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Abstract: Early involvement and exposure to evidence-based research during medical school have
been shown to play a formative role in students’ holistic development as future physicians. While
there are medical schools encouraging research initiatives, few programs implement 4-year longitu-
dinal research in the curriculum. Here, the authors categorized graduates as pre-LRP or post-LRP
and utilized PubMed’s Advanced Search Builder to identify each graduate’s publications with a
time frame that began from 1 year to 7 years post-graduation. The data were then analyzed to
identify any significant changes between these two cohorts. A total of 1022 medical school graduates
from an ACGME-accredited U.S. medical school were included in this study. The average rate of
publications annually was 0.47 + 1.43 (pre-LRP) and 0.57 + 1.40 (post-LRP). Additionally, the average
probability of at least one publication in a given year was 22% (95% CI: 0.21–0.23) pre-LRP and 27%
(95% CI: 0.25–0.28) post-LRP. Lastly, the average probability of at least one first-author publication in
a given year was 12.2% (95% CI: 0.12–0.13) pre-LRP and 15% (95% CI: 0.14–0.16) post-LRP. Overall,
participation in a mentored longitudinal research program during medical school demonstrated a
positive trend in the number and rate of publications. The implementation of a mentored longitudinal
research program can contribute to increased research productivity in physicians’ early careers,
leading to the development of important research skills, the fostering of commitment in scholarly
work, and a deeper understanding of evidence-based medicine.
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1. Introduction

In 2004, the University of Pittsburgh School of Medicine (UPSOM) implemented a
novel, mandatory research curriculum for medical students titled the longitudinal research
project (LRP). Under faculty mentorship, first-year medical students construct an individu-
alized scholarly research project that must be completed prior to graduation. Students in
the program engage in first- and second-year coursework focused on formulating research
questions, participate in weekly journal clubs and discussions, collaborate on scholarly
projects under mentorship, have the chance to participate in funded summer research
opportunities, and conclude with presentations of written scholarly products [1]. Insti-
tutional support, faculty engagement, and mentorship are highlighted as critical pillars
contributing to the program’s success [2]. Several medical schools in the United States
have implemented similar types of longitudinal programs that facilitate continuous re-
search training for their medical students [3–9]. Stanford University School of Medicine
and Duke University School of Medicine have incorporated scholarly concentration (SC)
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programs and Longitudinal Integrated Clerkship Programs (LICPs) into their medical
curriculum, respectively [10]. Many of these programs emphasize different areas of focus
which require medical students to be involved in experiences and activities throughout the
entirety of their medical education. There has been an observed increase in the spectrum of
research components within medical school curricula, encompassing both mandatory and
non-mandatory elements, across international programs [11,12]. The identified literature
primarily aimed to describe these initiatives, evaluate their impact on students, and assess
research outputs, yet it highlighted limited information on longitudinal research outcomes.
Furthermore, a retrospective, self-reported survey administered to recent University of Al-
abama at Birmingham School of Medicine (UAB SOM) graduates delved into the impact of
elective versus mandatory research experiences, identifying a positive association between
medical school research activities and subsequent engagement in research [13]. Collectively,
these studies underscore the multifaceted nature of research training initiatives during
medical school, emphasizing the need for comprehensive assessments of their longitudinal
impacts on research outcomes. Previous observations and studies have indicated that uni-
versities that implement these programs within their curriculum often see an enhancement
in the medical student’s educational experience. These findings have been supported by
the literature that has not only observed an increase in academic outcomes but clinical
readiness as well [14–20].

However, very few MD programs specifically require longitudinal research for all
4 years of medical education. We focused on UPSOM’s curriculum because of its distinctive-
ness in several key areas. Firstly, the Scientific Reasoning and Medicine curriculum guides
students systematically from theoretical knowledge to practical application, specifically
preparing them for scholarly projects, which sets it apart from other medical education
models. Secondly, UPSOM integrates mandatory didactic sessions and practical training
in scientific writing, emphasizing effective communication skills crucial in the medical
field. Lastly, UPSOM’s formal mentoring and team-building programs for faculty mentors
foster a supportive environment, enhancing student–mentor relationships and promoting
collaborative research. The goal of this formative research experience was to equip medical
students with the skills necessary to conduct and evaluate research methodology while
promoting the practice of evidence-based medicine. This study evaluated the long-term
implications of the LRP by analyzing postgraduate research productivity following the
implementation of this unique research curriculum.

2. Materials and Methods

This retrospective study analyzed publicly available publication data from 2007 to 2020
on UPSOM graduates before and after LRP implementation in 2004. Data collection in-
cluded graduation year, residency program, medical specialty, MD or MD/PhD status, and
postgraduate publication data for UPSOM classes of 2006–2012. Graduation cohorts were
categorized relative to LRP status. Pre-LRP classes included the class of 2006 and 2007,
and post-LRP graduates included 2008–2012. Each graduate’s respective publicly available
publication(s) were identified via PubMed’s Advanced Search Builder with a publication
time frame that began at least one year post-graduation to seven years post-graduation to
exclude publications initiated while in medical school.

The results were set to be sorted by Publication Date, and All Results were saved
as a PubMed Excel export, listing each publication’s PubMed Identifier (PMID), Title,
Authors, Citations, First Author, Journal/Books, Publication Year, Create Date, and DOI.
The UPSOM match list was used to confirm graduate residency affiliation and specialty for
each publication extracted from PubMed. If further specification was needed, “Dr. First
name Last name University of Pittsburgh School of Medicine” was inputted into Google’s
search engine. Any additional information used to identify the graduates’ publications was
limited to the publicly available information provided by the graduate’s current institution’s
site, LinkedIn, and Doximity. The Science/SCI Journal Impact Factor database was utilized
to identify journal impact factors corresponding to the publication year. We analyzed



Int. Med. Educ. 2024, 3 154

the cross-sectional time series cohort using t-tests with unequal variance, multivariate
logistic regression, and multivariate Poisson models using STATA 16 statistical software
with significance set to 0.05.

3. Results

A total of 1022 medical school graduates met the inclusion criteria. Of these, 278 grad-
uated prior to 2008 (pre-LRP), while 744 graduated in 2008 or later (post-LRP). The average
rate of publications annually was 0.54 + 1.41 for the overall cohort, 0.47 + 1.43 for pre-LRP,
and 0.57 + 1.40 for post-LRP (publications per year averaged across the 8-year study period
for each medical school graduate). Figure 1 details the average number of publications over
postgraduate status for the pre-LRP and post-LRP groups. According to the multivariate
linear mixed-effects results, the post-LRP medical school graduates exhibited a greater
average annual publication rate than the pre-LRP medical student graduates (β = 0.10,
95% CI: 0.03–0.17, p = 0.008) (Table 1).

When considering the proportion of graduates who published at least one manuscript,
the overall probability of having at least one publication in a given year was 25% for the
overall cohort across the 8-year period. According to mixed-effects multinomial logistic
regression results, the probability of having at least one publication was 2.9 times greater for
the post-LRP graduates than the pre-LRP graduates (OR: 2.88, 95% CI: 2.15–3.86, p < 0.001)
(Table 1). However, compared to the pre-LRP graduates, the post-LRP graduates revealed
a slower increase in the probability of publishing at least one manuscript each year as
postgraduate experience increased (Figure 2, Table 1). After adjusting for these predictors,
we estimate an average pre-LRP probability of 22% (95% CI: 0.21–0.23) and post-LRP
probability of 27% (95% CI: 0.25–0.28) of having at least one publication across a given year.

The average rate of first-author publications was 0.23 + 0.48 for the overall cohort,
0.22 + 0.54 for pre-LRP, and 0.24 + 0.45 for post-LRP (first-author publications per year
averaged across the 8 years of postgraduate experience). Figure 3 illustrates the average
number of first-author publications over postgraduate status for the pre-LRP and post-LRP
groups. According to the multivariate linear mixed-effects results, the post-LRP medical
school graduates exhibited a greater average first-author publication rate than the pre-LRP
medical student graduates (β = 0.13, 95% CI: 0.05–0.22, p = 0.001). However, compared to
the pre-LRP graduates, the post-LRP graduates revealed a slower increase in first-author
publications as postgraduate experience increased (Table 1). After adjusting for these
predictors, we estimate an average of 23% (95% CI: 0.19–0.27) for pre-LRP graduates and
23% (95%CI: 0.21–0.26) for post-LRP graduates when considering first-author publication
rates across all 8 years of postgraduate experience.

Lastly, the overall probability of having at least one first-author publication each year
was 14.2% for the overall cohort across all 8 years of postgraduate experience. According
to the mixed-effects multinomial logistic regression results, the probability of having
at least one first-author publication was roughly three times greater for the post-LRP
graduates than the pre-LRP graduates (OR: 3.08, 95% CI: 2.38–4.00, p < 0.001) (Table 1).
Compared to the pre-LRP graduates, the post-LRP graduates revealed a slower increase
in the probability of publishing at least one first-author manuscript in a given year as
postgraduate experience increased (Figure 4, Table 1). After adjusting for these predictors,
we estimate an average pre-LRP probability of 12.2% (95% CI: 0.12–0.13) and post-LRP
probability of 15% (95% CI: 0.14–0.16) of having at least one first-author publication in a
given year.
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Figure 1. The average number of publications in a given year across experience (number of years 
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Results were derived based on multivariate Poisson regression models. 
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from 2006 and 2007 were classified as pre-LRP, while those from 2008 to 2012 were considered post-

LRP. Results were obtained through multivariate Poisson regression models. 

Figure 1. The average number of publications in a given year across experience (number of years
since graduating from medical school) and LRP status (pre-LRP versus post-LRP). Pre-LRP was
defined as 2006 and 2007 medical school graduates, while post-LRP consisted of 2008–2012 graduates.
Results were derived based on multivariate Poisson regression models.
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from 2006 and 2007 were classified as pre-LRP, while those from 2008 to 2012 were considered post-
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Figure 3. The average number of first-author publications per year based on experience (number
of years since graduating from medical school) and LRP status (pre-LRP versus post-LRP). Medical
school graduates from 2006 and 2007 were considered pre-LRP, while those from 2008 to 2012 were
classified as post-LRP.
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Figure 4. The probability of first-author publications per year based on experience (number of
years since graduating from medical school) and LRP status (pre-LRP versus post-LRP). Medical
school graduates from 2006 and 2007 were classified as pre-LRP, while those from 2008 to 2012 were
considered post-LRP. Results were obtained through multivariate Poisson regression models.
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Table 1. Multivariate predictors of postgraduate publication rates for overall, first author, and
odds of publishing at least one overall or first-author manuscript per year among medical school
graduates’ manuscripts.

Average Number of Publications Average Number of First-Author Publications

Predictor Variables β (95% CI) p-Value β (95% CI) p-Value

LRP Status
Pre-LRP 1 [Ref] - 1 [Ref] -
Post-LRP 0.1 (0.03–0.17) 0.008 0.13 (0.05–0.22) 0.001

Post-grad Duration 0.16 (0.09–0.22) <0.001 0.12 (0.08–0.16) <0.001
PhD Status

MD only 1 [Ref] - 1 [Ref] -
MD PhD 0.69 (0.57–0.81) <0.001 0.26 (0.19–0.33) <0.001

LRP Status × Post-Grad Duration †

Pre-LRP: Post-Grad Duration - - - 1 [Ref] -
Post-LRP: Post-Grad Duration - - - −0.03 (−0.05–−0.01) 0.002

Probability of at Least 1 Publication Probability of at Least 1 First-Author Publication

Predictor Variables OR (95% CI) p-Value OR (95% CI) p-Value
LRP Status

Pre-LRP 1 [Ref] - 1 [Ref] -
Post-LRP 2.9 (2.2–3.9) <0.001 3.1 (2.4–4.0) <0.001

PhD Status
MD only 1 [Ref] - 1 [Ref] -
MD PhD 4.6 (3.6–5.9) <0.001 4.6 (3.6–6.0) <0.001

Post-Grad Duration: LRP Status ‡

Pre-LRP: Post-Grad Duration 1.64 (1.38–1.96) <0.001 2.04 (1.72–2.42) <0.001
Post-LRP: Post-Grad Duration 1.42 (1.24–1.63) <0.001 1.73 (1.48–2.04) <0.001

LRP, longitudinal research project; CI, confidence interval; Ref, reference value. β represents the beta coefficient
value derived from multivariate linear mixed-effects regression models. OR represents the odds ratio value derived
from multivariate linear mixed-effects regression models. † denotes an interaction term between two predictor
variables. ‡ denotes results stratified according to LRP status.

4. Discussion

Following graduation, physicians who took part in the LRP were more likely to publish
and publish more frequently. To our knowledge, there is currently no research in the
literature that reports long-term postgraduate productivity following a mandatory research
program in the medical school curriculum. As discussed in the results, there are various
interesting trends, such as the slower rise in first-author publications post-LRP while there
being a greater probability of publishing as the first author over the longitudinal analysis.
While the primary focus of this study was to quantify the impact on academic productivity,
it is important to recognize that it is only one aspect of the overall impact research can
have on the development of physicians. The data suggest that physicians that underwent
the LRP remained involved in research beyond their time in medical school, which can
be directly translated to an improvement in the quality of the physician’s healthcare
performance [21]. The published literature has reported medical student perspectives of
this required program, which was found to be meaningful and valuable in gaining skills
related to critical thinking, leadership, and scientific communication [22].

A point of consideration is the level of quality that comes with the increased quantity of
publications. While the likelihood of publishing and number of publications increased, the
aggregate impact factor value did not change. This suggests that the increase in publications
did not diminish the level of impact of these manuscripts after the implementation of
this program.

The medical school curriculum often revolves around the pathophysiology and clinical
skills required to meet the needs of future patients. While these are fundamental aspects
of medical education, there is a lesser nationwide emphasis on providing a longitudinal
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curriculum that fosters research skills that may ultimately impact the career of a physician
and their respective field [23]. This study suggests that implementing a mandatory LRP
within a medical school’s curriculum may increase meaningful research productivity and
the progression of clinical science for young physicians beyond the curriculum.

While our study primarily focused on the impact of the LRP, we recognize that
various other factors were not considered, which serves as a limitation of this study. Our
analysis relied on publicly available datasets, which limited variables that may influence
productivity such as marital status, extracurricular activities, or family responsibilities,
which can play a dynamic role in a medical graduate’s scholarly involvement. Future
research regarding this unique program may provide additional insights by identifying
and controlling for these variables to gain further insights into the impact of the LRP.
Additionally, the graduate cohorts between pre-LRP and post-LRP were not equal as there
were limitations in obtaining earlier classes’ data. This inequality of data also serves as
a limitation.

5. Conclusions

Medical school graduates who partook in a mandatory, longitudinal research program
in a medical school curriculum published more and more frequently in their early careers
compared to earlier graduates prior to this program. The results from this study encourage
the implementation of such a research program for medical schools looking to support and
increase early-career research productivity for their graduates.
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