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Gaps in the Supply of Physicians, Advance Practice
Nurses, and Physician Assistants
Michael Sargen, BA, Roderick S Hooker, PhD, PA, Richard A Cooper, MD

BACKGROUND: Based on the goals of health care reform, growth in the demand for health care will continue to
increase the demand for physicians and, as physician shortages widen, advanced practice nurses
(APNs) and physician assistants (PAs) will play larger roles. Together with physicians they
constitute a workforce of “advanced clinicians.” The objective of this study was to assess the
capacity of this combined workforce to meet the future demand for clinical services.

STUDY DESIGN: Projections were constructed to the year 2025 for the supply of physicians, APNs, and PAs, and
these were compared with projections of the demand for advanced clinical services, based on
federal estimates of future spending and historic relationships between spending and the health
care labor force.

RESULTS: If training programs for APNs and PAs grow as currently projected but physician residency
programs are not further expanded, the aggregate per capita supply of advanced clinicians will
remain close to its current level, which will be 20% less than the demand in 2025. Increasing the
numbers of entry-level (PGY1) residents by 500 annually will narrow the gap, but it will remain
�15%.

CONCLUSIONS: The nation faces a substantial shortfall in its combined supply of physicians, APNs, and
PAs, even under aggressive training scenarios, and deeper shortages if these scenarios are not
achieved. Efforts must be made to expand the output of clinicians in all 3 disciplines, while
also strengthening the infrastructure of clinical practice and facilitating the delegation of
tasks to a broadened spectrum of caregivers in new models of care. ( J Am Coll Surg 2011;

xx:xxx. © 2011 by the American College of Surgeons)
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As the United States adapts to health care reform, it con-
fronts a series of future uncertainties. How much health
care will there be, who will pay for it, who will receive it,
and who will provide it? Of particular importance to phy-
sicians is the last; will there be enough doctors to provide
the necessary care?1 This question is especially germane to
urgeons, whose numbers are projected to fall short of the
uture needs for surgical care2,3 not only in general surgery,4

where projected shortages are severe, but in specialties such
as oncologic and orthopaedic surgery, where the demand
for services continues to increase.5,6
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During the past several decades, others who provide
first-contact care have shared care, to an increasing degree,
that was once the exclusive province of physicians.7,8 There-
ore, in assessing the adequacy of the future physician
orkforce, we broadened our analysis to include other li-

ensed and regulated health professions that have the pre-
ogatives to see a patient without referral and to make and
ommunicate a diagnosis with or without physician super-
ision. Excluding dentists, psychologists, and clinical social
orkers, there are only 7 such disciplines.9 The majority are

ither advanced practice nurses (APNs) or physician assis-
ants (PAs), and optometrists, podiatrists, and practitioners
f alternative and complementary medicine constitute the
est.10 Together with physicians, these other licensed disci-
lines constitute a workforce of approximately 1.0 million
linicians, 90% of whom are physicians, APNs, or PAs.
ur study considered these 3 disciplines as a single, albeit

aried, workforce of “advanced clinicians” who will carry
ut a definable range of tasks and responsibilities.11

To gauge the future supply of physicians and other ad-
vanced clinicians against the future demand for services, we

drew on projections of health care spending that were
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framed by federal planners and leading economists
during12-14 and after15,16 the recent enactment of health care
reform legislation. It is important to note that these projec-
tions of spending are not expressions of need; instead, they
are estimates of the actual demand for services, ie, how
much care society is likely to purchase. Historic trends
show that growth of the health care labor force closely
tracks actual growth in health care spending, although phy-
sician supply grows more slowly than the labor force over-
all, as tasks are delegated to lesser-trained individuals.17,18

We used these historic trends to translate projections of
spending to projections of the future demand for physi-
cians and other advanced clinicians.

Before presenting our findings, it seems useful to ask if
the future demand for physicians can even be measured.
Many commentators reject such exercises out of hand, cit-
ing past failures. As described in previous publications,1,19

there has been a long history of failure, from the Graduate
Medical Education National Advisory Committee Report
in 1980 through the many reports of the Council on Grad-
uate Medical Education into the late 1990s. However,
these all used methodologies based on time and task ap-
proaches in which the existing work of physicians was dis-
aggregated into its various components and projected for-
ward into an unknown future of medical care. In 1999,
Cooper supplanted this approach with the trend model
based on underlying economic dynamics.20 This model ac-
urately foretold the current shortages21 at a time when it
as widely believed that surpluses were instead immi-
ent.22 In the years that followed, it was further devel-

oped17,18 and subsequently adopted by both the Council on
raduate Medical Education23 and the Association of
merican Medical Colleges,24 which also projected deep-

ening shortages of physicians. The current exercise uses this
same approach.

METHODS
Who was counted
We counted patient care physicians, both MD and DO,
excluding residents, as enumerated in the AMA’s Physician
Characteristics.25 Physicians in nonclinical roles (research,
administration, and teaching) were excluded, although

Abbreviations and Acronyms

APN � advanced practice nurse
GDP � gross domestic product
NP � nurse practitioner
PA � physician assistant
PGY � post-graduate year of residency
some provide clinical services. We viewed this volume of t
service to be balanced by the decreased service provided by
physicians in clinical roles who worked between 20 and 45
hours but, in the AMA system, are categorized as full-time.

APNs were defined according to the National Sample
Survey of Registered Nurses for 2004 and 200826,27 and in-
luded nurse practitioners (NPs), clinical nurse specialists,
urse midwives, and certified registered nurse anesthetists.
nly APNs employed in clinical nursing were included.
he percentages of nurses employed in clinical care for each
f the 4 APN disciplines were obtained from the National
ample Surveys.26,27 Averaged for both surveys and across

all categories of APNs, 73% were employed in clinical
nursing, most with job titles reflecting their advanced de-
grees. Of those who were not, 15% were engaged in in-
struction or management and 12% were not employed in
nursing.

Estimates of the numbers of PAs for the years 1991 to
2008 were obtained from the American Academy of Phy-
sician Assistants,28 as reported by Hooker and colleagues.29

We did not distinguish the work effort of clinicians in the
various disciplines, but for purposes of this exercise consid-
ered them to be equivalent. All data are expressed in per
capita terms, drawing on estimates from the US Census
Bureau.30

Estimating the input of new clinicians
To estimate the input of new physicians, we created 3 mod-
els based on changes in the numbers of post-graduate
year-1 (PGY-1) residents without earlier training: no
change from the base year 2007; annual increases of 500
(approximately 2%) beginning in 2012; and annual in-
creases of 1,000 (4%) beginning in 2012. The latter rate
would double capacity during the next 20 years, a rate of
growth that exceeds even the rapid growth during the
1970s and 1980s31 and is unlikely to be accommodated by
either hospitals or training programs today. Baseline resi-
dency numbers for 2007 were obtained from the annual
survey of Graduate Medical Education.32

Estimates of the input of new NPs, clinical nurse spe-
cialists, nurse midwives, and certified registered nurse anes-
thetists were derived from recent trends in graduation re-
ported by the American Association of Colleges of
Nursing.33 These data predict an increase of approximately
00 (3%) new graduates annually, 85% of whom will be
Ps and clinical nurse specialists. As an alternative high-

nrollment model, we assumed that graduation rates would
ncrease by 500 (5%) annually, although this rate of
rowth, which would increase capacity by �50% during
he next decade, exceeds the likely availability of faculty
receptors and clinical training sites. In accord with the
urrent composition of the APN workforce, we assumed

hat 15% of new graduates would undertake careers in
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instruction or management and that 12% would not ac-
tively participate in nursing. We also assumed that the re-
cent shift from masters to doctoral-level NPs would not
influence the numbers of NP graduates.

PA enrollment data from 1984 to 2009 and estimates of
future enrollment were obtained from the Physician’s As-
sistant Education Association34 and the Accreditation Re-
view Commission for Physician Assistant Education.35

Based on these data, we projected that PA enrollment rates,
which doubled during the past decade, would increase by
350 (5%) in 2011 and continue to increase thereafter, but
at a decreasing rate, declining to 100 new graduates in
2025. As an alternative high-enrollment model, we as-
sumed that PA graduation rates continually increase, from
an additional 350 graduates in 2011 to 500 additional
graduates (7%) in 2020, although, as in nursing, growth of
faculty and training sites is likely to preclude such a rate of
expansion. Although we have modeled high output growth
in the production of new clinicians at rates of 4% for phy-
sicians, 5% for APNs, and 7% for PAs, it is extremely
unlikely that these growth rates will be attained, and they
are modeled only for purposes of illustrating an upper
limit.

Primary and specialty care
The term primary care clinician was applied more narrowly
han is the custom. It refers to those clinicians who are
ngaged in office-based primary care practices because it is
he range of services that they provide that planners and the
ublic associate with primary care. Physicians who had
een trained as generalists but practiced in specialties such
s sports medicine or as hospitalists or nocturnists were
ounted as nonprimary care specialists, as were emergency
hysicians, intensivists, and physicians in other hospital-
ased roles. Physician in obstetrics and gynecology were
ounted as nonprimary care specialists, while nurse mid-
ives and geriatricians were counted as primary care clini-

ians, based on the predominant clinical roles of each. Cer-
ified registered nurse anesthetists were counted as
pecialists. Because our statistical demarcations were more
igid than the realities of clinical practice, the results must
e viewed as estimates rather than precise measures of the
istribution of primary and specialty clinicians.
For each physician growth model, we created 3 scenarios

or the relative numbers of physicians entering primary care
as defined here) and specialties: 50% primary care and
0% specialties, 33% primary care and 67% specialties,
nd 25% primary care and 75% specialties. Based on re-
ent trends in NP career choices,32 we assumed that 67% of

NP graduates would be engaged in office-based primary
care and 33% in specialties. Similarly, drawing on recent

PA graduation trends,28,29 we assumed that 33% of new
PAs would enter practice in primary care and 67% in the
medical and surgical specialties.

Attrition
The attrition of physicians from clinical practice was de-
rived from an analysis of the numbers of physicians in
decanal age groups and the numbers of residents entering
the workforce.19,26 Based on data from 1986 through 2008,
it was assumed that 6% of residents would enter nonclini-
cal careers and that among those in clinical practice, 1% of
those younger than 35 years would not enter the 35- to
44-year-old cohort, 4% of those aged 35 to 44 years would
not enter the 45- to 54-year-old cohort, 9% of those aged
45 to 54 years would not enter the 55- to 64-year-old
cohort, 34% of those aged 55 to 64 years would not enter
the 65� cohort, and attrition would be 10% annually for
those aged 65�. The AMA data used in making these
estimates has been reported to undercount younger physi-
cians and overcount older physicians to approximately the
same degree,36 but we did not adjust it to reflect this dis-
crepancy. Similarly, we did not adjust for the decreasing
number of hours worked by physicians.37 The errors asso-
ciated with each of these are in the direction of overestimat-
ing physician supply.

Attrition rates for APNs were derived by applying the
Census Bureau’s Labor Force Participation Rates for Profes-
sionals38 to the age distribution of APNs, as reported in the
National Sample Survey of Registered Nurses for 2004 for
all individuals with an RN degree employed in nursing.26

Age distributions were not available in the 2008 survey.27

Although APNs tend to be older than all RNs, the age
distribution of the latter was used, which biases the data to
overcounting APNs in clinical nursing.

Attrition of PAs was modeled from data on the num-
bers of PAs in clinical practice and the numbers gradu-
ating annually during the period from 1991 to 2001.28,34

The best fit was an attrition rate of 2.5% in 1991, in-
creasing by 0.1% annually. This model, which estimates
attrition for all reasons (death, retirement, alternative
careers), correctly predicted the supply of PAs employed
in clinical practice during the subsequent period from
2001 to 2009.

Spending and demand
The future demand for health care was derived from 2
exercises. The first, which replicated an earlier model,18

related future health care spending and the demand for
physician services to future growth in GDP. This model
assumes that for every 1.0% growth in inflation-adjusted
GDP, the demand for physician services will grow by 0.5%.
GDP was extrapolated at a growth rate of 4.4%, which is its

historic average.
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In the second, health care spending was extrapolated
based on the goals of health care reform, which called for
growth to decline from its historic level of 2.5% above
GDP to 1.0% above GDP between 2010 and 2020. Cur-
rent health care expenditures were obtained from Centers
for Medicare and Medicaid Services39 and adjusted for the
Medical Care Consumer Price Index, which adjusts for
price inflation in both commodities (ie, drugs, equipment,
and supplies) and services.40 Future health care spending
ssumed that the Medical Care Consumer Price Index
ould be 5.3%, which was its average during the period

rom 1986 to 2006 and is almost double the urban Con-
umer Price Index.

RESULTS
Health care reform and future demand
for physicians
In 2009, the United States spent almost $2.5 trillion on
health care, 17.2% of its GDP.41 Based on projections by
he President’s Council of Economic Advisors12 and the

Congressional Budget,13 per capita health care spending
will be 65% greater in 2025 than in 2009 and will account
for 25% of GDP. Reducing the rate of growth of health care
spending from its historic average of 2.5% above GDP to
1.0% above GDP would delay by a full 20 years the date at
which health care would account for 25% of GDP. How-
ever, because GDP grows, it would delay by only 8 years the
time until health care spending grew by 65%, and this
delay would be only 6 years if health care spending grows at
a rate of 1.5% above GDP, as projected recently.14 By 2030,

er capita health care spending is likely to be 65% greater in
onstant dollars than today. Some of this increase will be a
esult of higher costs of new technologies, but most will
esult from growth in the quantity of beneficial services.42

Beneficial services are expected to grow faster than spend-
ing overall, as the added costs of new services are balanced
by decreased reimbursement per unit of service.14

What does this mean for the providers of service? Be-
tween 1990 and 2005, during which GDP increased by
56% and health care spending by 85% in constant dol-
lars,43 the labor force in physicians’ offices, including

ursed, technicians and others, increased by 66%44 and
hysician supply increased by 44%. Similar relationships
etween GDP, health care spending, health care labor
orce, and physician supply were chronicled during the
onger period from 1929 to 200017,18 and were drawn on to
roject the demand for physician services that is shown in
igure 1. This projection of demand corresponds to the
rojection of demand that was derived from estimates of
uture health care spending growth at a rate of 1.5% above

DP. Figure 1 also illustrates the lesser demand that would i
ccur if health care spending grew at only 1.0% above
DP and the greater demand that would occur if it con-

inued at 2.5% above GDP.
How do these estimates of demand relate to the projec-

ions of supply? Between 1990 and 2008, the supply of
hysicians closely tracked both the calculated demand and
he actual adjusted expenditures, except for the period from
996 to 2004 when there was a transient surplus of physi-
ians, which is represented as the “turn-of-the-century
ulge” in physician supply that was projected a decade
arlier.45 After 2006, physician supply and demand di-

verged sharply, creating a current physician shortage of ap-
proximately 8.0%, which corresponds to many current
market perceptions.21 If the rate of residency training is not
ncreased, supply and demand are projected to diverge

ore over time, leading to a potential physician shortage of
20% in 2025.
If instead, residency training is increased by 500 PGY1

ositions annually beginning in 2012, the gap between
upply and demand could narrow to 18% in 2025, and it
ould narrow further, to 14%, if PGY1 positions grew by
,000 annually. Expressed as numbers of physicians, there
ould be a gap of 214,000 physicians in 2025 if residency

raining does not increase, 178,000 if training capacity is

Figure 1. Physicians, health care spending, and the demand for
physician services. The lower set of curves displays the historic
supply of patient care physicians and projections of physician supply
under circumstances of no change in the numbers of PGY1 resi-
dents, increases of 500 annually and increases of 1,000 annually
beginning in 2012. The upper set displays historic health care
expenditures and projections under circumstances of expenditure
growth at a level 2.5% greater than the growth of the gross domestic
product (GDP) (the historic level), 1.5% greater and 1.0% greater,
adjusted for the Medical Care Consumer Price Index (CPI). A calcu-
lated estimate of the demand for physician services (–�–�–�–),
derived from earlier work,17,18 tracks the middle expenditure curve.
All estimates are expressed in per capita terms. Dollar figures are in
constant 1990 dollars. Data are displayed as a percent of 1990.
The period of physician surpluses is designated as “Turn of the
Century Bulge.”45
ncreased by 500 annually, and 138,000 if it increased by

mi:2012
mi:1990
mi:1990
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1,000 annually. Under each of these scenarios, the pro-
jected shortages would narrow by approximately 5.0% if
the rate of spending were constrained from GDP � 1.5%
o GDP � 1.0%, but only if this decrease in spending was
n the basis of decreases in the volume of service and not on
he basis of lower reimbursements per unit of service. Con-
ersely, the projected shortages would widen by an addi-
ional 8% in 2025 if spending growth was closer to the
istoric rate.

Advanced clinicians
Figure 2 displays projections of the supply of physicians,
APNs plus PAs, and the combined supply of all 3 disci-
plines (advanced clinicians) during the period from 2007
to 2025, expressed in per capita terms. Results are shown
for 3 levels of physician training (no change and increases
of 500 and 1,000 PGY1s) and for 2 levels of education for
APNs and PAs (lower enrollment, as forecasted from cur-
rent trends, and a high-enrollment alternative).

In 2007, there were 303 advanced clinicians per 100,000
of population, 35% more than the number of physicians
alone. After a lag of a few years because of the lack of growth
of NP enrollment between 1997 and 2007,33 the number
of APNs plus PAs is projected to slowly increase. However,
per capita physician supply will decline, even if 500 addi-
tional PGY1 residents were trained annually. Combining
these 2 trends, the supply of advanced clinicians would

Figure 2. Physicians and advanced clinicians. The lower set of
curves displays the per capita supply of advance practice nurses
(APNs) and physician assistants (PAs) under conditions of lower
enrollment, similar to current trends, and a high trend alternative.
The middle set displays the per capita supply of patient care physi-
cians under circumstances of no change in the numbers of PGY1
residents, increases of 500 annually and increases of 1,000 annu-
ally beginning in 2012. The upper set combines these to display the
combined workforce of advanced clinicians at 3 levels of PGY-1 and
2 levels of APN � PA enrollment.
return to the 2007 baseline by 2025 under the lower-
enrollment scenario for APNs and PA, and it would exceed
the baseline by approximately 3% if APN plus PA training
followed the high-enrollment scenario. Increasing physi-
cian training by 1,000 PGY1 positions annually would
increase the total supply of advanced clinicians by 3% in
2025 under the lower-enrollment scenario for APNs plus
PAs and by 8% under the high-enrollment scenario. This
latter estimate of 8% growth by 2025 appears to be the
maximum that could reasonably be expected from the ed-
ucational resources in these 3 disciplines, although it is
unlikely to be achieved. Rather, under the most likely sce-
narios of APN plus PA training, and with an additional 500
PGY1 residents annually, the per capita supply of advanced
clinicians will be the same in 2025 as it is today.

Estimates of shortages
Figure 3 displays the projected shortages of advanced clini-
cians under 4 of the many permutations of physician,
APN, and PA training scenarios, expressed as a percent of
the demand for physician services. The scenario that com-
bines 500 additional PGY1s annually and lower enroll-
ment levels for APNs and PAs, which we believe is achiev-
able, would result in long-term shortages of approximately
15%, double the current level of shortage. If PGY1 posi-
tions remained unchanged, which is not likely, these short-
ages would exceed 20% (upper curve). Conversely, the gap
could narrow to 12% if increases in PGY1s of 500 positions
annually were coupled with high enrollment of APNs and
PAs, and narrow still more if PGY1s increased by 1,000
annually, neither of which is likely. Each of these estimates
of shortage is based on growth in health care spending at

Figure 3. Physician shortages under various training scenarios.
Differences between the number of advanced clinicians (from Fig. 2)
and the demand for physician services (from Fig. 1) are expressed
as a percent of physician supply under circumstances of varying
levels of residency training and advance practice nurses (APNs) plus
physician assistants (PAs) enrollment.
1.5% above GDP, which has been cited as most likely.14,16

mi:2012
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As indicated here, slower growth, if related to lower vol-
umes of service, could narrow the gap by as much as 5.0%,
and faster growth would widen it.

Primary care and specialty physicians
Primary care has been highlighted as an arena of special
concern. Figure 4 displays the numbers of primary care
physicians and specialists under the middle physician
growth scenario (500 additional PGY1 residents annually),
with various percentages of residents entering primary care
and specialties and both low and high growth rates for
APNs and PAs. If one-third of all residents enter office-
based primary care, the supply of primary care physicians
in 2025 would be relatively unchanged from today, at 70
per 100,000, which is within the historic range.46 This
tatic supply would be accompanied by a small decline in
he supply of specialists. Increasing the proportion of phy-
icians entering primary care to 50% would elevate the
upply of primary care physicians beyond the historic
ange, and further decrease the supply of specialists. Con-
ersely, shifting the balance to 25% primary care and 75%
pecialists would hold specialist supply flat, and cause a
rogressive contraction of primary care supply to levels well
elow its historic range.

Primary care and specialty advanced clinicians
The projections of primary care and specialty physicians in
Figure 4 are of statistical interest, but they do not reflect the
realities of the workforce to which APNs and PAs also
contribute. The combined workforce of advanced clini-

Figure 4. Primary care and specialty physicians. The supply of
primary care and specialty physicians is displayed under circum-
stances of an increase in the number of PGY1 residents of 500
annually and various percentages of residents entering careers in
primary care and specialties.
cians is depicted in Figure 5. As in Figure 4, this portrays
the circumstances under which the number of PGY1 resi-
dents would increase by 500 annually.

In 2007, there were 190 advanced specialty clinicians
and 112 advanced primary care clinicians per 100,000. If
residency training is increased by 500 PGY1s annually,
with 33% of residents entering office-based primary care,
and if the training of APNs and PAs proceeds at the lower
enrollment rate, the supply of advanced primary care and
specialty clinicians will be similar to today’s supply in
2025. If instead, 50% of residents enter primary care and
50% enter specialties, the per capita supply of advanced
primary care clinicians would be 10% greater, and specialty
supply would decrease by 6%. Conversely, changing the
mix to 25% primary care and 75% specialties would di-
minish the supply of advanced primary clinicians by 7%,
and increase the supply of specialists by 3%. Increasing the
training programs for APNs and PAs to the high-
enrollment level would yield marginal increases in each
scenario. With a 33% and 67% mix of primary care and
specialty residents, both primary care and specialty clini-
cians would increase by 3% in 2025; but with a 50% and
50% mix, primary care would increase by 14% and special-
ist supply would decline by 3%; and with 25% and 75%
mix, primary care supply would decrease marginally and
specialist supply would increase by 7%. Although mean-
ingful, these variances in supply are small in proportion to
the large gap between supply and demand overall.

DISCUSSION
In 2004, Cooper concluded, “physician shortages are

Figure 5. Primary care and specialty advanced clinicians. The sup-
ply of primary care and specialty advanced clinicians (physicians �
advance practice nurses [APNs] � physician assistants [PAs] is
displayed under circumstances of an increase in the number of
PGY1 residents of 500 annually, lower or high APN � PA enrollment
and various percentages of residents entering careers in primary
care and specialties.
emerging and they will probably worsen over the next two
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decades. By 2020 or 2025, the deficit could be as great as
200,000 physicians—20% of the needed workforce.”1 The
current exercise reassesses this conclusion in the context of
health care reform and in consort with measures of the
supply of APNs and PAs, whose scope of practice broadly
overlaps that of physicians.11 Its results are not radically

ifferent. Even under optimistic circumstances, the per
apita supply of advanced clinicians will not be substan-
ially different in 2025 than it is today, and it will be less
han today during most of the intervening years. In the
eantime, demand, as estimated from the economic goals

f health care reform, will continue to grow and the num-
er of clinicians to fill that demand will grow even beyond
ur projections when gender and lifestyle factors are con-
idered.37 It seems possible that, with maximal effort, sup-
ly could keep up with increases in demand from here
orward but it will not be possible to close the existing gap,
nd if residency positions are expanded �2% annually it
ill not even be possible to keep up. The most likely sce-
ario is one of flat supply in the face of rising demand,

eading to long-term shortages of advanced clinicians of
pproximately 15%, double the current level.

We limited this exercise to physicians, APNs, and PAs
ecause they are most directly involved in the delivery of
hat patients recognize as physician services. Together they

onstitute 7% of the entire health care labor force44 and
almost 90% of licensed and regulated first-contact clini-
cians. We considered them together, although their train-
ing and prerogatives differ, but so do the training and prac-
tices of physicians in various specialties. In addition,
although the work effort of APNs and PAs is generally
assumed to be less than that of physicians, we did not
differentiate effort among disciplines, nor did we differen-
tiate physician effort in relation to age or sex. Therefore,
our projections should be considered as maximum esti-
mates of supply. We did not separately consider other pro-
fessionals whose scope of practice overlaps those that we
assessed, such as dentists, pharmacists, psychologists, clin-
ical social workers, physical therapists, and complementary
providers. However, we are not aware of workforce changes
that will materially affect the supply-and-demand relation-
ships reported.

Our demand projections were built from authoritative
estimates of future health care spending.12-16 Although
here are likely to be short-term economic fluctuations,
hese projections create a long-term planning framework
hat has some validity and mirrors the planning framework
sed in the process of health care reform. The transforma-
ion of spending projections to the demand for physician
ervices is based on previous econometric studies.17,18 It is
confirmed by the strong relationship we observed between
demand, as calculated in this manner, and projections of
health care spending after adjustment for the prices of labor
and materials, which approximate the volume of service.
However, we did not consider the decreasing number of
hours worked by physicians37 or the increasing number of
hose hours devoted to documentation, compliance, and
ther nondirect patient care services by all clinicians. These
ould increase the demand for advanced clinicians by an
dditional 10% to 15%.

Of the various supply assumptions, those for APNs and
As are the most secure because both disciplines are in
stablished growth phases. Given the limitations of faculty
nd clinical training sites that APN and PA training pro-
rams face, the lower-enrollment scenario is most likely
nd the high-enrollment scenario seems beyond reach.

Estimates of growth in physician supply are more uncer-
ain. Although medical school capacity has been increas-
ng,47 the limiting factor in the growth of physician supply

is residency positions, which have increased episodically
through the decades.31,32,48 During the last period of med-
ical school expansion in the 1970s, PGY1 positions in res-
idencies approved by the ACGME grew an average of 5.5%
annually.31 However, when medical school expansion
bruptly ceased in 1979, residency growth ceased for a
ecade. It was not until 1989 that growth resumed, al-
hough it was at half the earlier rate. However, this growth
bruptly ceased in 1996, coincident with the Balanced
udget Act of 1997, which capped the number of residency
ositions supported by Medicare.31 After a 6-year pause,

residency growth resumed again in 2001 at an apparent
rate of approximately 2.0% annually,49 although the inclu-
sion of osteopathic physicians in ACGME statistics and
similar factors accounted for as much as half of this appar-
ent growth. Some of the real growth resulted from added
positions in Veterans Affairs hospitals, but most was in
nonfederal hospitals with support from the hospitals. It is
uncertain if this will continue under the reimbursement
pressures of health care reform.

Other avenues for growth in residencies exist. A recent con-
gressional bill would have added support for 15,000 residency
positions at all levels (approximately 3,500 PGY1 positions),
enough to finance Medicare’s portion of growth at 2.0% an-
nually for 7 years, but it was not enacted. However, if shortages
deepen, Congress might be more willing to act. There also is a
body of opinion that some residencies could be shortened.50

During the 1970s, PGY1s accounted for 30% of all residents,
but by 1990 this had dropped to 22%, where it remains today.
This is equivalent to a lengthening of residencies from an
average of 3.5 years in 1970 to 4.5 years. Shortening residen-
cies by an average of 6 months would free up enough positions

to permit a 10% growth in PGY1s.
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So far, federal efforts to ameliorate physician shortages
have been directed toward increasing the proportion of
physicians who choose primary care or general surgery,
both through the Recovery Act and the Affordable Care
Act. However, it will be difficult for physicians in any dis-
cipline to discharge their responsibilities without adequate
numbers of physicians overall.

The conventional alternative has been to include more
NPs and PAs, not only in primary care but in specialty
practices as well.11 What is apparent is that APNs and PAs
re necessary to sustain the workforce in both primary care
nd the specialties, but not sufficient to compensate for the
rowing shortages of physicians in both. The reason lies in
he math: more than two-thirds of advanced clinicians are
hysicians and, in per capita terms, the nation is training
ewer each year. Although the supply of APNs and PAs is
rowing in percentage terms, such increases contribute
roportionately less to the aggregate supply of physicians
lus APNs and PAs.

CONCLUSIONS
What must the nation do? First, the supply of all 3 disci-
plines that constitute the workforce of advanced clinicians
must be maximally expanded, but that will not be enough.
Parallel efforts must be made to strengthen the infrastruc-
ture of clinical practice and to broaden the spectrum of
health care workers who can assist in delivering services.
Finally, the future roles of physicians must be squarely ad-
dressed. It seems inevitable that in the coming era of short-
ages, physicians must be directed toward those elements of
practice that demand the direct participation of physicians
most. The lack of adequate numbers of surgeons and others
who bring unique skills to the care of patients will cripple
the system no matter how else it is staffed.

Even before health care reform, the nation was headed for
serious physician shortages and reform has only made it worse.
Without an adequate supply of highly skilled generalist and
specialist physicians, the fundamental goals of health care re-
form cannot be achieved and the health of the nation will be at
risk.51 These realities must be at the forefront of the health care
genda.
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