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IMPORTANCE Differences in lifetime earning potential between pediatric subspecialties may
contribute to shortages in the subspecialty workforce.

OBJECTIVES To evaluate the association between lifetime earning potential and workforce
distribution and to investigate the potential role of a pediatric subspecialist–specific loan
repayment program (LRP) in workforce expansion.

DESIGN, SETTING, AND PARTICIPANTS This study was performed on publicly available mean
debt and compensation data from national physician surveys from 2018 to 2019 of pediatric
subspecialists in academic practice. Linear regression analysis was used to evaluate the
association between lifetime earning potential and measures of workforce distribution in
2019, including distance to subspecialists, percentage of hospital referral regions with a
subspecialist, and ratio of subspecialists to the regional child population as well as between
lifetime earning potential in 2018 to 2019 and mean subspecialty fellowship fill rates between
2014 and 2018. The association between the change in lifetime earning potential from 2007
to 2018 and the change in workforce distribution metrics from 2003 to 2019 was also
examined. The potential role of a pediatric subspecialist–specific LRP was modeled.

EXPOSURES Lifetime earning potential by subspecialty.

MAIN OUTCOMES AND MEASURES Measures of workforce distribution and fellowship fill rates.

RESULTS This study included mean compensation data representing 7539 pediatric
subspecialists, workforce distribution data representing 24 375 pediatric subspecialists, and
fellowship fill rates representing a mean of 1344 pediatric subspecialty fellows per year.
Higher lifetime earning potential was associated with shorter distance to subspecialists
(−0.59 miles/$100 000 increase in lifetime earning potential; 95% CI, –1.10 to –0.09), higher
percentage of hospital referral regions with a subspecialist (+1.17%/$100 000 increase in
lifetime earning potential; 95% CI, 0.34-2.00), and higher ratio of subspecialists to regional
child population (+0.11 subspecialists/100 000 children/$100 000 increase in lifetime
earning potential; 95% CI, 0.04-0.19). The subspecialties for which lifetime earning potential
increased the least between 2007 and 2018 experienced the least growth in the ratio of
subspecialists to regional child population from 2003 to 2019 (+0.11 subspecialists/100 000
children/$100 000 increase in lifetime earning potential; 95% CI, 0.07-0.16). Higher lifetime
earning potential was associated with higher mean fellowship fill rates (+0.96% spots
filled/$100 000 increase in lifetime earning potential; 95% CI, 0.15-1.77). Implementing a
pediatric subspecialist–specific LRP could increase fellowship fill rates and improve workforce
distribution.

CONCLUSIONS AND RELEVANCE Lifetime earning potential based on subspecialty may
contribute to imbalances in both the current and future pediatric subspecialty workforce.
Pediatric subspecialist–specific LRPs, especially for underfilled subspecialties, are potential
tools for policy makers to target workforce shortages.
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W e recently published a study analyzing the lifetime
financial returns of pediatric subspecialty training.1

We found wide differences in lifetime earning po-
tential between the pediatric subspecialties, differences that
have only become more pronounced throughout the last
decade.1,2 While there are many factors that go into the deci-
sion to subspecialize and trainees may weigh other consider-
ations more highly,3-5 the disparate financial returns of fel-
lowship training and subspecialty of choice may influence
pediatric workforce distribution if trainees incorporate the eco-
nomic effect of selecting pediatric subspecialties with lower
lifetime earning potential into their career decisions.

There is substantial concern regarding existing work-
force shortages within both general pediatrics and multiple pe-
diatric subspecialties.6-8 While the number of subspecialists
is increasing overall, these gains have not been distributed
evenly across the subspecialties or across geographic
regions.9,10 If the differences in lifetime earning potential be-
tween the subspecialties continue to widen, economic fac-
tors may play a role in disrupting the future pediatric work-
force and lead to additional unmet needs in pediatric
subspecialty care. However, in our prior study,1 we modeled
a pediatric subspecialist–specific loan repayment program
(LRP) and found that it partially ameliorated the negative fi-
nancial impact on fellowship training. If there is an associa-
tion between lifetime earning potential and workforce short-
ages, an LRP could serve as a targeted intervention to help
create a more balanced workforce.

While there are many nonfinancial drivers of workforce dis-
tribution, in this study, we examined the association of the life-
time financial returns of subspecialty training and both mea-
sures of current workforce distribution and the rates at which
graduating pediatric residents chose to pursue training in par-
ticular subspecialties. We also modeled the potential role a pe-
diatric subspecialist–specific LRP could play in the decision to
subspecialize.

Methods
Data Sources
As summarized in detail in our recent publication,1 we ob-
tained information on fellowship stipends, subspecialty-
specific compensation, and educational debt for the aca-
demic year of July 2018 to June 2019 from national physician
surveys including the Association of American Medical Col-
leges annual Survey of Resident/Fellow Stipends and Benefits,11

Debt Fact Card,12 and Medical School Faculty Salary Survey.13

Faculty compensation data are presented as mean values ag-
gregated across all survey respondents per subspecialty.

We obtained measures of subspecialty workforce distri-
bution for 2003 and 2019 from publications that reported the
mean straight-line distance to subspecialists (in miles), the per-
cent of hospital referral regions (HRRs) with certified subspe-
cialists, and the mean ratio of subspecialists to 100 000 chil-
dren across HRRs.10,14

We obtained data regarding pediatric subspecialty fellow-
ship fill rate as a percentage of available spots for that subspe-

cialty from 2014 to 2018 from the American Board of
Pediatrics.15 We attempted to analyze corresponding years
whenever possible; however, we were limited by the availabil-
ity of our source data and, as a result, the time frames for our
data sets did not align perfectly. Because we used publicly avail-
able, aggregated, and deidentified data, this study did not meet
the criteria for human subject research, and institutional re-
view board review was waived by the American Academy of
Pediatrics.

Statistical Methods
Using the data sets described above, we estimated age- and aca-
demic rank–specific net incomes for pediatric subspecialists
throughout a working lifetime and calculated each subspe-
cialty’s lifetime net present value (NPV) in dollars. The NPV is
a standard financial technique used to analyze the value of dif-
ferent investments over time,2,16 and we defined the lifetime
NPV as the present value of the net income generated from a
career in a pediatric subspecialty throughout a working
lifetime. The lifetime NPV represents an estimate of the
financial returns that a graduating pediatric resident might ex-
pect from fellowship training followed by a career as a
subspecialist.

We first evaluated the association between the lifetime
NPV for 2018 to 2019 and the current distribution of the
subspecialty workforce in 2019. Using linear regression
analyses (performed in Stata version 15 [StataCorp]), we
compared the lifetime NPV for each subspecialty to work-
force distribution metrics. To assess the association of
changes in the lifetime NPV over time with changes in work-
force distribution, we compared the absolute change in the
lifetime NPV from 2007 to 20181,2 to the absolute changes in
the reported mean straight-line distance to subspecialists,
the percent of HRRs with certified subspecialists, and the
mean ratio of subspecialists to regional child population
from 2003 to 2019.10,14

To evaluate the association of lifetime NPV with the fu-
ture pediatric workforce, we performed a linear regression
analysis on the lifetime NPV of each subspecialty in 2018 and
the mean fellowship fill rate as a percentage of available spots

Key Points
Question Do differences in lifetime earning potential between
pediatric subspecialties play a role in workforce shortages?

Findings This cross-sectional study of 7539 pediatric
subspecialists found that lower lifetime earning potential, seen in
certain pediatric subspecialties, was significantly associated with
multiple measures of current workforce distribution and lower
fellowship fill rates. Subspecialties with weaker growth in earning
potential throughout the past 10 years have experienced
restricted workforce expansion.

Meaning The lifelong financial returns of pediatric fellowship
training and subspecialty of choice may contribute to imbalances
in both the current and future pediatric workforce; interventions
to improve the financial returns of fellowship training, such as
pediatric subspecialist–specific loan repayment programs, are
potential tools for policy makers to target workforce shortages.
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for that subspecialty from 2014 to 2018. Because programs may
take additional fellows outside the standard fellowship match
process, it is possible for a fellowship to have a fill rate of more
than 100%. On the other hand, some subspecialties do not fill
all their spots. Based on the regression line, we calculated the
theoretical lifetime NPV at which a fellowship could expect a
100% fill rate.

Finally, we modeled a pediatric subspecialist–specific LRP,
which was recently authorized by the Coronavirus Aid, Re-
lief, and Economic Security (CARES) Act in March 2020.17,18

The bill allows for up to $35 000 per year in loan repayment
funds for up to 3 years to pediatric subspecialists. This LRP
could increase the lifetime NPV for each subspecialty by an es-
timated $230 541. Using the regression line from the analysis
of lifetime NPV and fellowship fill rates, we calculated how
many unfilled fellowship spots for each of the undersub-
scribed subspecialties might be filled per year if subspecial-
ists were able to participate in an LRP.

Results

Our study included mean compensation data representing 7539
pediatric subspecialists, workforce distribution data repre-
senting 24 375 pediatric subspecialists, and fellowship fill rates
representing a mean of 1344 pediatric subspecialty fellows per
year.

The results of the simple bivariate linear regression showed
that higher lifetime NPV from 2018 to 2019, seen in subspe-
cialties such as neonatology, critical care, and cardiology, was
associated with a shorter mean straight-line distance to be seen
by those subspecialists (−0.59 miles/$100 000 increase in life-
time NPV; 95% CI, −1.10 to −0.09; Figure 1A) in 2019. Simi-
larly, a higher lifetime NPV was associated with a higher per-
centage of HRRs with a certified subspecialist (+1.17%/
$100 000 increase in lifetime NPV; 95% CI, 0.34-2.00;
Figure 1B), as well as a higher ratio of subspecialists to re-

Figure 1. Association of Workforce Distribution with Lifetime Earning Potential
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The association between the net present value of lifetime earnings (lifetime net
present value [NPV]) across pediatric subspecialties from 2018 to 2019 and
measures of workforce distribution in 2019, including distance to the closest

pediatric subspecialist, is displayed. The linear regression line is shown with
95% CI shaded in blue.
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gional child population (+0.11 subspecialists/100 000 children/
$100 000 increase in lifetime NPV; 95% CI, 0.04-0.19;
Figure 1C).

In our repeated measures analysis, higher growth in life-
time NPV from 2007 to 2018 was associated with more growth
in the absolute ratio of subspecialists to regional child popu-
lation between 2003 and 2019 (+0.11 subspecialists/100 000
children/$100 000 increase in lifetime NPV, 95% CI, 0.07-
0.16; Figure 2). The least growth was seen in subspecialties with
lower lifetime NPV, such as rheumatology, nephrology,
and infectious diseases. However, the absolute change in life-
time NPV was not significantly associated with the absolute
change in the mean straight-line distance to the closest sub-
specialist or the absolute change in the percent of HRRs with
a subspecialist.

Higher lifetime NPV from 2018 to 2019 was also associ-
ated with higher mean fellowship fill rates between 2014 and
2018 (+0.96% spots filled/$100 000 increase in lifetime NPV;
95% CI, 0.15-1.77; Figure 3). The subspecialties with higher life-
time NPVs, such as neonatology, critical care, and cardiology,
overfilled their initially offered fellowship spots, while the sub-
specialties with lower lifetime NPVs were unable to fill all their
fellowship spots offered in the Match. Nephrology, which had
one of the lowest lifetime NPVs at $4 286 710, had a final fel-
lowship fill rate of only 65%, while cardiology, which had the
highest lifetime NPV of $6 451 752, had a final fellowship fill
rate of 106% (the percent is above 100% because more fel-
lows were ultimately taken than initial spots were offered).

Based on the linear bivariate regression equation from
Figure 3, we calculated that a lifetime NPV of $5 480 820 would
yield a 100% fellowship fill rate (95% prediction interval,
74.2%-125.8%). To achieve a 100% fill rate for adolescent medi-
cine, endocrinology, and infectious diseases, the estimated life-
time NPV would have to be increased by more than $1.4 mil-
lion in each of these subspecialties. We also estimated that for

every $104 024 increase in lifetime NPV, we would expect an
annual 1% increase in the fill rate (95% CI, 0.16%-1.84%) of a
given pediatric subspecialty. Thus, with the proposed pediat-
ric subspecialist–specific LRP raising the lifetime NPV of a sub-
specialty by an estimated $230 541, we could anticipate a 2.2%
increase in the annual fill rate for the underfilling subspecial-
ties if the LRP was fully funded and implemented. This would
translate into an additional 1 to 2 fellowship spots filled per year
and a 0.1% to 0.3% annual increase in the total workforce for
each subspecialty (Table).19

Discussion
We used standard financial techniques to estimate the finan-
cial returns of fellowship training and choice of pediatric sub-
specialty. We evaluated the association of these returns both
with current measures of workforce distribution and, by ana-
lyzing fellowship fill rates, with potential future workforce
shortages. Lifetime earning potential of a subspecialty strongly
associated with multiple measures of current workforce dis-
tribution, including distance to subspecialists, the availabil-
ity of subspecialists across referral regions, and the ratio of sub-
specialists to the regional pediatric population. Our repeated
measures analysis revealed that those subspecialties that ex-
perienced the least growth in lifelong earning potential also
experienced the smallest increase in number of health care pro-
fessionals normalized by population. Additionally, fellow-
ship training spots for different subspecialties filled at differ-
ent rates, rates that were associated with the lifetime financial
returns of the specific subspecialty. This suggests that per-
haps pediatric residents have preferentially pursued fellow-
ships in higher-earning subspecialties.

These findings are corroborated by a recent study using
American Board of Pediatrics data regarding fellowship growth
rates from 2001 to 2019, which found the highest growth in

Figure 2. Change in Ratio of Pediatric Subspecialists to Regional
Child Population by Lifetime Earning Potential
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The association between the absolute change in the net present value of
lifetime earnings (lifetime net present value [NPV]) from 2007 to 2018 and the
absolute change in the ratio of pediatric subspecialists to the regional child
population from 2003 to 2019 is displayed. The linear regression line is shown
with 95% CI shaded in blue.

Figure 3. Association of Pediatric Subspecialty Fellowship Fill Rates
and Lifetime Earning Potential
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The association between the net present value of lifetime earnings (lifetime net
present value [NPV]) across pediatric subspecialties from 2018 to 2019 and
mean fellowship fill rates from 2014 to 2018 are displayed. The linear regression
line is shown with 95% CI shaded in blue.
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the number of fellows per year in the pediatric subspecialties
of cardiology, critical care, emergency medicine, gastroenter-
ology, and neonatology,9 all of which are subspecialties we
found to have a higher lifetime earning potential. The lower
earning fields of adolescent medicine, infectious diseases, and
nephrology experienced the least growth in the number of fel-
lows per year. Our findings are also in keeping with other mark-
ers of workforce shortages, such as wait times for appoint-
ments with pediatric subspecialists. According to a recent
study, only 17% of pediatric cardiologists reported wait times
for new, nonemergent appointments of longer than 2 weeks;
on the other hand, 27% of adolescent medicine, 38% of endo-
crinology, 48% of pulmonology, 52% of rheumatology, and 71%
of nephrology subspecialists reported wait times of more than
2 weeks.20

The multiple streams of evidence discussed above sug-
gest a role for economic factors in current and future work-
force shortages. Yet, our findings also offer potential targets
for policy interventions to ensure a more balanced work-
force. Unfilled fellowship spots are not a direct representa-
tion of workforce shortages because the process by which fel-
lowship spots are allocated is complicated and depends on a
variety of factors, including institution-specific clinical
demands, educational and research offerings, and local com-
munity rather than national needs. However, one would
presume that, if spots are allocated but not filled, hospital sys-
tems, training programs, and other stakeholders anticipated
current and future needs that are higher than those actually
being met.

We previously found that a pediatric subspecialist LRP
could help ameliorate the financial returns of pediatric fellow-
ship training.1 Importantly, an LRP is a tool that not only can
be targeted to pediatric subspecialists in general, but can also
be used to address anticipated workforce shortages in spe-
cific subspecialties. While the pediatric subspecialist–
specific LRP would not raise the lifetime NPV of many of the
subspecialties to the theoretical intercept for a 100% fellow-
ship fill rate, it could increase the number of filled spots for
many of the underfilled subspecialties and, for some of these
smaller subspecialties, lead to an appreciable increase in the
total subspecialist workforce. If a pediatric subspecialist LRP
was funded at a level of $50 million per year, it could poten-
tially fund more than 450 participants. An LRP spread out
throughout a number of years could have a profound role in
pediatric workforce distribution: the 6 subspecialties that did
not fill all available fellowship spots comprise a current

workforce of 5106 subspecialists; an additional 450 subspe-
cialists would represent an 8.8% increase in the available work-
force across these 6 subspecialties. Each additional trained sub-
specialist could provide decades of care in that related field,
affecting thousands of children and their families. However,
at the time of this publication, the federal LRP authorized by
the CARES Act is still awaiting funding and implementation.

Shortening the length of fellowship training or eliminat-
ing medical school tuition, a major component of educa-
tional debt, both of which we have shown increase the life-
time NPV of the pediatric subspecialties, are also potential
interventions to balance workforce distribution.1 Further-
more, increased salaries for all the pediatric subspecialties can
make pediatrics as a field a more attractive career choice as it
is one of the lowest-paying areas in all of medicine. Indeed,
all programs that specifically increase the lifetime earning po-
tential and salaries for the underfilled subspecialties can help
maintain a balanced and adequate workforce.

We also found that the more inpatient-based, procedure-
focused subspecialties, such as neonatology, critical care, car-
diology, and gastroenterology, had higher lifetime earning po-
tentials, had the most robust workforce, and had overfilled
fellowship spots. Conversely, the more outpatient-based, less
procedure-focused subspecialties, such as rheumatology, en-
docrinology, and nephrology, had lower lifetime earning po-
tentials, had the most evidence of current workforce short-
ages, and had underfilled fellowship spots. This suggests that
differences in reimbursements, which help drive physician
salaries, may be contributing to a disproportionate increase in
the number of higher-paid subspecialists and the failure of
lower-earning subspecialties to grow adequately to meet pre-
sent and future patient care needs. Although beyond the scope
of this study, changes in reimbursement patterns, such as the
anticipated increase in the valuation of outpatient evalua-
tions and management of Current Procedural Terminology
codes, which were scheduled to take effect in January 2021 and
are anticipated to increase payment for less procedure-
focused subspecialties,21 may represent additional levers that
policy makers can use to address workforce shortages. More-
over, efforts to increase Medicaid reimbursement rates to match
those paid by Medicare may be another promising avenue for
policy intervention given the large proportion of Medicaid pa-
tients in many pediatric subspecialists’ payer mix. Understand-
ing the specific ramifications of these changes on salary and
pediatric subspecialist workforce distribution will be an im-
portant area for future study.

Table. Theoretical Impact of a Pediatric Subspecialist–Specific Loan Repayment Program (LRP)a

Subspecialty

Without LRP implementation With LRP implementation
Total certified
subspecialists, No.

Fellowship fill rate,
No. (%)

Fellowship fill rate,
No. (%)

Annual increase in
workforce, No. (%)

Adolescent medicine 501 31 (95.5) 32 (97.7) 1 (0.2)

Endocrinology 1334 84 (96.2) 86 (98.4) 2 (0.1)

Infectious diseases 1167 59 (85.1) 61 (87.3) 2 (0.2)

Nephrology 644 38 (64.5) 40 (66.7) 2 (0.3)

Pulmonology 1073 57 (89.2) 58 (91.4) 1 (0.1)

Rheumatology 387 31 (78.7) 32 (80.9) 1 (0.3)

a Theoretical impact of a pediatric
subspecialist-specific LRP on
pediatric subspecialty fill rates and
future workforce expansion for the
underfilled pediatric subspecialties
as an annual percent change in the
number of total American Board of
Pediatrics certified subspecialists in
June 2019.10,19
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Limitations
There are several limitations to our study. Our results are de-
pendent on the assumptions made in our referenced data
sources as well as the assumptions inherent to our models of
lifetime NPV, including those regarding continuity of train-
ing, timing of academic promotion, proportion of academic
practice per subspecialty, and rates of debt repayment.1 Mea-
sures other than those we used may reflect other aspects of
workforce distribution and ultimately access to care. The time
frames reflected in our data sets do not perfectly align, and our
findings theoretically might vary if different time points were
chosen. However, we anticipate that the magnitude and di-
rection of the associations would be similar. Additionally, our
models cannot capture the many other factors beyond eco-
nomic concerns that affect the decision to subspecialize, such
as lifestyle considerations, research opportunities, and inter-
est in specific diseases or organ systems, which may play a
larger role for many trainees than financial considerations.3 For
example, gastroenterology demonstrated relatively high fill
rates compared with the calculated lifetime NPV, which may
reflect some of these other factors: for example, the opportu-
nity to perform well-reimbursed procedures without the typi-
cal burden of covering 24/7 inpatient call that the critical care
subspecialties bear. Owing to the lack of publicly available data,
the present study only includes a subset of the pediatric sub-
specialties; going forward, it will be important to expand these
analyses to include some of the additional subspecialties in
which there are significant workforce shortages, such as neu-
rology, allergy/immunology, developmental and behavioral pe-
diatrics, and child and adolescent psychiatry.22,23

Interventions such as the pediatric subspecialist–specific
LRP that enhance the financial returns of fellowship training
may lead to an increased number of subspecialists but may not
lead to the appropriate geographic distribution of those sub-
specialists. There is a complex interplay in determining where
subspecialists choose to practice, as evidenced by regional
growth patterns in fellowship size9 and by our repeated mea-
sures analysis, which showed that neither the change in dis-

tance to the closest subspecialist nor the change in the per-
cent of HRRs with a subspecialist were directly associated with
the change in lifetime earning potential. For example, hospital-
based subspecialists, such as critical care intensivists, may clus-
ter at tertiary care centers, as opposed to those subspecialists
who can practice in ambulatory community settings, such as
adolescent medicine clinicians. In addition, an LRP or other
financial incentives may lead to unintended consequences,
such as physicians pursuing alternative practice patterns such
as part-time work.24 Thus, potential policy interventions tar-
geting the subspecialty workforce will need to address fac-
tors determining practice location and type. There also has been
recent scrutiny on whether perceived subspecialist work-
force shortages reflect true unmet care needs or whether ad-
justments in referral patterns and management practices could
address these issues w ithout requiring additional
subspecialists.25 Finally, these analyses do not take into ac-
count the role that advanced-practice clinicians can play in ad-
dressing workforce shortages.

Conclusions
Our results provide evidence that the lifelong financial re-
turns of fellowship training and lifetime earning potential based
on subspecialty of choice may contribute to imbalances in both
the current and future pediatric workforce. Interventions to
improve the lifetime financial return of fellowship training and
subspecialty of choice, such as a pediatric subspecialist–
specific LRP, particularly for underfilled and underrepre-
sented subspecialties, are potential tools for policy makers to
target workforce shortages and imbalances. In addition, in-
creasing the lifelong earning potential of a career in pediat-
rics can make this field more attractive compared with other
areas in medicine. Any future policy changes will need to take
into account the complex interplay between the demand for
access to care and the distribution and deployment of the phy-
sician workforce.
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