
Outcomes in the Match reports from 2020
and 2024, applicants listing 5 or more
abstracts, presentations, and publications
had a higher match rate compared with
those with fewer research experiences.
However, our analysis suggests that

these totals are likely driven primarily by
abstracts and presentations as publication
volume among matched anesthesiology
applicants remained minimal across
cohorts.*™®

Whereas these results may seem
surprising given the growing emphasis
on research in competitive specialties,

it likely reflects long-standing norms
within anesthesiology, in which

research publications have historically
not carried the same weight in the
application process as in other competitive
specialties."*'8 Additionally, it is important
to recognize the broader norms of
research activity within the field of
anesthesiology itself. Studies show that
anesthesiology, as a specialty, tends to
have a lower overall research output
compared with other specialties with
contributing factors including limited
funding, fewer structured research
training opportunities, and the absence
of mandatory research components
within fellowship programs.'®* This may
translate to the trends seen within our
study among medical students interested
in anesthesiology as opportunities for
anesthesia-related publications may be
lower.

It is important to note that the effects

of the Step 1 scoring transition on
research productivity may not yet be
fully observable when interpreting these
results. The class of 2028 represented the
first group of applicants to take Step 1
pass/fail, and later cohorts may have had
greater awareness of the change and more
time to adapt their strategies. Because
publication timelines often span several
months to years, some manuscripts in
this analysis may have originated before
medical school, whereas research efforts
prompted by the Step 1 policy change
may have taken longer to develop and
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were not yet captured prior to the start

of residency. However, our goal was to
include all preresidency research output
that would reasonably have been a part of
an applicant’s residency application. These
timing factors limit causal interpretation
of the observed trends and highlight the
need for continued monitoring of future
applicant cohorts.

NIH Funding Influences on Research
Productivity

Our findings present a nuanced
perspective of the relationship between
NIH funding and research productivity
among anesthesiology applicants. When
residents were stratified by the NIH
funding level of their medical schools,
no significant differences were observed
in total publication count, first author
publications, in-specialty publications,
or citation rates. This suggests that, at
the group level, NIH funding was not
associated with greater research output
in terms of quantity or impact. However,
logistic regression analysis revealed that
graduating from a highly NIH-funded
institution was significantly associated
with increased odds of having at least 1
publication. This suggests that, whereas
NIH funding may not directly influence
how many publications an applicant
produces, it may be associated with a
greater likelihood of having at least 1
publication. Highly funded medical
schools may draw students who are
already predisposed to pursue scholarly
activity, and these self-selection effects
could contribute to the observed
differences in publication likelihood.

As such, NIH funding likely facilitates,
but does not independently determine,
research productivity among medical
students. Because this study cannot
distinguish between institutional effects
and self-selection of research-oriented
students, the observed association should
be interpreted as descriptive rather than
causal. Future studies incorporating
applicant-level data such as prior research
experience, mentorship exposure, and
departmental support could help clarify
these relationships.

Research engagement among
anesthesiology applicants may, therefore,
be shaped less by institutional funding
and more by other factors, such as student
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interest, departmental culture, or the
availability of mentorship. It is also likely
that anesthesiology applicants engage in
scholarly activities through conference
abstracts, poster or oral presentations,
quality improvement projects, or
nonindexed publications, which were not
captured in this analysis. Although prior
literature demonstrates that NIH funding
is a strong predictor of publication volume,
these effects are often concentrated in

a limited number of highly resourced
institutions, contributing to disparities

in research access across US medical
schools.”*** In contrast, our findings
suggest that anesthesiology may not follow
this pattern as closely as other specialties,
warranting further investigation into

the specialty-specific pathways through
which applicants participate in scholarly
activity.***

Limitations

This study has several limitations that
should be acknowledged. Although the
sample included 461 residents across 30
programs, it may not fully represent the
broader anesthesiology applicant pool,
and findings may not be generalizable
to all residency programs or applicants
nationwide. The selection of programs
based on Doximity’s reputation rankings
also limits generalizability; however,
this approach provided a standardized
framework for program inclusion,
incorporating top, middle, and lower
tier programs to balance the natural
skew toward more research-intensive
institutions.

Second, publication identification relied
on name and institutional affiliation,
which may introduce false positives (eg,
duplicate names) and false negatives (eg,
incomplete affiliation data). Additionally,
our methodology linked applicants’
publications to their home institutions
but did not capture research completed
externally or published in non-PubMed-
indexed journals. Using the PGY-1 start
date (July) as the publication cutoff may
have included manuscripts accepted after
Match Day though most publications
indexed by that time likely reflect work
conducted during medical school. These
factors may affect attribution accuracy and
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the true breadth of research activity among
medical students. Moreover, a subset of
residents graduated from schools with
unknown levels of NTH funding, which
may have influenced comparisons across
funding tiers.

Third, residents were grouped into Step 1
numerical versus pass/fail cohorts based
on medical school start years obtained
from publicly available data with missing
start years inferred from graduation
dates. This approach does not account for
nontraditional paths, such as dual-degree
programs, gap years, or leaves of absence,
which may affect Step 1 timing. Similarly,
residents who pursued dedicated research
or gap years before residency may have
had additional time for publications,
potentially inflating preresidency output
and limiting the ability to isolate research
completed during medical school.
Although these cases are likely few due

to the exclusion of MD/PhDs and IMGs,
even minor misclassification could

dilute true differences between groups.
Finally, this study evaluated only the

first cohort of anesthesiology residents

to take Step 1 pass/fail, and subsequent
groups may demonstrate evolving research
trends not captured within the present
analysis. Despite these limitations, this
study provides a valuable foundation

for understanding research productivity
among matched anesthesiology
applicants and offers direction for future
investigations to build on these findings.

Implications and Future Directions

As the residency application landscape
continues to shift in response to the Step

1 scoring change, understanding the
evolving role of research in anesthesiology
is increasingly important for both
applicants and program leadership. For
medical students, our findings suggest that
publications were not universally required
for matching into anesthesiology among
the class of 2028, which may or may not
apply to subsequent cohorts. For faculty
and mentors, these results highlight that
anesthesiology research opportunities

for students may be influenced more by
department-level culture, mentorship
availability, and local resources rather than
institutional NIH funding. For program
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directors, this study provides a snapshot
of research patterns for the first residency
class to take Step 1 pass/fail, offering
context when interpreting publication
records as part of holistic application
review. Future studies should continue to
monitor trends in scholarly output as the
specialty’s competitiveness evolves and as
Step 1 pass/fail scoring reshapes applicant
strategies.

CONCLUSION

In summary, this study provides the first
detailed analysis of PubMed-indexed
publication patterns among matched
anesthesiology applicants, revealing
persistently modest research output
across cohorts before and after the

Step 1 transition. These findings offer
important context for understanding
scholarly activity within the specialty as
its competitiveness evolves. Whereas no
significant increase in publication output
was observed following the transition

to pass/fail Step 1 scoring, ongoing

monitoring is essential to track how future

applicants may adapt their strategies in
response to shifting evaluation metrics.
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Abstract

Background: As anesthesiology residency becomes increasingly competitive,
the transition of US Medical Licensing Examination (USMLE) Step 1 to pass/
fail scoring has raised questions about the evolving role of research in applicant
selection. Whereas national data suggests rising research engagement, there are
limited insights into publication output among medical students applying into
anesthesiology. The purpose of this study is to evaluate the relationship between
the USMLE Step 1 transition and preresidency publication output of matched
anesthesiology residents and to assess the role medical school National Institutes
of Health (NTH) funding level has on publication metrics.

Methods: This retrospective cohort study analyzed the research output of 461
anesthesiology residents across 30 programs from the classes of 2026 (numerical
Step 1 scoring) and 2028 (pass/fail Step 1 scoring). Medical schools were stratified
by NIH funding level to evaluate its association with research output. PubMed-
indexed publications were examined using metrics including first author status,
specialty relevance, citation counts, and publication types. Using Mann-Whitney
U tests, group differences were compared with total publications serving as the
primary outcome.

Results: There were no significant differences in research output between pre-
and post-Step 1 transition cohorts across all metrics. The 50th percentile in total
publications was 0 for both cohorts. There was also no difference in publication
output when groups were stratified by NIH funding level. Logistic regression
analysis showed that high NTH funding (odds ratio 1.87, 95% confidence interval
1.21-2.89) was a significant predictor of having at least 1 publication.

Conclusions: Despite increasing emphasis on research in residency applications,
our findings show no significant change in publication output among
anesthesiology applicants in the first class following the Step 1 transition. Whereas
NIH funding level was associated with a greater likelihood of having at least 1
publication, it was not linked to higher overall publication output. This study
provides a timely baseline for understanding scholarly activity in anesthesiology
applicants as the residency evaluation landscape continues to evolve.

Keywords: Anesthesiology residency, research productivity, medical school, US
Medical Licensing Examination
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Figure

Figure 1. Distribution of publication types before and after the Step 1 transition to pass/fail scoring. Percentages of journal articles, case
reports, and other types are shown for each cohort. Journal articles comprise original research, clinical investigations, experimental studies,
and other primary research articles. The ‘other” category refers to observational studies, clinical studies, clinical trials, comparative studies,

and editorials.
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Tables

Table 1. Summary of Residents by Step 1 Transition Phase

Pretransition (n)

Post-transition (n)

High NIH funding 53 84
Moderate NIH funding 53 75
Low NIH funding 41 44
Unknown NIH funding 59 52
Total 206 255

Table 2. Comparative Analysis of Research Metrics Pre- and Post-Step 1 Transition

Pretransition (mean + SD)

Post-transition (mean + SD)

Total publications 1.04 £2.79 0.80 +1.38 516
First authorships 0.28 £ 0.81 0.21 +£0.58 .623
In-specialty 0.17 £ 1.01 0.15+0.45 181
Citation count 1.27+4.82 0.75+1.96 936

Table 3. Comparative Analysis of Research Metrics Stratified by NIH Funding Level

NIH level Pretransition (mean + SD) Post-transition (mean + SD) D
High 2.06 + 4.40 1.38+1.78 .996
gﬁﬁcaﬁons Moderate | 0.72 + 1.44 0.64+ 127 925
Low 0.57+£1.07 0.80 +1.31 18
High 0.55+1.20 0.43+£0091 815
First authorships | Moderate 0.23+£0.63 0.17+£0.43 .854
Low 0.16+£0.43 0.12+£0.33 .821
High 0.44+1.71 0.19+0.65 381
In-specialty Moderate 0.03+0.16 0.13+0.39 .047
Low 0.11 £0.32 0.12+£0.33 912
High 1.96 +5.22 1.42 +3.31 .569
Citation count | Moderate 1.57+6.79 0.66 + 1.35 912
Low 0.66 +1.39 0.77 £1.28 201
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