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Abstract

Although MD/PhD programs require considerable commitment on behalf of students and
learning institutions, they serve as an integral means of training future physician-scientists;
individuals who engage in translational medicine. As attrition from these programs has long-
standing effects on the community of translational medicine and comes at substantial cost
to MD/PhD programs, we aimed to identify determinants that were associated with satisfac-
tion among MD/PhD graduates, a feature that might inform on limiting program attrition.
Anonymized data from a national survey of 139 Canadian MD/PhD alumni was analyzed.
Factor analysis was conducted to evaluate the reliability of three questions that measured
satisfaction and logistic regression was used to assess the association of outcomes with 17
independent determinants. Eighty-one percent of graduates were satisfied with MD/PhD
training. Factor analysis confirmed the reliability of the questions measuring satisfaction.
Determinants of self-reported satisfaction with physician-scientist training included co-
authorship of more than six manuscripts during MD/PhD training. Additionally, protected
research time at the place of current appointment was strongly associated with agreement
that MD/PhD training had helped career progression. Demographic variables were not asso-
ciated with any satisfaction indicator. Taken together, the majority of Canadian MD/PhD
graduates are satisfied with their physician-scientist training. Project collaboration leading to
co-authorships and protected research time were strongly associated with training satisfac-
tion among graduates. If the value of collaboration can be realized among current and future
physician-scientist trainees who are dissatisfied with their training, this might ultimately
reduce program attrition.
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Introduction

Physician-scientists play an important role in translating research to clinical practice [1-7].
The training of physician-scientists in both research and clinical medicine affords them the
unique position of serving as a bridge between these disciplines [8,9]. In Canada, MD/PhD
programs function as a prominent, structured path for graduating physician-scientists and
alumni of these programs are the focus of this study [4,5].

MD/PhD programs also represent a substantial investment of resources on behalf of both
the university (11 of 16 current Canadian MD/PhD programs guarantee at least $20,000 in
Canadian Dollars (CAD) in yearly research stipends and several institutions further subsidize
over $10,000 CAD of the MD portion of MD/PhD tuition per year) and to the local and federal
funding bodies that support MD/PhD students across Canada [4]. Furthermore, MD/PhD
trainees also make considerable financial and time commitments to their training [5]. How-
ever, a sizeable number (10%) of MD/PhD trainees do not graduate from combined programs
[10]. This phenomenon represents a significant and undesirable waste of resources, particu-
larly in light of the 2016 termination of all federal support for each of the 16 Canadian medical
schools that offer MD/PhD programs [8,9].

The literature suggests that decreased trainee satisfaction during training might underlie
program attrition and longstanding commitments to sustained research involvement [6,7].
Therefore, we sought to identify determinants of MD/PhD graduate satisfaction during physi-
cian-scientist training. These findings may inform current MD/PhD students on what aspects
of their training to focus on to derive satisfaction and identify experiences that MD/PhD pro-
grams may wish to emphasize to promote a satisfying learning experience. In turn, keeping
MD/PhD trainee satisfaction at the forefront of the MD/PhD educational mission may also
improve graduate success and longstanding commitment to serving as a physician-scientist
[11-13].

Materials and methods

Anonymized data (n = 139) was acquired from a survey conducted in 2015-16, of MD/PhD
graduates (survey tool available within the supplement of [2]) from eight Canadian programs,
including: the University of British Columbia (UBC), the University of Alberta, the University
of Manitoba, the University of Western Ontario, the University of Toronto, McMaster Univer-
sity, Université de Sherbrooke, and McGill University. Collectively, these programs constitute
the majority of Canadian MD/PhD graduates; 7/16 programs had no known graduates, while
graduates from the University of Calgary were excluded from this survey due to the inability of
being able to identify non-traditional MD/PhD graduates who did not simultaneously com-
plete MD and PhD degrees within the same program. Among graduates with contact informa-
tion (n = 181/186), 76.8% responded to the survey and there were no evident features among
the non-responders, which would suggest response bias [2].

Respondents were asked three questions that measured satisfaction with physician-scientist
training on a 1-5 Likert scale: (i) Overall, I am satisfied with the quality of my physician-scien-
tist training, (ii) If I could revisit my choice, I would choose to attend a MD/PhD program
again, and (iii) The combined MD/PhD degree has helped my career. Factor analysis was sub-
sequently conducted to confirm a one-factor structure that measured satisfaction. Cronbach’s
alpha was calculated to describe the internal consistency of the three questions that composed
one factor, with a threshold of reliability set at > 0.70.

Next, 17 variables were identified as potential determinants of training satisfaction. These
included demographic variables: (i) sex, (ii) age, (iii) race (Asian, other or white); training vari-
ables: (i) greater than $50,000 CAD debt at graduation, (ii) completion of a master’s degree
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prior to MD/PhD matriculation, (iii) matching to the residency of first choice location, (iv)
specialty (common specialties, including internal medicine, pediatrics, neurology, and all
forms of pathology compared to other non-surgical specialties as outlined by the Association
of American Physicians and Surgeons), (v) completing a research fellowship, and (vi) com-
pleting a clinical fellowship; appointment variables: (i) appointment within Canada, and (ii)
obtaining protected research time; output during MD/PhD training: (i) greater than six co-
authorships, (ii) greater than three first authorships and (iii) obtaining Canadian Institutes of
Health Research (CIHR) MD/PhD studentship funding; output after MD/PhD training: (i)
serving as a principal investigator on a project within the last 36 months, (ii) publication of a
co-authored manuscript within the last 36 months and (iii) obtaining a research grant since
MD/PhD graduation (including local, provincial, national, and international foundations)
(Table 1).

Finally, logistic regression was used to measure the independent association between each
determinant and indicator of satisfaction once outcome variables were dichotomized into two

Table 1. The characteristics of surveyed Canadian MD/PhD alumni (n = 139). nis the number of survey
respondents providing a response pertaining to the specified variable. IQR denotes the interquartile range.

Variables n Proportion (%)
Outcomes: Indicators of Satisfaction
Satisfaction with physician-scientist training 136 85
Would choose to attend a MD/PhD program again 137 73
MD/PhD training helped career progression 138 85
Demographics
Sex (male) 138 73
Age 129 Median = 37 (IQR = 34-41)
Race 133
Asian 32
Other 9
White 59
Training
Debt (>$50,000) 138 38
Prior master’s degree 133 22
First choice location for residency 136 90
Specialty 132
Common 48
Other 52
Research fellowship 138 25
Clinical fellowship 136 42
Appointment
Canadian appointment 135 82
Protected research time 138 56
Output during MD/PhD training
> 7 co-authored manuscripts 136 51
> 4 first authorships 134 38
Held CIHR MD/PhD funding 137 72
Output after MD/PhD training
PI <36 months 138 38
Recent co-authorship 137 92
Awarded funding since MD/PhD 138 49

https://doi.org/10.1371/journal.pone.0185218.t001
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groups. Responses 1-3 were taken as the reference and responses 4-5 indicated satisfaction

[5]. Two-sided P-values < 0.05 were considered significant. Statistical analyses were performed
in R (version 3.3.1) and RStudio (version 0.99.902). This work abides by the Declaration of
Helsinki and was approved by the UBC Research Ethics Board (H15-02871).

Results
Descriptive analysis

White males accounted for the largest proportion (43%) of the Canadian MD/PhD graduate
cohort. Twenty-two percent of MD/PhD graduates completed research or course-based mas-
ter’s degrees prior to program matriculation, and 38% graduated with debt in excess of
$50,000 CAD. Ninety percent of graduates achieved their first choice of location for residency
and 54% completed either a postgraduate research (25%) or clinical fellowship (42%). Eighty-
two percent of graduates remained in Canada for postgraduate training or a faculty or attend-
ing appointment, and 56% reported having protected research time. Almost all (92%) alumni
had co-authored a published manuscript since MD/PhD graduation. During MD/PhD train-
ing, 51% of alumni published in excess of six co-authorships manuscripts, while 38% achieved
at least four first authorships and 72% held CIHR MD/PhD stipend funding. Table 1 compre-
hensively lists the cohort characteristics.

Regarding the three indicators of satisfaction, 85% (115/136) of graduates were either satis-
fied or very satisfied with their physician-scientist training, 73% (100/137) would choose to
attend a MD/PhD program again and 85% (117/137) agreed their MD/PhD training was help-
ful in career advancement. Collectively, this accounts for a weighted satisfaction score of 81%.

Factor analysis

Likert responses to all three outcome variables were recorded by 97% (135/139) of the survey
respondents. A correlation matrix for inter-variable comparison yielded coefficients exceeding
0.45 for each pair-wise comparison; values greater than the established |0.30| threshold. Uni-
queness and factor loading were assessed to confirm that each outcome variable loaded onto
one factor that measured graduate satisfaction with physician-scientist training. All uniqueness
and factor loading values exceeded 0.20 and 0.65 respectively (Table 2). Cronbach’s alpha
measured the internal consistency of the factor at 0.80, exceeding the threshold of reliability.
Collectively, these findings indicate that the three outcome variables reliably measure
satisfaction.

Table 2. Summary findings derived from factor analysis for the three outcome variables and a summary of the model features. Likert responses
from 135 MD/PhD program graduates who answered all three questions were analyzed to confirm the one factor structure and quantify the reliability of mea-
suring MD/PhD program satisfaction.

Satisfaction with physician-scientist | Would choose to attend a MD/PhD MD/PhD training helped career
training program again progression

Uniqueness 0.54 0.22 0.48

Factor loading 0.68 0.89 0.72

Factor analysis model features
Cronbach’s alpha 0.80

Eigenvalue 1.77
Proportional 0.59
Variation

https://doi.org/10.1371/journal.pone.0185218.t002
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Logistic regression

The sole significant determinant of satisfaction as measured by the indicator “would choose to
attend a MD/PhD program again” was co-authorship of seven or more publications during
the MD/PhD degree (OR: 2.24, 95%CI: 1.03-5.06, P = 0.045). A negative association was
observed for debt in excess of $50,000 CAD.

Trends were observed between determinants and the indicator “satisfaction with physician-
scientist training”. These included a positive association with serving as a principal investigator
on a project within the past 36 months and obtaining a grant following MD/PhD graduation.
A trend in decreasing odds of satisfaction was associated with having a faculty or post-graduate
appointment in Canada. Additionally, a negative association for debt in excess of $50,000
CAD was also observed.

The indicator “MD/PhD training helped career progression” was significantly associated
with two determinants of satisfaction including having protected research time (OR: 3.85, 95%
CI: 1.46-11.49, P = 0.009) and co-authoring a manuscript within the past 36 months (OR:
5.73, 95%CI: 1.50-21.28, P = 0.008). Again, there was a trend in decreasing odds of satisfaction
among graduates who maintain appointment in Canada.

Consistently across all three satisfaction indicators, demographic and training variables,
including subspecialty training and both research and clinical fellowships, were not associated
with graduate satisfaction. Likewise, the number of first authored manuscripts published dur-
ing MD/PhD training (a potential indicator of training productivity) and obtaining CTHR
MD/PhD training funding were not associated with satisfaction (Table 3).

Discussion

Because of the resource commitment required for physician-scientist training, attrition rates
in excess of 10% among American MD/PhD students remain a significant burden to training
stakeholders [10,14-16]. Although Canadian MD/PhD and MD programs do not disclose spe-
cific rates of attrition, if we operate under the assumption that such rates of attrition are similar
in Canada, this figure is particularly troublesome for Canadian MD/PhD programs, as such
graduates are already underrepresented compared to equivalent American colleagues [15].
Canada graduated an average of 4.6 MD/PhD students per year from 2000-2006, while the US
graduated approximately 261.9 students per year in this same timeframe, a figure that exceeds
the number of Canadian graduates by over 6-fold, when normalized to the 2016 national pop-
ulations of the United States (323 million) and Canada (36 million) [2,15]. Moreover, the
recent federal funding landscape for MD/PhD students in Canada has waned substantially as a
result of the 2016 CIHR funding decision which terminated national support of such pro-
grams; this further stretches resources available for MD/PhD trainees. In considering rates of
attrition among MD/PhD students, others have suggested dissatisfaction with training as a key
factor relating to attrition from MD/PhD and related programs, in addition to reduced com-
mitment to research upon completion of postgraduate training [16-20]. As such, we investi-
gated determinants associated with training satisfaction from anonymized data collected by
the first survey of MD/PhD alumni in Canada.

We observed that independence from clinical duties, in the form of protected research
time, is an important determinant of satisfaction, likely owed in part to the ability to manage
research commitments effectively. Additionally, co-authorships were significantly associated
with MD/PhD training satisfaction, independent of controlling for time since graduation (data
not presented here). Co-authorships continued to be associated with training satisfaction
beyond completion of MD/PhD training. Owed in part to the notion that these two outcomes
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Table 3. Logistic regression for outcome measures of satisfaction with physician-scientist training and independent variables. Data was derived
from the surveyed Canadian MD/PhD alumni cohort (n = 139); data presented as odds ratio (95% confidence intervals), and (*) P < 0.05; (**) P<0.01. N/A
denotes independent variables that are not applicable to outcome measures.

Independent variables

Satisfaction with physician-scientist

Would choose to attend a MD/PhD

MD/PhD training helped career

training program again progression
Demographic
1. Sex
Male 2.33(0.87-6.10) 1.72 (0.75-3.86) 1.45 (0.51-3.84)
Female Reference Reference Reference
2. Age 1.10 (1.00-1.23) 1.02 (0.96-1.10) 0.97 (0.90-1.04)
3. Race
Asian 1.31 (0.45-4.38) 1.44 (0.61-3.64) 1.08 (0.38-3.31)
Other 0.91 (0.21-6.39) 0.79 (0.22-3.19) 0.90 (0.20-6.30)
White Reference Reference Reference
Training
1. Debt
>$50,000 1.01(0.39-2.73) 0.54 (0.25-1.17) 0.78 (0.30—2.04)
<$50,000 Reference Reference Reference
2. Prior Master’s degree
Completed 1.65 (0.50-7.46) 1.58 (0.61-4.61) 1.14 (0.38-4.24)
None or incomplete Reference Reference Reference

3. Residency match location

First choice

0.39 (0.02-2.13)

1.55 (0.45-4.83)

0.90 (0.13-3.67)

> Second choice Reference Reference Reference
4. Specialty
Other 0.97 (0.36-2.58) 1.43 (0.66-3.14) 1.11 (0.41-3.04)
Common Reference Reference Reference
5. Research fellowship
Completed 2.21 (0.69-9.92) N/A 1.53 (0.52-5.64)
None or incomplete Reference N/A Reference
6. Clinical fellowship
Completed 1.54 (0.59-4.32) N/A 0.93 (0.36-2.44)
None or incomplete Reference N/A Reference
Appointment
1. Location of appointment
Canada 0.21 (0.01-1.08) N/A 0.21(0.01-1.10)
Other Reference N/A Reference
2. Research time
Protected 2.35(0.92-6.36) N/A 3.86 (1.46—11.49) **
Unprotected or none Reference N/A Reference
3. Principal investigator on a
project
< 36 months 2.94 (1.01-10.70) N/A 2.15(0.78-6.93)
> 36 months Reference N/A Reference
Output during MD/PhD
training
1. Co-authored manuscripts
> 7 papers N/A 2.24 (1.03-5.06) * 1.72 (0.66—4.69)
0—6 papers N/A Reference Reference
2. First authorship
(Continued)
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Table 3. (Continued)

Independent variables Satisfaction with physician-scientist | Would choose to attend a MD/PhD MD/PhD training helped career
training program again progression

> 4 papers N/A 1.07 (0.49-2.42) 0.64 (0.24-1.73)
0-3 papers N/A Reference Reference

3. MD/PhD funding support
CIHR N/A 0.51(0.19-1.24) 1.76 (0.64—4.62)
None or non-CIHR N/A Reference Reference

Output after MD/PhD

training

1. Co-authored paper
< 36 months 1.31(0.19-5.62) N/A 5.73(1.50-21.28) **
> 36 months Reference N/A Reference

2. Grant funding success

Following MD/PhD 2.73(1.03-8.10) N/A 0.84 (0.32-2.13)

Unsuccessful Reference

https://doi.org/10.1371/journal.pone.0185218.t003

N/A Reference

encapsulated different time points in physician-scientist training, we believe this determinant
robustly measures long-standing satisfaction of physician-scientists.

While it can be argued that the satisfaction-success corollary might explain the association
between the number of co-authorships and satisfaction, as other currencies of success (first
authorship publications, tenure of grant funding) were not also associated with satisfaction, we
suggest that collaboration with deliverables (co-authorships) might supersede the argument that
co-authorships are exclusive indicators of success. In turn, we believe that MD/PhD students
should actively seek out collaborative opportunities that result in deliverables, such as co-
authorships. Additionally, MD/PhD programs might preferentially weigh the number of co-
authorships of applicants in the admissions process and could also consider emphasizing the
importance of and/or financially subsiding student-led research projects resulting in co-author-
ships between MD/PhD students to efficiently promote satisfaction among the student body.

Our findings also underlie the notion that satisfaction among Canadian MD/PhD alumni is
independent of age, race, and gender. We can therefore assume that MD/PhD programs are
not admitting or catering to a specific demographic in a fashion that alters the perceived satis-
faction among graduates. Specifically, while women are underrepresented among the MD/
PhD graduate cohort and are less likely to have sustained research involvement after complet-
ing physician-scientist training, importantly, these findings are not ostensibly associated with
training dissatisfaction [2]. With these findings in mind however, it is important to consider
that our analysis may not comprehensively capture the intricacies of cultural and gender
inequalities; several of the examined variables are affected by external forces and are not always
exclusive to a survey respondent’s motivation. For example, the decision to publish a manu-
script as a trainee is subject to the discretion of a supervisor and such discretion, whether
intended or not, is at risk of being shaped by current cultural and gender determinants.

The principal negative association trends that we observed included graduating from MD/
PhD programs with greater than $50,000 CAD debt and obtaining a clinical and/or research
appointment in Canada. These findings may be attributable to the stress of debt upon gradua-
tion and duration of training, in addition to current physician-scientist funding landscape and
paucity of funding opportunities available to Canadian physician-scientists. In Canada, physi-
cian-scientist salary support is not eligible for remuneration by means of CIHR operating
grants and further, 2016 saw an end to the Physician-Scientist Salary Award competition

PLOS ONE | https://doi.org/10.1371/journal.pone.0185218  September 28, 2017 7/10


https://doi.org/10.1371/journal.pone.0185218.t003
https://doi.org/10.1371/journal.pone.0185218

@° PLOS | ONE

Satisfaction determinants of physician-scientist training among MD/PhD graduates

offered by CIHR. As such, Canadian federal funding bodies might consider the importance of
physician-scientist support, in the same way that the National Institutes of Health has
expressed continued support for American physician-scientists.

The limitation of the present study is its power, as a result of our sample size, particularly
when compared to analyses of analogous American MD/PhD cohorts. Our cohort size reflects
both the smaller number of MD/PhD programs in Canada (16 current and nine with known
graduates to-date) along with their brief existence in the physician-scientist training frame-
work compared to American MD/PhD training programs. Furthermore, MD/PhD graduates
from the University of Calgary were excluded from this analysis owing to the unique nature of
their Leaders in Medicine program. Unlike all other Canadian MD/PhD programs, the Uni-
versity of Calgary permits students to complete PhDs sequentially to MD training and a size-
able proportion of students elect to complete only MD/MSc degrees. Additionally, due to
the cross-sectional data collection method, we can only subjectively infer temporal causality
between outcome measures and the significant determinants of satisfaction and further, we are
not able to survey individuals who prematurely drop out from MD/PhD programs as these
individuals are not disclosed by the respective universities surveyed in the initial study [2]. To
further substantiate our current findings, future studies should also consider qualitative
research methods, such as focus groups of MD/PhD graduates.

Taken together, our work identifies key determinants of Canadian MD/PhD graduate satis-
faction. Collaboration in the form of co-authorship publications during MD/PhD and post-
graduate training, in addition to protected research time, are significantly associated with
increased satisfaction among graduates. In turn, if students can seek out publishable, collabo-
rative projects that are actively supported by MD/PhD programs, and if Canadian federal
funding bodies restore support for physician-scientists during and after training to facilitate
tenure of protected research time, perhaps trainee satisfaction can be improved such that the
rates of MD/PhD and physician-scientist training attrition are reduced.

Acknowledgments

DDWT, JWS, and MAS are supported by Vancouver Coastal Health-CIHR-UBC MD/PhD
Studentship Awards. DDWT is supported by a CIHR Vanier Scholarship, a Killam Scholar-
ship, a UBC Four Year Fellowship, and an Elizabeth C Watters Fellowship. JWS is supported
by a CIHR Frederick Banting and Charles Best Canada Graduate Scholarship, a Killam Doc-
toral Scholarship, and a UBC Four Year Fellowship. MAS is supported by a CIHR Frederick
Banting and Charles Best Canada Graduate Scholarship and UBC Four Year Fellowship. This
work is collectively supported by the UBC Innovation fund- 2016.

Membership of the Canadian MD/PhD Investigation Group includes: Michael A. Skinni-
der!, Jordan W Squairl, David DW Twa', Jennifer X Ji}, Alexandra Kuzyk2’3, Xin Wang2’4, Pat-
rick E Steadman®*, Kirill Zaslavsky>*, Ayan K Dey>*, Mark J Eisenberg’, Eve-Reine Gagné®,
Kent T HayGlass’, James F Lewis’, Peter ] Margetts®, D Alan Underhill'°, Norman D Rosen-
blum®, Lynn A Raymond'. Affiliations include: ' Faculty of Medicine, University of British
Columbia, Vancouver, British Columbia, Canada; > The Clinician-Investigator Training Asso-
ciation of Canada; ® Faculty of Health Sciences, University of Manitoba, Winnipeg, Manitoba,
Canada; * Faculty of Medicine, University of Toronto, Toronto, Ontario, Canada; ® Faculty of
Medicine, McGill University, Montréal, Québec, Canada; ® Faculty of Medicine, Université
de Sherbrooke, Sherbrooke, Québec, Canada; ” Faculty of Medicine, University of Western
Ontario, London, Ontario, Canada; ® Faculty of Medicine, McMaster University, Hamilton,
Ontario, Canada; ° Faculty of Medicine, University of Alberta, Edmonton, Alberta, Canada; "
The Canadian Society for Clinical Investigation.

PLOS ONE | https://doi.org/10.1371/journal.pone.0185218  September 28, 2017 8/10


https://doi.org/10.1371/journal.pone.0185218

@° PLOS | ONE

Satisfaction determinants of physician-scientist training among MD/PhD graduates

Author Contributions

Conceptualization: David D. W. Twa, Michael A. Skinnider, Jordan W. Squair, Christine D.
Lukac.

Data curation: David D. W. Twa, Michael A. Skinnider, Christine D. Lukac.

Formal analysis: David D. W. Twa, Michael A. Skinnider, Christine D. Lukac.

Funding acquisition: David D. W. Twa.

Investigation: David D. W. Twa, Michael A. Skinnider.

Methodology: David D. W. Twa, Michael A. Skinnider, Jordan W. Squair, Christine D. Lukac.
Supervision: Christine D. Lukac.

Writing - original draft: David D. W. Twa, Michael A. Skinnider, Christine D. Lukac.

Writing - review & editing: David D. W. Twa, Michael A. Skinnider, Jordan W. Squair,
Christine D. Lukac.

References

1. TwaDD, Squair JW, Skinnider MA, Ji JX. The Canadian clinician-scientist training program must be
reinstated. Journal of Clinical Investigation. 2015; 125(12):4317-4319. https://doi.org/10.1172/
JCI85194 PMID: 26529253

2. Skinnider MA, Squair JW, Twa DD, Ji JX, Kuzyk A, Wang X et al. Characteristics and outcomes of
Canadian MD/PhD program graduates: a cross-sectional survey. CMAJ Open. 2017; 5(2):E308-E314.
https://doi.org/10.9778/cmajo.20160152 PMID: 28442493

3. Dickler HB, Fang D, Heinig SJ, Johnson E, Korn D. New physician-investigators receiving National Insti-
tutes of Health research project grants: a historical perspective on the “endangered species”. Journal of
the American Medical Association. 2007; 297(22):2496—2501. https://doi.org/10.1001/jama.297.22.
2496 PMID: 17565084

4. Jones AA, Ng E, Deguise MO, Mak L, Ouyang B, Sivapragasam M et al. MD/PhD Training in Canada:
results from a national trainee and program director review. Clinical Investigative Medicine. 2016; 39
(4):E132-E139. PMID: 27619400

5. Zhou TE, Savage PA, Eisenberg MJ. Canadian MD-PhD programs produce impactful physician-scien-
tists: the McGill experience. Journal of Biomedical Education. 2016:1-4.

6. Bossé D, Milger K, Morty RE. Clinician-scientist trainee: a German perspective. Clinical Investigative
Medicine. 2011; 34(6):E324-E329. PMID: 22129920

7. Rosenblum ND, Kluijtmans M, Ten Cate O. Professional identity formation and the clinician—scientist: a
paradigm for a clinical career combining two distinct disciplines. Academic Medicine. 2016; 91
(12):1612-1617.

8. Lewinson RT, Keough MB, Beck PL, Hollenberg MD, Yipp BG. Lost: young Canadian physician-scien-
tists need a map. Science Translational Medicine. 2016; 8(329):329fs6. https://doi.org/10.1126/
scitransimed.aad4355 PMID: 26962153

9. Lewinson RT, Beers CA, Capozzi LC, lablokov V, Keough MB, Peplowski MA. The Canadian MD/PhD
training program needs reinstated support. Nature Medicine. 2015; 21(10):1111. https://doi.org/10.
1038/nm1015-1111 PMID: 26444628

10. BrassLF, Akabas MH, Burnley LD, Engman DM, Wiley CA, Andersen OS. Are MD-PhD programs meet-
ing their goals? An analysis of career choices made by graduates of 24 MD-PhD programs. Academic
Medicine. 2010; 85(4):692—701. https://doi.org/10.1097/ACM.0b013e3181d3ca17 PMID: 20186033

11. Jeffe DB, Andriole DA, Wathington HD, Tai RH. Educational outcomes for students enrolled in MD-PhD
programs at medical school matriculation, 1995-2000: a national cohort study. Academic Medicine.
2014; 89(1):84-93. https://doi.org/10.1097/ACM.0000000000000071 PMID: 24280845

12. Alamri Y. The combined medical/PhD degree: a global survey of physician-scientist training pro-
grammes. Clinical Medicine. 2016; 16(3):215-218. https://doi.org/10.7861/clinmedicine.16-3-215
PMID: 27251908

13. Lander B, Hanley GE, Atkinson-Grosjean J. Clinician-scientists in Canada: barriers to career entry and
progress. PLoS ONE. 2010; 5(10):e13168. https://doi.org/10.1371/journal.pone.0013168 PMID:
20957175

PLOS ONE | https://doi.org/10.1371/journal.pone.0185218  September 28, 2017 9/10


https://doi.org/10.1172/JCI85194
https://doi.org/10.1172/JCI85194
http://www.ncbi.nlm.nih.gov/pubmed/26529253
https://doi.org/10.9778/cmajo.20160152
http://www.ncbi.nlm.nih.gov/pubmed/28442493
https://doi.org/10.1001/jama.297.22.2496
https://doi.org/10.1001/jama.297.22.2496
http://www.ncbi.nlm.nih.gov/pubmed/17565084
http://www.ncbi.nlm.nih.gov/pubmed/27619400
http://www.ncbi.nlm.nih.gov/pubmed/22129920
https://doi.org/10.1126/scitranslmed.aad4355
https://doi.org/10.1126/scitranslmed.aad4355
http://www.ncbi.nlm.nih.gov/pubmed/26962153
https://doi.org/10.1038/nm1015-1111
https://doi.org/10.1038/nm1015-1111
http://www.ncbi.nlm.nih.gov/pubmed/26444628
https://doi.org/10.1097/ACM.0b013e3181d3ca17
http://www.ncbi.nlm.nih.gov/pubmed/20186033
https://doi.org/10.1097/ACM.0000000000000071
http://www.ncbi.nlm.nih.gov/pubmed/24280845
https://doi.org/10.7861/clinmedicine.16-3-215
http://www.ncbi.nlm.nih.gov/pubmed/27251908
https://doi.org/10.1371/journal.pone.0013168
http://www.ncbi.nlm.nih.gov/pubmed/20957175
https://doi.org/10.1371/journal.pone.0185218

@° PLOS | ONE

Satisfaction determinants of physician-scientist training among MD/PhD graduates

14.

15.

16.

17.

18.

19.

20.

Andriole DA, Jeffe DB. Predictors of full-time faculty appointment among MD-PhD program graduates:
a national cohort study. Medical Education Online. 2016; 21:30941.

Andriole DA, Whelan AJ, Jeffe DB. Characteristics and career intentions of the emerging MD/PhD work-
force. Journal of the American Medical Association. 2008; 300(10):1165—1173. https://doi.org/10.1001/
jama.300.10.1165 PMID: 18780845

Htun NM, Reyer JA, Yamamoto E, Yoshida Y, Hamajima N. Trends in attrition among medical teaching
staff at universities in Myanmar 2009-2013. Nagoya Journal of Medical Science. 2016; 78(1):27—-40.
PMID: 27019526

Milewicz DM, Lorenz RG, Dermody TS, Brass LF. Rescuing the physician-scientist workforce: the time
for action is now. Journal of Clinical Investigation. 2015; 125(10):3742—-3747. https://doi.org/10.1172/
JCI84170 PMID: 26426074

Simpson KH, Budd K. Medical student attrition: a 10-year survey in one medical school. Medical Educa-
tion. 1996; 30(3):172-178. PMID: 8949550

Keeton K, Fenner DE, Johnson TR, Hayward RA. Predictors of physician career satisfaction, work-life
balance and burnout. Obstetrics and Gynecology. 2007; 109(4):949-955. https://doi.org/10.1097/01.
AOG.0000258299.45979.37 PMID: 17400859

Zink BJ, Hammoud MM, Middleton E, Moroney D, Schigelone A. A comprehensive medical student
career development program improves medical student satisfaction with career planning. Teaching and
Learning in Medicine. 2007; 19(1):55—-60. https://doi.org/10.1080/10401330709336624 PMID:
17331000

PLOS ONE | https://doi.org/10.1371/journal.pone.0185218  September 28, 2017 10/10


https://doi.org/10.1001/jama.300.10.1165
https://doi.org/10.1001/jama.300.10.1165
http://www.ncbi.nlm.nih.gov/pubmed/18780845
http://www.ncbi.nlm.nih.gov/pubmed/27019526
https://doi.org/10.1172/JCI84170
https://doi.org/10.1172/JCI84170
http://www.ncbi.nlm.nih.gov/pubmed/26426074
http://www.ncbi.nlm.nih.gov/pubmed/8949550
https://doi.org/10.1097/01.AOG.0000258299.45979.37
https://doi.org/10.1097/01.AOG.0000258299.45979.37
http://www.ncbi.nlm.nih.gov/pubmed/17400859
https://doi.org/10.1080/10401330709336624
http://www.ncbi.nlm.nih.gov/pubmed/17331000
https://doi.org/10.1371/journal.pone.0185218

