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Abstract Objective The aim of the study is to investigate the characteristics of first-year
residents associated with attending a top-ranked United States (U.S.) ophthalmology
residency program over the past decade.
Methods First-year ophthalmology residents in 2009, 2013, 2016, and 2019 were
identified from institutional websites, Doximity, LinkedIn and the Wayback Machine.
Publications were obtained from Scopus and Google Scholar; research productivity
was measured using the h-index, and medical school region based on U.S. Census
Bureau designations. Medical school and ophthalmology training program rankings
were based on U.S. News & World Report (U.S. News) rankings and National Institutes
of Health (NIH) funding. One-way ANOVA, Wilcoxon rank sum, χ2, and t-tests were
used to analyze trends, and odds ratios (ORs) were calculated using logistic
regression.
Results Data were obtained on 81% (1,496/1,850) of the residents; 43% were female;
5% were international medical graduates (IMGs); and 10% had other graduate degrees.
Over the decade, the mean h-index increased (0.87–1.26; p <0.05) and the proportion
of residents who attended a top 20 medical school decreased (28–18%; p <0.05). In a
multivariate logistic regression model, characteristics associated with being a first-year
resident in a top 20 program ranked by U.S. News were female gender [OR: 1.32, 95%
CI: 1.02–1.72], having a Master’s degree [OR: 2.28, 95% CI: 1.29–4.01] or PhD [OR:
2.23, 95% CI: 1.32–3.79], attending a top 20 [OR: 5.26, 95% CI: 3.66–7.55] or a top 40
medical school by NIH funding [OR: 2.45, 95% CI: 1.70–3.54], attending a medical
school with a mean USMLE Step 2 score above 243 [OR: 1.64, 95% CI: 1.01–2.67] or
located in the Northeast [OR: 2.00, 95% CI: 1.38–2.89] and having an h-index of one or
more [OR: 1.92, 95% CI: 1.47–2.51]. Except for gender, these characteristics were also
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In the United States (U.S.), ophthalmology is one of the most
competitive specialties for residency applicants.1,2 Residen-
cy program research productivity and prestige are weighed
heavily by applicants, especially those interested in pursuing
a fellowship or academic career.3 However, there is a dearth
of studies investigating multiple characteristics—such as
demographic andmedical school characteristics—associated
with matching to a top-ranked ophthalmology residency
program.

Research experience is often touted as important for
prospective applicants and has been linked to post-residency
academic productivity4 but its precise role in the ophthal-
mology match has not been well defined.5–7 A 2018 study
analyzed research productivity among matriculated resi-
dents; however, it focused on 1 year of student publications
from a single database without assessing other applicant
characteristics.5 Other studies investigating characteristics
associated with matching in ophthalmology did not include
research productivity and relied on decade-old data (2003–
2008, 2011).1,8 Broadening our baseline understanding of
characteristics that impact the ophthalmology match will
allow program directors to better assess applicants’ qualifi-
cations relative to their peers, inform medical school faculty
advisors,9 and help medical students improve their candida-
cy for an ophthalmology residency spot.

This study has two specific objectives: to describe the
characteristics of first-year ophthalmology residents for the
past decade and to investigate characteristics associated
with obtaining a position in a top-ranked ophthalmology
residency program.

Methods

The Brown University Institutional Review Board deter-
mined this study did not meet the definition of human
participants research and did not require formal review.

Data Collection
This study analyzed data from first-year (post-graduate year
two; PGY-2) residents listed on the websites of U.S. oph-
thalmology residency programs accredited by the Accredi-
tation Council for Graduate Medical Education (ACGME).
The Internet Archive Wayback Machine was used to identify
PGY-2 residents listed on individual program websites in
2009, 2013, and 2016 and 2019.10 Demographic informa-
tion (gender, graduate degrees, medical schools) was
recorded for each resident. When necessary, Doximity

and LinkedIn were searched for additional information on
the residents.11,12

Resident publication profile was used as a proxy for
research productivity when they were medical students.
The full names of the PGY-2 residents were searched in
Scopus for English language articles they published as stu-
dents up until their residency interviews (e.g., for 2019 PGY-
2 residents, the search would end on December 31, 2017).
Therewere two criteria for determining authorshipwhen the
PGY-2 residents were students, as described by Wadhwa
et al13: (1) an accurate institutional affiliation for the author;
and (2) authorship at an institution with which the student
was affiliated. Original research articles, reviews, and case
reports were recorded; book chapters, conference presenta-
tions, posters, and abstracts were excluded.

The type of publication (original research, review article, or
case report) and the number of first-authored, ophthalmolo-
gy-related, and other (clinical and basic science) publications
were recorded foreachPGY-2resident. Inaddition, theh-index
and m-quotient of each resident were calculated as measures
of publicationproductivity. Theh-index takes into account the
number of publications and number of citations; the m-
quotient adjusts the h-index based on the time since the
researcher beganpublishing, allowing for an accurate compar-
ison among researchers with different durations of experi-
ence.14 Nonscientific publications were excluded.

Mean United States Medical Licensing Examination
(USMLE) Steps 1 and 2 scores were also obtained from U.S.
News and World Report (U.S. News) and included in the
analysis to identify their relative importance in the residency
match, especiallygiven theplanned change topass/fail grading
for Step 1.15,16 The medical school and residency program
regions were defined according to the U.S. Census Bureau.17

Medical schools were classified into three tiers based on
2021 U.S. News medical school research rankings and on
summed 2017 to 2019 National Institutes of Health (NIH)
funding: top 20, top 40, and all othermedical schools. The U.S.
News rankings were used as a proxy for a medical school’s
reputation,18 and NIH funding for research productivity.19,20

Ophthalmology residency programs were stratified into two
tiers based on 2021 U.S. News ophthalmology hospital rank-
ings and NIH funding from 2017 to 2019: top 20 and all other
programs. The 2021 U.S. News rankings were partially based
on medical school data from 2017 to 2019 and were used for
residents from all years as U.S. News does not publish their
rankings from previous years; the same years of data were
extracted for NIH funding for consistency.18

significantly associated with matching to a top 20 ophthalmology program by NIH
funding.
Conclusion Female gender, graduate degrees, research productivity, and attending a
medical school with high research productivity, highmean USMLE Step 2 score or in the
Northeast were key characteristics of first-year residents in top-ranked U.S. ophthal-
mology residency programs.
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Our primary outcome was first-year resident character-
istics associated with being in a top 20 ophthalmology
program based on program’ reputation (U.S. News rankings).
We also assessed resident characteristics associated with
being in a top 20 ophthalmology program based on pro-
grams’ research productivity (NIH funding).

Data Analysis
Statistical analyses were conducted using Stata (StataCorp,
College Station, TX).21 Descriptive statistics, student t-tests,
and χ2 testswere used to compare demographic and research
characteristics between residents attending top 20 and other
programs ranked by reputation. Descriptive statistics, one-
way ANOVA,Wilcoxon rank sum, and χ2 tests were utilized to
compare characteristics among residents in 2009, 2013,
2016, and 2019. Significance levels were set at p <0.05.
Univariate logistic regression was used to calculate odds
ratios for all baseline characteristics associated with match-
ing to a top 20 program according to program reputation and
research productivity. Multivariate logistic regression was
conducted, adjusting for significant variables in univariate
regression. Sensitivity analysis was used to identify collinear
variables.

Results

Data were collected on 81% (1,496/1,850) of ophthalmology
residents in 2009, 2013, 2016, and 2019. Baseline character-
istics of participants are presented in ►Table 1. Residents in
reputation-based top 20 and other programs differed signif-
icantly in gender, graduate degrees, international medical
graduate (IMG) status, and in medical school U.S. News rank,
NIH funding, mean USMLE Steps 1 and 2 scores, and region.
Residents in reputation-based top 20 programs demonstrat-
ed higher h-indices and had produced more total, ophthal-
mology-related, basic science, clinical, first-author, and
original research publications. Apart from gender and IMG
status, baseline characteristics for residents in research-
oriented top 20 and other programs showed similar differ-
ences (►Appendix 1).

Over the decade, the mean h-index (0.87–1.26; p<0.05)
(►Fig. 1) and mean m-quotient (0.06–0.28; p<0.01) of all
first-year residents increased. The mean number of first-
author (0.38–0.59; p<0.01), ophthalmology (0.52–1.11;
p<0.01), original research article (0.89–1.52; p<0.01), re-
view (0.08–0.19; p<0.05), and clinical (0.41–1.11; p<0.01)
publications also increased from 2009 to 2019. The propor-
tion of residents who attendedmedical schools ranked in the
top 20 by U.S. News decreased (28–18%; p<0.05).

Results of the univariate and multivariate logistic regres-
sion analyses can be seen in ►Table 2. Multivariate logistic
regression showed that female gender [odds ratio or OR:
1.32, 95% CI: 1.02–1.72], having a Master’s degree [OR: 2.28,
95% CI: 1.29–4.01] or PhD [OR: 2.23, 95% CI: 1.32–3.79],
attending top 20 [OR: 5.26, 95% CI: 3.66–7.55] or top 40
medical schools byNIH funding [OR: 2.45, 95% CI: 1.70–3.54],
attending a medical school with a mean USMLE Step 2 score
above 243 [OR: 1.64, 95% CI: 1.01–2.67], attending a medical

school in the Northeast [OR: 2.00, 95% CI: 1.38–2.89], and
having an h-index of one or more [OR: 1.92, 95% CI: 1.47–
2.51] were associated with being a resident in a top 20
programbased on reputation. IMG status,medical school U.S.
News rank, and mean Step 1 score and total, ophthalmology,
basic science, clinical, first-author, and original research
publications were dropped due to collinearity. With the
exception of gender, the results of multivariate logistic
regression were similar for top 20 program rankings based
on NIH funding (►Appendix 2).

Discussion

This study of first-year ophthalmology residents suggests
that female gender, having additional graduate degrees,
attending a medical school with significant NIH funding, a
high mean USMLE Step 2 score and in a Northeast location,
and having an h-index of one or more were associated with
obtaining a position in a top-ranked training program. With
the exception of female gender, these characteristics were
the same for residents in top 20 programs based on NIH
funding, underscoring the relationship between reputation
and research productivity. These findings can inform key
stakeholders about variables linked to matching to top-
ranked ophthalmology residency programs.

Over the past decade, the proportion of first-year oph-
thalmology residents who attended a top 20 medical school
by reputation decreased, which may indicate that ophthal-
mology residency programs are placing lesser emphasis on
school prestige and greater emphasis on accomplishments
such as research. Indeed, the corresponding increase in the
mean h-index and m-quotient over the decade suggests that
ophthalmology training programs are placing a greater
premium on research productivity when selecting residents.
Studies in neurosurgery, orthopaedic surgery, otolaryngolo-
gy, and plastic surgery have also shown increases in research
productivity and publications among matched residents in
the U.S.13,22–24

The residents’ research productivity as medical students
may be more closely related to publication quality rather
than quantity. In the past decade, mean h-index and m-
quotient of first-year residents increased while the mean
number of publications held steady—i.e., the students were
publishing similar volumes of higher quality articles with
higher citation rates. The mean m-quotient of the residents
in 2019 was 0.28, which approaches that of instructors
(0.37) and of assistant professors (0.44) in academic
ophthalmology.25

In contrast to this study’s findings, Bargoud et al. found
that only h-index was associated with matching to an
ophthalmology department with high research output;5

however, Bargoud et al did not consider the demographic
or medical school characteristics of residents, and their
smaller sample size (340) may have reduced the statistical
significance of the ordinal regression performed. Addition-
ally, they determined research output based on faculty
h-index from a 2016 study that did not verify whether
included publications were scientific.
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Table 1 First-year resident characteristics by U.S. News ophthalmology hospital ranking

Baseline characteristics Top 20 program residents
(n¼420)

Other program residents
(n¼ 1,075)

Test statistic, p-Value

Gender, n (%)

Male 215 (51) 633 (59) χ2¼6.90, p¼0.009

Female 203 (49) 441 (41)

Graduate degrees, n (%)

MD/DO 338 (80) 1,002 (93) χ2¼54.79, p¼ 0.000

Additional Masters 33 (8) 37 (3)

Additional PhD 49 (12) 36 (3)

IMG, n (%)

No 405 (96) 1,005 (94) χ2¼5.37, p¼0.021

Yes 15 (4) 67 (6)

School U.S. News rank, n (%)

Top 20 198 (49) 119 (12) χ2¼256.34, p< 0.001

Top 40 98 (24) 233 (22)

All others 109 (27) 661 (66)

School NIH funding, n (%)

Top 20 191 (45) 144 (13) χ2¼217, p< 0.001

Top 40 86 (20) 155 (14)

All others 143 (34) 776 (72)

School mean USMLE Step 1 score

1–216 or N/A, n (%) 48 (11) 315 (29) χ2¼151.33, p< 0.001

217–235, n (%) 165 (39) 557 (52)

236þ , n (%) 207 (49) 203 (19)

School mean USMLE Step 2 score

1–230 or N/A, n (%) 43 (10) 305 (28) χ2¼95.93, p< 0.001

231–243, n (%) 97 (23) 341 (32)

244þ , n (%) 280 (67) 429 (40)

School regiona, n (%)

South 123 (30) 375 (38) χ2¼35.05, p< 0.001

Northeast 157 (39) 264 (27)

Midwest 67 (17) 257 (26)

West 58 (14) 96 (10)

Total publications, mean (SD) 2.24 (0.17) 1.13 (0.09) χ2¼69.95, p< 0.001
t¼–6.32, p<0.0010, n (%) 172 (41) 682 (63)

1–3, n (%) 161 (38) 292 (27)

4þ , n (%) 87 (21) 101 (9)

h-Index, mean (SD) 1.65 (0.11) 0.85 (0.05) χ2¼61.25, p< 0.001
t¼�7.43, p<0.0010, n (%) 180 (43) 699 (65)

1þ , n (%) 240 (57) 376 (35)

Ophthalmology, mean (SD) 1.16 (0.14) 0.68 (0.07) χ2¼34.21, p< 0.001
t¼�3.29, p¼0.0010, n (%)

1–2, n (%)
271 (65)
98 (23)

850 (79)
144 (13)

3þ , n (%) 51 (12) 81 (8)

Basic science, mean (SD) 1.24 (0.13) 0.47 (0.05)
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This study aligns with evidence in other specialties on
predictors of matching to U.S. residency programs. Similarly,
previous studies in neurosurgery, orthopaedic surgery, and
radiation oncology have shown that characteristics associat-
ed with matching to residency include attending a medical
school with high NIH funding,26 having more publica-
tions,13,26,27 having additional graduate degrees,27 and
achieving higher USMLE scores.26

Research productivity along with additional graduate
degrees and attending a top-ranked medical school may
indicate a greater propensity for an academic career; hence,
applicants with these characteristics may be of greater
interest to top-ranked programs, which may be more vested
in educating future academicians.4,28–30 Moreover, the
strong correlation between medical school’s U.S. News rank-
ing and NIH funding indicates a relationship between re-
search productivity and reputation, aligning with findings
from previous studies in ophthalmology and oncology.31,32

Female applicants were more likely to match to top-
ranked ophthalmology programs; however, they comprised
roughly half of residents at top 20 programs and 41% of
residents at other programs. This aligns with trends in
ophthalmology department and residency program leader-
ship: 20% of the top 20 ophthalmology departments ranked
by U.S. News are chaired bywomen comparedwith 10% of all

departments,33 and 40% of the top 20 ophthalmology resi-
dency programs are directed by women compared with 28%
of all programs.34 This trend is even more pronounced
among the highest ranked programs, which produce dispro-
portionately more residents and chairs: among the top four
programs, two have female chairs and three have female
residency program directors.33

As USMLE Step 1 will be graded on a pass/fail basis next
year, this may increase the significance of USMLE Step 2
scores in the residency match.16 However, our multivariate
analysis showed that medical school mean Step 2 score was
already a stronger predictor of matching to a top-ranked
program than mean Step 1 score. One reason may be that
Step 2 relative to Step 1 scores have been a better predictor of
board examination performance,35,36 and residency pro-
gramsmay have designed their admission criteria to account
for the greater predictive validity of Step 2 scores.

Reasons for the association between attending a North-
eastern medical school and matching to a top-ranked resi-
dency program are unclear. Only six (30%) of the top 20
medical schools and four (20%) of the top 20 ophthalmology
residency programs byNIH fundingwere in theNortheast, so
the association does not appear to be explained by top-
ranked ophthalmology training programs favoring appli-
cants from their own region.

Strengths of this study include a large sample size of 1,496
residents over a 10-year period, and the use of multiple
medical school characteristics (U.S. News rankings, NIH
funding, USMLE scores), residency program outcomes (U.S.
News rankings, NIH funding), and student characteristics
(gender, degrees, research productivity). Additionally, the
datawere obtained through searching of verified publication
databases rather than self-reported sources like the National
Residency Matching Program.37 Given concerns about un-
verifiable publications in ophthalmology and other special-
ties,13,38 this approach ensures that recorded data for
research productivity are more accurate. The study also
provides a longitudinal analysis of the role of research
productivity for medical students who successfully matched
into ophthalmology.

Table 1 (Continued)

Baseline characteristics Top 20 program residents
(n¼420)

Other program residents
(n¼ 1,075)

Test statistic, p-Value

χ2¼60.88, p< 0.001
t¼�7.07, p<0.001

0, n (%) 267 (64) 873 (81)

1–2, n (%) 87 (21) 143 (13)

3þ , n (%) 66 (16) 59 (5)

Clinical, mean (SD) 1.00 (0.11) 0.66 (0.07) χ2¼24.34, p< 0.001
t¼�2.69, p¼0.0040, n (%) 264 (63) 810 (75)

1–2, n (%) 105 (25) 190 (18)

3þ , n (%) 51 (12) 75 (7)

Abbreviations: IMG, International Medical Graduate; MD, Doctor of Medicine; MS,Master’s in Science; NIH, National Institutes of Health; PhD, Doctor
of Philosophy; US News, U.S. News & World Report; USMLE, United States Medical Licensing Examination.
aThis analysis excluded residents who attended medical school outside the fifty US states and District of Columbia.
bBolded values demonstrate statistical significance with p< 0.05.

Fig. 1 Research productivity of 2009, 2013, 2016, and 2019 first-year
ophthalmology residents.
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Table 2 First-year resident characteristics associated with being in a top-ranked ophthalmology program by U.S. News

Baseline characteristics Univariate odds ratio (95% CI) Multivariate adjusted odds ratio (95% CI)

Gender

Male 1 [reference] 1 [reference]

Female 1.36 (1.08–1.70) 1.32 (1.02–1.72)

Additional degrees

No additional 1 [reference] 1 [reference]

Master’s 2.64 (1.63–4.30) 2.28 (1.29–4.01)

PhD 4.04 (2.58–6.31) 2.23 (1.32–3.79)

IMG

No 1 [reference] [dropped due to collinearity]

Yes 0.56 (0.31–0.98)

School U.S. News rank

Top 20 10.09 (7.44–13.68) [dropped due to collinearity]

Top 40 2.66 (1.95–3.64)

All others 1 [reference]

School NIH funding

Top 20 7.20 (5.44–9.53) 5.26 (3.66–7.55)

Top 40 3.01 (2.19–4.14) 2.45 (1.70–3.54)

All others 1 [reference] 1 [reference]

School mean USMLE Step 1 score

1–216 or N/A 1 [reference] [dropped due to collinearity]

217–235 1.94 (1.37–2.76)

236þ 6.69 (4.67–9.59)

School mean USMLE Step 2 score

1–230 or N/A 1 [reference] 1 [reference]

231–243 2.02 (1.36–2.98) 1.50 (0.93–2.41)

244þ 4.63 (3.25–6.59) 1.64 (1.01–2.67)

School regiona

Midwest 1 [reference] 1 [reference]

South 1.26 (0.90–1.76) 1.34 (0.92–1.96)

Northeast 2.28 (1.63–3.18) 2.00 (1.38–2.89)

West 2.32 (1.52–3.54) 1.43 (0.88–2.32)

h-index

0 1 [reference] 1 [reference]

1þ 2.48 (1.97–3.12) 1.92 (1.47–2.51)

Total publications

0 1 [reference] [dropped due to collinearity]

1–3 2.19 (1.69–2.82)

4þ 3.42 (2.45–4.76)

Ophthalmology

0 1 [reference] [dropped due to collinearity]

1–2 2.13 (1.60–2.86)

3þ 1.97 (1.36–2.88)

Journal of Academic Ophthalmology Vol. 14 No. 1/2022 © 2022. The Author(s).

Characteristics of First-Year Residents Lin et al.e12



There are several potential weaknesses of this study. First,
our population-based analysis did not include data on medi-
cal school grades, honor societies, letters of recommenda-
tion, service engagement, and interview performance.28

However, medical school grades and honor society member-
ship are highly correlatedwithUSMLE scores,39–41 and in this
study, the mean USMLE scores from a resident’s medical
school were associated with obtaining a position in a top-
ranked residency program. Second, the study excluded
matched applicants who ultimately did not attend their first
year of residency. However, this likely amounts to only 1% of
matched ophthalmology residents.42 Third, U.S. News medi-
cal school rankings have been criticized for lacking an
association with patient outcomes, reducing diversity in
medical schools, and changing their ranking criteria each
year. However, these rankings are associated with matching
to an ophthalmology residency program and are a measure
of organizational reputation.8,43–48 Moreover, U.S. News
rankings were highly correlated with NIH funding among
medical schools and residency programs. At the medical
school level, this may be because the U.S. News rankings are
partially based on NIH funding.49 U.S. News rankings for
ophthalmology hospitals are based solely on a survey of
ophthalmologists,50 although they are associated with sev-
eral measures of research productivity, such as faculty
publications and number of clinical trials.31 Fourth, although
our measure of medical school and residency program
research productivity did not consider non-NIH financial
support or publication count, more NIH funding is associated
with higher publication productivity.19,20 Fifth, publication
count is an imperfect metric because it cannot identify
relative contributions from various co-authors.20 Sixth, the
study did not record data on applicants who may have taken
a year off from medical school for research; however, in
ophthalmology, these “research years” have not been associ-
ated with increased post-residency research productivity.4

Finally, the study recorded citation counts in 2020; since
citations accrue over time, residents from 2009 and 2013
may have higher citation counts and h-indices than residents

from 2016 and 2019. However, calculating anm-quotient for
each resident helped address this issue.

In sum, selected individual (female gender, additional
graduate degrees, and research productivity) and institutional
(medical school region, NIH funding, and mean USMLE Step 2
score) characteristics were significantly associated with
matching to a top-ranked ophthalmology residency program.
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Appendix 1 First-year resident characteristics by ophthalmology hospital ranking according to NIH funding

Baseline characteristics Top 20 program
residents (n¼377)

Other program
residents (n¼ 1,118)

Test statistic, p-Value

Gender, n (%)

Male 209 (55) 639 (57) χ2¼0.40, p¼0.526

Female 168 (46) 476 (43)

Graduate degrees, n (%)

MD/DO 285 (76) 1,055 (94) χ2¼108.60, p< 0.001

Additional Master’s 38 (10) 32 (3)

Additional PhD 54 (14) 31 (3)

IMG, n (%)

No 357 (95) 1,053 (94) χ2¼0.04, p¼0.851

Yes 20 (5) 62 (6)

School US News rank, n (%)

Top 20 97 (27) 673 (64) χ2¼206.86, p< 0.001

Top 40 88 (25) 233 (22)

All others 172 (48) 145 (14)

School NIH funding, n (%)

Top 20 159 (42) 176 (16) χ2¼146.75, p< 0.001

Top 40 80 (21) 161 (14)

All others 138 (37) 781 (70)

School mean USMLE Step 1 score

1–216 or N/A, n (%) 48 (13) 315 (28) χ2¼91.07, p<0.001

217–235, n (%) 158 (42) 564 (50)

236þ , n (%) 171 (45) 239 (21)

School mean USMLE Step 2 score

1–230 or N/A, n (%) 43 (11) 305 (27) χ2¼73.59, p<0.001

231–243, n (%) 86 (23) 352 (31)

244þ , n (%) 248 (66) 461 (41)

School regiona, n (%)

Midwest 69 (19) 255 (25) χ2¼26.37, p<0.001

South 100 (28) 398 (38)

Northeast 137 (38) 284 (27)

West 51 (14) 103 (10)

Total publications, mean (SD) 2.38 (3.68) 1.13 (2.77) χ2¼69.48, p<0.001
t¼�6.95, p<0.0010, n (%) 157 (42) 697 (62)

1–3, n (%) 133 (35) 320 (29)

4þ , n (%) 87 (23) 101 (9)

h-index, mean (SD) 1.83 (2.54) 0.82 (1.59) χ2¼52.11, p<0.001
t¼�9.10, p<0.0010, n (%) 162 (43) 717 (64)

1þ , n (%) 215 (57) 401 (36)

Ophthalmology publications, mean (SD) 1.22 (2.94) 0.68 (2.36) χ2¼28.29, p<0.001
t¼�3.62, p¼0.0030, n (%) 246 (65) 875 (78)

1–2, n (%) 78 (21) 164 (15)

3þ , n (%) 53 (14) 79 (7)

(Continued)
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Appendix 1 (Continued)

Baseline characteristics Top 20 program
residents (n¼377)

Other program
residents (n¼ 1,118)

Test statistic, p-Value

Basic science publications, mean (SD) 1.40 (2.88) 0.44 (1.37) χ2¼73.96, p<0.001
t¼�8.64, p<0.0010, n (%) 236 (63) 904 (81)

1–2, n (%) 73 (19) 157 (14)

3þ , n (%) 68 (18) 57 (5)

Clinical publications, mean (SD) 0.98 (2.21) 0.68 (2.16) χ2¼14.24, p<0.001
t¼�2.28, p¼0.0230, n (%) 245 (65) 829 (74)

1–2, n (%) 86 (23) 209 (19)

3þ , n (%) 46 (12) 80 (7)

Abbreviations: IMG, International Medical Graduate; MD, Doctor of Medicine; MS,Master’s in Science; NIH, National Institutes of Health; PhD, Doctor
of Philosophy; USMLE, United States Medical Licensing Examination; U.S. News rank, U.S. News &World Report 2021 Medical School Research Rank.
aThis analysis excluded residents who attended medical school outside the fifty US states and District of Columbia.
bBolded values demonstrate statistical significance with p< 0.05.

Appendix 2 First-year resident characteristics associated with being in a top-ranked research-oriented ophthalmology program

Baseline characteristics Univariate odds ratio (95% CI) Multivariate adjusted odds ratio (95% CI)

Gender

Male 1 [reference]

Female 1.08 (0.85–1.37)

Additional degrees

No additional 1 [reference] 1 [reference]

Master’s 4.40 (2.70–7.16) 3.87 (2.23–6.73)

PhD 6.45 (4.07–10.22) 4.48 (2.61–7.68)

IMG

No 1 [reference]

Yes 0.95 (0.57–1.60)

School U.S. News rank

8.23 (6.06–11.19) [dropped due to collinearity]

Top 20 2.62 (1.89–3.63)

Top 40
All others

1 [reference]

School NIH funding

Top 20 5.11 (3.86–6.77) 3.63 (2.51–5.24)

Top 40 2.81 (2.03–3.89) 2.16 (1.48–3.15)

All others 1 [reference] 1 [reference]

School mean USMLE Step 1 score

1–216 or N/A 1 [reference] [dropped due to collinearity]

217–235 1.84 (1.29–2.61)

236þ 4.70 (3.27–6.74)

School mean USMLE Step 2 score

1–230 or N/A 1 [reference] 1 [reference]

231–243 1.73 (1.17–2.58) 2.16 (1.48–3.15)

244þ 3.82 (2.68–5.44) 3.63 (2.51–5.24)
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Appendix 2 (Continued)

Baseline characteristics Univariate odds ratio (95% CI) Multivariate adjusted odds ratio (95% CI)

School regiona

Midwest 1 [reference] 1 [reference]

South 0.93 (0.66–1.31) 0.99 (0.67–1.44)

Northeast 1.78 (1.28–2.49) 1.54 (1.07–2.23)

West 1.83 (1.19–2.81) 1.17 (0.72–1.91)

h-Index

0 1 [reference] 1 [reference]

1þ 2.37 (1.87–3.01) 1.65 (1.25–2.17)

Total publications

0 1 [reference] [dropped due to collinearity]

1–3 1.85 (1.41–2.41)

4þ 3.82 (2.74–5.35)

Ophthalmology

0 1 [reference] [dropped due to collinearity]

1–2 1.69 (1.25–2.29)

3þ 2.39 (1.64–3.47)

Basic science

0 1 [reference] [dropped due to collinearity]

1–2 1.78 (1.30–2.43)

3þ 4.57 (3.13–6.68)

Clinical

0 1 [reference] [dropped due to collinearity]

1–2 1.39 (1.04–1.86)

3þ 1.95 (1.32–2.87)

Abbreviations: IMG, International Medical Graduate; MD, Doctor of Medicine; MS,Master’s in Science; NIH, National Institutes of Health; PhD, Doctor
of Philosophy; USMLE, United States Medical Licensing Examination; U.S. News rank, U.S. News &World Report 2021 Medical School Research Rank.
aExcludes residents who attended medical schools in U.S. territories, Canada, or other countries.
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