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State Scope of Practice Laws and Employed Physician Assistants

Abstract

Objective
This study examined if the variation in Physician Assistant (PA) state Scope of Practice (SOP) laws 
across states are associated with number of employed PAs, PA demographics and PA/population ratio per 
state. The hypothesis was that less restrictive SOP laws will increase the demand for PAs and the number 
of PAs in a state.

Design
Retrospective cross-sectional analysis at three time points: 1998, 2008, 2017.

Setting
Fifty states and the District of Columbia.

Participants
Employed PAs from 1998-2017.

Methods
SOP laws were categorized as ideal, average and restrictive. Three national datasets were combined to 
allow for descriptive analysis of employed PAs by year and SOP categories. We used Mann-Whitney U 
test to analyze number of PAs by SOP categories and least-squares regression to compare PA/population 
ratio and SOP categories for each time point.

Results
There was a median PA/population ratio of 23 per 100,000 population in 1998 and 33 in 2017. A 
heterogenous expansion of SOP laws was seen with 16 states defined as super expanders while 16 were 
never adopters. In 2017, comparing restrictive to ideal states showed that ideal SOP laws were associated 
with a 16.5 (p .01) increase in ratio of employed PAs per 100,000 population, demonstrating that states 
with ideal SOP laws have an increased PA density.

Conclusions
There has been steady growth in the mean PA/population ratio since the turn of the century. At the same 
time, PA scope of practice laws in the United States have expanded, with just ten states remaining in the 
restrictive category. Ideal SOP laws are associated with an increase in the ratio of employed PAs per state 
population. As states work to meet the projected physician need, SOP expansion may be an important 
policy consideration to increase the PA workforce.

Key Words
Physician Assistant, Scope of Practice Laws, Workforce, Employment
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Strengths and Limitations
 Data from the Bureau of Labor and Statistics (BLS) provided employed Physician Assistants 

(PAs) census data for all employed PAs from 1998-2017 for all 50 states and the District of 
Columbia.

 Comprehensive state legislative SOP data from the American Academy of Physician Assistants 
(AAPA) was cross referenced and verified for each state and each year and then combined with 
the annual employment data from the BLS.

 This is the first study analyzing two decades of national PA employment for all 50 states and the 
District of Columbia across three time points to describe the effect of state SOP laws on PAs.

 The analysis did not include other possible confounding variables that may impact PA 
employment numbers, including physician or nurse practitioner employment numbers, or state 
and federal healthcare legislative policies.

 The analysis was not unable to account for lag time in terms of when the SOP laws were passed 
and the PA employment occurred.
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State Scope of Practice Laws and Employed Physician Assistants

INTRODUCTION

The Association of American Medical Colleges projects a shortage of 46,900 to 121,900 physicians by 

2032.1 Analysis of workforce supply and demand at the state level reveals that this shortage will likely be 

distributed unequally; some states have a lower supply of providers than others, rural shortages tends to 

be worse than urban settings, and some specialties are in greater demand than others.2-4 Increased use of 

Physician Assistants (PAs) is one potential solution that has been proffered to address the current and 

anticipated deficiency.5-7 One important factor that can facilitate or restrict the capacity of PAs to fill the 

provider shortage is state scope of practice (SOP) laws.8,9

Research indicates that favorable SOP legislation is associated with an increase in the supply of 

healthcare providers.10 A number of previous studies have demonstrated that the supply of PAs and Nurse 

Practitioners (NPs) within a state is inversely related with the restrictiveness of SOP laws.8,11-16 In 2010, 

the Institute of Medicine report on the Future of Nursing recommended full SOP for nurses, which 

became the catalyst for SOP expansion for NPs.17 While striving to work at the top of their license, NPs 

have shown that restrictions on SOP is associated with reduced growth and number of available NPs in 

communities.9 One 2009 study of PAs noted that SOP laws may effect PA/population ratio by state but to 

date, the effect of SOP on PA employment has not been clearly delineated.8

Throughout the decades, PAs have worked at the state level to push for expansion of PA practice 

laws to decrease the barriers to providing patient care. These efforts occur state by state with, for 

example, 20 states in 2017 proposing legislation to amend SOP laws for PAs.18 Despite this work, there 

remains wide variation in PA SOP laws in the United States, ranging from highly restrictive to top-of-

license practice.8,19 In support of top-of-license practice, in 2017, the American Academy of Physician 

Assistants (AAPA) moved to adopt Optimal Team Practice (OTP), this proposed practice act is intended 

to further increase the autonomy of PAs.20 The tenets of OTP include eliminating a legal requirement for 

a specific relationship with a physician, creating a separate majority-PA board to regulate PAs, and 

authorize PAs to directly bill for services.21

Fifty years since the inception of the PA profession, there has been a demographic shift from 

predominantly male to majority female and from largely primary care providers to specialists.22,23 At the 

same time, the profession remains young with the median age of employed PAs remaining steady at 38 

years old since 2012.24 It is unknown if this demographic shift is due, at least in part, to changes in SOP 

laws. The purpose of this study was to examine whether, and to what degree, variation in PA state SOP 

laws across states are associated with 1) number of employed PAs per state; 2) PA demographics and 3) 

PA/population ratio per state. The hypothesis was that restrictive SOP laws limit the demand for PAs, 
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with subsequent impacts on the PA workforce, while less restrictive SOP laws will increase the demand 

for PAs and therefore the number of PAs in a state.

METHODS
Cross-sectional analysis at three time points (1998, 2008, 2017) was used to estimate the association of 

state scope of practice laws and the PA/population ratio, comparing states with restrictive SOP with 

average and ideal SOP laws. Three time points were used to demonstrate the change in SOP laws and 

impact over time. We used three SOP categories ideal, average and restrictive, based on the number of PA 

SOP Key Elements which builds upon prior work by Wing et al.16

Data sources and setting

Data were obtained from the Bureau of Labor and Statistics (BLS), AAPA census, and the AAPA 

database on PA legislative history for all fifty states and the District of Columbia from 1998 to 2017. The 

three datasets were combined to allow for analysis of the years of 1998, 2008 and 2017.25 The University 

of Utah Institutional Review Board (IRB) determined that this project does not meet the definition of 

Human Subject Research.

Sample/Participants

The combined state/year dataset (N=153) included number of employed PAs in each state (51 states for 3 

time points) from the BLS, PA demographics from the AAPA census and state SOP laws from AAPA 

legislative history. Response rates for AAPA census report was unknown for 1998, 34.5% in 2008 and 

10.2% in 2017.

Variables

Data from BLS provided the number of clinically active PAs employed by state and by year.25 PA ratio 

was then calculated as: [employed PA in that year/state population in year26-28]*100,000. When 

comparing PA/population ratio over time the researchers defined states as super expanders, contractors, 

slow expanders and never adopters. Super expanders are defined as states with at or above the median 

ratio in 1998 and remained at or above the median in 2017. Contractors are defined as states with at or 

above the median ratio in 1998 and fell below the median in 2017. Slow expanders are defined as states 

with below the median in 1998 and rose to at or above the median PA/population ratio by 2017. Never 

adopters are defined as states with below the median PA/population ratio in 1998 and remained below in 

2017.
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The AAPA established the ideal PA practice act which includes the 6 Key Elements of a Modern 

PA Practice Act: 1) licensure as a regulatory term, 2) full prescriptive authority, 3) scope of practice 

determined at the practice level, 4) adaptable collaboration requirements, 5) co-signature requirements 

determined at the practice level and 6) number of PAs a physician may collaborate with determined at the 

practice level.29 Data from AAPA included which six key elements were approved in each state by year 

and the total number of six key elements was calculated. Consistent with prior research, each state was 

categorized into one of three SOP groups based on the number of key elements adopted: ideal SOP (5-6 

elements), average SOP (3-4 elements) and restrictive SOP (0-2 elements).16 The AAPA census provided 

mean age and mean female gender. Mean age and female gender was weighted by number of PAs 

employed in each state. There were no missing data for the number of key elements, mean age, or mean 

gender. For number of employed PAs in 2008 there was missing data for District of Columbia, California 

and Pennsylvania. Missing data for 2008 were imputed by taking the average of the number of PAs from 

2007 and 2009.

Statistical analysis

Descriptive statistics were used to demonstrate the geographic location and change in the number of states 

categorized as ideal, average, and restrictive SOP with the PA/population ratio for each state for the years 

of 1998 and 2017 and presented visually with maps. The change in PA/population ratio per state over the 

time period relative to the median PA/population ratio for the nation was determined and presented 

visually with a map. Descriptive statistics by year and SOP categories was determined including number 

of states, number of employed PAs, number of female PAs, and mean age of PAs.

The Mann-Whitney U test was used to determine whether there was a statistically significant 

difference in the number of PAs by SOP categories for each of the years: 1998, 2008 and 2017. Mean age 

and number of female PAs for each scope of practice level were determined using least squares 

regression, incorporating weights to account for state-level differences in PA population demographics. 

Least-squares regression was used to compare PA/population ratio and SOP categories with restrictive as 

the reference for the years of 1998, 2008 and 2017. All analyses were conducted using SAS version 9.4.

RESULTS
Over the study period, the number of states in the ideal SOP category increased, as did the PA ratio. The 

number of ideal states increased from 2 in 1998 to 7 in 2008 and 16 by 2017, while the restrictive states 

went from 30 in 1998 to 20 in 2008 and 10 in 2017. (See Figure 1 and 2) In 1998 the median 

PA/population ratio was 23 PAs per 100,000 population and 33 per 100,000 in 2017. Figure 3 shows that 
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16 states are defined as super expanders while 10 states are contractors, 9 are slow expanders, and 16 are 

never adopters. (See supplemental table for PA/population ratio of each state)

There is an association between SOP laws and number of employed PAs seen only in 1998, with 

employed PAs more likely to be in restrictive states compared to average states (p 0.03). Since 1998, the 

number of PAs in the US has grown from 61,980 employed PAs to 109,200 in 2017. (See Table 1) Of 

interest, in 1998 73.4% of PAs were employed in a restrictive SOP state which decreased to 39.7% in 

2008 and 15.1% by 2017. As of 2017, the majority of PAs (51.7%) are employed in average states with 

33% employed in ideal states.

There is an association between PA gender and SOP categories in 1998, with a per state mean of 

female PAs higher in restrictive states compared to average (p 0.02) and ideal (p 0.048). Over the study 

period, the state total mean number of PAs increased, while the mean number of female PAs in ideal 

states increase from 792.4 in 1998 to 4,145.3 in 2017. No association is seen between SOP categories and 

age. (See Table 1) Meanwhile, the mean age of employed PAs remained steady at 40–41 years old across 

all time points.

Table 2 presents the associations between PA/population ratio and SOP categories. States with 

ideal and average SOP laws compared to restrictive states in 1998 did not differ significantly in their 

PA/population ratio. However, in 2008, comparing restrictive to average, and restrictive to ideal states 

was associated with 10.2 (p 0.03), and 14.8 (p 0.03) increase in ratio of employed PAs per 100,000 

population. In the year 2017, comparing restrictive to average, and restrictive to ideal states was 

associated with 11.1 (p 0.049), and 16.5 (p 0.01) increase in ratio of employed PAs per 100,000 

population.
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Table 1 Demographics of employed PAs by state scope of practice categories in 2017, 2008, and 1998

2017 2008 1998

Ideal Average Restrictive Total Ideal Average Restrictive Total Ideal Average Restrictive Total

State # 16 25 10 51 7 24 20 51 2 19 30 51

Practicing PA # (%)
Min (state)
Max (state)

36,080 (33.0)
220 (WY)

12,150 (NY)

56,630 (51.9)
240 (VT)

11,110 (CA)

16,490 (15.1)
250 (MS)

6,080 (PA)

109,200
220 (WY)

12,150 (NY)

8,200 (11.5)
210 (WY)
3,060 (NC)

34,935 (48.8)
110 (AR)

7,890 (NY)

28,400 (39.7)
180 (VT)

4,010 (FL)

71,535
110 (AR)

7,890 (NY)

2,510 (4.0)
570 (ME)

1,940 (NC)

13,950 (22.5)
100 (WY)
2,180 (IL)

45,520 (73.4)
170 (ND)

5,660 (CA)
R vs A
P=0.03

61,980
100 (WY)
5,660 (CA)

Mean # of Employed 
female PA per state a

(95% CI)

4,145.3

(1,250.7, 7,039.8)

3,338.0

(1,648.5, 5,027.5)

2,676.4

(1,051.4, 4,301.4)

3,504.8
(2,123.3, 4,886.3)

1,488.8

(961.8, 2,015.9)

2,737.1

(1,221.8, 4,252.4)

1,527.9

(1,017.8, 2,038.0)

2,114.0

(1,196.6, 3,031.3)

792.4

(458.5, 1,126.4)

I vs R
P= 0.048

736.2

(490.0, 982.3)

A vs R
P=0.02

1,391.5

(900.9, 1,882.1)

Reference

1,219.7

(816.5, 1,622.9)

Mean age a

(95% CI)
39.6

(38.8, 40.5)
40.1

(39.1, 41.0)
38.6

(37.3, 39.9)
39.7

(39.0, 40.4)
42.9

(41.2, 44.6)
41.2

(40.1, 42.4)
41.0

(39.9, 42.2)
41.3

(40.6, 42.1)
40.9

(40.2, 41.7)
40.7

(39.8, 41.6)
41.0

(40.2, 41.8)
40.9

(40.3, 41.5)

CI: Confidence Interval, R: Restrictive, A: Average, I: Ideal, Min: Minimum, Max: Maximum
Restrictive is defined as 0-2 key elements, average 3-4, ideal 5-6
P-value <0.05, statistically significant
a Mean number of female PAs and mean age is weighted by number of employed PAs by state

Table 2 Ratio of employed PAs by state scope of practice categories, 2017, 2008, and 1998

2017 2008 1998

Ideal Average Restrictive Total Ideal Average Restrictive Total Ideal Average Restrictive Total

Mean ratio of employed PAs per 100,000 population

Mean
(95% CI)
P-value

42.6
(35.3, 49.9)

0.01
I vs R

36.7
(30.9, 42.6)

0.055
A vs R

26.1
(16.8, 35.3)

-
Reference

36.5
(32.2, 40.8)

36.2
(24.7, 47.7)

0.03
I vs R

31.7
(25.5, 37.9)

0.03
A vs R

21.1
(14.3, 27.9)

-
Reference

28.2
(23.7, 32.7)

35.1
(21.2, 48.9)

0.12
I vs R

25.2
(20.7, 29.7)

0.65
A vs R

23.9
(20.4, 27.5)

-
Reference

24.9
(22.1, 27.6)

CI: Confidence Interval, R: Restrictive, A: Average, I: Ideal, Min: Minimum, Max: Maximum
Restrictive is defined as 0-2 key elements, average 3-4, ideal 5-6
P-value <0.05, statistically significant
Ratio = [employed PA in that year / state population in year] * 100,000
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DISCUSSION

This is the first study to demonstrate that states with ideal SOP laws have an increased PA density. In 

2017, states with ideal SOP had 43 PAs per 100,000 population while restrictive states had 26 PAs per 

100,000 people. The PA/population ratio remained higher in ideal states compared to restrictive at each 

time point with this difference in ratio increasing over time from 11.2 in 1998 to 16.5 in 2017. This 

finding suggests that restrictive SOP laws limit demand for PAs and therefore limit supply. This outcome 

is similar to research on nurse practitioners where restrictions on SOP have been noted to affect 

productive capacity and provider supply.14 This study shows a decrease in PA supply in states with 

restrictive SOP laws compared to states with ideal SOP laws, which may be from a lack of demand but 

this is not clear. Further investigation is needed to determine if a specific SOP key element is associated 

with PA employment numbers. Also, future research at the state level is needed to understand the possible 

interplay of state SOP laws and organizational policy.

Over the study period, there has been a decrease in the number of states with restrictive SOP 

laws, with a resulting change in the number of employed PAs from majority restrictive states to average 

and ideal states. These results expand the findings of Wing et al. (2004) and Gadbois et al. (2015) that PA 

SOP laws continue to expand and vary widely by state.16,30 As of 2017, 16 states have ideal practice laws, 

but the majority of states remain with average SOP, while 10 still have restrictive. This leaves a 

heterogeneity in state SOP laws with only 15% of PAs employed in a restrictive SOP states as of 2017. It 

is unclear if PAs are moving away from restrictive SOP states or if there is a lack of demand to draw them 

to these states. With the majority of employed PAs in average or ideal states, it is understandable why the 

constituents of pushed for AAPA to change its policy to recommend Optimal Team Practice with a desire 

for increased practice autonomy. Research needs to focus on the impact that this expanded autonomy has 

on PA employment on both the expanded practice states and the restrictive practice states.

As there have been decades of SOP expansion and growth in the number of PAs, the median 

PA/population ratio has also risen. However, as of 2017 half of US states are defined as contractors or 

never adopters, with PA/population ratios below the national median. It is unclear if nurse practitioners or 

physicians are filling this provider gap. A recent study found that by expanding SOP laws for both PAs 

and NPs, the primary care workforce capacity increased particularly in rural areas, but that this change 

was limited.31 As states work to address the projected physician shortage, the findings of this study are 

consistent with the hypothesis that SOP expansion will increase the PA workforce in a state. This finding 

allows for future research to examine the difference in patient access and health outcomes by state and 

PA/population ratio in the United States. This also highlights research that indicates that perhaps PA 

demand and daily work is not impacted as much by state SOP laws as organizational policies.32 This 

study by Pittman et al. found that SOP laws were not associated with hospital privileges and that within 
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one state there was significant variation.32 The findings of this study support our hypothesis that states 

with expanded SOP laws have a higher demand for PAs and therefore a higher number of employed PAs. 

This sheds some light on state to state variations in employment but more research is needed to 

understand the countless factors at play at the state level in the supply and demand for PAs.

Limitations

This study has a number of important limitations. First, we analyzed cross-section data at three 

timepoints, which may limit generalizability of the findings. However, to gain an understanding of 

causation, longitudinal analysis needs to be undertaken. Second, the low annual response rate for the 

AAPA data on PA demographics which was unknown in 1998 and ranged from 35-10% for the other 

timepoints may lead to a sampling bias towards or away from the null. Third, this analysis did not include 

other possible confounding variables that may impact PA employment numbers, including physician or 

nurse practitioner employment numbers, or state and federal healthcare legislative policies. Fourth, we 

were unable to account for lag time in terms of when the SOP laws were passed and the PA employment 

occurred. These limitations are counterbalanced by a number of important strengths, including the robust 

SOP data provided by AAPA that was cross referenced and verified for each state and each year 

combined with annual employment data from the Bureau of Labor and Statistics.

CONCLUSIONS
PA scope of practice laws in the United States have expanded since the turn of the century, with most 

states with average SOP, and ten states remaining in the restrictive category. Meanwhile, there has been 

steady growth in the mean PA/population ratio from 23 to 33 per 100,000 population over the same two 

decades. States with ideal SOP laws have an average of 16.5 more PAs per 100,000 population compared 

to a state with restrictive SOP laws. As states work to meet the projected physician shortage, this study 

supports the principle that SOP expansion may be an important lever to assist with increasing the PA 

workforce in a state. Future research needs to incorporate a longitudinal analysis with lag times to 

understand if specific key elements impact PA employment and the timeframe of that impact.
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Supplemental Table 1: State Ratioa of Physician Assistants per 100,000 Population per State in 1998, 2008, and 2017
State 1998b

Ratio/100,000 Population
2008

Ratio/100,000 Population
2017c

Ratio/100,000 Population
Super Expanders
Alaska (AK) 26 42 69
Arizona (AZ) 56 22 33
Connecticut (CT) 31 36 53
Delaware (DE) 39 29 49
District of Columbia (DC) 46 97 72
Georgia (GA) 24 25 37
Maine (ME) 45 55 59
Maryland (MD) 35 27 50
Massachusetts (MA) 26 39 44
New York (NY) 24 41 62
North Carolina (NC) 25 33 44
North Dakota (ND) 26 52 38
South Dakota (SD) 29 53 68
Utah (UT) 25 23 38
Vermont (VT) 47 29 38
West Virginia (WV) 39 35 36
Wisconsin (WI) 35 28 33
Contractors
Florida (FL) 26 22 27
Hawaii (HI) 29 23 23
Idaho (ID) 27 31 31
Missouri (MO) 23 11 16
New Mexico (NM) 25 34 32
Oklahoma (OK) 38 30 32
South Carolina (SC) 24 13 26
Texas (TX) 24 16 25
Washington (WA) 27 28 31
Slow Expanders
Colorado (CO) 21 27 57
Iowa (IA) 22 23 33
Kansas (KS) 19 23 33
Michigan (MI) 21 30 48
Minnesota (MN) 19 25 38
Montana (MT) 21 59 54
Nebraska (NE) 22 49 61
New Hampshire (NH) 17 38 53
Pennsylvania (PA) 19 30 48
Wyoming (WY) 20 38 38
Never Adopters
Alabama (AL) 9 8 15
Arkansas (AR) 14 4 17
California (CA) 17 20 28
Illinois (IL) 18 20 21
Indiana (IN) 22 13 20
Kentucky (KY) 11 15 22
Louisiana (LA) 22 14 19
Mississippi (MS) 19 8 8
Nevada (NV) 13 18 19
New Jersey (NJ) 14 11 26
Ohio (OH) 15 14 26
Oregon (OR) 18 17 30
Rhode Island (RI) 13 21 23
Tennessee (TN) 20 21 24
Virginia (VA) 19 18 31

Super Expanders: At or above 1998 median & at or above 2017 median
Contractors: At or above 1998 median & below 2017 median
Slow Expanders: Below 1998 median & at or above 2017 median
Never Adopters: Below 1998 median & below 2017 median

a PA Ratio = (employed PA in year/state population in year) * 100,000
b The median ratio for 1998 was 23 PAs per 100,000 population per state.
c The median ratio for 2017 was 33 PAs per 100,000 population per state.
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Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or 
the abstract

2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported
4-5

Objectives 3 State specific objectives, including any prespecified hypotheses 4-5

Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection
5

(a) Cohort study—Give the eligibility criteria, and the sources and 
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and 
methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and 
methods of selection of participants

5Participants 6

(b) Cohort study—For matched studies, give matching criteria and 
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the 
number of controls per case

N/A

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 
and effect modifiers. Give diagnostic criteria, if applicable

5-6

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group

5

Bias 9 Describe any efforts to address potential sources of bias 8
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why
5-6

(a) Describe all statistical methods, including those used to control for 
confounding

6

(b) Describe any methods used to examine subgroups and interactions 6
(c) Explain how missing data were addressed 6
(d) Cohort study—If applicable, explain how loss to follow-up was 
addressed
Case-control study—If applicable, explain how matching of cases and 
controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking 
account of sampling strategy

6

Statistical methods 12

(e) Describe any sensitivity analyses None
Continued on next page
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Results
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the study, completing follow-up, and analysed

6-7
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Participants 13*
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Supplemental 
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6-7
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Descriptive 
data
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(c) Cohort study—Summarise follow-up time (eg, average and total 
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Outcome data 15*
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included
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Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses

Supplemental 
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Discussion
Key results 18 Summarise key results with reference to study objectives 7-9
Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any potential 
bias

8

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence

7-9
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Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is 
based

9
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available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
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Cross-sectional Analysis of United States Scope of Practice Laws and Employed Physician 
Assistants

Abstract

Objective
This study examined if the variation in Physician Assistant (PA) state Scope of Practice (SOP) laws 
across states are associated with number of employed PAs, PA demographics and PA/population ratio per 
state. The hypothesis was that less restrictive SOP laws will increase the demand for PAs and the number 
of PAs in a state.

Design
Retrospective cross-sectional analysis at three time points: 1998, 2008, 2017.

Setting
Fifty states and the District of Columbia.

Participants
Employed PAs in 1998, 2008, 2017.

Methods
SOP laws were categorized as permissive, average and restrictive. Three national datasets were combined 
to allow for descriptive analysis of employed PAs by year and SOP categories. We used linear predictive 
models to generate and compare PA/population ratio least square means by SOP categories for each year. 
Models were adjusted for percent female PA and PAs mean age.

Results
There was a median PA/population ratio of 23 per 100,000 population in 1998 and 33 in 2017. A 
heterogenous expansion of SOP laws was seen with 17 states defined as super expanders while 15 were 
never adopters. In 2017, comparing restrictive to permissive states showed that in adjusted models 
permissive SOP laws were associated with 11.7 (p .03) increase in ratio of employed PAs per 100,000 
population, demonstrating that states with permissive SOP laws have an increased PA density.

Conclusions
There has been steady growth in the mean PA/population ratio since the turn of the century. At the same 
time, PA scope of practice laws in the United States have expanded, with just ten states remaining in the 
restrictive category. Permissive SOP laws are associated with an increase in the ratio of employed PAs 
per state population. As states work to meet the projected physician need, SOP expansion may be an 
important policy consideration to increase the PA workforce.

Key Words
Physician Assistant, Scope of Practice Laws, Workforce, Employment
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Strengths and Limitations
 Data from the Bureau of Labor and Statistics (BLS) provided employed Physician Assistants 

(PAs) census data for all employed PAs from 1998, 2008 and 2017 for all 50 states and the 
District of Columbia.

 Comprehensive state legislative SOP data from the American Academy of Physician Assistants 
(AAPA) was cross referenced and verified for each state and each year and then combined with 
the annual employment data from the BLS.

 This is the first study analyzing two decades of national PA employment for all 50 states and the 
District of Columbia across three time points to describe the effect of state SOP laws on PAs.

 The analysis did not include other possible confounding variables that may impact PA 
employment numbers, including physician or nurse practitioner employment numbers, or state 
and federal healthcare legislative policies.

 The analysis was unable to account for lag time in terms of when the SOP laws were passed and 
the PA employment occurred.
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Cross-sectional Analysis of United States Scope of Practice Laws and Employed Physician 
Assistants

INTRODUCTION

The Association of American Medical Colleges projects a shortage of 46,900 to 121,900 physicians by 

2032.1 Analysis of workforce supply and demand at the state level reveals that this shortage will likely be 

distributed unequally; some states have a lower supply of providers than others, rural shortages tends to 

be worse than urban settings, and some specialties are in greater demand than others.2-4 Increased use of 

Physician Assistants (PAs) is one potential solution that has been proffered to address the current and 

anticipated deficiency.5-8 One important factor that can facilitate or restrict the capacity of PAs to fill the 

provider shortage is state scope of practice (SOP) laws.9,10

Research indicates that favorable SOP legislation is associated with an increase in the supply of 

healthcare providers.11 A number of previous studies have demonstrated that the supply of PAs and Nurse 

Practitioners (NPs) within a state is inversely related with the restrictiveness of SOP laws.9,12-17 In 2010, 

the Institute of Medicine report on the Future of Nursing recommended full SOP for nurses, which 

became the catalyst for SOP expansion for NPs.18 While striving to work at the top of their license, NPs 

have shown that restrictions on SOP is associated with reduced growth and number of available NPs in 

communities.10 One 2009 study of PAs noted that SOP laws may effect PA/population ratio by state but 

to date, the effect of SOP on PA employment has not been clearly delineated.9

Throughout the decades, PAs have worked at the state level to push for expansion of PA practice 

laws to decrease the barriers to providing patient care. These efforts occur state by state with, for 

example, 20 states in 2017 proposing legislation to amend SOP laws for PAs.19 Despite this work, there 

remains wide variation in PA SOP laws in the United States, ranging from highly restrictive to top-of-

license practice.9,20 In support of top-of-license practice, in 2017, the American Academy of Physician 

Assistants (AAPA) moved to adopt Optimal Team Practice (OTP), this proposed practice act is intended 

to further increase the autonomy of PAs.21 The tenets of OTP include eliminating a legal requirement for 

a specific relationship with a physician, creating a separate majority-PA board to regulate PAs, and 

authorize PAs to directly bill for services.22

Fifty years since the inception of the PA profession, there has been a demographic shift from 

predominantly male to majority female and from largely primary care providers to specialists.23,24 At the 

same time, the profession remains young with the median age of employed PAs remaining steady at 38 

years old since 2012.25 It is unknown if this demographic shift is due, at least in part, to changes in SOP 

laws. The purpose of this study was to examine whether, and to what degree, variation in PA state SOP 

laws across states are associated with 1) number of employed PAs per state; 2) PA demographics and 3) 
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PA/population ratio per state. The hypothesis was that restrictive SOP laws limit the demand for PAs, 

with subsequent impacts on the PA workforce, while less restrictive SOP laws will increase the demand 

for PAs and therefore the number of PAs in a state.

METHODS
Cross-sectional analysis at three time points (1998, 2008, 2017) was used to estimate the association of 

state scope of practice laws and the PA/population ratio, comparing states with restrictive SOP with 

average and permissive SOP laws. Three time points were used to demonstrate the change in SOP laws 

and impact over time. We used three SOP categories permissive, average and restrictive, based on the 

number of PA SOP Key Elements which builds upon prior work by Wing et al.17

Data sources and setting

Data were obtained from the Bureau of Labor and Statistics (BLS), AAPA census, and the AAPA 

database on PA legislative history for all fifty states and the District of Columbia for the years 1998, 2008 

and 2017. The three datasets were combined to allow for analysis of the years of 1998, 2008 and 2017.26 

The University of Utah Institutional Review Board (IRB) determined that this project does not meet the 

definition of Human Subject Research.

Sample/Participants

The combined state/year dataset (N=153) included number of employed PAs in each state (50 states and 

District of Columbia for 3 time points) from the BLS, PA demographics from the AAPA census and state 

SOP laws from AAPA legislative history. Response rates for AAPA census report was unknown for 

1998, 34.5% in 2008 and 10.2% in 2017.

Variables

Data from BLS provided the number of  PAs employed by state and by year.26 PA ratio was then 

calculated as: [employed PA in that year/state population in year27-29]*100,000. When comparing 

PA/population ratio over time the researchers defined states as super expanders, contractors, slow 

expanders and never adopters. Super expanders are defined as states with at or above the median ratio in 

1998 and remained at or above the median in 2017. Contractors are defined as states with at or above the 

median ratio in 1998 and fell below the median in 2017. Slow expanders are defined as states with below 

the median in 1998 and rose to at or above the median PA/population ratio by 2017. Never adopters are 

defined as states with below the median PA/population ratio in 1998 and remained below in 2017.

Page 6 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

6

The AAPA established the permissive PA practice act which includes the 6 Key Elements of a 

Modern PA Practice Act: 1) licensure as a regulatory term, 2) full prescriptive authority, 3) scope of 

practice determined at the practice level, 4) adaptable collaboration requirements, 5) co-signature 

requirements determined at the practice level and 6) number of PAs a physician may collaborate with 

determined at the practice level.30 Data from AAPA included which six key elements were approved in 

each state by year and the total number of six key elements was calculated. Consistent with prior research, 

each state was categorized into one of three SOP groups based on the number of key elements adopted: 

permissive SOP (5-6 elements), average SOP (3-4 elements) and restrictive SOP (0-2 elements).17 The 

AAPA census provided mean age and mean female gender. Mean age and female gender was weighted 

by number of PAs employed in each state. There were no missing data for the number of key elements, 

mean age, or mean gender. For number of employed PAs in 2008 there was missing data for California 

and Pennsylvania. Missing data for 2008 were imputed by taking the average of the number of PAs from 

2007 and 2009.

Statistical analysis

Descriptive statistics were used to demonstrate the geographic location and change in the number of states 

categorized as permissive, average, and restrictive SOP with the PA/population ratio for each state for the 

years of 1998 and 2017 and presented visually with maps (Figures 1 and 2). The change in PA/population 

ratio per state over the time period relative to the median PA/population ratio for the nation was 

determined and presented visually with a map (Figure 3). Descriptive statistics by year and SOP 

categories was determined including number of states, number of employed PAs, percent of female PAs, 

and mean age of PAs.

We used unadjusted survey linear regression models to generate least squares mean (95% CI) of  

age and percent of female PAs for each scope of practice level, incorporating weights to account for state-

level differences in PA population demographics. Linear mixed models were used to generarte and 

compare least-squares mean of PA/population ratio by SOP categories, with restrictive as the reference 

for the years of 1998, 2008 and 2017. All analyses were conducted using SAS version 9.4.

RESULTS
Over the study period, the number of states in the permissive SOP category increased, as did the PA ratio. 

The number of permissive states increased from 2 in 1998 to 7 in 2008 and 16 by 2017, while the 

restrictive states went from 30 in 1998 to 20 in 2008 and 10 in 2017. (See Figure 1 and 2) In 1998 the 

median PA/population ratio was 23 PAs per 100,000 population and 33 per 100,000 in 2017. Figure 3 
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shows that 17 states are defined as super expanders while 9 states are contractors, 10 are slow expanders, 

and 15 are never adopters. (See Supplemental Table 1 for PA/population ratio of each state)

Since 1998, the number of PAs in the US has grown from 61,980 employed PAs to 109,200 in 

2017. (See Table 1) Of interest, in 1998 73.4% of PAs were employed in a restrictive SOP state which 

decreased to 39.7% in 2008 and 15.1% by 2017. As of 2017, the majority of PAs (51.9%) are employed 

in average states with 33.0% employed in permissive states.

There is no association between percent PA gender and SOP categories in the selected years. 

Over the study period, the state total mean number of PAs increased, while the mean percent of female 

PAs in permissive states increased from 48.2% in 1998 to 68.3% in 2017. No association is seen between 

SOP categories and age. (See Table 1) Meanwhile, the mean age of employed PAs remained steady at 

40–41 years old across all time points.

Table 2 presents the associations between unadjusted and adjusted PA/population ratio and SOP 

categories. States with permissive and average SOP laws compared to restrictive states in 1998 did not 

differ significantly in their PA/population ratio. However, in 2008, in unadjusted models, comparing 

restrictive to average, and restrictive to permissive states was associated with 10.6 (p .03), and 15.1 (p 

.03) increase in ratio of employed PAs per 100,000 population. In the adjusted models still compared to 

restrictive states, the average states had 9.4 (p .04) higher ratio. In the year 2017, comparing restrictive to 

permissive states was associated with 16.5 (p .01) , and 11.7 (p .03) increase in ratio of employed PAs per 

100,000 population, in unadjusted and adjusted models, respectively.
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Table 1 Demographics of employed PAs by state scope of practice categories in 2017, 2008, and 1998

2017 2008 1998
Permissive Average Restrictive Total Permissive Average Restrictive Total Permissive Average Restrictive Total

State # 16 25 10 51 7 24 20 51 2 19 30 51

Total PA (%)
Minimum (state)
Maximum (state

36,080 (33.0)
220 (WY)

12,150 (NY)

56,630 (51.9)
240 (VT)

11,110 (CA)

16,490 (15.1)
250 (MS)

6,080 (PA)

109,200
220 (WY)

12,150 (NY)

8,200 (11.5)
210 (WY)
3,060 (NC)

34,935 (48.8)
110 (AR)

7,890 (NY)

28,400 (39.7)
180 (VT)

4,010 (FL)

71,535
110 (AR)

7,890 (NY)

2,510 (4.0)
570 (ME)

1,940 (NC)

13,950 (22.5)
100 (WY)
2,180 (IL)

45,520 (73.4)
170 (ND)

5,660 (CA)

61,980
100 (WY)
5,660 (CA)

Mean percent female PAa

(95% CI)
68.3

(66.1, 70.6)
68.5

(66.5, 70.6)
72.6

(67.8, 77.3)
69.1

(67.4, 70.8)
60.9

(56.3, 65.4)
65.7

(63.1, 68.4)
63.4

(60.0, 66.8)
64.2

(62.1, 66.3)
48.2

(46.9, 49.6)
51.2

(46.1, 56.3)
48.2

(44.7, 51.7)
48.9

(46.0, 51.8)

Mean agea

(95% CI)
39.6

(38.8, 40.5)
40.1

(39.1, 41.0)
38.6

(37.3, 39.9)
39.7

(39.0, 40.4)
42.9

(41.2, 44.6)
41.2

(40.1, 42.4)
41.0

(39.9, 42.2)
41.3

(40.6, 42.1)
40.9

(40.2, 41.7)
40.7

(39.8, 41.6)
41.0

(40.2, 41.8)
40.9

(40.3, 41.5)

CI: Confidence Interval, R: Restrictive, A: Average, P: Permissive
Restrictive is defined as 0-2 key elements, average 3-4, permissive 5-6
a Unadjusted survey linear regression models were used to generate least square means (95% CI), weighted by the states’ population (none significant).

Table 2 Ratio of employed PAs by state scope of practice categories, 2017, 2008, and 1998

2017 2008 1998
Permissive Average Restrictive Total Permissive Average Restrictive Total Permissive Average Restrictive Total

Mean ratio of employed PAs per 100,000 population

Unadjusted
(95% CI)
P-value

42.6
(35.3, 49.9)

0.01
P vs R

36.7
(30.9, 42.6)

0.055
A vs R

26.1
(16.8, 35.3)

-
Reference

36.5
(32.2, 40.8)

36.2
(24.7, 47.7)

0.03
P vs R

31.7
(25.5, 37.9)

0.03
A vs R

21.1
(14.3, 27.9)

-
Reference

28.2
(23.7, 32.7)

35.1
(21.2, 48.9)

0.12
P vs R

25.2
(20.7, 29.7)

0.65
A vs R

23.9
(20.4, 27.5)

-
Reference

24.8
(22.1, 27.6)

Adjusteda

(95% CI)
P-value

40.9
(34.7, 47.1)

0.03
P vs R

36.5
(31.6, 41.5)

0.12
A vs R

29.2
(21.3, 37.1)

-
Reference

32.4
(20.3, 44.6)

0.16
P vs R

31.8
(25.9, 37.7)

0.04
A vs R

22.4
(15.8, 28.9)

-
Reference

35.1
(21.3, 48.8)

0.13
P vs R

24.8
(20.3, 29.3)

0.84
A vs R

24.2
(20.6, 27.8)

-
Reference

CI: Confidence Interval, R: Restrictive, A: Average, P: Permissive
Restrictive is defined as 0-2 key elements, average 3-4, Permissive 5-6
P-value <0.05, statistically significant
Ratio = [employed PA in that year / state population in year] * 100,000
Linear mixed models were used to generate least square means.
a Adjusted for percent female PA and mean age
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DISCUSSION

This is the first study to demonstrate that states with permissive SOP laws have an increased PA density. 

In 2017, states with permissive SOP had 43 PAs per 100,000 population while restrictive states had 26 

PAs per 100,000 people. The PA/population ratio remained higher in permissive states compared to 

restrictive at each time point with this difference in ratio increasing over time from 11.2 in 1998 to 16.5 in 

2017. This finding suggests that restrictive SOP laws limit demand for PAs and therefore limit supply. 

This outcome is similar to research on nurse practitioners where restrictions on SOP have been noted to 

affect productive capacity and provider supply.15 This study shows a decrease in PA supply in states with 

restrictive SOP laws compared to states with permissive SOP laws, which may be from a lack of demand 

but this is not clear. Further investigation is needed to determine if a specific SOP key element is 

associated with PA employment numbers. Also, future research at the state level is needed to understand 

the possible interplay of state SOP laws and organizational policy.

Over the study period, there has been a decrease in the number of states with restrictive SOP 

laws, with a resulting change in the number of employed PAs from majority restrictive states to average 

and permissive states. These results expand the findings of Wing et al. (2004) and Gadbois et al. (2015) 

that PA SOP laws continue to expand and vary widely by state.17,31 As of 2017, 16 states have permissive 

practice laws, but the majority of states remain with average SOP, while 10 still have restrictive. This 

leaves a heterogeneity in state SOP laws with only 15% of PAs employed in a restrictive SOP states as of 

2017. It is unclear if PAs are moving away from restrictive SOP states or if there is a lack of demand to 

draw them to these states. With the majority of employed PAs in average or permissive states, it is 

understandable why the constituents of pushed for AAPA to change its policy to recommend Optimal 

Team Practice with a desire for increased practice autonomy. Research needs to focus on the impact that 

this expanded autonomy has on PA employment on both the expanded practice states and the restrictive 

practice states.

As there have been decades of SOP expansion and growth in the number of PAs, the median 

PA/population ratio has also risen. However, as of 2017 half of US states are defined as contractors or 

never adopters which demonstrates that PA policy makers still have a long road ahead to assure that all 

PAs are working within the full scope of their license. It is unclear if nurse practitioners or physicians are 

filling this provider gap. A recent study found that by expanding SOP laws for both PAs and NPs, the 

primary care workforce capacity increased particularly in rural areas, but that this change was limited.32 

As states work to address the projected physician shortage, the findings of this study are consistent with 

the hypothesis that SOP expansion will increase the PA workforce in a state. This finding allows for 

future research to examine the difference in patient access and health outcomes by state and 

PA/population ratio in the United States. Work by Pittman et al. argues that SOP laws were not associated 
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with hospital privileges and that within one state there was significant variation.33 The findings of this 

study support our hypothesis that states with expanded SOP laws have a higher demand for PAs and 

therefore a higher number of employed PAs. This sheds some light on state to state variations in 

employment but more research is needed to understand the countless factors at play at the state level in 

the supply and demand for PAs.

Limitations

This study has a number of important limitations. First, we analyzed cross-section data at three 

timepoints, which may limit generalizability of the findings. However, to gain an understanding of 

causation, longitudinal analysis needs to be undertaken. Second, the low annual response rate for the 

AAPA data on PA demographics which was unknown in 1998 and ranged from 35-10% for the other 

timepoints may lead to a sampling bias towards or away from the null. Third, this analysis did not include 

other possible confounding variables that may impact PA employment numbers, including physician or 

nurse practitioner employment numbers, or state and federal healthcare legislative policies. Fourth, we 

were unable to account for lag time in terms of when the SOP laws were passed and the PA employment 

occurred. Fifth, the categorization of SOP elements in three categories considers each element to be equal 

and interchangeable which is unlikely. Future research should consider each element individually and the 

impact on employement. These limitations are counterbalanced by a number of important strengths, 

including the robust SOP data provided by AAPA that was cross referenced and verified for each state 

and each year combined with annual employment data from the Bureau of Labor and Statistics.

CONCLUSIONS
PA scope of practice laws in the United States have expanded since the turn of the century, with most 

states with average SOP, and ten states remaining in the restrictive category. Meanwhile, there has been 

steady growth in the mean PA/population ratio from 23 to 33 per 100,000 population over the same two 

decades. States with permissive SOP laws have an average of 16.5 more PAs per 100,000 population 

compared to a state with restrictive SOP laws. As states work to meet the projected physician shortage, 

this study supports the principle that SOP expansion may be an important lever to assist with increasing 

the PA workforce in a state. Future research needs to incorporate a longitudinal analysis with lag times to 

understand if specific key elements impact PA employment and the timeframe of that impact.
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Figure 1: Number of Physician Assistants per 100,000 Population
and PA Scope of Practice Categories: United States, 1998

PA Scope of Practice Categories

Permissive (5-6 AAPA Key Elements)

Average (3-4 AAPA Key Elements)

Restrictive (0-2 AAPA Key Elements)

Page 16 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

WV
36

FL
27

IL
21

MN
38

MD
50

RI
23

ID
31

NH
53

NC
44

VT
38

CT
53

DE
49

NM
32

CA
28

NJ
26

WI
33

OR
30

NE
61

PA
48

WA
31

LA
19

GA
37

AL
15

UT
38

OH
26

TX
25

CO
57

SC
26

OK
32

TN
24

WY
38

ND
38

KY
22

ME
59

NY
62

NV
19

MI
48

AR
17

MS
8

MO
16

MT
54

KS
33

IN
20

SD
68

MA
44

VA
31

IA
33

AZ
33

AK
69

HI
23
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Source- PA data from Bureau of Labor and Statistics, Population data from US Census Bureau
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Supplemental Table 1: Change in State Ratioa of Physician Assistants per 100,000 Population per State (1998, 2008, and 2017) 

State 
 

1998b 

Ratio/100,000 Population 
2008 

Ratio/100,000 Population 
2017c 

Ratio/100,000 Population 
Difference in PA ratio 

(2017 – 1998) 

Super Expanders     

Alaska (AK) 26 42 69 43 
Arizona (AZ) 56 22 33 -23 
Connecticut (CT) 31 36 53 22 
Delaware (DE) 39 29 49 10 
District of Columbia (DC) 46 97 72 26 
Georgia (GA) 24 25 37 13 
Maine (ME) 45 55 59 14 
Maryland (MD) 35 27 50 15 
Massachusetts (MA) 26 39 44 18 
New York (NY) 24 41 62 38 
North Carolina (NC) 25 33 44 19 
North Dakota (ND) 26 52 38 12 
South Dakota (SD) 29 53 68 39 
Utah (UT) 25 23 38 13 
Vermont (VT) 47 29 38 -9 
West Virginia (WV) 39 35 36 -3 
Wisconsin (WI) 35 28 33 -2 

Contractors     

Florida (FL) 26 22 27 1 
Hawaii (HI) 29 23 23 -6 
Idaho (ID) 27 31 31 4 
Missouri (MO) 23 11 16 -7 
New Mexico (NM) 25 34 32 7 
Oklahoma (OK) 38 30 32 -6 
South Carolina (SC) 24 13 26 2 
Texas (TX) 24 16 25 1 
Washington (WA) 27 28 31 4 

Slow Expanders     

Colorado (CO) 21 27 57 36 
Iowa (IA) 22 23 33 11 
Kansas (KS) 19 23 33 14 
Michigan (MI) 21 30 48 27 
Minnesota (MN) 19 25 38 19 
Montana (MT) 21 59 54 33 
Nebraska (NE) 22 49 61 39 
New Hampshire (NH) 17 38 53 36 
Pennsylvania (PA) 19 30 48 29 
Wyoming (WY) 20 38 38 18 

Never Adopters     

Alabama (AL) 9 8 15 6 
Arkansas (AR) 14 4 17 3 
California (CA) 17 20 28 11 
Illinois (IL) 18 20 21 3 
Indiana (IN) 22 13 20 -2 
Kentucky (KY) 11 15 22 11 
Louisiana (LA) 22 14 19 -3 
Mississippi (MS) 19 8 8 -11 
Nevada (NV) 13 18 19 6 
New Jersey (NJ) 14 11 26 12 
Ohio (OH) 15 14 26 11 
Oregon (OR) 18 17 30 12 
Rhode Island (RI) 13 21 23 10 
Tennessee (TN) 20 21 24 4 
Virginia (VA) 19 18 31 12 

Super Expanders: At or above 1998 median & at or above 2017 median 
Contractors: At or above 1998 median & below 2017 median 
Slow Expanders: Below 1998 median & at or above 2017 median 
Never Adopters: Below 1998 median & below 2017 median 

a PA Ratio = (employed PA in year/state population in year) * 100,000 
b The median ratio for 1998 was 23 PAs per 100,000 population per state. 
c The median ratio for 2017 was 33 PAs per 100,000 population per state. 
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(a) Describe all statistical methods, including those used to control for 
confounding

6

(b) Describe any methods used to examine subgroups and interactions 6
(c) Explain how missing data were addressed 6
(d) Cohort study—If applicable, explain how loss to follow-up was 
addressed
Case-control study—If applicable, explain how matching of cases and 
controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking 
account of sampling strategy

6

Statistical methods 12

(e) Describe any sensitivity analyses None
Continued on next page
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Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in 
the study, completing follow-up, and analysed

6-7

(b) Give reasons for non-participation at each stage N/A

Participants 13*

(c) Consider use of a flow diagram Figures 1-3, 
Supplemental 
Table 1

(a) Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders

6-7

(b) Indicate number of participants with missing data for each variable of 
interest

6

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total 
amount)
Cohort study—Report numbers of outcome events or summary measures 
over time
Case-control study—Report numbers in each exposure category, or 
summary measures of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary 
measures

6-7

(a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included

6-7

(b) Report category boundaries when continuous variables were categorized 5-6

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses

Supplemental 
Table 1

Discussion
Key results 18 Summarise key results with reference to study objectives 7-9
Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any potential 
bias

8

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence

7-9

Generalisability 21 Discuss the generalisability (external validity) of the study results 8

Other information
Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is 
based

9

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 
unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
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available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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Cross-sectional Analysis of United States Scope of Practice Laws and Employed Physician 
Assistants

Abstract

Objective
This study examined if the variation in Physician Assistant (PA) state Scope of Practice (SOP) laws 
across states are associated with number of employed PAs, PA demographics and PA/population ratio per 
state. The hypothesis was that less restrictive SOP laws will increase the demand for PAs and the number 
of PAs in a state.

Design
Retrospective cross-sectional analysis at three time points: 1998, 2008, 2017.

Setting
Fifty states and the District of Columbia.

Participants
Employed PAs in 1998, 2008, 2017.

Methods
SOP laws were categorized as permissive, average and restrictive. Three national datasets were combined 
to allow for descriptive analysis of employed PAs by year and SOP categories. We used linear predictive 
models to generate and compare PA/population ratio least square means by SOP categories for each year. 
Models were adjusted for percent female PA and PAs mean age.

Results
There was a median PA/population ratio of 23 per 100,000 population in 1998 and 33 in 2017. A 
heterogenous expansion of SOP laws was seen with 17 states defined as super expanders while 15 were 
never adopters. In 2017, comparing restrictive to permissive states showed that in adjusted models 
permissive SOP laws were associated with 11.7 (p .03) increase in ratio of employed PAs per 100,000 
population, demonstrating that states with permissive SOP laws have an increased PA density.

Conclusions
There has been steady growth in the mean PA/population ratio since the turn of the century. At the same 
time, PA scope of practice laws in the United States have expanded, with just ten states remaining in the 
restrictive category. Permissive SOP laws are associated with an increase in the ratio of employed PAs 
per state population. As states work to meet the projected physician need, SOP expansion may be an 
important policy consideration to increase the PA workforce.

Key Words
Physician Assistant, Scope of Practice Laws, Workforce, Employment

Page 3 of 21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

3

Strengths and Limitations
 Data from the Bureau of Labor and Statistics (BLS) provided employed Physician Assistants 

(PAs) census data for all employed PAs from 1998, 2008 and 2017 for all 50 states and the 
District of Columbia.

 Comprehensive state legislative SOP data from the American Academy of Physician Assistants 
(AAPA) was cross referenced and verified for each state and each year and then combined with 
the annual employment data from the BLS.

 This is the first study analyzing two decades of national PA employment for all 50 states and the 
District of Columbia across three time points to describe the effect of state SOP laws on PAs.

 The analysis did not include other possible confounding variables that may impact PA 
employment numbers, including physician or nurse practitioner employment numbers, or state 
and federal healthcare legislative policies.

 The analysis was unable to account for lag time in terms of when the SOP laws were passed and 
the PA employment occurred.
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Cross-sectional Analysis of United States Scope of Practice Laws and Employed Physician 
Assistants

INTRODUCTION

The Association of American Medical Colleges projects a shortage of 46,900 to 121,900 physicians by 

2032.1 Analysis of workforce supply and demand at the state level reveals that this shortage will likely be 

distributed unequally; some states have a lower supply of providers than others, rural shortages tends to 

be worse than urban settings, and some specialties are in greater demand than others.2-4 Increased use of 

Physician Assistants (PAs) is one potential solution that has been proffered to address the current and 

anticipated deficiency.5-8 One important factor that can facilitate or restrict the capacity of PAs to fill the 

provider shortage is state scope of practice (SOP) laws.9,10

Research indicates that favorable SOP legislation is associated with an increase in the supply of 

healthcare providers.11 A number of previous studies have demonstrated that the supply of PAs and Nurse 

Practitioners (NPs) within a state is inversely related with the restrictiveness of SOP laws.9,12-17 In 2010, 

the Institute of Medicine report on the Future of Nursing recommended full SOP for nurses, which 

became the catalyst for SOP expansion for NPs.18 While striving to work at the top of their license, NPs 

have shown that restrictions on SOP is associated with reduced growth and number of available NPs in 

communities.10 One 2009 study of PAs noted that SOP laws may effect PA/population ratio by state but 

to date, the effect of SOP on PA employment has not been clearly delineated.9

Throughout the decades, PAs have worked at the state level to push for expansion of PA practice 

laws to decrease the barriers to providing patient care. These efforts occur state by state with, for 

example, 20 states in 2017 proposing legislation to amend SOP laws for PAs.19 Despite this work, there 

remains wide variation in PA SOP laws in the United States, ranging from highly restrictive to top-of-

license practice.9,20 In support of top-of-license practice, in 2017, the American Academy of Physician 

Assistants (AAPA) moved to adopt Optimal Team Practice (OTP), this proposed practice act is intended 

to further increase the autonomy of PAs.21 The tenets of OTP include eliminating a legal requirement for 

a specific relationship with a physician, creating a separate majority-PA board to regulate PAs, and 

authorize PAs to directly bill for services.22

Fifty years since the inception of the PA profession, there has been a demographic shift from 

predominantly male to majority female and from largely primary care providers to specialists.23,24 At the 

same time, the profession remains young with the median age of employed PAs remaining steady at 38 

years old since 2012.25 It is unknown if this demographic shift is due, at least in part, to changes in SOP 

laws. The purpose of this study was to examine whether, and to what degree, variation in PA state SOP 

laws across states are associated with 1) number of employed PAs per state; 2) PA demographics and 3) 
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PA/population ratio per state. The hypothesis was that restrictive SOP laws limit the demand for PAs, 

with subsequent impacts on the PA workforce, while less restrictive SOP laws will increase the demand 

for PAs and therefore the number of PAs in a state.

METHODS

To assess the association of state scope of practice laws and PA/population ratio, we used a cross-

sectional design to demonstrate the change over a 20 year period through providing 10-year snapshots at 

three time points of 1998, 2008, and 2017. This work builds upon previous work by Valentin et 

al., assessing the impact of PA SOP laws on PA education.26 We used three SOP categories permissive, 

average and restrictive, based on the number of PA SOP Key Elements which builds upon prior work by 

Wing et al.17,26

Data sources and setting

Data were obtained from the Bureau of Labor and Statistics (BLS), AAPA census, and the AAPA 

database on PA legislative history for all fifty states and the District of Columbia for the years 1998, 2008 

and 2017. The three datasets were combined to allow for analysis of the years of 1998, 2008 and 2017.27 

The University of Utah Institutional Review Board (IRB) determined that this project does not meet the 

definition of Human Subject Research.

Sample/Participants

The combined state/year dataset (N=153) included number of employed PAs in each state (50 states and 

District of Columbia for 3 time points) from the BLS, PA demographics from the AAPA census and state 

SOP laws from AAPA legislative history. Response rates for AAPA census report was unknown for 

1998, 34.5% in 2008 and 10.2% in 2017.

Variables

Data from BLS provided the number of  PAs employed by state and by year.27 PA ratio was then 

calculated as: [employed PA in that year/state population in year28-30]*100,000. When comparing 

PA/population ratio over time the researchers defined states as super expanders, contractors, slow 

expanders and never adopters. Super expanders are defined as states with at or above the median ratio in 

1998 and remained at or above the median in 2017. Contractors are defined as states with at or above the 

median ratio in 1998 and fell below the median in 2017. Slow expanders are defined as states with below 

the median in 1998 and rose to at or above the median PA/population ratio by 2017. Never adopters are 

defined as states with below the median PA/population ratio in 1998 and remained below in 2017.
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The AAPA established the permissive PA practice act which includes the 6 Key Elements of a 

Modern PA Practice Act: 1) licensure as a regulatory term, 2) full prescriptive authority, 3) scope of 

practice determined at the practice level, 4) adaptable collaboration requirements, 5) co-signature 

requirements determined at the practice level and 6) number of PAs a physician may collaborate with 

determined at the practice level.31 Data from AAPA included which six key elements were approved in 

each state by year and the total number of six key elements was calculated. Consistent with prior research, 

each state was categorized into one of three SOP groups based on the number of key elements adopted: 

permissive SOP (5-6 elements), average SOP (3-4 elements) and restrictive SOP (0-2 elements).17 The 

AAPA census provided mean age and mean female gender. Mean age and female gender was weighted 

by number of PAs employed in each state. There were no missing data for the number of key elements, 

mean age, or mean gender. For number of employed PAs in 2008 there was missing data for California 

and Pennsylvania. Missing data for 2008 were imputed by taking the average of the number of PAs from 

2007 and 2009.

Statistical analysis

Descriptive statistics were used to demonstrate the geographic location and change in the number of states 

categorized as permissive, average, and restrictive SOP with the PA/population ratio for each state for the 

years of 1998 and 2017 and presented visually with maps (Figures 1 and 2). The change in PA/population 

ratio per state over the time period relative to the median PA/population ratio for the nation was 

determined and presented visually with a map (Figure 3). Descriptive statistics by year and SOP 

categories was determined including number of states, number of employed PAs, percent of female PAs, 

and mean age of PAs.

We used unadjusted survey linear regression models to generate least squares mean (95% CI) of  

age and percent of female PAs for each scope of practice level, incorporating weights to account for state-

level differences in PA population demographics. Linear mixed models were used to generarte and 

compare least-squares mean of PA/population ratio by SOP categories, with restrictive as the reference 

for the years of 1998, 2008 and 2017. All analyses were conducted using SAS version 9.4.

RESULTS
Over the study period, the number of states in the permissive SOP category increased, as did the PA ratio. 

The number of permissive states increased from 2 in 1998 to 7 in 2008 and 16 by 2017, while the 

restrictive states went from 30 in 1998 to 20 in 2008 and 10 in 2017. (See Figure 1 and 2) In 1998 the 

median PA/population ratio was 23 PAs per 100,000 population and 33 per 100,000 in 2017. Figure 3 
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shows that 17 states are defined as super expanders while 9 states are contractors, 10 are slow expanders, 

and 15 are never adopters. (See Supplemental Table 1 for PA/population ratio of each state)

Since 1998, the number of PAs in the US has grown from 61,980 employed PAs to 109,200 in 

2017. (See Table 1) Of interest, in 1998 73.4% of PAs were employed in a restrictive SOP state which 

decreased to 39.7% in 2008 and 15.1% by 2017. As of 2017, the majority of PAs (51.9%) are employed 

in average states with 33.0% employed in permissive states.

There is no association between percent PA gender and SOP categories in the selected years. 

Over the study period, the state total mean number of PAs increased, while the mean percent of female 

PAs in permissive states increased from 48.2% in 1998 to 68.3% in 2017. No association is seen between 

SOP categories and age. (See Table 1) Meanwhile, the mean age of employed PAs remained steady at 

40–41 years old across all time points.

Table 2 presents the associations between unadjusted and adjusted PA/population ratio and SOP 

categories. States with permissive and average SOP laws compared to restrictive states in 1998 did not 

differ significantly in their PA/population ratio. However, in 2008, in unadjusted models, comparing 

restrictive to average, and restrictive to permissive states was associated with 10.6 (p .03), and 15.1 (p 

.03) increase in ratio of employed PAs per 100,000 population. In the adjusted models still compared to 

restrictive states, the average states had 9.4 (p .04) higher ratio. In the year 2017, comparing restrictive to 

permissive states was associated with 16.5 (p .01) , and 11.7 (p .03) increase in ratio of employed PAs per 

100,000 population, in unadjusted and adjusted models, respectively.
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Table 1 Demographics of employed PAs by state scope of practice categories in 2017, 2008, and 1998

2017 2008 1998
Permissive Average Restrictive Total Permissive Average Restrictive Total Permissive Average Restrictive Total

State # 16 25 10 51 7 24 20 51 2 19 30 51

Total PA (%)
Minimum (state)
Maximum (state

36,080 (33.0)
220 (WY)

12,150 (NY)

56,630 (51.9)
240 (VT)

11,110 (CA)

16,490 (15.1)
250 (MS)

6,080 (PA)

109,200
220 (WY)

12,150 (NY)

8,200 (11.5)
210 (WY)
3,060 (NC)

34,935 (48.8)
110 (AR)

7,890 (NY)

28,400 (39.7)
180 (VT)

4,010 (FL)

71,535
110 (AR)

7,890 (NY)

2,510 (4.0)
570 (ME)

1,940 (NC)

13,950 (22.5)
100 (WY)
2,180 (IL)

45,520 (73.4)
170 (ND)

5,660 (CA)

61,980
100 (WY)
5,660 (CA)

Mean percent female PAa

(95% CI)
68.3

(66.1, 70.6)
68.5

(66.5, 70.6)
72.6

(67.8, 77.3)
69.1

(67.4, 70.8)
60.9

(56.3, 65.4)
65.7

(63.1, 68.4)
63.4

(60.0, 66.8)
64.2

(62.1, 66.3)
48.2

(46.9, 49.6)
51.2

(46.1, 56.3)
48.2

(44.7, 51.7)
48.9

(46.0, 51.8)

Mean agea

(95% CI)
39.6

(38.8, 40.5)
40.1

(39.1, 41.0)
38.6

(37.3, 39.9)
39.7

(39.0, 40.4)
42.9

(41.2, 44.6)
41.2

(40.1, 42.4)
41.0

(39.9, 42.2)
41.3

(40.6, 42.1)
40.9

(40.2, 41.7)
40.7

(39.8, 41.6)
41.0

(40.2, 41.8)
40.9

(40.3, 41.5)

CI: Confidence Interval, R: Restrictive, A: Average, P: Permissive
Restrictive is defined as 0-2 key elements, average 3-4, permissive 5-6
a Unadjusted survey linear regression models were used to generate least square means (95% CI), weighted by the states’ population (none significant).

Table 2 Ratio of employed PAs by state scope of practice categories, 2017, 2008, and 1998

2017 2008 1998
Permissive Average Restrictive Total Permissive Average Restrictive Total Permissive Average Restrictive Total

Mean ratio of employed PAs per 100,000 population

Unadjusted
(95% CI)
P-value

42.6
(35.3, 49.9)

0.01
P vs R

36.7
(30.9, 42.6)

0.055
A vs R

26.1
(16.8, 35.3)

-
Reference

36.5
(32.2, 40.8)

36.2
(24.7, 47.7)

0.03
P vs R

31.7
(25.5, 37.9)

0.03
A vs R

21.1
(14.3, 27.9)

-
Reference

28.2
(23.7, 32.7)

35.1
(21.2, 48.9)

0.12
P vs R

25.2
(20.7, 29.7)

0.65
A vs R

23.9
(20.4, 27.5)

-
Reference

24.8
(22.1, 27.6)

Adjusteda

(95% CI)
P-value

40.9
(34.7, 47.1)

0.03
P vs R

36.5
(31.6, 41.5)

0.12
A vs R

29.2
(21.3, 37.1)

-
Reference

32.4
(20.3, 44.6)

0.16
P vs R

31.8
(25.9, 37.7)

0.04
A vs R

22.4
(15.8, 28.9)

-
Reference

35.1
(21.3, 48.8)

0.13
P vs R

24.8
(20.3, 29.3)

0.84
A vs R

24.2
(20.6, 27.8)

-
Reference

CI: Confidence Interval, R: Restrictive, A: Average, P: Permissive
Restrictive is defined as 0-2 key elements, average 3-4, Permissive 5-6
P-value <0.05, statistically significant
Ratio = [employed PA in that year / state population in year] * 100,000
Linear mixed models were used to generate least square means.
a Adjusted for percent female PA and mean age
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DISCUSSION

This is the first study to demonstrate that states with permissive SOP laws have an increased PA density. 

In 2017, states with permissive SOP had 43 PAs per 100,000 population while restrictive states had 26 

PAs per 100,000 people. The PA/population ratio remained higher in permissive states compared to 

restrictive at each time point with this difference in ratio increasing over time from 11.2 in 1998 to 16.5 in 

2017. This finding suggests that restrictive SOP laws limit demand for PAs and therefore limit supply. 

This outcome is similar to research on nurse practitioners where restrictions on SOP have been noted to 

affect productive capacity and provider supply.15 This study shows a decrease in PA supply in states with 

restrictive SOP laws compared to states with permissive SOP laws, which may be from a lack of demand 

but this is not clear. Further investigation is needed to determine if a specific SOP key element is 

associated with PA employment numbers. Also, future research at the state level is needed to understand 

the possible interplay of state SOP laws and organizational policy.

Over the study period, there has been a decrease in the number of states with restrictive SOP 

laws, with a resulting change in the number of employed PAs from majority restrictive states to average 

and permissive states. These results expand the findings of Wing et al. (2004) and Gadbois et al. (2015) 

that PA SOP laws continue to expand and vary widely by state.17,32 As of 2017, 16 states have permissive 

practice laws, but the majority of states remain with average SOP, while 10 still have restrictive. This 

leaves a heterogeneity in state SOP laws with only 15% of PAs employed in a restrictive SOP states as of 

2017. It is unclear if PAs are moving away from restrictive SOP states or if there is a lack of demand to 

draw them to these states. With the majority of employed PAs in average or permissive states, it is 

understandable why the constituents of pushed for AAPA to change its policy to recommend Optimal 

Team Practice with a desire for increased practice autonomy. Research needs to focus on the impact that 

this expanded autonomy has on PA employment on both the expanded practice states and the restrictive 

practice states.

As there have been decades of SOP expansion and growth in the number of PAs, the median 

PA/population ratio has also risen. However, as of 2017 half of US states are defined as contractors or 

never adopters which demonstrates that PA policy makers still have a long road ahead to assure that all 

PAs are working within the full scope of their license. It is unclear if nurse practitioners or physicians are 

filling this provider gap. A recent study found that by expanding SOP laws for both PAs and NPs, the 

primary care workforce capacity increased particularly in rural areas, but that this change was limited.33 

As states work to address the projected physician shortage, the findings of this study are consistent with 

the hypothesis that SOP expansion will increase the PA workforce in a state. This finding allows for 

future research to examine the difference in patient access and health outcomes by state and 

PA/population ratio in the United States. Work by Pittman et al. argues that SOP laws were not associated 
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with hospital privileges and that within one state there was significant variation.34 The findings of this 

study support our hypothesis that states with expanded SOP laws have a higher demand for PAs and 

therefore a higher number of employed PAs. This sheds some light on state to state variations in 

employment but more research is needed to understand the countless factors at play at the state level in 

the supply and demand for PAs.

Limitations

This study has a number of important limitations. First, we analyzed cross-section data at three 

timepoints, which may limit generalizability of the findings. However, to gain an understanding of 

causation, longitudinal analysis needs to be undertaken. Second, the low annual response rate for the 

AAPA data on PA demographics which was unknown in 1998 and ranged from 35-10% for the other 

timepoints may lead to a sampling bias towards or away from the null. Third, this analysis did not include 

other possible confounding variables that may impact PA employment numbers, including physician or 

nurse practitioner employment numbers, or state and federal healthcare legislative policies. Fourth, we 

were unable to account for lag time in terms of when the SOP laws were passed and the PA employment 

occurred. Fifth, the categorization of SOP elements in three categories considers each element to be equal 

and interchangeable which is unlikely. Future research should consider each element individually and the 

impact on employement. These limitations are counterbalanced by a number of important strengths, 

including the robust SOP data provided by AAPA that was cross referenced and verified for each state 

and each year combined with annual employment data from the Bureau of Labor and Statistics.

CONCLUSIONS
PA scope of practice laws in the United States have expanded since the turn of the century, with most 

states with average SOP, and ten states remaining in the restrictive category. Meanwhile, there has been 

steady growth in the mean PA/population ratio from 23 to 33 per 100,000 population over the same two 

decades. States with permissive SOP laws have an average of 16.5 more PAs per 100,000 population 

compared to a state with restrictive SOP laws. As states work to meet the projected physician shortage, 

this study supports the principle that SOP expansion may be an important lever to assist with increasing 

the PA workforce in a state. Future research needs to incorporate a longitudinal analysis with lag times to 

understand if specific key elements impact PA employment and the timeframe of that impact.
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the manuscript, and reviewed/edited the manuscript.
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Figure 1: Number of Physician Assistants per 100,000 Population and PA Scope of Practice Categories: 

United States, 1998

Figure 2: Number of Physician Assistants per 100,000 Population and PA Scope of Practice Categories: 

United States, 2017

Figure 3: Change in State Ratio of Physician Assistants per 100,000 Population from 1998 - 2017
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Figure 1: Number of Physician Assistants per 100,000 Population
and PA Scope of Practice Categories: United States, 1998
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Below 1998 median & below 2017 medianNever Adopters:

Below 1998 median & at or above 2017 medianSlow Expanders:

Source- PA data from Bureau of Labor and Statistics, Population data from US Census Bureau
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Supplemental Table 1: Change in State Ratioa of Physician Assistants per 100,000 Population per State (1998, 2008, and 2017) 

State 
 

1998b 

Ratio/100,000 Population 
2008 

Ratio/100,000 Population 
2017c 

Ratio/100,000 Population 
Difference in PA ratio 

(2017 – 1998) 

Super Expanders     

Alaska (AK) 26 42 69 43 
Arizona (AZ) 56 22 33 -23 
Connecticut (CT) 31 36 53 22 
Delaware (DE) 39 29 49 10 
District of Columbia (DC) 46 97 72 26 
Georgia (GA) 24 25 37 13 
Maine (ME) 45 55 59 14 
Maryland (MD) 35 27 50 15 
Massachusetts (MA) 26 39 44 18 
New York (NY) 24 41 62 38 
North Carolina (NC) 25 33 44 19 
North Dakota (ND) 26 52 38 12 
South Dakota (SD) 29 53 68 39 
Utah (UT) 25 23 38 13 
Vermont (VT) 47 29 38 -9 
West Virginia (WV) 39 35 36 -3 
Wisconsin (WI) 35 28 33 -2 

Contractors     

Florida (FL) 26 22 27 1 
Hawaii (HI) 29 23 23 -6 
Idaho (ID) 27 31 31 4 
Missouri (MO) 23 11 16 -7 
New Mexico (NM) 25 34 32 7 
Oklahoma (OK) 38 30 32 -6 
South Carolina (SC) 24 13 26 2 
Texas (TX) 24 16 25 1 
Washington (WA) 27 28 31 4 

Slow Expanders     

Colorado (CO) 21 27 57 36 
Iowa (IA) 22 23 33 11 
Kansas (KS) 19 23 33 14 
Michigan (MI) 21 30 48 27 
Minnesota (MN) 19 25 38 19 
Montana (MT) 21 59 54 33 
Nebraska (NE) 22 49 61 39 
New Hampshire (NH) 17 38 53 36 
Pennsylvania (PA) 19 30 48 29 
Wyoming (WY) 20 38 38 18 

Never Adopters     

Alabama (AL) 9 8 15 6 
Arkansas (AR) 14 4 17 3 
California (CA) 17 20 28 11 
Illinois (IL) 18 20 21 3 
Indiana (IN) 22 13 20 -2 
Kentucky (KY) 11 15 22 11 
Louisiana (LA) 22 14 19 -3 
Mississippi (MS) 19 8 8 -11 
Nevada (NV) 13 18 19 6 
New Jersey (NJ) 14 11 26 12 
Ohio (OH) 15 14 26 11 
Oregon (OR) 18 17 30 12 
Rhode Island (RI) 13 21 23 10 
Tennessee (TN) 20 21 24 4 
Virginia (VA) 19 18 31 12 

Super Expanders: At or above 1998 median & at or above 2017 median 
Contractors: At or above 1998 median & below 2017 median 
Slow Expanders: Below 1998 median & at or above 2017 median 
Never Adopters: Below 1998 median & below 2017 median 

a PA Ratio = (employed PA in year/state population in year) * 100,000 
b The median ratio for 1998 was 23 PAs per 100,000 population per state. 
c The median ratio for 2017 was 33 PAs per 100,000 population per state. 
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1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or 
the abstract

2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported
4-5

Objectives 3 State specific objectives, including any prespecified hypotheses 4-5

Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection
5

(a) Cohort study—Give the eligibility criteria, and the sources and 
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and 
methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and 
methods of selection of participants

5Participants 6

(b) Cohort study—For matched studies, give matching criteria and 
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the 
number of controls per case

N/A

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 
and effect modifiers. Give diagnostic criteria, if applicable

5-6

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group

5

Bias 9 Describe any efforts to address potential sources of bias 8
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why
5-6

(a) Describe all statistical methods, including those used to control for 
confounding

6

(b) Describe any methods used to examine subgroups and interactions 6
(c) Explain how missing data were addressed 6
(d) Cohort study—If applicable, explain how loss to follow-up was 
addressed
Case-control study—If applicable, explain how matching of cases and 
controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking 
account of sampling strategy

6

Statistical methods 12

(e) Describe any sensitivity analyses None
Continued on next page
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2

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in 
the study, completing follow-up, and analysed

6-7

(b) Give reasons for non-participation at each stage N/A

Participants 13*

(c) Consider use of a flow diagram Figures 1-3, 
Supplemental 
Table 1

(a) Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders

6-7

(b) Indicate number of participants with missing data for each variable of 
interest

6

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total 
amount)
Cohort study—Report numbers of outcome events or summary measures 
over time
Case-control study—Report numbers in each exposure category, or 
summary measures of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary 
measures

6-7

(a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (eg, 95% confidence interval). Make clear 
which confounders were adjusted for and why they were included

6-7

(b) Report category boundaries when continuous variables were categorized 5-6

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses

Supplemental 
Table 1

Discussion
Key results 18 Summarise key results with reference to study objectives 7-9
Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any potential 
bias

8

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
relevant evidence

7-9

Generalisability 21 Discuss the generalisability (external validity) of the study results 8

Other information
Funding 22 Give the source of funding and the role of the funders for the present study 

and, if applicable, for the original study on which the present article is 
based

9

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 
unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
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3

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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