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Introduction
For several decades, the academic medical community has been 
concerned about the reluctance of young physicians to prepare 
for and undertake careers in clinical research.1,2 As the demand 
at academic health centers for physician-faculty members to 
provide clinical care to patients increases, clinicians have less 
time to focus on a research career.3 Equally troubling is the 
high attrition rate of accomplished clinical investigators within 
academic medical centers.3–5 Numerous factors have contributed 
to the dearth of clinician-investigators: increased competition for 
National Institutes of Health (NIH) grant funding (particularly 
from non-MD applicants),3 deficient research training,6 
ineffective mentorship,7 inefficient institutional infrastructure,7 
and outmoded promotion and tenure guidelines that do not 
reward team science.8 In an era characterized by potentially 
enormous biomedical discoveries, all of these factors limit 
progress.

In response, the federal government has taken strides over 
the past several decades to try to bolster the numbers of well-
trained clinical researchers. In 1995, the Director of the NIH 
organized the “NIH Director’s Panel on Clinical Research” to 
assess the current state of clinical research and offer suggestions 
for improving it.10 The panel’s recommendations instigated 
many new changes to the clinical research environment. In 
1999, new patient-oriented research career development awards 
were introduced (K23 and K24 grants), supporting both young 
investigators and their mentors.9,10 In 2000, Congress passed a 
bill to offer educational loan relief to clinical researchers who 
fulfill eligibility requirements,10 aiming to reduce the financial 
strain that prevents some physicians from pursuing a research 
career. The NIH also began investing more in clinical research 
training programs, instituting the Clinical Research Curriculum 
Award, or K30, in 1998 to improve the quality of training in 
clinical research by funding educational programs at many U.S. 
academic institutions.2,11 The K30 program supports developing 

and/or improving didactic curricula in clinical research theory, 
methodology, application, and ethics.12

In addition, in 2006, the NIH initiated the Institutional 
Clinical and Translational Science Award (CTSA) program. A 
key component of the CTSA program involves fostering graduate 
and postgraduate programs in clinical and translational science 
to provide a knowledge base for clinical and translational 
researchers. The training component essentially carries forth the 
original goal of the K30 program, which is to train investigators 
from diverse disciplines such as medicine, pediatrics, surgery, 
dentistry, nursing and pharmacology in a series of relevant clinical 
and translational science courses and training experiences.13 In 
addition, as new training programs began to emerge at more 
institutions around the country, the NIH National Center for 
Research Resources, which has since been supplanted by the 
National Center for Advancing Translational Sciences, developed 
core clinical research educational competencies in 2008.14 The 
core competencies provide guidelines for training in a variety of 
thematic areas, including research question formulation, literature 
critique, study design, research implementation, identification 
of sources of error, statistical approaches, informatics, scientific 
communication, diversity, translational teamwork, leadership, 
cross-disciplinary training, and community engagement in 
research.14

Few studies have quantitatively evaluated the success of 
physician-scientist training programs. The Program in Clinical 
Effectiveness at the Harvard School of Public Health surveyed its 
alumni and showed that an individual’s likelihood of receiving 
NIH grant funding is correlated with starting the training program 
at a younger age, being a generalist, and successfully publishing 
projects from coursework.15 At least two more qualitative tools 
and frameworks for assessing clinical researchers’ success after 
completing a training program have been developed over the last 
5 years. The first, called the Clinical Research Appraisal Inventory 
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(CRAI), aims to measure trainees’ perceived self-efficacy in a 
variety of conceptual areas such as conceiving and designing a 
study, funding and managing a study, collaborating with peers, 
conducting research responsibly, collecting and interpreting data, 
and reporting study results.11,16 More recently, the CTSA program’s 
Evaluation Key Function Committee published a comprehensive 
model for career success that can be used to “theoretically explore 
determinants of career success among physician-scientists”.17 That 
model includes both extrinsic (financial success, promotion, 
grants, and publications) and intrinsic (satisfaction with job, 
career, and life) factors in its conceptualization of overall career 
success.

Although assessment tools such as the CRAI and the 
comprehensive career-success model are important and helpful 
approaches for program directors to consider, neither offers 
pragmatic methods for empirically evaluating the productivity 
of investigators who are trained through postdoctoral research 
training programs. Although self-efficacy surveys can provide a 
gestalt of applied knowledge,13,18,19 assessing trainees’ perceived 
self-efficacy by using the CRAI is not necessarily directly 
correlated with their actual or potential success in a research 
career.20–22 Clinical researchers might feel very confident about 
their skills posttraining without having actually mastered those 
skills. Hence, the CRAI is typically viewed as a “short-term 
indicator of program impact,” rather than a long-term indicator.16 
The personal and organizational factors described in the career-
success model are intended primarily for theoretical use, not 
as “empiric validations.”17 As stated above, the comprehensive 
career-success model does include a few quantifiable metrics 
of “extrinsic” success indicators—including financial success, 
promotion, leadership positions, grants, and publications—but 
the first three of those are difficult to measure, given that data 
on trainees’ current salary levels and career trajectories are not 
readily available. Publications, on the other hand, can be found 
through open access databases available online.

The University of Cincinnati (UC) has offered master’s-
level training in clinical research methods since the early 1990s, 
originally through the Master of Science (MS) in Epidemiology 
and Biostatistics and then through the MS in Clinical and 
Translational Research. UC received a K30 award in 2005 and a 
CTSA grant in 2009. The curriculum has been updated regularly, 
both as a result of K30/CTSA funding and to meet current need 
and student interest, but the fundamental focus on epidemiology, 
biostatistics, ethics, and study design and management have 
remained the same. For the purposes of this study, we have 
combined these MS physician training programs, herein referred 
to as the UC Clinical Research Training Program (CRTP).

The purpose of this study was to evaluate the effectiveness of 
the UC CRTP by using publication data as a metric. We compared 
publication productivity of pediatrics fellows who graduated 
from the CRTP program with pediatrics fellows who did not 
matriculate in the program.

Methods

Participants
Participants in the study were physicians who completed pediatrics 
fellowship programs at Cincinnati Children’s Hospital Medical 
Center (CCHMC) between 1995 and 2011 (n = 443). A total of 
147 fellows were excluded because they either did not complete 
their fellowship, they enrolled in the CRTP without graduating, 

or they enrolled in a training program other than the CRTP. The 
remaining 296 participants comprised the study sample: 54 who 
completed the CRTP and 242 who did not enroll in the CRTP or 
any other similar program. Demographic information for each 
fellow was obtained from CCHMC records, including sex, age, 
and the beginning and end date of each subject’s fellowship. This 
study was reviewed by the UC Institutional Review Board and 
determined to be exempt.

Publication data collection
We searched PubMed and Scopus to retrieve publications for 
each fellow.23 Publication authors were cross-referenced with 
CCHMC division/fellowship affiliation and known current 
position to ensure that the author was indeed the participant in 
the study and not someone with a similar name. The total number 
of publications for each fellow was subdivided into first-authored 
publications, publications before fellowship, publications during 
fellowship, and publications after fellowship.

Data analysis
We calculated means (with range and standard error) or counts 
(with percents of total) to describe continuous and discrete 
characteristics, respectively. Wilcoxon two-sample tests were 
used to compare differences between CRTP graduates and 
nonmatriculants. We used analysis of variance to evaluate the 
effect of graduating on the number of publications. Using log 
transformation to normalize the data, we built two different 
models, one to assess the effect of CRTP training on the total 
number of first-authored publications and another to assess the 
effect of CRTP training on the total number of publications. In 
each model, variables such as age, sex, and time after fellowship 
were included as covariates in the analyses. Time after the 
fellowship was defined as the difference between year 2011 and 
the fellowship ending year. We used SAS for Windows, version 9.3 
(SAS Institute, Cary, NC, USA) to carry out all statistical analyses, 
and a 5% significance level was assumed.

Results
We identified 296 fellows who met the inclusion criteria: 54 
(18%) were CRTP alumni and 242 (82%) had completed their 
pediatrics fellowship program but not the CRTP. The average 
age of fellows who completed the CRTP was 39, compared with 
40 for fellows who did not (P = NS). There was no difference in 
length of fellowship training between the two groups; graduates of 
the CRTP averaged 3.1 (range, 2–4) years to complete fellowship 
versus 2.9 (range 1–5) years for the comparison group (P = NS). 
Our study sample was almost evenly divided between women  
(n = 147) and men (n = 149). The MS alumni included more 
women (n = 33) than men (n = 21), whereas the group of fellows 
who did not enroll in a graduate training program included more 
men (n = 128) than women (n = 114) (Table 1).

First-authored publications
Among graduates of the CRTP, 44 (81%) published at least 1 
first-authored paper, as compared with 149 (62%) fellows who 
did not obtain an MS degree (P < 0.01). The effect that the CRTP 
had on the number of first-authored publications was modified by 
the time elapsed since fellowship. Within the first 3–4 years after 
program completion, the CRTP had no significant effect on the 
number of publications. However, approximately 3–4 years after 
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program completion, CRTP graduates had 
published significantly more first-authored 
papers (P < 0.04; R2 = 0.04; Table 2; Figure 1).  
Overall, men were significantly more likely 
to have first-authored publications (P < 0.01; 
Table 2), but the sex difference in publication 
rate was significant only among non-alumni 
(P < 0.01) and not among alumni (P = NS).

Total number of publications
The mean (SE) of publications by fellows who 
graduated from the CRTP was 9.7 (19.3), and 
the mean (SE) of publications by fellows 
who did not graduate from the CRTP was 
5.8 (8.0; P = 0.02). In multivariable analysis, 
we found that completing the CRTP was 
also significantly associated with the total 
number of publications, first-author or 
otherwise, but only 3–4 years after program 
completion. Similar to the results found for 
first-authored publications within the first 
3–4 years after fellowship completion, the 
CRTP had no significant effect on the number 
of publications. However, the effect of the 
CRTP became significant approximately 
3–4 years after fellowship completion and 
beyond (P < 0.03; R2 = 0.10; Table 3; Figure 2).  
In addition, in the full sample, men had 
significantly more publications than their 
women colleagues (P < 0.02; Table  3)—
nonalumni men published significantly 
more papers than women (P < 0.0001), but 
there was no significant sex difference in 
publications in the alumni group.

Discussion
Thanks to decades of efforts, clinical research 

training programs are now widespread. As with any other 
curriculum, however, the effectiveness of clinical research training 
programs should be evaluated. Whereas traditional methods of 
training program evaluation typically include alumni survey data 
that attempt to measure everything from course and curriculum 
quality to faculty and mentor interaction to perceived usefulness 
of program content, our goal was to consider the success of our 
clinical research training program from a pure productivity 
standpoint. The CRTP at UC has tracked alumni publications 
for many years as a measure of training success. Until recently, 
though, we did not evaluate an appropriate comparison group 
comprised of clinicians who share similar backgrounds with 

Characteristics CRTP Graduates  
(N = 54)

Non-CRTP Graduates  
(N = 242)

P value

Female, N (%) 34 (63) 114 (47) 0.05

Age, mean (range) 39 (32–50) 40 (32–60) 0.24

Number of years to finish fellowship, mean (range) 3.1 (2–4) 2.9 (1–5) 0.23

Number of years since the end of fellowship, mean (range) 5.2 (0–11) 5.8 (1–11) 0.01

CRTP = Clinical Research Training Program.

Table 1. Descriptive characteristics of CRTP graduates versus nongraduates.

Characteristics Estimate (beta) SE P value

Masters* 0.06 0.10 0.70

Masters† 0.42 0.20 0.04

Sex‡ 0.39 0.14 0.01

Age −0.02 0.02 0.33

*Effect of training program within the first 3–4 years after the fellowship;
†Effect of training program beyond the first 3–4 years after the fellowship, Model R2 = 0.04.
‡Females are the reference group.

Table 2. Multivariable predictors of the number of first-authored publications.

Figure 1. Log-transformed number of first authored publications over time by masters degree status.

Characteristics Estimate (beta) SE P value

Masters* 0.07 0.21 0.75

Masters† 0.44 0.20 0.03

Sex‡ 0.45 0.18 0.02

Age −0.08 0.04 0.06

*Effect of training program within the first 3–4 years after the fellowship;
†Effect of training program beyond 3–4 years after the fellowship, Model R2 = 0.10.
‡Females are the reference group.

Table 3. Multivariable predictors of the number of total publications.
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our CRTP trainees, but who did not pursue a research-specific 
master’s degree. Our pediatric fellowship programs are accredited 
by the Accreditation Council for Graduate Medical Education 
(ACGME); in its “Common Program Requirements” document, 
the ACGME emphasizes a research education component to 
training and a commitment to scholarly activity.24 Because of 
this, at least in principle, fellows in our ACGME-accredited 
programs who do not pursue formal research training share a 
similar educational focus and research-oriented career path with 
those fellows who do pursue research training in the CRTP.

Our analyses indicate that pediatric fellows who complete 
the UC CRTP, on average, have greater numbers of first-authored 
publications and greater numbers of publications, overall, than 
fellows who do not complete the CRTP. This effect becomes 
particularly apparent 3–4 years after program completion. The 
3–4-year lag in increased publications could be explained by the 
typical career trajectory of a clinical investigator. Clinical post-
doctoral fellows spend much of their fellowships seeing patients. 
Those who also enroll in master’s programs need time to learn 
research methodology before (or perhaps while) beginning to 
apply it, and then months to years to complete all steps of the 
publication process. Depending on the type of project, fellows may 
also need to obtain approval from an institutional review board 
or obtain funding, or both, before embarking on their research.25 
The publication process itself can also be lengthy, delaying the 
actual publication of research results for months or even years 
after a project ends.26,27

We also found that overall, men are significantly more likely 
than women to publish, both during and after fellowship training. 
This finding could perhaps be explained by maternity leave, lack 
of high-quality female mentors, and/or part-time employment 
among women.28–30 When we compared publication rates of 
men and women among alumni versus non-alumni, men in 
the nonalumni group published significantly more papers than 
females, both overall and first-authored. However, there was 
no significant difference in publication rates by sex among MS 
graduates, overall or first-authored—suggesting that completing 

the CRTP eliminates the gender gap in 
publication productivity for women.

Our study has several limitations. First, 
it was a retrospective cohort study that 
focused on fellows at a single institution, 
so the results cannot be generalized. The 
cultures of the various pediatrics fellowship 
programs within CCHMC vary; some 
require fellows to complete different levels 
of training programs (MS, Certificate, 
or none at all), whereas others require 
that fellows spend more time performing 
clinical duties, perhaps at the expense of 
research training. Students who enroll in 
our CRTP program are potentially self-
selecting, as their enrollment in a graduate 
degree in clinical and translational research 
demonstrates a strong interest in a career 
in academic medicine. Such differences 
can affect fellows’ decisions to complete 
a master’s degree and pursue research 
careers—and yet, as discussed above, all of 
the CCHMC fellowships require scholarly 
activity during fellowship. In addition, our 

analysis did not include other possible variables that affect fellows’ 
publication productivity: previous research experience, research 
mentoring,31,32 demographic factors that impact professional 
goals, and opportunities in fellows’ particular fields of interest.

Conclusions
Research success and publication productivity are inextricably 
linked in academic medicine;33–36 the increased likelihood of our 
alumni publishing their research findings indicates that on this 
measure, the clinical and translational research training program 
at UC has succeeded in boosting scholarly output, as measured 
by publication rates. Before generalizing these findings to other 
physician-scientist training programs, further evaluation is needed 
to assess consistency of program outcomes and effectiveness. 
Other measures of success should also be evaluated, such as grant 
awards and leadership positions, as well as the intrinsic rewards 
of a successful research career. Finally, further investigation is 
needed to determine whether completion of a graduate research 
training program does eliminate the gender gap in publication 
rates for women.

Acknowledgments
The authors acknowledge and thank Thomas DeWitt, MD, FAAP, 
Associate Chair for Education at Cincinnati Children’s Hospital 
Medical Center and Professor in the Department of Pediatrics 
at the University of Cincinnati, and Terri Schneider, Graduate 
Medical Education Manager at Cincinnati Children’s Hospital 
Medical Center, for providing fellow names and programs from 
1995–2011.

Sources of Funding
The project described was supported by the National Center 
for Research Resources and the National Center for Advancing 
Translational Sciences, NIH, through Grant 8 UL1 TR000077–05. 
The content is solely the responsibility of the authors and does 
not necessarily represent the official views of the NIH.

Figure 2. Log-transformed number of publications over time by masters degree status.



462 VOLUME 6 • ISSUE 6 WWW.CTSJOURNAL.COM

Knapke et al. n Publications: One Metric of Clinical Research Training Effectiveness

Ethical Approval
This study was reviewed by the UC Institutional Review Board 
and determined to be exempt.

Disclaimers
None.

References
1. Bartels SJ, Lebowitz BD, Reynolds CF 3rd, Bruce ML, Halpain M, Faison WE, Kirwin PD. Pro-
grams for developing the pipeline of early-career geriatric mental health researchers: Outcomes 
and implications for other fields. Acad Med. 2010; 85(1): 26–35.

2. Wyngarden JB. The clinical investigator as an endangered species. N Engl J Med. 1979; 301: 
1254–1259.

3. Nathan DG. Clinical research: perceptions, reality, and proposed solutions. National Institutes of 
Health Director’s Panel on Clinical Research. JAMA. 1998; 280: 1427–1431.

4. Dickler HB, Fang D, Heinig SJ, Johnson E, Korn D. New physician-investigators receiving 
 National Institutes of Health research project grants: a historical perspective on the “endangered 
species”. JAMA. 2007; 297(22): 2496–2501.

5. Rivkees SA, Genel M. American pediatric academia: the looming question. J Pediatr. 2007; 
151: 223–224.

6. Goldstein JL. On the origin and prevention of PAIDS (paralyzed academic investigator’s disease 
syndrome). J Clin Invest. 1986; 78: 848–854.

7. Schafer AI. Perspective: the successful physician-scientist of the 21st century. Science [serial 
 online]. 2010. Retrieved from http://sciencecareers.sciencemag.org/career_magazine/previous_
issues/articles/2010_05_28/caredit.a1000054. Accessed April 11, 2013.

8. Shine KI. Encouraging clinical research by physician scientists. JAMA. 1998; 280(16): 1442–1444.

9. Kotchen TA, Lindquist T, Malik K, Ehrenfeld E. NIH peer review of grant applications for clinical 
research. JAMA. 2004; 291: 836–843.

10. Nathan DG, Wilson JD. Clinical research and the NIH—a report card. N Engl J Med. 2003; 
249: 1860–1865.

11. Mullikin EA, Bakken LL, Betz NE. Assessing research self-efficacy in physician-scientists: the 
clinical research appraisal inventory. J Career Assess. 2007; 15(3): 367–387.

12. K30 Clinical Research Curriculum Award (CRCA). National Institutes of Health: grants & funding  
Web site. http://grants.nih.gov/training/k30.htm. Accessed March 26, 2013.

13. Strategic goal committee 2 – Training and career development of clinical/translational   
scientists. Clinical and Translational Science Award (CTSA) Website. https://www.ctsacentral.org/
committee/sg2-training-and-career-development-clinicaltranslational-scientists. Accessed March 26,  
2013.

14. Core competencies for clinical and translational research. Clinical and Translational Science 
Award (CTSA) Web site. https://www.ctsacentral.org/education_and_career_development/core-
competencies-clinical-and-translational-research. Accessed March 26, 2013.

15. Goldhamer ME, Cohen AP, Bates DW, Cook EF, Davis RB, Singer DE, Simon SR. Protecting an 
endangered species: Training physicians to conduct clinical research. Acad Med. 2009; 84(4): 
439–445.

16. Lipira L, Jeffe DB, Krauss M, Garbutt J, Piccirillo J, Evanoff B, Fraser V. Evaluation of clinical 
research training programs using the clinical research appraisal inventory. CTS. 2010; 3: 243–248.

17. Rubio DM, Primack BA, Switzer GE, Bryce CL, Seltzer DL, Kapoor WN. A comprehensive career-
success model for physician-scientists. Acad Med. 2011; 86(12): 1571–1576.

18. Lanigan ML. Are self-efficacy instruments comparable to knowledge and skills tests in training 
evaluation settings? Perform Improvement Quart. 2008; 20(3–4): 97–112.

19. Cruser dA, Dubin B, Brown SK, Bakken LL, Licciardone JC, Podawiltz AL, Bulik RJ. Biomedi-
cal  research competencies for osteopathic medical students. Osteopath Med Prim Care. 2009; 
3(10): October 13 2009. doi: 10.1186/1750-4732-3-10.

20. Hacker DJ, Bol L, Horgan DD, Rakow EA. Test prediction and performance in a classroom 
context. J Educ Psychol. 2000; 92: 160–170.

21. Kruger J, Dunning D. Unskilled and unaware of it: how difficulties in recognizing one’s own 
incompetence lead to inflated self-assessments. J Pers Soc Psychol. 1999; 77(6): 1121–1134.

22. Langendyk V. Not knowing that they do not know: self-assessment accuracy of third-year 
medical students. Med Educ. 2006; 40(2): 173–179.

23. Falagas ME, Pitsouni EI, Malietzis GA, Pappas G. Comparison of PubMed, Scopus, Web of 
Science, and Google Scholar: strengths and weaknesses. FASEB J. 2008; 22(2): 338–342.

24. Common program requirements. Accreditation Council for Graduate Medical Education (ACGME) 
Web site. http://www.acgme.org/acgmeweb/Portals/0/dh_dutyhoursCommonPR07012007.pdf. 
Accessed March 26, 2013.

25. Melnick A. Transitioning from Fellowship to a Physician-Scientist Career Track. Hematology: 
American Society of Hematology Education Program; 2008: 16–22.

26. Bruce ML, Bartels SJ, Lyness JM, Sirey JA, Sheline YI, Smith G. Outcomes of national career 
development program that promotes the transition to independent scientist. Acad Med. 2011; 
86(9): 1179–1184.

27. National Institutes of Health: Report of the NIH Working Group on New Investigators (revised 2010). 
Retrieved from http://www.nigms.nih.gov/news/reports/newinves.html. Accessed April 11, 2013.

28. Hamel MB, Ingelfinger JR, Phimister E, Solomon CG. Women in academic medicine: progress 
and challenges. N Engl J Med. 2006; 355: 310–312.

29. Bellini LM, Abbuhl S, Grisso JA, Lavizzo-Mourey R, Shea JA. Stresses and workplace resources 
for academic junior faculty: track and gender comparisons. Acad Med. 2001; 76(10): S62–S64.

30. Carr PL, Ash AS, Friedman RH, Scaramucci A, Barnett RC, Szalacha L, Palepu A, Moskowitz MA. 
Relation of family responsibilities and gender to the productivity and career satisfaction of medical 
faculty. Ann Intern Med. 1998; 129(7): 532–538.

31. Steiner JF, Lanphear BP, Curtis P, Vu KO. Indicators of early research productivity among 
primary care fellows. J Gen Intern Med. 2002; 17(11): 854–860.

32. Steiner JF, Curtis P, Lanphear BP, Vu K, Reid A. Program directors’ perspectives on federally 
funded fellowship training in primary care research. Acad Med. 2000; 75(1): 74–80.

33. Dundar H, Lewis DR. Determinants of research productivity in higher education. Res Higher 
Educ. 1998; 39(6): 607–631.

34. Jordan JM, Meador M, Walters SJK. Academic research productivity, department size, and 
organizations: further results. Econ Educ Rev. 1989; 8(24): 245–352.

35. Kyvik S. Are big university departments better than small ones? Higher Educ. 1995; 30(3): 
295–304.

36. Olson JE. Institutional and technical constraints on faculty gross productivity in American 
doctoral universities. Res Higher Educ. 1994; 35(5): 549–567.


