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Abstract

Background: Physicians play a critical role in healthcare delivery. With an aging US population, population
and a greater insured population following the Affordable Care Act (ACA), healthcare demand is growing a
unprecedented pace. This study is to examine current and future physician job surplus/shortage trends acr
United States of America from 2017 to 2030.

Methods: Using projected changes in population size and age, the authors developed demand and supply

to forecast the physician shortage (difference between demand and supply) in each of the 50 states. Letter
were then assigned based on projected physician shortage ratios (physician shortage per 100 000 people)
evaluate physician shortages and describe the changing physician workforce in each state.

Results:On the basis of current trends, the number of states receiving a grd@® arf“F for their physician
shortage ratio will increase from 4 in 2017 to 23 by 2030, with a total national deficit of 139 160 physician j
2030, the West is forecasted to have the greatest physician shortage ratio (69 physician jobs per 100 000
while the Northeast will have a surplus of 50 jobs per 100 000 people.

Conclusion: There will be physician workforce shortages throughout the country in 2030. Outcomes of this stu

provide a foundation to discuss effective and efficient ways to curb the worsening shortage over the coming d
and meet current and future population demands. Increased efforts to understand shortage dynamics are watr
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Background

estimated existing deficiency of 17 722 primary care pro-

Improving quality of care, increasing access to care, andiiders in the United States of America. Furthermore, in
controlling healthcare costs depend on the adequate avail2020, the United States of America may face shortages of

ability of healthcare providers]]. Due to aging, popula-

45 400 primary care physicians and 46 100 medical spe-

tion growth, and a greater insured population following cialists—a total shortage of 91 500 doctors in 202@][
the Affordable Care Act (ACA), physician availability to Only in the most optimistic supply and demand scenarios
patients has been recognized as one of the top barriers tovould the nation have an adequate supply to meet de-
meet the healthcare needs of patients in the United Statesnand in the year 20207]. In a recent study, the Associ-
of America [2]. For instance, the Bureau of Labor Statisticsation of American Medical Colleges (AAMC) predicted
(BLS) predicts that 91 400 physician jobs will be neededhat by 2030, the demand for doctors will outstrip the sup-
nationally; this is a 13% increase from 2016 to 203%.[ ply and that the United States of America will experience
Meanwhile, it is predicted that there will be a physician a shortage of up to 121 300 physician8].[ The physician
shortage in the next decade because the demand for physhortage is increasing steadily throughout the nation and
sicians is growing faster than the supply of physiciadé [ will influence the delivery of healthcare, thus affecting pa-
According to the Health Resources and Services Administient outcomes negatively.

tration's (HRSA) report in 2011 %], there was an

» Correspondencarernon.lin@va.gov (RN) throughout the state of California in 20059[ 10].
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workers [L1], physical therapists12], occupational thera- United States. The combination of these supply and de-
pists [L3], RN for the United States of Americall], and mand models was used to produce physician shortage
now the physician workforce. This study uses a similarforecasts for the coming years. A grading methodology
methodology as the previous studies to examine the currentwas then used to evaluate individual state shortage ratios
surplus/shortage trends in the physician workforce acrossbetween 2017 and 2030. In order to analyze the national
the United States of America and to make predictions for shortage more specifically, the states were grouped into
these trends to the year 2030. It also applies the methodfour regions (West, Midwest, South, and Northeast) as
ology to each individual stateral assigns a workforce grade defined by the Bureau of Labor Statistics.

to each state. This analysis should prove beneficial in the

development of policies that address the availability of phy-Demand model

sicians throughout the Uited States of America. The demand model was based on the previous model

with updated values. In order to find the demand, the
Methods study team utilized numbers published by the Centers
Design and sample for Medicare & Medicaid Services (CMS) about age-

This article used the same forecast and grading method-based personal health care expenditure (PHE) estimates
ology developed in previous healthcare provider shortagdor 2010 [L6]. Age-population projections from the
forecast studies 14, 15]. Physician job shortages were United States Census Bureau (USCB)7] were used
projected by investigating the differences between physwith the age-based PHE estimates to forecast future de-
ician demand and physician supply in all 50 statesmand for health services until 2030 as a single dollar
(Table 1, key term definitions). With the use of public amount. Using linear regression analysis, the nat®on
databases, a forecasting model was constructed to prohealthcare expenditure was plotted against the BLS-
ject the demand and supply of physician jobs in thereported number of physician jobs nationally from 2004

Table 1 Explanation of key terms
Key terms Definition

Bureau of Labor Statistics (BLS) The official source of labor economic and statistical data for the federal government. Through a semiannual
survey, the BLS produces employment and wage estimates for 800 different occupations on the national, state,
and sub-regional levelanyw.bls.goy.

Centers for Medicare & Medicaid Source of age-based personal health care expenditure estimates.
Services (CMS)

Current Population Survey (CPS) CPS is a monthly survey of about 50 000 households conducted by USCB and BLS. CPS is the primary source o
information on the labor force characteristics of the US population.

Report card A collection of grades assigned to each state based on a grading rubric used for determining stated (20011) or
projected (2030) physician shortage ratios.

National mean 195 Physician jobs per 100 000 people. This value was based on the number of physicians in the United States
of America per 100 000 people for 2011.

Personal health care expenditure An estimate that takes into accouispending for hospital care, physician and clinical services, dental care,

(PHE) other professional services, home healthcare, nursing home care, and healthcare products purchased in retail
outlets” This estimate does not include spending on public health programs, health facility administration,
healthcare research, and the construction of healthcare facilities (Centers for Medicare and Medicaid Services,
2018).

Physicians (including surgeons) Physicians diagnose and treat injuries and illnesses in patients. Physicians examine patients, take medical
histories, prescribe medications, and order, perform, and interpret diagnostic tests. Surgeons operate on
patients to treat injuries, such as broken bones; diseases, such as cancerous tumors; and deformities, such as

cleft palates.

Physician jobs A worker who can be classified as a full-time or part-time physician. This is the fundamental unit of measure
used to estimate physician populations and is counted through a survey conducted by the BLS every 3 years.

Physician demand The estimated number of physician jobs needed to meet population needs.

Physician demand ratio The number of physician jobs needed per 100 000 people.

Physician shortage The difference between a régiemand for physician jobs and that redssupply of physician jobs.

Physician shortage ratio Physician shortage per 100 000 people.

Physician supply The estimated number of physician jobs.

Physician supply ratio The number of physician jobs per 100 000 people.

US Census Bureau (USCB) USCB is a government agency that is responsible for the US Census. USCB is responsible for collecting and

providing relevant data about the people and economy of the United States of America.
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to 2017. This resulted in a slope of 4.14x1QR°=  mean, of 203 physician jobs per 100 000. This value served
0.963). This slope was used to convert change in PHE tas the standard value for comparison for state performances
change in physician jobs for the nation and each statein the years to come. The standard deviation (SD) of the
The equation for the demand model is as follows: physician supply ratios across the 50 states formed the
. . framework of the grading rubric (SD of 50 states is 57 phy-
Dgx = 203 [2017 Projected State Populatipfi0® sicians per 100 000 people in this study). Letter grades were
+4.14 % 107 x (APHEz 20172018+ APHEg 20180010 9iVeN based on the differemcbetween the national mean
and each stafe shortage ratio with the national mean serv-
+...+ APHEr n_1N) ing as the“C” grade. A and F grades were given for phys-
where D is the demandR is the region or state, andV ician job shortage ratios =2 SD from the mean, B and D
is the year and APHEgy 1n=PHEy-PHEy .. The Were +1 SD from the mean, and C+ and-Gvere = 0.5 SD

number 203 is the national mean of physician jobs Tom the mean.

(physician jobs per 100 000 people); 4.14 x i the lin-

ear slope of change in PHE to the number of physicianReSults N _

jobs. This study breaks down physician shortages into three
different levels: national, regional, and state. Nationally,

Supply model physician shortages will continue to grow across the

The propensity or probability of a US citizen to work as country through 2030 (Fig.1). The United States of

a physician was calculated using estimates provided bg*merica will face an estimated shortage of 139 160 phy-
the Current Population Service about the physician age-Sicians by 2030, and this significant shortage will have
population [1§]. Physician population estimates were Varying impacts on each region. Among the four regions,
collected over the course of 14 years from 2004 to 2017h0se with the largest estimated shortage in 2030 will be
in the following seven age groups: 16 to 19, 20 to 24, 28n€ South (92172 jobs) and the West (63 589 jobs); the
to 34, 35 to 44, 45 to 54, 55 to 64, and 65 and o|der_M|dwest will have a lower shortage of 16 291 jobs. The
These numbers were then divided by the population in NOrtheast is the only region predicted to have a surplus
the same age groups which yielded the physician pro°f phy5|_C|_an jobs with an excess of 28 627 jobs. In terms
pensity. The following formula contains details of the Of Physician shortage ratios in 2030, the West is fore-

supply model: casted to have the greatest shortage (69 physician jobs
per 100 000 people) followed by the South with 62 phys-
Sgn = BLS 017+ ZR(L 4 X (ApopAyzomom) ician per 1204290 tE)eople.1(1)'8eoz\)/loidwezt \;1vill lt}av?] a shor?l-I
I APOP. age ratio o jobs per , and the Northeast wi
* ZR( ax( A‘2017’2018> * have a surplus of 50 jobs per 100 000.
+ ZR(LA x (APOPyx-1v) On the state level (Table2), the states with the

greatest estimated physician shortage will be Califor-
nia (32 669 jobs), Florida (21 978 jobs), and Texas
(20 420 jobs). In terms of shortage ratio (physician
shortage per 100 000 people), the states with the lar-
gest shortage ratio will be Mississippi (120), New
Mexico (101), and Louisiana (100). The states with
the least shortage in terms of shortage ratio are Mas-

Report card
The method used to determine grading in this article is sachusetts £ 145), Vermont 6.95)’ and_New York .
76). Each state shows an increase in shortage ratio

the physician shortage, which is the difference between

the physician demand and the physician supply perranging from 16 to 57 people per 100 000 when com-
100 000 people, as shown in the following equation. paring the data between 2017 and 2030 (Tab).

States with the largest increase in shortage ratio will
[Staté Physician Demand[Staté Physician Supply be New Mexico (57), Wyoming (57), and Delaware

where S is the supply,R is the region or stateN is the
year,L is the likelihood averaged over 14 years, aAds
the age groupAPOP, y_1 5= age group-specific Popula-
tiony - Populationy_;; and BLSg:7 is the number of
physician jobs reported by the BLS in 2017.

[Staté Total Population (54). With regard to grades, in 2017, there were two
« 10° As, five Bs, seven C+s, 19 Cs, 13< four Ds, and 0
— [Staté Physician Shortage Ratio F. Only Massachusetts and Vermont had an A grade.

In 2030, there will be one A, three Bs, two C+s, 10

The national and state numbers of physician jobs in 2017Cs, 11 Gs, 22 Ds, and 1 F with Massachusetts being
were retrieved from the BLS1[]. Population projections the only one having a grade of A. Using a numeric
were obtained from the USCB1[7]. The report card was grading scale in which A=4, B=3, C+=2.33, C=2,
based on the national physician supply ratio, or nationalC-=1.67, D=1, and F=0, the national grade point
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Fig. 1 Projected physician demand and physician supply for the United States of America from 2017 to 2030

average was 2.06 in 2017, a C grade average. By tldthough at the national level, only 30.3% of all active
year 2030, this national grade point average is exphysicians are 60 years old and aboa§][ From 2006 to

pected to decrease to 1.56, a~Qyrade average. 2016, the number of medical students at Doctor of
Medicine (MD) and Doctor of Osteopathic Medicine
Discussion (DO) schools increased by 20.7% (7387 students), and

This study predicts that the demand for physician ser-the number of residents and fellows increased by 12.8%
vices will significantly outpace the supply of physicians(10 429 students)20]. On the basis of current trends,
within the United States of America from 2017 to 2030, the number of new licensees per year is not large
causing many states to face severe physician workforcenough to replace these physicians as they retire, and
shortages (Fig2). By 2030, 34 out of 50 states will have physician demand will outpace the physician supply
physician shortages with a grade of-Gand below. Most  within the state of California 21].
of these states are located in the South and West re- Florida and Texas, the two other states with the largest
gions, which is consistent with our prior publications re- physician shortage, are experiencing similar situations as
garding the shortage of nursed4, 15]. California. These two states are on the top of the list of
Examination of the healthcare workforce is difficult the fastest-growing states in the United States of Amer-
due to the complexity of factors (e.g., population growth, ica. In the next 10 years, Florida population will in-
age, economics, healthcare policy, healthcare practicesrease by 30% and Texas will increase by 22%.
geography, models of care, new technologies, and innoFurthermore, by 2030, the aging population will increase
vations) that affect supply, demand, and balance betwee@3% and 55% in Florida and Texas, respectively. Physi-
supply and demand in each state. By 2030, the followingians are aging along with the general population in
states will have the largest physician shortages (the numthese two states, which will have a profound impact on
ber of physician jobs): California (32 669 jobs), Floridathe physician workforce. Approximately, 34.3% of all ac-
(21 978 jobs), and Texas (20 420 jobs). The key reasorsve physicians in Florida 22] and 27.2% of all active
for high shortages in these three states are attributed tophysicians in TexasZ3] are over 60 years old. It should
high physician demand from the growth of the total be noted that Florida has the seventh oldest physician
population, aging state population, and aging physiciangopulation in the United States of America2p] with a
without an adequate commensurate increase in phystotal of 16.6% of its physicians planning to retire in the
ician supplies. Taking California as an example, the stataext 5 years 24]. In the past 10 years, these two states
population and elderly population will grow by 112% rapidly expanded their number of medical students, resi-
and 148% between 2017 and 2030, respectively. Meardents, and fellows. From 2006 to 2016 in Florida, there
while, 33.4% of all active physicians in California arewas a 70.9% increase in the number of medical students
over 60years old and within 5years of retirement,and a 50.5% increase in the number of residents and
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Table 2 States organized by BLS-defined region and the change in physician-related factors-203D17
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