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Abstract

In 2020, the United States may face shortages of 45,400 primary care
physicians and 46,100 medical specialists—a total of 91,500 too few
doctors. Unfortunately, health workforce shortages like these are being
advanced as cause for repealing or “defunding” the Affordable Care
Act (ACA). The extension of health insurance coverage to millions of
Americansis a critical first step toward a healthier America. It would be a
national failure to leave millions of Americans without health insurance
coverage because they will generate additional demand. Rather, the
solution is to find ways to meet that demand. Workforce projections
utilizing real data and carefully formulated assumptions to assess how
and why supply and demand change over time can greatly assist policy
makers in finding those solutions. With implementation of the ACA
under way, it is time to understand what lessons such projections can
teach, and to begin to heed those lessons.
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INTRODUCTION

The Affordable Care Act (ACA) was signed into
ACA: Affordable Care law in March 2010. Along with many other ini-

Act tiatives, the ACA seeks to increase access to
AAMC: Association health services by expanding health insurance
of American Medical coverage to more than 30 million Americans by
Colleges 2014 (1). But will there be enough physicians to

meet the anticipated rise in demand, especially
when shortages are already a concern (2)?

The Massachusetts experience is instructive.
Shortages in Massachusetts were projected
across specialties and primary care, even
before state health care reform legislation took
effect, just as national shortages are anticipated
following the ACA. Since implementing
state-based health care reform (through the
Act Providing Access to Affordable, Quality,
Accountable Health Care in 2006), 364,000
more Massachusetts residents have health in-
surance, with the result that 97% of nonelderly
residents are insured. Now in the fifth year
of implementation, Massachusetts is facing its
fifth year of primary care physician shortages.
Not only are more than half of all primary
care practices closed to new patients, but 10
out of 18 physician specialties, for which data
are available, are experiencing shortages as
well (3). Owing to these shortages, nearly one-
third (32.8%) of fully insured Massachusetts
residents reported some type of problem

91,500

—— With ACA
—&— Without ACA

Projected shortages of
patient care physicians

2008 2010 2012 2014 2016 2018 2020
Year

Figure 1

Projected shortages of patient care physicians with and without the Affordable
Care Act (ACA), 2008-2020 (5).
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getting health care in the past 12 months, and
more than one-fifth (22.5%) reported trouble
accessing providers, according to a report
released in 2010 by the Massachusetts Division
of Health Care Finance and Policy (4).

Massachusetts provides important insight
into the potential barriers that may be faced
across the country as coverage is expanded.
However, one state’s experiences may not be
completely replicated in other parts of the
country, where differences in demographics,
health status, and utilization can create a very
different health care landscape. Each state has
the opportunity to improve both its health sys-
tems and access under the ACA. However, na-
tional decisions also must be made. Taking the
provisions of the ACA into account, it is possi-
ble to project potential physician shortages that
may result in the next 10 years.

The Association of American Medical
Colleges (AAMC) Center for Workforce
Studies recently worked with the Lewin Group
to produce updated projections incorporating
current physician supply and utilization data,
more recent population projections, and the
specific provisions of the ACA. Whereas pre-
vious physician supply and demand projections
produced by the Center showed a shortage
of 39,600 doctors in 2015 (2), the new ACA-
adjusted estimates bring that number close to
62,900, with a progressive worsening of the
shortage through at least 2020, as illustrated
in Figure 1. The total projected shortage for
2020, after full ACA implementation, is 91,500
physicians. Without ACA implementation, the
projected shortage for 2020 would still be a
disconcerting 64,100 physicians (5). Although
physicians are only one part of the health
workforce, they are a critical component, and
the trends described here apply to many, if not
all, of the other health professions.

The projected impact of the ACA on
physician workforce shortages adds fuel to the
heated national debate over health care reform,
as these projections are being used by some
to justify calls to repeal the legislation. It must
be acknowledged that, although the legisla-

tion seeks to increase access, this may not be
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possible without the necessary human resources
and more efficient care models. Leaders in
health profession education and health care
delivery must respond to this challenge. The
ACA sets the stage for a transformation in
health care that, if implemented well, will yield
an improved system that allows physicians
and other health professionals to treat patients
more efficiently and effectively. Improving the
health of American citizens is the goal of the
ACA. Rather than retreat from this goal, there
must be a sense of urgency around the simul-
taneous tasks of health workforce expansion,
the creation of new delivery models, and the
redesign of education to support those models.

SOCIETAL IMPLICATIONS OF
HEALTH WORKFORCE
SHORTAGES

Health workforce shortages have significant
implications regarding the ethical commitment
of physicians to social justice, insofar as these
shortages invariably hit the most vulnerable
populations hardest (6). Those with the most
tenuous connections to our health care system
are the first to be affected when extant access
barriers are heightened by an increasingly inad-
equate supply of health care providers. One out
of every five Americans already lives in a fed-
erally designated Health Professional Shortage
Area (7, 8). If shortages worsen, not only will
access become more problematic for the vul-
nerable populations in these rural and inner-
city communities, but their numbers are likely
to grow. The ACA seeks to improve health care
access, but without the necessary workforce in
place this goal remains unattainable.

Even without the ACA, access to all types of
health services would be a growing concern, as
access to both specialist and primary care physi-
ciansis projected to decline over the next decade
(2, 5). An aging population that wants to remain
active as long as possible, and is increasingly
able to do so, will continue to drive up the need
for oncologists, urologists, and other specialist
physicians. If those specialists are inaccessible,
then an aging population may become an

ailing population. For the entire population,
diminished access to primary care limits the use
of preventive health care, resulting in an array
of adverse effects. Workforce shortages lead
to longer waits before even being able to see a
health care professional, and increases in travel
distances once the wait is over. Time spent with
the physician or other provider grows shorter,
even after the longer wait and travel, pushing
an already burdened system closer to its limits
(9). As evidence of a demand that exceeds
supply continues to accrue, prices are unlikely
to remain static. At a time when it is important
to “bend the cost curve” of health care spending
downward, shortages will drive costs higher.

THE METHODOLOGICAL
COMPLEXITY OF WORKFORCE
PROJECTIONS

Addressing physician workforce shortages and
the related unwanted consequences requires
a thorough understanding of the complex fac-
tors that create physician supply and demand.
Even though health care is experienced (sup-
plied and demanded, as it were) on an individual
level, societal dynamics are the driving forces
behind health workforce supply and demand.
Thus, although the health workforce supply
and demand equations are complex, the demo-
graphics of the population, which represent the
ultimate source of both supply and demand, are
largely predictable (10).

The most important demographic trend in
the United States in this regard is population
growth, with the total population expected to
exceed 350 million by 2025—an addition of
40 million people in the next 15 years (8).
Furthermore, older Americans comprise a his-
torically disproportionate share of this rapidly
growing population. The baby boomers have
already begun to turn 65, and this vast cohort
will require significantly more health care per
capita than younger Americans. Older individ-
uals are more likely to have multiple chronic
conditions, requiring more intensive, coordi-
nated care. Over 50% of cancer cases occur
in the elderly population, and after the age of
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65, the likelihood of developing dementia
roughly doubles every five years (11, 12).
Additionally, outpatient visit rates for older
adults have been rising steadily (2).

In the United States, health care use is
driven not only by health status but also by
health insurance. Having health insurance
affects not only how much care is utilized, but
what kind of care is received. In the coming
years, 15 million more Americans will become
eligible for Medicare and another 32 million
are projected to become newly insured under
the ACA (13). When added to the projected
overall population growth, that constitutes
87 million Americans either using health
insurance for the first time or being able to use
health care in ways they had not previously.
The implications for health workforce demand
are profound and worrisome.

Turning to the supply side of the equation,
the nation’s physicians are aging along with
the rest of the nation. As many as one-third
of all physicians in the United States may retire
within the next two decades (5). What is also
troublesome is that analyses of AAMC data sug-
gest physicians may retire earlier than they have
in the past, exacerbating this problem (2). Given
that a physician shortage already exists, as de-
partures from the workforce increase, it will be
even more important to expand educational and
training programs for physicians. Indeed, be-
cause it takes up to 14 years to educate and train
a physician, this expansion is needed immedi-
ately. Only 27,000 new physicians are trained
in the United States each year and, although
medical school enrollment has expanded to ad-
dress anticipated shortages, there has been no
substantial increase in the number of graduate
medical education (GME) residency training
positions supported by the federal government
since the 1997 Balanced Budget Act (14). With-
outadditional GME capacity, the nation cannot
hope to meet its physician workforce needs.

Furthermore, additional factors are altering
the way, and how much, practicing physicians
work. Not only are older physicians retiring,
but changing demographics and work-life ex-
pectations mean that younger physicians are
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working fewer hours than their predecessors
(15). Work-life balance is becoming increas-
ingly important among younger physicians,
many of whom utilize part-time work sched-
ules to accommodate commitments at home. As
a result, medical school graduates are increas-
ingly drawn to specialties with “controllable
lifestyles,” such as anesthesiology, emergency
medicine, diagnostic radiology, and pathology
(16). Increased productivity might partially off-
set these changes in work patterns, but physi-
cian productivity levels historically have been
relatively stable (2).

In this general context of health workforce
shortages, societal trends that seem likely to
worsen these shortages, and disproportionate
burdens on the most vulnerable, the need for
methodological rigor in workforce projec-
tions is greater than ever. It is important to
acknowledge that projections are not forecasts.
Projections are a tool for better understanding
the dynamics of workforce supply and demand,
rather than a predictor thereof. A projection
takes current conditions, develops scenarios
involving a set of educated guesses about
possible future changes in the system, and
looks at the implications of those changes. In
contrast, a forecast explicitly tries to predict
what the future will hold. For example, a
population projection might begin with how
many people we have, then look at what would
happen if changes occurred in birth, death,
and/or net immigration rates. In contrast, a
weather forecast might predict rain tomorrow.

Current workforce conditions are under-
stood in terms of two equations: one for supply
and one for demand. The equations presented
in Figure 2 demonstrate how we can con-
ceive of physician supply and demand. These
equations are fairly detailed but conceptually
straightforward and could be adapted to any
other health profession or to the health work-
force as a whole. Too often, conceptualizations
of the future physician workforce focus on a
single variable. In fact, it was an overemphasis
on a single assumption regarding the adoption
of managed care in the United States that led
the AAMC and other organizations to project
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a Supply =
(Current + New - Exits) x Efficiency
Physician GME Age Teams
hours Enrollment  Economy Structure
IMGs Tools
b Demand =

Population x Health x Utilization

Size Prevalence Access
Demographics Incidence Structure
Supply

Figure 2

A conceptual model for building physician
workforce projections.

a physician surplus in the mid-1990s (17). In
hindsight, it appears that this failure to include
a broader range of variables in the supply and
demand equations may have contributed to the
physician workforce shortages that currently
exist.

Formulated as a multivariate equation,
physician supply is a function of current sup-
ply (how many physicians there are), new supply
(entry from the education pipeline), and exiting
supply (departures from practice, e.g., for re-
tirement or economic reasons). These are then
modified by measures of efficiency, i.e., how
much any one physician can get done (based
on the system in which physicians are operat-
ing, the tools available to them, and with whom
they work). Physician demand stems from the
population (demographics, such as age or gen-
der), its health status (what conditions they have
and the incidence and prevalence of those con-
ditions), and how the population uses physician
services (based on ease of access to the system,
its structure, and available supply).

These are equations for physician ser-
vices, rather than physicians, per se, as they
do include concepts such as efficiency and
utilization rates. Nonetheless, they lay out a
general conceptual framework for measuring,
modeling, and projecting physician supply and
demand in the United States. Indeed, this is the

methodology the AAMC has used for its
physician supply and demand projections.
Carefully developed workforce equations, and
the projections that can be constructed with
those equations, allow us to assess real-world
policy options in a context in which our
assumptions are all made explicit.

With the aid of the Lewin Group’s Physi-
cian Supply and Demand Model (2, 18, 19), we
began with a baseline scenario, which assumes
that current conditions affecting supply and de-
mand (GME slots, utilization rates, etc.) will re-
main steady. Then we asked a series of “What
if?” questions based on what we saw as poten-
tial future changes from the baseline scenario.
These are described in detail in our report (2)
and summarized in Figure 3.

The results of modeling these scenarios
teach us some important lessons about the fu-
ture physician workforce. GME growth appears
crucial to increasing supply, especially insofar as
available policy levers are concerned (assuming
that retirement age is much harder to change).
Forces influencing physician retirement age
need to be better understood. The trend to-
ward younger physicians working fewer hours
is likely to exacerbate any shortage. Economic
growth spurs an increase in demand for medi-
cal services. The anticipated growth in demand,
especially among older Americans, should be a
grave concern for all—even more so than ex-
panded insurance coverage. The greatest po-
tential for lowering demand, as measured in
terms of physicians needed to provide a given
quantity of service, lies in expanding the role of
physician assistants (PAs) and nurse practition-
ers (NPs) and increasing physician productivity.

POLICY INSIGHTS

Health workforce shortages present challenges
to the government, academic medical centers
(AMC:s), and the nation as a whole. Although
projections do not constitute a policy-making
crystal ball, they offer insights that can inform
decisions at the national and state levels, in ad-
dition to decisions made by the programs in
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Robust GME growth (a)
Retire 2 years later (b)
Moderate GME growth (c)
Retire 2 years earlier (d)

)

New physicians work less (e

Baseline (f)
500,000 750,000 1,000,000
Projected physician supply in 2025

Economic growth (g)

Increasing visits per person age 45+ (h)
Universal coverage (i)

NP/PA expansion (j)

NPs/PAs provide more of PC (k)
Productivity increase (/)

Baseline (f)

500,000 750,000 1,000,000
Projected physician demand in 2025

Figure 3

Projected physician supply and demand in 2025, twelve scenarios. (#) Robust
GME growth: Graduate medical education (GME) capacity grows to 32,000
first-year residents. (b) Retire two years later: Physicians retire two years later,
on average, than they currently do. () Moderate GME growth: GME capacity
grows to 27,600 first-year residents. (4) Retire two years earlier: Physicians
retire two years earlier, on average, than they currently do. (¢) New physicians
work less: Younger generations of physicians work fewer hours than physician
cohorts in the past. (f) Baseline: No change in current conditions.

(g) Economic growth: Expected growth in demand that might accompany
economic growth (modeled pre-recession). (b) Increasing visits per person age
45+: Increased health care utilization among Americans aged 45 years or older
(a trend we had observed in data from the National Center for Health
Statistics). (7) Universal coverage: Health insurance coverage is expanded to the
entire population. This was modeled before we knew what health care reform
might look like. () NP/PA expansion: Physician assistant (PA) and nurse
practitioner (NP) supply grows beyond that needed to maintain the status quo
in terms of health care delivery patterns. Increasing numbers of PAs and NPs
are assumed to reduce demand on and for physicians. (k) NPs/PAs provide
more of PC: Expanded role for NPs and PAs in primary care, with these
professions taking on 25% of the primary care currently provided by
physicians. (/) Productivity increase: A 10% increase in physician productivity
between 2007 and 2025.

which physicians train and work. Because key
stakeholders are many and varied, we must ex-
plore potential ways forward that encompass
an array of actors as complex as the factors
that drive health workforce supply and demand.
By understanding the scenarios outlined in
Figure 3, a diverse and courageous group of
health care leaders can meet the problem of
physician shortages head on.
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Expand Graduate Medical Education

The robust expansion of GME has the most
potential in addressing physician workforce
shortages on the supply side of the projec-
tions equation. Yet a crisis surrounding the
availability of funded residency slots looms.
Medical and osteopathic school enrollment has
increased 36% in the past eight years, but this
is only a first step in increasing educational
pipeline output (20). Since 2002, the number
of residents entering GME programs has in-
creased by only 5%, and the number of funded
and available slots for first-year residents in-
creased by only 1.4% last year (21). We are now
approaching a critical point at which the num-
ber of medical and osteopathic school graduates
will likely surpass the number of available resi-
dency positions.

Congress plays a key role in mitigating this
crisis. Unless legislation passes that supports
at least a 15% increase in residency training
slots (adding another 4,000 physicians a year
to the residency pipeline), access to health care
will likely continue to be out of reach for
many Americans (13). Because residents care
for a large portion of Medicare patients, Medi-
care pays for its share of training costs. Caps
were placed on the Medicare reimbursement
for GME positions in the 1997 Balanced Bud-
get Act, and the ACA has provided only mod-
est increases in these caps. Lifting these caps
on the number of residency positions funded
by Medicare would lead to a substantial expan-
sion of GME capacity. The cost to train new
physicians through GME is <1% of the cur-
rent Medicare expenditures (14). If people are
to have timely access to physicians, it is essen-
tial to invest in GME in order to increase the
number of available training positions.

The federal government is not the only
important stakeholder in the robust expansion
of GME. In addition to financial resources,
human resources to meet the needs of residents
are crucial at teaching hospitals and AMCs.
Programs will require additional faculty staffing
and leadership development among current
faculty to achieve the quality of education
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necessary for today’s complex health care
system. Increasing physician supply requires
increased capacity in GME programs, increased
medical school enrollment as recommended
by AAMC in 2006, and time. Because it often
takes more than a decade to educate and train a
physician, AMCs must embrace the innovation
imperative and address the projected workforce
shortages now, by drawing attention to leader-
ship development and propelling our nation’s
faculty forward. Without effective mentors
and teachers in academic medicine, the doctors
of tomorrow will be unable to take on the
increasingly complex work of health care.

Expand Utlization of Nurse
Practitioners and Physician Assistants

Obviously, the supply and demand of health
workers are driven by many social factors that
are difficult to control and address. As seen in
Figure 3 and discussed in the section above,
economic growth, retirement, and work pat-
terns of younger physicians play a significant
role in workforce shortages, and these factors
cannot be altered by any stakeholder. Yet, these
determinants are important to keep in mind
when making policy decisions related to physi-
cian shortages.

Not all factors are as difficult to address
as the economy, retirement decisions, and
generational preferences. The increased use of
NPs and PAs has great potential to significantly
address health workforce shortages. Across
the nation, nurses provide health care services
valued by patients and the overall health
system. The continued expansion of PA and
NP training programs will help lessen the
impact of the projected physician shortage.
Concomitantly, increasing the use of NPs,
PAs, and other health professionals at the top
of their respective skill sets will also make these
jobs both more attractive and more effective.
Even now, prompted by the projected increase
in demand resulting from the implementation
of the ACA, some health insurers are beginning
to extend independent primary care provider
status to NPs even if they do not practice in
medically underserved areas (22).

Increase Physician Productivity

Combining increased capacity for all health
care professionals with models of interprofes-
sional deployment will help ensure an increase
in productivity throughout the physician
workforce. The utilization of team-based care
prompts physicians and nonphysician clinicians
to work with care coordinators, social workers,
nutritionists, and other health workers, thus
creating opportunities for better-coordinated
care and efficient care delivery. Team-based
care also improves chronic care management
while improving efficiencies through elec-
tronic health records, online appointments and
communications, and practice-management
innovations (23). Collaborative care organi-
zations and medical homes, both of which
promote highly integrated team-based and
patient-centered care, are cited as ideal models
for improving outcomes and efficiency (24).
According to an analysis done by the Lewin
Group for physicians who provided a medical
home model, a 26% rise in physician earnings
was seen as patients’ overall health care ex-
penditures declined and satisfaction increased
simultaneously (23). Implementing these
models will help address physician shortages
while bringing costs down and satisfying both
providers and patients.

CONCLUSION

Physician shortages in the United States are al-
ready being felt today, and they will continue to
worsen withoutsignificantinterventions, as dis-
cussed above. Shortages span across specialties
and are not limited to any single region of the
country. For example, the number of U.S. med-
ical school graduates selecting family medicine
fell 27% between 2002 and 2007, a trend that
has shown only a modest reversal more recently,
and the number of general surgeons has de-
creased 26% since 1981 (25). The hardest-hit
patient populations will be those already vul-
nerable and underserved. Physician shortages
will affect health care access, quality, and cost.
Patients will face longer waits and greater travel
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distances when they seek treatment. Increased
use of emergency rooms and delayed treatment
may also result. The problem will only worsen
as population growth and aging result in rising
utilization rates, and the retirement of a third
of currently practicing physicians will further
exacerbate shortages (13). The implications for
the nation are of great concern, but there are
concrete actions that insightful and steadfast
leaders in health care can take.

As the implementation of the ACA contin-
ues forward, the health care community must
have the courage to lead and innovate. Partic-
ularly well-positioned to produce and diffuse
innovation, and thereby to lead reform, are our
nation’s AMCs. These institutions not only ed-
ucate and train the doctors of tomorrow, but
they also function as a major supplier of health
services in their communities while facilitat-
ing research-based transformation. The tripar-
tite mission of AMCs creates an environment
in which new models of care can be created
as groups of providers work collectively to de-
sign and implement highly integrated delivery
systems. These improved systems can serve as
examples for future reform across the coun-
try. The Center for Medicare and Medicaid
Innovation, created under the ACA, was also
given the authority to create Healthcare Inno-
vation Zones, in which willing groups of health
systems and partners, including AMCs, other

SUMMARY POINTS

hospitals, community practitioners, and insur-
ers, can come together to design and test highly
integrated systems specifically tailored to their
region (26). The courage to lead is an essential
component of health reform and the pursuit of
innovation. It has the potential not only to ad-
dress workforce shortages but also to improve
the overall system of health care in the United
States.

From retirement patterns to generational
differences in work-life balance, understanding
our nation’s health workforce needs is an en-
deavor fraught with complexity. Comprehend-
ing these needs is difficult enough, never mind
predicting how they will look in 10 or 20 years.
Yetasense of what the future may hold is critical
to making decisions now. Despite its intricacies,
our health care workforce is amenable to careful
analysis, allowing us to make rational conjec-
tures about how the needs we have today may
look through the lens of tomorrow’s more pre-
dictable circumstances. With this information
and a keen understanding of how supply and de-
mand interact, we are able to glimpse possible
health workforce futures, to gain insights into
how services may be provided and who will re-
ceive these services. Health care workforce pro-
jections are a key health care policy tool. Health
care leaders can use this tool to create a health-
ier future for our most vulnerable populations,
and indeed for us all.

1. In 2020, the nation may face shortages of as many as 45,400 primary care doctors and
46,100 surgeons and medical specialists—a total of 91,500 too few doctors.

2. Potential consequences of physician shortages include diminished access to primary and

specialist care, longer wait times, increased travel distances, decreased time spent with

the physician or other provider, and increasing prices.

3. Physician supply concerns include aging physicians, static growth in the number of grad-

uate medical education (GME) residency training positions supported by the federal

government, and younger physicians working fewer hours.

4. Physician demand concerns include increased utilization by a growing and aging popu-

lation, economic growth, and expanded health care coverage.
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5. Health care workforce projections suggest the following lessons concerning physician
supply. GME growth appears crucial. Forces influencing physician retirement age need
to be better understood; the trend toward younger physicians working fewer hours is
likely to exacerbate any shortage.

6. Health care workforce projections suggest the following lessons concerning physician de-
mand. The anticipated growth in patient population, especially among older Americans,
is an even greater concern than expanded insurance coverage. The greatest potential for
lowering demand lies in expanding the role of physician assistants and nurse practitioners
and in increasing physician productivity.

7. The utilization of team-based care prompts physicians and nonphysician clinicians to
work with care coordinators, social workers, nutritionists, and other health workers to
meet the rising demand of the population.

8. Particularly well-positioned to produce and diffuse innovation, and thereby to lead re-
form, are our nation’s academic medical centers, through the implementation of Health-
care Innovation Zones.

FUTURE ISSUES
1. Additional health care workforce projections are needed that take into account variations

related to geography, as well as specialty and nonphysician supply factors, in order to
understand better where shortages are likely to occur and to what extent.

2. Workforce projections should employ improved methods for assessing demand and its
drivers and go beyond the current approach, which assumes equilibrium at the starting
point.

3. How can the nation go beyond Medicare funding for increasing GME programs? A study
of the public policy options to create a more stable funding stream linked to workforce
projections is needed. For example, what might be the effects of an all-payer trust fund
that eliminates the current dependence on Medicare funding?

DISCLOSURE STATEMENT

The authors are not aware of any affiliations, memberships, funding, or financial holdings that
might be perceived as affecting the objectivity of this review.

LITERATURE CITED

1. 111th U.S. Congress. 2009. HR 3590: Patient Protection and Affordable Care Act. Wash-
ington, DC: US Congress, Dec. 24. http://www.gpo.gov/fdsys/pkg/BILLS-111hr3590pp/pdf/
BILLS-111hr3590pp.pdf

2. Salsberg ES, Dill MJ. 2008. The complexities of physician supply and demand: projections through 2025. Rep.
Cent. Workforce Stud., Assoc. Am. Med. Coll., Washington, DC. https://www.aamc.org/publications

www.annualreviews.org o Physician Workforce Projections

443


http://www.gpo.gov/fdsys/pkg/BILLS-111hr3590pp/pdf/BILLS-111hr3590pp.pdf
http://www.gpo.gov/fdsys/pkg/BILLS-111hr3590pp/pdf/BILLS-111hr3590pp.pdf
https://www.aamc.org/publications

Annu. Rev. Med. 2012.63:435-445. Downloaded from www.annualreviews.org
by University of Tennessee - Knoxville - Hodges Library on 06/11/13. For personal use only.

444

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Massachusetts Medical Society. 2010. Annual physician workforce study. Rep. Mass. Med. Soc.,

Oct.  http://www.massmed.org/AM/Template.cfm?Section=Research_Reports_and_Studies2&
TEMPLATE=/CM/ContentDisplay.cfim&CONTENTID=36166

. Long SK, Phadera L. 2010. Barriers to obtaining health care among insured Massachusetts resi-

dents. Rep. Mass. Div. Health Care Finance and Policy, May. http://www.mass.gov/Eeohhs2/docs/
dhcfp/r/pubs/10/barriers_policy_brief 2010_05.pdf

. Association of American Medical Colleges. 2010. The impact of health care reform on the future supply and

demand for physicians updated projections through 2020. Rep. Assoc. Am. Med. Coll., Washington, DC, June.
https://www.aamc.org/download/158076/data/updated_projections_through_2025.pdf

. Kirch DG, Vernon DJ. 2009. The ethical foundation of American medicine: in search of social justice.

FJAMA 301(14):1482-84

. Health Resources Service Administration. 2010. Shortage designation: HPSAs, MUAs & MUPs. Rep. Health

Resourc. Serv. Admin., Washington, DC, May 28. http://bhpr.hrsa.gov/shortage/

. US Bur. Census. 2008. National population projections: table 1 projections of the population and components of

change for the United States: 2010 to 2050. Rep. Dep. Commerce, Econ. and Statistics Admin., Washington,
DC. http://www.census.gov/population/www/projections/summarytables.html

. Weldon T. 2008. Physician shortages and the medically underserved. Rep. Counc. State Gov., Lexington, KY,

Aug. http://www.csg.org/knowledgecenter/docs/TIA_PhysicianShortage_Final_screen.pdf
Cooper RA, Getzen TE, McKee HJ, Laud P. 2002. Economic and demographic trends signal an impending
physician shortage. Health Aff: 21:140-54

Baranovsky A, Myers M. 1986. Cancer incidence and survival in patients 65 years of age and older. CA
Cancer J. Clin. 36(1):26-41

Wimo A, Prince M. 2010. World Alzbeimer report 2010: the global ecomomic impact of dementia.
Rep. Alzheimer’s Dis. Int., Stockholm, Sweden, Sep. 21. http://www.alz.org/documents/national/
World_Alzheimer_Report_2010.pdf

Association of American Medical Colleges. 2010. Physician shortages to worsen without increases in res-
idency training. Rep. Assoc. Am. Med. Coll., Washington, DC. https://www.aamc.org/download/
150584/data/physician_shortages_factsheet.pdf

Kirch DG. 2010. How to fix the doctor shortage. Wall St. 7. Jan. 4. http://online.wsj.com/
article/SB10001424052748703483604574630321885059520.html

Watson DE, Slade S, Buske L, Tepper J. 2006. Intergenerational differences in workloads among primary
care physicians: a ten-year, population-based study. Health Aff. 25:1620-28

Dorsey ER, Jarjoura D, Rutecki GW. 2003. Influence of controllable lifestyle on recent trends in specialty
choice by US medical students. FAMA 290:1173-78

Kirch DG, Vernon DJ. 2008. Confronting the complexity of the physician workforce equation. J4MA
299:2860-62

Dall T. 2004. Projected supply and demand for physicians. Poster presented at Acad. Health, June 6.
http://www.lewin.com/content/publications/3024.pdf

Bur. Health Prof. 2008. The physician workforce: projections and research into current issues affecting
supply and demand. Rep. Health Resour. Serv. Admin., US DHHS, Rockville, MD. http://www.
uiowa.edu/~ibl/documents/physicianworkforce.pdf

Association of American Medical Colleges. 2010. Results of the 2009 medical school enrollment survey.
Rep. Cent. Workforce Stud., Assoc. Am. Med. Coll., April. https://www.aamc.org/download/124780/
data/enrollment2010.pdf.pdf

Accreditation Council for Graduate Medical Education. 2010. Data Resource Book Aca-
demic  Year 2009-2010. Chicago, IL: ACGME. http://www.acgme.org/acwebsite/databook/
2009-2010_ACGME_Data_Resource_Book.pdf

Kane K. 2010. CareFirst BlueCross BlueShield opens networks and primary care medical home program to
nurse practitioners. Press release, CareFirst BlueCross BlueShield, Nov. 4. http://www.carefirst.com/
media/NewsReleasesDetails/NewsReleasesDetails_20101104.html

Spann SJ; Task Force 6 and the Executive Editorial Team. 2004. Task Force Report 6. Report on financing
the new model of family medicine. Ann. Fam. Med. 2(Suppl. 3):S1-S21

Kirch o Henderson o Dill


http://www.massmed.org/AM/Template.cfm?Section=Research_Reports_and_Studies2&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=36166
http://www.massmed.org/AM/Template.cfm?Section=Research_Reports_and_Studies2&TEMPLATE=/CM/ContentDisplay.cfm&CONTENTID=36166
http://www.mass.gov/Eeohhs2/docs/dhcfp/r/pubs/10/barriers_policy_brief_2010_05.pdf
http://www.mass.gov/Eeohhs2/docs/dhcfp/r/pubs/10/barriers_policy_brief_2010_05.pdf
https://www.aamc.org/download/158076/data/updated_projections_through_2025.pdf
http://bhpr.hrsa.gov/shortage/
http://www.census.gov/population/www/projections/summarytables.html
http://www.csg.org/knowledgecenter/docs/TIA_PhysicianShortage_Final_screen.pdf
http://www.alz.org/documents/national/World_Alzheimer_Report_2010.pdf
http://www.alz.org/documents/national/World_Alzheimer_Report_2010.pdf
https://www.aamc.org/download/150584/data/physician_shortages_factsheet.pdf
https://www.aamc.org/download/150584/data/physician_shortages_factsheet.pdf
http://online.wsj.com/article/SB10001424052748703483604574630321885059520.html
http://online.wsj.com/article/SB10001424052748703483604574630321885059520.html
http://www.lewin.com/content/publications/3024.pdf
http://www.uiowa.edu/ibl/documents/physicianworkforce.pdf
http://www.uiowa.edu/ibl/documents/physicianworkforce.pdf
https://www.aamc.org/download/124780/data/enrollment2010.pdf.pdf
https://www.aamc.org/download/124780/data/enrollment2010.pdf.pdf
http://www.acgme.org/acwebsite/databook/2009--2010_ACGME_Data_Resource_Book.pdf
http://www.acgme.org/acwebsite/databook/2009--2010_ACGME_Data_Resource_Book.pdf
http://www.carefirst.com/media/NewsReleasesDetails/NewsReleasesDetails_20101104.html
http://www.carefirst.com/media/NewsReleasesDetails/NewsReleasesDetails_20101104.html

Annu. Rev. Med. 2012.63:435-445. Downloaded from www.annualreviews.org
by University of Tennessee - Knoxville - Hodges Library on 06/11/13. For personal use only.

24.

25.

26.

Alakeson V, Frank RG, Katz RE. 2010. Specialty care medical homes for people with severe, persistent
mental disorders. Health Aff. 29:867-73

Lynge DC, Larson EH, Thompson MJ, etal. 2008. A longitudinal analysis of the general surgery workforce
in the United States, 1981-2005. Arch Surg. 143(4):345-50

Kirch DG. 2010. The Healthcare Innovation Zone: a platform for true reform. 74MA 303(9):874-75

www.annualreviews.org o Physician Workforce Projections

445



Annu. Rev. Med. 2012.63:435-445. Downloaded from www.annualreviews.org
by University of Tennessee - Knoxville - Hodges Library on 06/11/13. For personal use only.

Contents

Huntington’s Disease: Advocacy Driving Science

Nancy S. Wexler ...

Direct-to-Consumer Genetic Testing: Perceptions, Problems,
and Policy Responses

Timothy Caulfield and Amy L. McGuire ....................c.ccccciiiiiii..

Human Genome Sequencing in Health and Disease

Claudia Gonzaga-Fauregui, Fames R. Lupski, and Richard A. Gibbs ............

The Genetic Architecture of Schizophrenia: New Mutations
and Emerging Paradigms

Laura Rodriguez-Murillo, Joseph A. Gogos, and Maria Karayiorgou ...........

CCRS5 Antagonism in HIV Infection: Current Concepts
and Future Opportunities

Timothy J. Wilkin and Roy M. Gulick ........................ccccooiiiiii..

New Paradigms for HIV/AIDS Vaccine Development

Louis . Picker, Scott G. Hansen, and Feffrey D. Lifson ..........................

Emerging Concepts on the Role of Innate Immunity in the Prevention
and Control of HIV Infection

Margaret E. Ackerman, Anne-Sophie Dugast, and Galit Alter ..................

Immunogenetics of Spontaneous Control of HIV

Mary Carrington and Bruce D. Walker ...............................cco...

Recent Progress in HIV-Associated Nephropathy

Christina M. Wyatt, Kristin Meliambro, and Paul E. Klotman .................

Screening for Prostate Cancer: Early Detection or Overdetection?

Andrew F. Vickers, Monique J. Roobol, and Hans Lilja ...........................

Targeting Metastatic Melanoma

Keith T. FIZherty .................ccooi oo

Nanoparticle Delivery of Cancer Drugs

Andrew Z. Wang, Robert Langer, and Omid C. Farokbzad .....................

R
Annual Review of

Medicine

Volume 63, 2012



Annu. Rev. Med. 2012.63:435-445. Downloaded from www.annualreviews.org
by University of Tennessee - Knoxville - Hodges Library on 06/11/13. For personal use only.

vi

Circulating Tumor Cells and Circulating Tumor DNA
Catherine Alix-Panabieres, Heidi Schwarzenbach, and Klaus Pantel ...................

Translation of Near-Infrared Fluorescence Imaging Technologies:
Emerging Clinical Applications
EM. Sevick-Muraca ..o

Familial and Acquired Hemophagocytic Lymphohistiocytosis
G.E. Fanka .......... ... . .

The Management of Gastrointestinal Stromal Tumors: A Model
for Targeted and Multidisciplinary Therapy of Malignancy
Heikki foensuu and Ronald P. DeMatteo .....................c.cccociiiiiiiiiiiiii,

Carotid Stenting Versus Endarterectomy
David Doig and Martin M. Brown ...

Mitral Valve Prolapse
T. Sloane Guy and Arthur C. Hill ... ...

Telomeres, Atherosclerosis, and the Hemothelium: The Longer View
Abrabam Aviv and Daniel Levy ................. ...t

Aquaporins in Clinical Medicine
AS. Verkman ................

Role of Endoplasmic Reticulum Stress in Metabolic Disease
and Other Disorders
Lale Ozcan and Ira Tabas ........................ccciiiiiiiiiiiiii,

Role of Fructose-Containing Sugars in the Epidemics of Obesity
and Metabolic Syndrome
Kimber L. Stanhope ... ... ... .

Vaccines for Malaria: How Close Are We?
Mahamadou A. Thera and Christopher V. Plowe ........................ccccccoiii..

Crisis in Hospital-Acquired, Healthcare-Associated Infections
David P. Calfee ...

Novel Therapies for Hepatitis C: Insights from the Structure
of the Virus
Dablene N. Fusco and Raymond T. Chung ......................cccccoiiiiiiiii..

Multiple Sclerosis: New Insights in Pathogenesis and Novel
Therapeutics
Daniel Ontaneda, Megan Hyland, and Feffrey A. Coben ................................

"Traumatic Brain Injury and Its Neuropsychiatric Sequelae
in War Veterans
Nina A. SAyer ...

Contents



Annu. Rev. Med. 2012.63:435-445. Downloaded from www.annualreviews.org
by University of Tennessee - Knoxville - Hodges Library on 06/11/13. For personal use only.

Eosinophilic Esophagitis: Rapidly Advancing Insights
J- Pablo Abonia and Marc E. Rothenberg ..................ccccciiiiiiiiiiiiiiiii. 421

Physician Workforce Projections in an Era of Health Care Reform
Darrell G. Kirch, Mackenzie K. Henderson, and Michael 7. Dill ....................... 435

Reducing Medical Errors and Adverse Events
Fulius Cuong Pham, Monica S. Aswani, Michael Rosen, HeelWon Lee,
Matthew Huddle, Kristina Weeks, and Peter . Pronovost ............................ 447

Relationships Between Medicine and Industry: Approaches to the
Problem of Conflicts of Interest

Raymond Raad and Paul S. Appelbaum .........................cccccciiiiiiiiiii. 465
Wireless Technology in Disease Management and Medicine

Gari D. Clifford and David Clifton ... 479
Geographic Variation in Health Care

Tom Rosenthal ... ... ... . 493
Deep Brain Stimulation for Intractable Psychiatric Disorders

Wayne K. Goodman and Ron L. Alterman .................................ccceein.. 511
Contemporary Management of Male Infertility

Peter J. Stabl, Doron S. Stember, and Marc Goldstein .................................. 525
Indexes
Cumulative Index of Contributing Authors, Volumes 59-63 ........................... 541
Cumulative Index of Chapter Titles, Volumes 59-63 ................................... 545
Errata

An online log of corrections to Annual Review of Medicine articles may be found at
http://med.annualreviews.org/errata.shtml

Contents

Vil



	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Medicine
Online
	Most Downloaded Medicine
Reviews 
	Most Cited Medicine Reviews 
	Annual Review of Medicine Errata 
	View Current Editorial Committee

	All Articles in the Annual Review of Medicine, Vol. 63

	Huntington’s Disease: Advocacy Driving Science
	Direct-to-Consumer Genetic Testing: Perceptions, Problems, and Policy Responses
	Human Genome Sequencing in Health and Disease
	The Genetic Architecture of Schizophrenia: New Mutations and Emerging Paradigms
	CCR5 Antagonism in HIV Infection: Current Conceptsand Future Opportunities
	New Paradigms for HIV/AIDS Vaccine Development
	Emerging Concepts on the Role of Innate Immunity in the Preventionand Control of HIV Infection
	Immunogenetics of Spontaneous Control of HIV
	Recent Progress in HIV-Associated Nephropathy
	Screening for Prostate Cancer: Early Detection or Overdetection?
	Targeting Metastatic Melanoma
	Nanoparticle Delivery of Cancer Drugs
	Circulating Tumor Cells and Circulating Tumor DNA
	Translation of Near-Infrared Fluorescence Imaging Technologies:Emerging Clinical Applications
	Familial and Acquired Hemophagocytic Lymphohistiocytosis
	The Management of Gastrointestinal Stromal Tumors: A Model for Targeted and Multidisciplinary Therapy of Malignancy
	Carotid Stenting Versus Endarterectomy
	Mitral Valve Prolapse
	Telomeres, Atherosclerosis, and the Hemothelium: The Longer View
	Aquaporins in Clinical Medicine
	Role of Endoplasmic Reticulum Stress in Metabolic Disease and Other Disorders
	Role of Fructose-Containing Sugars in the Epidemics of Obesity and Metabolic Syndrome
	Vaccines for Malaria: How Close Are We?
	Crisis in Hospital-Acquired, Healthcare-Associated Infections
	Novel Therapies for Hepatitis C: Insights from the Structure of the Virus
	Multiple Sclerosis: New Insights in Pathogenesis and Novel Therapeutics
	Traumatic Brain Injury and Its Neuropsychiatric Sequelaein War Veterans
	Eosinophilic Esophagitis: Rapidly Advancing Insights
	Physician Workforce Projections in an Era of Health Care Reform
	Reducing Medical Errors and Adverse Events
	Relationships Between Medicine and Industry: Approaches to the Problem of Conflicts of Interest
	Wireless Technology in Disease Management and Medicine
	Geographic Variation in Health Care
	Deep Brain Stimulation for Intractable Psychiatric Disorders
	Contemporary Management of Male Infertility




