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ABSTRACT

Background There is a paucity of literature when it comes to identifying predictors of in-state retention of graduate medical

education (GME) graduates, such as the demographic and educational characteristics of these physicians.

Objective The purpose was to use demographic and educational predictors to identify graduates from a single Michigan GME

sponsoring institution, who are also likely to practice medicine in Michigan post-GME training.

Methods We included all residents and fellows who graduated between 2000 and 2014 from 1 of 18 GME programs at a

Michigan-based sponsoring institution. Predictor variables identified by logistic regression with cross-validation were used to

create a scoring tool to determine the likelihood of a GME graduate to practice medicine in the same state post-GME training.

Results A 6-variable model, which included 714 observations, was identified. The predictor variables were birth state, program

type (primary care versus non–primary care), undergraduate degree location, medical school location, state in which GME training

was completed, and marital status. The positive likelihood ratio (þLR) for the scoring tool was 5.31, while the negative likelihood

ratio (�LR) was 0.46, with an accuracy of 74%.

Conclusions TheþLR indicates that the scoring tool was useful in predicting whether graduates who trained in a Michigan-based

GME sponsoring institution were likely to practice medicine in Michigan following training. Other institutions could use these

techniques to identify key information that could help pinpoint matriculating residents/fellows likely to practice medicine within

the state in which they completed their training.

Introduction

One of the major decisions in physicians’ lives as they

approach the end of their graduate training is where

to practice medicine. Federal and state governments,

along with other sources, devote substantial financial

resources to the training and development of physi-

cians who may leave the state in which they trained to

practice elsewhere. In this time of concern over an

impending shortage of physicians and the cost of

graduate medical education (GME), there is a benefit

to identifying GME graduates who are most likely to

practice medicine in the state in which they trained.

Therefore, it is important to learn more about the

factors that influence in-state practice location deci-

sions.

Over the years, in-state retention has been exam-

ined in different ways, including the use of logistic

regression to examine variables related to in-state

retention, and studies that report summary data

related to percentages of graduates who practice in

the state in which they completed their GME

training.1–12 While published literature provides

useful information on retention, the majority of these

studies are based on data from the same historical

source, the American Medical Association Physician

Masterfile.4–12 What seems to be lacking is a current

look at predictors of in-state retention, specifically

demographic and educational characteristics of phy-

sicians. The purpose of this study was to use

demographic and educational predictors to identify

graduates from a single Michigan-based GME spon-

soring institution who are likely to practice medicine

in Michigan after completing training.

Methods
Study Sample

All individuals who graduated from the 18 GME

programs offered by Grand Rapids Medical Educa-

tion Partners (GRMEP) in Michigan between 2000

and 2014 were included in the initial review.

Residents and fellows who graduated from a GRMEP

training program and were still in training (such as

fellowship) at the time of data collection were

excluded from the review, as were transitional year

and preliminary residents who left GRMEP after 1

year of GME to enroll in another residency program.

Data collected included birth state, undergraduate

degree location, medical school location, time in

program, state GME training completed, marital
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status, sex, visa status, type of program, and whether

the graduate ever practiced in Michigan posttraining.

Data sources included the New Innovations database

(New Innovations, Uniontown, OH), GRMEP GME

records, Google, the Michigan Department of Licens-

ing and Regulatory Affairs website, and GRMEP

program directors and coordinators (provided as

online supplemental material).

This study was approved by the Spectrum Health

Institutional Review Board prior to data collection.

Data Analysis

Data were analyzed using Stata version 13.0 (Stata-

Corp, College Station, TX). The approach to building

the model included cross-validation, which randomly

splits a data set into 2 portions, a training sample that

includes 80% of the original data set, and a validation

sample that is made up of the other 20%.13 A best

subsets logistic regression approach was used on the

training sample, which included, as the outcome

variable, having practiced in Michigan posttraining

and, as predictor variables, birth state (Michigan

versus not Michigan), undergraduate degree location

(Michigan versus not Michigan), medical school

location (Michigan versus not Michigan), time in

program (years), state where GME training was

completed (Michigan versus not Michigan), marital

status (ever married versus never married), sex (male

versus female), visa status (visa versus no visa), and

type of program (primary care versus non–primary

care). Primary care was defined as residency in family

medicine, internal medicine, internal medicine–pedi-

atrics, and pediatrics. Criteria used to assess the best

subsets analysis included Mallow’s Cp, adjusted R2,

Akaike information criterion, and Bayesian informa-

tion criterion. Significance was assessed at P , .05.

Logistic regression assumptions were checked and

met prior to running the analyses. Also, missing data

were assessed and considered to be missing at

random. The justification for this decision is described

by Frieswyk.14 The model was cross-validated and

checked for overfitting with the bootstrap procedure,

using the area under the curve (AUC) as the

criterion.15

Scores for the variables included in the model were

then derived using a method by Sullivan et al.16 The b
coefficients obtained from the independent variables

were used to create the scores. The b coefficients were

compared, with the lowest value representing the

referent value, from which the remaining scores were

determined. Each b coefficient was divided by the

referent value to determine the score for that variable.

Products from this calculation were rounded to the

nearest 0.5. A receiver operating characteristic (ROC)

curve analysis using the scores derived from the model

was performed. Youden’s J was used to determine the

optimal cut point for the scoring tool.17

The utility of the scoring tool was evaluated by

comparing the accuracy of predicting the outcome

variable (having practiced in Michigan) between the

training data set and the validation data set. Further

subanalyses were performed to assess whether the

results held true for primary care and non–primary

care programs.

Results

The entire data set included 988 graduates. Summary

data for the sample are shown in TABLE 1. Just over

half of graduates practiced in Michigan at some point

after completing GME. The sample consisted of 58%

men, and nearly one-third had attended medical

school in Michigan, attended an undergraduate

institution in Michigan, or were born in Michigan.

Just under half of the graduates were from a primary

What was known and gap
Teaching institutions and state governments are interested
in the in-state retention of graduates of their physician
training programs.

What is new
A 6-variable model using birth state, program type,
undergraduate degree location, medical school location,
state of graduate medical education (GME) training, and
marital status produced a scoring tool with acceptable
predictive accuracy.

Limitations
Single state, single institution study may reduce generaliz-
ability.

Bottom line
The scoring tool is useful in predicting which graduates are
likely to practice medicine within the state of their GME
training.

TABLE 1
Summary Data for the Sample

Variable n/N (%)

Ever practiced medicine in Michigan 504/988 (51.0)

Primary care program graduate 475/988 (48.1)

Completed medical school in Michigan 302/988 (30.6)

Male 573/988 (58.0)

Completed GME in Michigan 793/988 (80.3)

Born in Michigan 266/945 (28.1)

Ever married 661/925 (71.5)

Visa status 126/970 (13.0)

Completed undergraduate education in

Michigan

336/988 (34.0)

Time in program, y (mean 6 SD) 3.5 6 1.0

Abbreviation: GME, graduate medical education.
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care program. Approximately 80% completed all of

their GME training in Michigan.

The results of the best subsets regression analysis

produced the 9 best variable combinations for the

model. The process used to select the final model is

described in the online supplemental material. Vari-

ables in the model for the training sample and

validation sample are described in TABLE 2. A ROC

analysis found the AUC to be 0.804 (FIGURE). This

final model met the criteria established by Hosmer et

al,18 deeming it an excellent model for discriminating

between graduates who have practiced in Michigan

and those who have not.

The value for the AUC was compared with the

AUC from the bootstrap cross-validation procedure

for consistency. The original AUC and corrected AUC

were 0.804 and 0.800, respectively. The results

suggest that overfitting was not a concern.

TABLE 3 shows how scores were calculated for each

variable included in the predictor model. The scoring

system ranged from 0 to 8.5 points. The next step

included assigning scores associated with whether or

not the graduate ever practiced medicine in the state

of Michigan to all graduates in the training and

validation data sets.

The results of the ROC analysis produced the

optimal cut point for the scoring tool (provided as

online supplemental material). Youden’s J was deter-

mined to be 0.478, which is associated with a cut

point of 4. This cut point has a sensitivity of 58.8%, a

specificity of 88.9%, and a correct classification rate

of 73.7%. The positive likelihood ratio (þLR) is 5.31,

while the negative likelihood ratio (�LR) is 0.46. The

interpretation for this cut point means that individ-

uals with a score � 4 were more likely to practice in

Michigan than those who receive a score , 4.

When using the validation data (n¼ 175), the

accuracy of predicting whether or not the individual

would ever practice in Michigan at some point after

graduation was 72.0%, which was not significantly

different from the accuracy of the training data set

(P¼ 0.65). Using the validation data set, subanalyses

for primary care (n ¼ 85) and non–primary care

(n ¼ 90) programs also showed similar values for

accuracy, compared to the training data set (68.2%,

P ¼ 0.29 and 75.6%, P ¼ 0.70, respectively).

Discussion

This study examined the likelihood that graduates

from a Michigan GME training institution would

practice in Michigan after graduation, predictive

variables included being born in Michigan, attending

medical school in Michigan, obtaining an undergrad-

uate degree in Michigan, graduating from a primary

care residency, completing GME training in Michi-

gan, and having been married. The resulting scoring

tool had similar predictive ability for the derivation

and validation cohorts, and supports the theory that

GME graduates with some tie to Michigan may be

more likely to practice in the state.1,3–9,19

Completion of GME in Michigan was predictive

of practicing in Michigan. This is consistent with

much of the literature, suggesting that location at the

FIGURE

Receiver Operating Characteristic (ROC) Curve for Final
Model

TABLE 2
Training Sample and Validation Sample Summary Data

Variable
Training Sample,

n (%); (N ¼ 714)

Validation Sample,

n (%); (N ¼ 175)

Ever practiced medicine in Michigan 362 (50.7) 96 (54.9)

Primary care program graduate 340 (47.6) 85 (48.6)

Completed medical school in Michigan 206 (28.9) 62 (35.4)

Born in Michigan 197 (27.6) 56 (32.0)

Male 412 (57.7) 95 (54.3)

Ever married 516 (72.3) 115 (65.7)

Completed undergraduate education in Michigan 227 (31.8) 66 (37.7)

Completed GME training in Michigan 574 (80.4) 141 (80.6)

Abbreviation: GME, graduate medical education.
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end of GME is associated with practice within the

state.1,6–8,20

Training in a primary care specialty also was

included in the final model, with individuals who

graduated from a primary care program more likely

to practice in Michigan than those who did not. This

result is consistent with the study by Seifer et al,5 who

reported that general practitioners (defined as family

medicine, internal medicine, and pediatrics physi-

cians) were 1.4 times more likely to practice medicine

within the state of GME than non–primary care

physicians, which was a significant predictor in their

regression model.

The decision to practice in Michigan was not

influenced by sex. This is in contrast to the studies of

Burfield et al,4 which showed that 60% of female

graduates practice in the state in which they trained

compared to 50% of male graduates, and Seifer et al5

that demonstrated that female GME graduates were

significantly more likely to practice medicine in the

state in which they completed GME.

The ROC analysis showed that the model had

excellent discrimination between those who practiced

in Michigan and those who did not, based on the

criteria established by Hosmer et al.18 Overfitting the

model to the data is often a challenge in regression

analyses; however, the results of the bootstrap

procedure showed that overfitting was not an issue.

The accuracy of predicting the outcome variable was

similar between the training sample and the valida-

tion sample. This also extended to the subanalyses of

the validation sample, indicating that the scoring tool

should prove equally useful for primary and non–

primary care program graduates.

Limitations of the study include missing data.

However, the variables in the data set were at least

90% complete. Another limitation is the use of data

from a single institution in Michigan, which limits the

generalizability of the scoring tool to other GME

institutions or states. The extended time frame of the

study (15 years) introduces the potential for historical

factors that could influence practice location deci-

sions. For example, Michigan went through a

recession, which could have negatively influenced

decisions to practice in the state, and physician

employment opportunities are unlikely to be the same

from 1 year to the next.

This tool could be used to assess residents and

fellows at any time during their training as identifi-

cation for potential recruitment by hospitals, local

offices/clinics, and/or state-based physician recruiters.

An instrument like this could potentially aid in

increasing in-state retention rates, and could be used

as a performance measure for local and state funding

sources. However, this application will require future

research into the attributes of the tool for this

purpose. While some elements of the tool (eg, medical

school location, birth state) may be useful consider-

TABLE 3
Scoring Tool Calculations

Variable b Coefficient Score Computation Rounded Score

Born in Michigan 0.889

Yes ¼ 1 1 * 0.889 ¼ 0.889 0.889/0.593 ¼ 1.499 1.5

No ¼ 0a 0 * 0.889 ¼ 0 0/0.593 ¼ 0 0

Primary care program graduate 0.768

Yes ¼ 1 1 * 0.768 ¼ 0.768 0.768/0.593 ¼ 1.295 1.5

No ¼ 0a 0 * 0.768 ¼ 0 0/0.593 ¼ 0 0

Completed undergraduate education in Michigan 1.135

Yes ¼ 1 1 * 1.135 ¼ 1.135 1.135/0.593 ¼ 1.914 2

No ¼ 0a 0 * 1.135 ¼ 0 0/0.593 ¼ 0 0

Ever married 0.698

Yes ¼ 1 1 * 0.698 ¼ 0.698 0.698/0.593 ¼ 1.177 1

No ¼ 0a 0 * 0.698 ¼ 0 0/0.593 ¼ 0 0

Completed medical school in Michigan 0.901

Yes ¼ 1 1 * 0.901 ¼ 0.901 0.901/0.593 ¼ 1.519 1.5

No ¼ 0a 0 * 0.901 ¼ 0 0/0.593 ¼ 0 0

Completed GME training in Michigan 0.593

Yes ¼ 1 1 * 0.593 ¼ 0.593 0.593/0.593 ¼ 1.000 1

No ¼ 0a 0 * 0.593 ¼ 0 0/0.593 ¼ 0 0

Abbreviation: GME, graduate medical education.
a Denotes reference category.
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ations when reviewing candidates for residency, the

use of the tool in this context is not recommended due

to ethical concerns regarding the rationale for ranking

candidates.

Conclusion

We produced a scoring tool that is useful in predicting

whether graduates who trained in a Michigan-based

GME sponsoring institution would practice medicine

in Michigan after completing training. Other institu-

tions could use the analytical techniques we describe

to identify key data for determining graduates who

are likely to practice medicine within the state of their

GME training.
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