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Abstract
Background: The unique traits of residents who matriculate into subspecialty fellowships are poorly understood.
We sought to identify characteristics of internal medicine (IM) residents who match into cardiovascular (CV)
fellowships.
Methods: We conducted a retrospective cohort study of 8 classes of IM residents who matriculated into residency
from 2007 to 2014. The primary outcome was successful match to a CV fellowship within 1 year of completing IM
residency. Independent variables included residents’ licensing exam scores, research publications, medical school
reputation, Alpha Omega Alpha (AOA) membership, declaration of intent to pursue CV in the residency application
personal statement, clinical evaluation scores, mini-clinical evaluation exercise scores, in-training examination (ITE)
performance, and exposure to CV during residency.
Results: Of the 339 included residents (59% male; mean age 27) from 120 medical schools, 73 (22%) matched to
CV fellowship. At the time of residency application, 104 (31%) had ≥1 publication, 38 (11%) declared intention to
pursue CV in their residency application personal statement, and 104 (31%) were members of AOA. Prior to
fellowship application, 111 (33%) completed a CV elective rotation. At the completion of residency training, 108
(32%) had ≥3 publications. In an adjusted logistic regression analysis, declaration of intention to pursue CV (OR 6.4,
99% CI 1.7–23.4; p < 0.001), completion of a CV elective (OR 7.3, 99% CI 2.8–19.0; p < 0.001), score on the CV portion
of the PGY-2 ITE (OR 1.05, 99% CI 1.02–1.08; p < 0.001), and publication of ≥3 manuscripts (OR 4.7, 99% CI 1.1–20.5;
p = 0.007) were positively associated with matching to a CV fellowship. Overall PGY-2 ITE score was negatively
associated (OR 0.93, 99% CI 0.90–0.97; p < 0.001) with matching to a CV fellowship.
Conclusions: Residents’ matriculation into CV fellowships was associated with declaration of CV career intent,
completion of a CV elective rotation, CV medical knowledge, and research publications during residency. These
findings may be useful when advising residents about pursuing careers in CV. They may also help residents
understand factors associated with a successful match to a CV fellowship. The negative association between
matching into CV fellowship and overall ITE score may indicate excessive subspecialty focus during IM residency.
Keywords: Cardiovascular diseases, Cardiology fellowship, Career choice, Internal medicine residency, Graduate
medical education, Sub-specialty fellowship

* Correspondence: cullen.michael@mayo.edu
1
Department of Cardiovascular Medicine, Mayo Clinic, Rochester, Minnesota,
USA
Full list of author information is available at the end of the article
© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Cullen et al. BMC Medical Education

(2020) 20:238

Background
Across graduate medical education, due to limited research on matriculation into fellowship programs, factors related to career choice and drivers of entry into
subspecialty training remain poorly defined. Exposures
to specific specialties during early training may impact
career selection of those specialties [1, 2]. Internal medicine (IM) residents have reported that family and nonwork activities influence their career decisions [3].
Surveys of IM residents have found that career intentions often develop before residency and that mentorship plays a role in subspecialty choice [4–6]. Studies
have investigated potential relationships between resident achievement and career choice. A higher rank list
position among general surgery residents may determine
scholarly productivity and pursuit of an academic career
[7]. Accomplishments during early training, such as
AOA membership, scholarly output, and class rank, have
been shown to predict performance at later stages of
training [8–13]. However, limited evidence specifically
links internal medicine resident performance, rotation
experience, and career intentions with subspecialty fellowship choice.
Cardiovascular disease (CV) has been the largest subspecialty of IM for over a decade, with 2731 trainees enrolled in general CV fellowships in the United States
during the 2017–2018 academic year [14, 15]. Fellowships in CV are highly competitive, with 1261 applicants
for 894 positions in the United States in the 2018 appointment year [16]. Given the competitiveness of CV
fellowships, understanding traits of residents who enter
CV training may enhance efforts to counsel residents,
improve CV program directors’ understanding of characteristics to consider when selecting fellows, and advance
the literature regarding subspecialty and career choice
among physicians. Therefore, our aim was to compare
IM residents entering CV fellowship with other IM residents regarding (a) widely standardized measures of performance during medical school and residency, (b)
expression of career intent on personal statements, and
(c) exposure to CV rotations. This aim was directed at
the overall goal of informing the career choice and subspecialty matriculation process for the benefit of IM residents, IM residency programs, and CV fellowships.
Methods
Setting and participants

We conducted a retrospective study of 8 classes of Mayo
Clinic residents who matched to the categorical IM Residency Program in Rochester, Minnesota from 2007 to
2014 and completed residency in the academic years
ending June, 2010 through June, 2017. We excluded residents who left the program before graduating or residents who completed the program in < 3 years.
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Primary outcome

The primary outcome was a resident matching into a
CV fellowship through the Medical Specialties Matching
Program (MSMP) within 1 year of completing IM residency to account for Chief Medical Residents or others
who delayed fellowship match 1 year. The comparison
group included all other graduating residents, reflecting
those who entered non-CV fellowships or started independent practice upon completion of residency.
Independent variables

We examined 3 categories of modifiable independent
variables which reflected varying degrees of medical
school and residency performance, expression of career
intent, and exposure to CV rotations: (1) pre-residency
variables, (2) markers of global performance during residency, and (3) characteristics of the residents’ CV experiences. For the later 2 groups, unless otherwise noted,
we analyzed information available at the time of a resident’s application to the MSMP match. The MSMP
match occurred in June of the PGY-2 year through the
2010–2011 academic years and in December of the
PGY-3 year beginning in the 2012–2013 academic year.
Therefore, information available at the time of MSMP
application included data through the first half of the
PGY-2 year for residents entering the IM Residency from
2007 to 2009 and through the entire PGY-2 year for residents entering IM Residency from 2010 to 2014.
Pre-residency characteristics

Pre-residency variables included residents’ scores on
Step 1 and Step 2 Clinical Knowledge of the United
States Medical Licensing Examination (USMLE), total
and first author biomedical publications at the time of
residency application, membership in the medical honor
society Alpha Omega Alpha (AOA), and graduating
medical school rank according to US News & World Report (USNWR) research ranking, which is a widely recognized indicator of medical school reputation [17]. We
also identified if a resident declared intention to pursue
a career in CV in the personal statement of their residency application.
Global residency performance

Markers of global residency performance included multisource evaluation scores across all rotations from the beginning of residency until ERAS opened for fellowship
applications. We also examined scores on residents’
mini-clinical evaluation exercises (mini-CEX) completed
prior to fellowship application as an indicator of global
clinical performance [18, 19]. Evaluation scores were dichotomized as “highly professional” or not by comparing
residents in the top 20% of their class vs. all other residents [20]. We included overall percentile score on the
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in-training examination (ITE) as a marker of medical
knowledge [21, 22]. Finally, we included total number of
PubMed indexed publications during residency as a reflection of academic performance, consistent with the
reporting of resident scholarly activity for the Accreditation Council for Graduate Medical Education’s Accreditation Data System Annual Update. This is the only
variable that encapsulated data across a subject’s entire
3 years of residency rather than through the time of fellowship application.
CV-specific experiences and performance

During the study period, Mayo Clinic IM residents completed CV ward rotations as PGY-1 and PGY-3 residents. Residents who entered the IM residency from
2007 through 2009 rotated through the cardiac intensive
care unit as both PGY-1 and PGY-3 residents. Beginning
in the 2010–2011 academic year, residents rotated
through the cardiac intensive care unit once as a PGY-2
resident. Therefore, our analysis included data from 2 to
3 required CV rotations completed at the time of fellowship application for each resident in the study.
Characteristics of the residents’ CV experiences included faculty-of-resident assessments for required CV
rotations, which were based on previously validated evaluations [23, 24]. We examined the choice to complete a
CV elective rotation as a PGY-2 resident and the time of
a resident’s first rotation in CV during their PGY-1 year,
according to first versus second half of the academic
year. As with overall evaluations, CV rotation evaluation
scores were dichotomized as “highly professional” or not
by comparing residents in the top 20% of their class versus their classmates [8, 20]. We included percentile
score on the CV-specific content area of the in-training
examination (ITE) as a measure of CV medical
knowledge.
Study data abstracted from residency application materials were collected and managed using REDCap (Research Electronic Data Capture) electronic data tools
hosted at Mayo Clinic [25]. REDCap is a secure, webbased application designed to support data capture for
research studies. This study was approved by the Mayo
Clinic Institutional Review Board.
Statistical methods

Distributions of independent variables were reported as
mean (standard deviation) for continuous variables, and
n (%) for categorical variables. We examined relationships between independent variables and the binary primary outcome variable using logistic regression models.
We examined functional form for continuous valued covariates visually using Loess plots and objectively by
Hosmer & Lemeshow goodness-of-fit tests, with those
deviating from the assumption of linearity in the logit

Page 3 of 8

categorized by logical breakpoints. Potential multicollinearity among covariates was assessed using the variance
inflation factor (VIF), with the highest VIF valued covariate being excluded and re-assessing until all VIF < 3. A
multivariable logistic regression model for the primary
outcome adjusted for all modifiable covariates simultaneously. The threshold for statistical significance was set
at α = 0.01. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results
Over the 8 year study period, 45 residents per year
matched to the categorical IM Residency Program. Of
these 360 eligible residents, 20 (5.6%) did not complete
the program, and 1 (0.3%) graduated after only 2 years.
Therefore, our study group for analysis included 339 residents who matriculated into residency from 120 unique
medical schools. Table 1 displays basic demographic
data and pre-residency variables of the residents in the
study and those excluded from the final analyses. Preresidency first author and total publications (presence or
absence) and USNWR medical school research ranking
(top 50 or not) were dichotomized based on the functional form evaluations described above. No significant
differences in demographic or pre-residency variables
existed between those included versus excluded from
our study.
Table 2 displays descriptive summaries of study variables, both overall and according to CV fellowship
match status. Of the 339 residents in the study, 268
(79%) entered fellowship training and 73 (22% overall,
27% of residents entering fellowship training) matched
to 28 unique CV fellowship programs within a year of
residency graduation. Of all residents, 37 (11%) deferred
fellowship match 1 year after completion of residency.
The majority of these residents (60%) deferred fellowship
match due to a Chief Medical Resident year.
Almost one third of all residents, 104 (31%), had at
least 1 publication at the time of residency application,
including 48 (14%) with a first author publication. One
third, 110 (33%), graduated from a medical school
ranked in the top 50 by USNWR, and 104 (31%) were
members of AOA. Of all residents in the study, 38 (11%)
declared intent to pursue a CV fellowship in their residency application personal statement. Mean (SD)
USMLE scores were 235 (16) on Step 1 and 246 (15) on
Step 2 Clinical Knowledge. Of all residents studied, 111
(33%) completed a CV elective rotation prior to fellowship application, and 108 (32%) had ≥3 publications during residency. ITE scores were restricted to the PGY-2
year to ensure VIF < 3 for all covariates included in the
multivariable logistic regression model. Among all residents, mean percentile score on the PGY-2 ITE was 77
(20) overall and 63 (27) on the CV section.
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Table 1 Resident demographic and pre-residency characteristics
Eligible
(N = 360)*

Excluded
(N = 21)*

Included
(N = 339)*

Gender

> 0.99

Male

211 (58.6%)

12 (57.1%)

199 (58.7%)

Female

149 (41.4%)

9 (42.9%)

140 (41.3%)

U.S. public

208 (57.8%)

9 (42.9%)

199 (58.7%)

U.S. private

117 (32.5%)

7 (33.3%)

110 (32.5%)

International, except Canadian

27 (7.5%)

4 (19.1%)

23 (6.8%)

Canadian

4 (1.1%)

0 (0.0%)

4 (1.2%)

Osteopathic

4 (1.1%)

1 (4.8%)

3 (0.9%)

27.3 (2.9)

29.0 (3.5)

27.18 (2.9)

Medical school type

Age (years)

p-value†

0.09

Declared CV career intent

0.03
0.15

No

322 (89.4%)

21 (100%)

301 (88.8%)

Yes

38 (10.6%)

0 (0%)

38 (11.2%)

No

242 (67.2%)

13 (61.9%)

229 (67.6%)

Yes

118 (32.8%)

8 (38.1%)

110 (32.5%)

Top 50 medical school

0.63

AOA member

0.14

No

253 (70.3%)

18 (85.7%)

235 (69.3%)

Yes

107 (29.7%)

3 (14.3%)

104 (30.7%)

No

250 (69.4%)

15 (71.4%)

235 (69.3%)

Yes

110 (30.6%)

6 (28.6%)

104 (30.7%)

Research publication, any

> 0.99

Research publication, 1st author

> 0.99

No

309 (85.8%)

18 (85.7%)

291 (85.8%)

Yes

51 (14.2%)

3 (14.3%)

48 (14.2%)

Step 1

235.1 (15.9)

232.8 (17.4)

235.3 (15.9)

0.53

Step 2 Clinical Knowledge

246.0 (15.3)

240.6 (13.4)

246.3 (15.4)

0.07

USMLE score

Abbreviations: AOA Alpha Omega Alpha; CV cardiovascular; USMLE United States Medical Licensing Examination
*
Data are presented as n (% of column total) for categorical variables or mean (standard deviation) for continuous variables
†
P-values compare those included in vs. excluded from the study

Table 2 also displays results from the bivariate and
multivariable logistic regression. Multivariable logistic
regression demonstrate that residents who declared intent to pursue a CV fellowship in their residency application personal statement had a 6-fold increase in the
odds of matching to CV fellowship (p = 0.0002). Choosing a CV elective rotation as a PGY-2 showed a similar
7-fold increase in the odds of matching to a CV fellowship (p < 0.0001). Publishing ≥3 research manuscripts
during residency was associated with a 4.5-fold increase
in the odds of CV fellowship match when compared to
residents with no publications (p = 0.007).
CV knowledge, as measured by the CV section percentile on the PGY-2 ITE, showed a positive association
with the odds of CV fellowship match (p < 0.0001).

Interestingly, PGY-2 total ITE percentile demonstrated a
negative association (p < 0.0001) with matriculation into
a CV fellowship. Overall mean PGY-2 ITE percentile
was 76 vs. 77 among those who did vs. did not match to
CV. In contrast, mean percentile on the CV portion of
the PGY-2 ITE was 75 vs. 60 among those who did vs.
did not match to CV.
Other variables in the analysis were not significantly
associated with matriculation into a CV fellowship.
These included publications prior to residency, medical school reputation as measured by USNWR ranking, AOA status, USMLE scores, timing of first CV
rotation, and evaluation scores from required CV rotations, all residency rotations, and mini-CEX
assessments.
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Table 2 Bivariate and multivariable logistic regression analyses
All subjects Matched to
(N = 339)
CV (N = 73)
Pre-residency characteristics
Research publications, total

Research publications, 1st author

Declared CV career intent

Top 50 medical school

AOA member

N (%)

N (% of)a

Logistic regression analyses
Bivariate

Multivariable

OR (99% CI)

p-value

OR (99% CI)

p-value

0.11

1.166 (0.342–3.981)

0.75

≥1

104 (30.7%) 28 (26.9%)

1.556 (0.764–3.170)

0

235 (69.3%) 45 (19.2%)

–

≥1

48 (14.2%)

1.826 (0.752–4.432)

0

291 (85.8%) 58 (20.0%)

–

Yes

38 (11.2%)

10.136 (3.844–26.729) < 0.0001 6.387 (1.746–23.356) 0.0002

No

301 (88.8%) 48 (16.0%)

–

Yes

110 (32.5%) 26 (23.6%)

1.199 (0.586–2.451)

No

229 (67.6%) 47 (20.5%)

–

Yes

104 (30.7%) 24 (23.1%)

1.139 (0.550–2.359)

235 (69.3%) 49 (20.9%)

–

No

Mean (SD)

15 (31.3%)

25 (65.8%)

–
0.08

1.210 (0.258–5.665)

0.75

–
–
0.51

0.891 (0.320–2.484)

0.77

–
0.65

0.859 (0.276–2.672)

0.73

–

Mean CV vs. not

USMLE Step 1 score

235.3 (15.9) 237.0 vs. 234.8

1.009 (0.987–1.031)

0.29

1.027 (0.987–1.069)

0.08

USMLE Step 2 Clinical Knowledge score

246.3 (15.4) 246.6 vs. 246.2

1.001 (0.980–1.024)

0.87

0.992 (0.949–1.036)

0.62

< 0.0001 7.338 (2.839–18.969) < 0.0001

CV-specific experiences
CV elective

Timing of first CV experience

CV clinical evaluations (top 20%)

N (%)

N (% of)

Yes

111 (32.7%) 51 (46.0%)

7.958 (3.729–16.980)

No

228 (67.3%) 22 (9.7%)

–

1st half

171 (50.4%) 37 (21.6%)

1.012 (0.513–2.000)

2nd half 168 (49.6%) 36 (21.4%)

–

Yes

1.714 (0.777–3.780)

No

68 (20.1%)

20 (29.4%)

Mean CV vs. not

ITE PGY-2 CV percentile

62.9 (26.6)

74.6 vs. 59.7

Global residency performance

N (%)

N (% of)

Mini-CEX evaluations (top 20%)

Clinical evaluations (top 20%)

ITE PGY-2 overall percentile

1.116 (0.460–2.711)

0.75

–
0.08

–

271 (79.9%) 53 (19.6%)
Mean (SD)

Publications during residency

–
0.96

1.469 (0.414–5.219)

0.43

–

1.025 (1.009–1.041)

< 0.0001 1.049 (1.021–1.079)

< 0.0001

≥3

108 (31.9%) 34 (31.5%)

4.069 (1.279–12.946)

0.002

4.667 (1.065–20.455) 0.007

2

74 (21.8%)

17 (23.0%)

2.641 (0.757–9.215)

0.05

2.487 (0.557–11.100) 0.12

1

88 (26.0%)

15 (17.1%)

1.820 (0.516–6.416)

0.22

0

69 (20.4%)

7 (10.1%)

–

Yes

68 (20.1%)

18 (26.5%)

No

271 (79.9%) 55 (20.3%)

Yes

67 (19.8%)

No

272 (80.2%) 56 (20.6%)

1.414 (0.630–3.172)

0.27

–

17 (25.4%)

1.311 (0.578–2.977)

Mean CV vs. not

76.5 (20.1)

75.8 vs. 76.7

0.998 (0.981–1.014)

2.428 (0.641–9.191)

0.09

–
0.39

–

Mean (SD)

2.523 (0.541–11.776) 0.12
–

0.769 (0.178–3.318)

0.64

–
0.72

0.932 (0.896–0.970)

< 0.0001

Abbreviations: AOA Alpha Omega Alpha; CV cardiovascular; ITE in-training examination; Mini-CEX mini-clinical evaluation exercises; USMLE, United States Medical
Licensing Examination
a
Data are presented as n (% of row total) for categorical variables or mean of those who matched vs. did not match to CV for continuous variables. Displaying the
categorical variables as % of row total facilitates comparison to the overall 22% match rate into CV for the residents in this study

Discussion
This study sought to identify unique characteristics of
IM residents who enter CV fellowships. We found that
declaration of intention to pursue a career in CV on the
residency application personal statement, choice of a CV
elective, percentile score on the CV section of the PGY2 ITE, and publications during residency were positively

associated with matching into a CV fellowship. Overall
performance on the PGY-2 ITE was negatively associated with matching to a CV fellowship. Other traditional
markers of resident aptitude and performance, such as
USMLE scores, AOA membership, medical school reputation, and clinical evaluation scores were not associated
with matching to a CV fellowship.
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The findings demonstrate that factors related to IM
residents’ intentional choices were associated with subsequent match to a CV fellowship. These choices included declaration of intention to pursue a CV
fellowship on the residency application personal statement and choice of a CV elective rotation during residency. These choices likely reflected a longstanding
desire and focus to pursue a career in CV, which may be
necessary for successfully matching into competitive fellowships. Our findings also support the utility of the
residency application personal statement for IM residency programs despite other specialties that may place
less emphasis on the personal statement [26, 27].
This study did not identify associations between variables related to clinical performance during residency
and matriculation into a CV fellowship. Specifically, global and CV-rotation clinical evaluation scores and miniCEX scores were not associated with likelihood of
matching to a CV fellowship. These findings were surprising, given the competitive nature of CV fellowships.
Literature also suggests that accomplishments during
earlier periods of training predict subsequent performance at higher levels of training [7, 9–13, 28–30]. However, prior studies have focused on performance during
or after subsequent training rather than matriculation
into specific fields or training programs. Our findings
suggest that, particularly among IM residents,
intentional choices and motivation of the resident may
supersede clinical performance as a predictor of matching to a CV fellowship. These intentional choices may
include a focus on developing mentor relationships that
lead to strong letters of recommendation; indeed, prior
work has demonstrated that strong letters predict performance at subsequent stages of training [8]. Future efforts may explore the role of mentoring relationships
prior to and during IM residency on matriculation into
CV or other subspecialty fellowships.
Research productivity, unlike clinical performance, was
associated with matching to a CV fellowship. Residents
with ≥3 publications during training demonstrated significantly higher odds of a CV fellowship match (Table
2). This finding likely reflects the emphasis that CV fellowship programs place on academic productivity. This
finding may also indicate broader mentoring opportunities for IM residents interested in CV, thus leading to
higher scholarly output. Notably, about half (53%) of residents in our study who matched to CV had ≤2 publications during residency, suggesting that even modest
research productivity can result in successfully matching
to a CV fellowship program.
We identified a large positive association between
higher scores on the CV portion of the PGY-2 ITE and
likelihood of matching to a CV fellowship as well as a
small negative association between overallPGY-2 ITE
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score and CV fellowship match (Table 2). These findings
are consistent with previous research. For example, ITE
scores during IM residency have been associated with
medical knowledge acquisition and the likelihood of
passing the American Board of Internal Medicine’s initial IM certification examination [21, 22, 31, 32]. It is
likely that residents with a longstanding interest in CV
devoted more time to acquiring CV-specific knowledge
during residency, thus scoring higher on the CV portion
of the ITE. However, an increased effort to acquire CVspecific knowledge may have occurred at the expense of
general knowledge acquisition, which could reflect excessive sub-specialty focus during IM residency. The potential negative impact of an over-emphasis on CV
knowledge acquisition during IM residency among residents who eventually pursued CV training may have
curricular implications for both IM residency and CV
fellowship programs and requires further investigation.
Studies regarding factors that impact career choice
among IM residents, particularly residents that pursue a
career in CV, are limited. A survey of IM residents in
the United States found that work-life balance is more
important among those who enter specialties other than
CV [33]. Similarly, a survey of medical school graduates
in the United Kingdom found that work-life balance
considerations are more important among those who
did not pursue CV [34]. The current work may extend
these findings by demonstrating that residents who are
particularly driven to pursue careers in CV articulated
their intentions early in their residency personal statements, deliberately engaged in CV electives, strived for
scholarly productivity during IM residency, and acquired
robust CV knowledge during residency training. Taken
together, our work, along with previous studies, suggests
that residents pursing CV may place less emphasis on
work-life balance and demonstrate a willingness to make
sacrifices during training for the sake of their long-term
career goals.
This study has implications for residents considering
careers in CV, for residency programs, and for CV fellowship programs. IM residents considering a career in
CV can use these findings to understand the common
factors among their predecessors who successfully
matched to a CV fellowship and adjust their behaviors
to the extent necessary. Residency programs can counsel
their residents interested in CV about modifiable attributes associated with a successful CV fellowship match,
including pursuit of a CV elective and publication of research papers. However, both IM residents and IM residency programs must understand that many factors
beyond those in this study impact the likelihood of successfully matching to a CV fellowship. Finally, CV fellowship programs can use this information to
understand how residents entering their fellowships
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differ from other IM residents. These findings should
not, however, be used in isolation to judge the quality of
applicants to CV or other competitive subspecialty fellowships, as many factors beyond those captured in this
study contribute to a quality application for a CV
fellowship.
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publications during residency, and performance on
the CV portion of the ITE. These findings may be
useful for IM residents pursuing a career in CV, residency programs counseling residents who are considering careers in CV, and CV fellowship programs
seeking understand unique characteristics of residents
entering CV subspecialty training.

Limitations

This is a single-institution study at a large academic
medical center, which limits generalizability of the findings. However, Mayo Clinic IM residents in this study
matriculated from 120 different medical schools and
subsequently matched to 28 unique CV fellowships nationwide. While the quality of CV fellowships varies,
they all remain highly competitive. Our findings should
provide a universally relatable message across IM residency programs and for residents matching to CV fellowships. Furthermore, the independent variables in this
study – including career intent in personal statements,
USMLE scores, AOA status, mini-CEX evaluations, ITE
examination scores, clinical performance evaluations,
and journal publications are available to and utilized by
all IM residencies in the United States. Thus, our findings are relevant to both the broader IM and CV training communities.
Residents frequently change career choice during
training [35]. Our study may not have identified all
residents who initially desired CV fellowships and
subsequently changed their plans. Our study also did
not identify an association between the timing of a
resident’s first rotation in CV during their PGY-1 year
and matriculation into a CV fellowship, perhaps because any CV rotation during the PGY-1 year is effectively early in training regardless of the specific
month of the rotation. Future work could investigate
timing of first CV exposure more broadly by incorporating exposure in medical school and later in residency. Finally, the intent of our study was to
compare residents entering CV fellowships with other
IM residents rather than compare residents who
matched to CV with those to applied but failed to
match to CV. Future work could examine predictors
of a successful vs. unsuccessful match to CV. However, this would likely need to occur across multiple
institutions, given the low number of residents in our
program who fail to match to CV or other subspecialty fellowships.

Conclusions
We identified that significant positive correlates of
match into CV fellowships were declaration of
intention to pursue a career in CV on the residency
application personal statement, choice of a CV elective rotation prior to the fellowship application,

Abbreviations
AOA: Alpha Omega Alpha; CV: Cardiovascular; IM: Internal medicine; ITE: Intraining examination; USMLE: United States Medical Licensing Examination;
USNWR: US News and World Report; VIF: Variable inflation factor
Acknowledgements
Not applicable.
Authors’ contributions
All authors (MC, KK, AS, AH, TB) contributed to the study design. Authors MC,
AH, and TB participated in collecting, analyzing, and interpreting the data
along with drafting and revising the manuscript for critically important
intellectual content. Authors MC, KK, AS, AH, and TB approved the submitted
version of this manuscript and agree to be accountable for questions related
to the accuracy or integrity of this work. The author(s) read and approved
the final manuscript.
Funding
This work was funded in part by the 2018 Mayo Clinic Endowment for
Education Research Award, Mayo Clinic, Rochester, Minnesota. The funder
played no role in study design, data collection, data analysis, manuscript
drafting, or manuscript revision.
Availability of data and materials
The datasets generated and analyzed during this study are not publicly
available to maintain confidentiality of the study subjects.
Ethics approval and consent to participate
All data in this study came from existing educational resources. This study
was approved by the Mayo Clinic Institutional Review Board.
Consent for publication
Not applicable.
Competing interests
The authors report no conflicts of interest regarding this manuscript.
Author details
1
Department of Cardiovascular Medicine, Mayo Clinic, Rochester, Minnesota,
USA. 2Division of Gastroenterology and Hepatology, Department of Internal
Medicine, Mayo Clinic, Scottsdale, Arizona, USA. 3Internal Medicine Residency,
Department of Internal Medicine, Mayo Clinic, Rochester, Minnesota, USA.
4
Division of General Internal Medicine, Department of Internal Medicine,
Mayo Clinic, Rochester, Minnesota, USA.
Received: 16 January 2020 Accepted: 15 July 2020

References
1. Rohan-Minjares F, Alfero C, Kaufman A. How medical schools can
encourage students' interest in family medicine. Acad Med 2015;90(5):
553–5.
2. Campos-Outcalt D, Senf J. A longitudinal, national study of the effect of
implementing a required third-year family practice clerkship or a
department of family medicine on the selection of family medicine by
medical students. Acad Med. 1999;74(9):1016–20.
3. West CP, Drefahl MM, Popkave C, Kolars JC. Internal medicine resident selfreport of factors associated with career decisions. J Gen Intern Med. 2009;
24(8):946–9.

Cullen et al. BMC Medical Education

4.

5.

6.

7.

8.

9.
10.

11.

12.

13.

14.
15.
16.

17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

(2020) 20:238

Bonura EM, Lee ES, Ramsey K, Armstrong WS. Factors influencing internal
medicine resident choice of infectious diseases or other specialties: a
National Cross-sectional Study. Clin Infect Dis. 2016;63(2):155–63.
Barsoumian AE, Hartzell JD, Bonura EM, Ressner RA, Whitman TJ, Yun HC.
Military internal medicine resident decision to apply to fellowship and
extend military commitment. Mil Med. 2018;183(7–8):e299–303.
Jhaveri KD, Sparks MA, Shah HH, Khan S, Chawla A, Desai T, et al. Why not
nephrology? A survey of US internal medicine subspecialty fellows. Am J
Kidney Dis. 2013;61(4):540–6.
Beninato T, Kleiman DA, Zarnegar R, Fahey Iii TJ. Can future academic
surgeons be identified in the residency ranking process? J Surg Educ. 2016;
73(5):788–92.
Cullen MW, Reed DA, Halvorsen AJ, Wittich CM, Kreuziger LMB, Keddis MT,
et al. Selection criteria for internal medicine residency applicants and
professionalism ratings during internship. Mayo Clin Proc. 2011;86(3):197–
202.
Daly KA, Levine SC, Adams GL. Predictors for resident success in
otolaryngology. J Am Coll Surg. 2006;202(4):649–54.
Hamdy H, Prasad K, Anderson MB, Scherpbier A, Williams R, Zwierstra R,
et al. BEME systematic review: predictive values of measurements obtained
in medical schools and future performance in medical practice. Med
Teacher. 2006;28(2):103–16.
Chen F, Arora H, Martinelli SM, Teeter E, Mayer D, Zvara D, et al. The
predictive value of pre-recruitment achievement on resident performance
in anesthesiology. J Clin Anesth. 2017;39:139–44.
Gross C, O'Halloran C, Winn AS, Lux SE, Michelson CD, Sectish T, et al.
Application Factors Associated With Clinical Performance During Pediatric
Internship. Academic Pediatrics. 2020.
Bhat R, Takenaka K, Levine B, Goyal N, Garg M, Visconti A, et al. Predictors of
a top performer during emergency medicine residency. J Emerg Med. 2015;
49(4):505–12.
Brotherton SE, Etzel SI. Graduate medical education, 2017-2018. JAMA. 2018;
320(10):1051–70.
Brotherton SE, Etzel SI. Graduate Medical Education, 2007–2008. JAMA. 2008;
300(10):1228.
Results and Data: Specialties Matching Service 2018 Appointment Year
Washington, DC [Available from: http://www.nrmp.org/fellowship-matchdata/. Accessed March 30, 2020.
Harder B, Comarow A. Hospital quality reporting by US news and world
report: why, how, and What's ahead. JAMA. 2015;313(19):1903–4.
Cook DA, Beckman TJ, Mandrekar JN, Pankratz VS. Internal structure of miniCEX scores for internal medicine residents: factor analysis and
generalizability. Adv Health Sci Educ. 2010;15(5):633–45.
Holmboe ES, Huot SP, Chung J, Norcini J, Hawkins RE. Construct validity of
the MiniClinical evaluation exercise (MiniCEX). Acad Med. 2003;78(8):826–30.
Reed DA, West CP, Mueller PS, Ficalora RD, Engstler GJ, Beckman TJ.
Behaviors of highly professional resident physicians. JAMA. 2008;300(11):
1326–33.
McDonald FS, Zeger SL, Kolars JC. Associations of conference attendance
with internal medicine in-training examination scores. Mayo Clin Proc. 2008;
83(4):449–53.
Waxman H, Braunstein G, Dantzker D, Goldberg S, Lefrak S, Lichstein E, et al.
Performance on the internal medicine second-year residency in-training
examination predicts the outcome of the ABIM certifying examination. J
Gen Intern Med. 1994;9(12):692–4.
Beckman TJ, Mandrekar JN, Engstler GJ, Ficalora RD. Determining reliability
of clinical assessment scores in real time. Teach Learn Med. 2009;21(3):188–
94.
Post JA, Wittich CM, Thomas KG, Dupras DM, Halvorsen AJ, Mandrekar JN,
et al. Rating the quality of Entrustable professional activities: content
validation and associations with the clinical context. J Gen Intern Med. 2016;
31(5):518–23.
Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform. 2009;42(2):377–81.
Max BA, Gelfand B, Brooks MR, Beckerly R, Segal S. Have personal
statements become impersonal? An evaluation of personal statements in
anesthesiology residency applications. J Clin Anesth. 2010;22(5):346–51.
Taylor CA, Weinstein L, Mayhew HE. The process of resident selection: a
view from the residency director's desk. Obstet Gynecol. 1995;85(2):299–303.

Page 8 of 8

28. Andriole DA, Jeffe DB, Whelan AJ. What predicts surgical internship
performance? Am J Surg. 2004;188(2):161–4.
29. Markert RJ. The relationship of academic measures in medical school to
performance after graduation. Acad Med. 1993;68(2):S31–4.
30. Yousem IJ, Liu L, Aygun N, Yousem DM. United States Medical Licensing
Examination Step 1 and 2 Scores Predict Neuroradiology Fellowship
Success. J Am College Radiol. 2016;13(4):438–44.e2.
31. Babbott SF, Beasley BW, Hinchey KT, Blotzer JW, Holmboe ES. The predictive
validity of the internal medicine in-training examination. Am J Med. 2007;
120(8):735–40.
32. McDonald FS, Zeger SL, Kolars JC. Factors associated with medical
knowledge acquisition during internal medicine residency. J Gen Intern
Med. 2007;22(7):962–8.
33. Douglas PS, Rzeszut AK, Bairey Merz C, Duvernoy CS, Lewis SJ, Walsh MN,
et al. Career preferences and perceptions of cardiology among us internal
medicine trainees: factors influencing cardiology career choice. JAMA
Cardiol. 2018;3(8):682–91.
34. Smith F, Lambert TW, Pitcher A, Goldacre MJ. Career choices for cardiology:
cohort studies of UK medical graduates. BMC Med Educ. 2013;13(1):10.
35. West CP, Popkave C, Schultz HJ, Weinberger SE, Kolars JC. Changes in career
decisions of internal medicine residents during training. Ann Intern Med.
2006;145(10):774–9.

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

