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1  | INTRODUC TION

The aging of the US population, the obesity epidemic, and insur-
ance reforms are increasing the demand for primary care services.1,2 

At the same time, the number of adult primary care physicians is 
not expected to grow at a pace sufficient to meet this expected in-
crease.3,4 High levels of professional burnout among family medi-
cine physicians5 and an increasing number of primary care doctors 
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Abstract
Objective: To assess the impact of nonphysician providers on measures of spatial 
access to primary care in Iowa, a state where physician assistants and advanced prac-
tice registered nurses are considered primary care providers.
Data Sources: 2017 Iowa Health Professions Inventory (Carver College of Medicine), 
and minor civil division (MCD) level population data for Iowa from the American 
Community Survey.
Study Design: We used a constrained optimization model to probabilistically allocate 
patient populations to nearby (within a 30-minute drive) primary care providers. We 
compared the results (across 10 000 scenarios) using only primary care physicians 
with those including nonphysician providers (NPPs). We analyze results by rurality 
and compare findings with current health professional shortage areas.
Data Collection/Extraction Methods: Physicians and NPPs practicing in primary care 
in 2017 were extracted from the Iowa Health Professions Inventory.
Principal Findings: Considering only primary care physicians, the average unallocated 
population for primary care was 222 109 (7 percent of Iowa's population). Most of 
the unallocated population (86 percent) was in rural areas with low population den-
sity (< 50/square mile). The addition of NPPs to the primary care workforce reduced 
unallocated population by 65 percent to 78 252 (2.5 percent of Iowa's population). 
Despite the majority of NPPs being located in urban areas, most of the improvement 
in spatial accessibility (78 percent) is associated with sparsely populated rural areas.
Conclusions: The inclusion of nonphysician providers greatly reduces but does not 
eliminate all areas of inadequate spatial access to primary care.
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transitioning to part-time roles6 may reduce the realized availability 
of individual primary care physicians. This combination of circum-
stances has raised alarms about a worsening of the current shortage 
of primary care physicians. While estimates vary, the United States is 
expected to have a shortage of 21 100 to 55 200 primary care physi-
cians in the next decade.1,4,6-8

Several solutions have been proposed to help meet the projected 
demand for primary care services, including expanding the roles of 
nonphysician providers (NPPs) such as advanced registered nurse 
practitioners (APRNs) and physician assistants (PAs) in primary care.9 
Reflecting the potential impact of NPPs on access to primary care, 
the Health Resources and Services Administration (HRSA) suggests 
that NPPs be included in the determination of shortage areas for 
primary care.8 Studies outside the United States have demonstrated 
the important contribution of NPPs to primary care accessibility.10,11 
However, to our knowledge, the effects of NPPs on the spatial ac-
cessibility of primary care have not been modeled at the local level 
in the United States. As noted in a national report8 from the National 
Center for Health Workforce Analysis, “(m)ore detailed analysis of 
the adequacy of the supply within local geographic areas…is needed 
to better understand the adequacy of the primary care workforce.”

An individual's access to care is determined by three distinct 
steps12,13: (a) gaining access to the system, usually via insurance cov-
erage, (b) physical access to a location where necessary medical care is 
provided (geographic access), and (c) establishing a trusting relationship 
with a health care provider, which requires available provider capac-
ity.14 Without such capacity, the expansion of insurance coverage, for 
example, would not result in increased access to primary care. Despite 
changes to insurance coverage in recent years, disparities in access to 
care continue with respect to age, sex, race, ethnicity, socioeconomic 
status, language, disability status, sexual orientation, gender identity, 
and residential location (metropolitan area versus nonmetropolitan 
area).15 Of these groups with persistent access barriers, we focus on 
rural patients in Iowa. Our analysis considers two key components of 
access: geographic access and provider capacity. The combination of 
geographic access and provider capacity is known as spatial access.16

To assess the impact of NPPs on spatial access to primary care 
requires detailed data on individual APRNs and PAs. The extant 
state-level projections17 are inadequate for the task. For example, 
to estimate the number of PAs in primary care, HRSA's model uses a 
national average of 40 percent. However, this figure actually varies 
widely from 16 to 58 percent.18 In addition, there seems to be a great 
deal of confusion regarding the training of APRNs (eg, family nurse 
practitioner) versus their practice specialty (primary care versus spe-
cialty care). For example, in North Carolina, the proportion of APRNs 
trained in primary care fields was nearly 80 percent, while only 58 
percent were actually practicing in primary care.19

A second challenge is acquiring detailed and accurate informa-
tion on individual provider locations to determine spatial acces-
sibility.16 Often the AMA's Physician Masterfile is used for such 
analyses. However, a substantial portion of AMA records lack of-
fice addresses (generally 10 to 25 percent) and the use of physician 
mailing addresses leads to systematic geocoding errors and bias 

in accessibility studies.20,21 For nonphysicians, such data on prac-
tice locations are even harder to come by. The current state-level 
model17 only considers physician availability, measured using popu-
lation-to-provider ratios. The second aspect—geographic access—is 
measured using travel times or distances between patients and pro-
viders. Geographic access should be included in assessing the impact 
of NPPs since it is crucial in the determination of health professional 
shortage areas (HPSAs) for primary care.22

A third issue involves the measurement of spatial access to pri-
mary care. Most attempts to measure spatial accessibility have re-
lied on gravity models, such as the two-step floating catchment area 
(2SFCA) method and its many variations.23-25 However, these meth-
ods suffer from numerous drawbacks, including double-counting. 
This bias would overestimate demand in densely populated areas or 
overestimate supply in areas with many providers.26

In contrast, optimization models offer a more advanced and flex-
ible approach with several advantages over gravity models, including 
the ability to incorporate nonspatial characteristics such as capacity 
constraints.26-28 Often used for locating proposed health care fa-
cilities or emergency medical services,29-34 optimization models can 
also be used to allocate demand to existing locations to estimate 
spatial accessibility.35 A constrained optimization approach involves 
probabilistically allocating patient populations to nearby primary 
care providers until the capacity for that provider is met. Any un-
allocated population is then assigned to the next closest provider 
so long as the location is within the travel distance constraints. For 
example, Zheng et al36 used optimization models to measure access 
to pediatric primary care in Georgia, and Gentili et al27 examined 
differences in pediatric primary care access by insurance status and 
rurality across seven states, finding significant disparities in accessi-
bility in both rural and urban communities.

In this study, we examine the adequacy of the supply of all 
primary care providers in Iowa. In order to provide a standard for 
comparison, we use the same maximum travel distance and popula-
tion-to-provider ratio thresholds that are used to identify geographic 
HPSAs for primary care. However, we also include NPPs to examine 
their impact on spatial accessibility. We compare the results of a ca-
pacitated coverage optimization model37 with the existing HPSAs 
for primary care in Iowa, considering both physicians and NPPs.

What this study adds

•	 Many locations in Iowa with sufficient spatial access to 
primary care are considered health professional short-
age areas, while many locations with poor access are 
excluded from any shortage designation whatsoever.

•	 Including NPPs results in a considerable improvement in 
spatial access to primary care, particularly in rural areas.

•	 Areas of poor spatial accessibility to primary care persist 
even after including NPPs, which are not reflected by 
currently used shortage designations.
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Our research questions include the following:

1.	 How well do the current designations for geographic HPSAs 
reflect spatial access to primary care physicians?

2.	 What is the impact of NPPs on the spatial access to primary care?
3.	 How do the impacts of NPPs on spatial access vary between 

urban and rural areas?

Iowa is a good candidate for this type of study for several rea-
sons. First, a large proportion of Iowa counties (29/99) are at least 
partially covered by geographic HPSAs for primary care. This in-
cludes 11 percent of the state's population and nearly 25 percent 
of the land area. [An additional 20 counties are designated HPSAs 
for primary care for low-income or Medicaid-eligible populations.] 
While the HPSA designation is controversial,38,39 its standards of a 
30-minute travel time and primary care physician to population ratio 
of 1:3500 provide benchmarks to evaluate the impact of NPPs on 
the adequacy of the primary care workforce in Iowa at a fine-grained 
level.

Second, the state of Iowa recognizes PAs and APRNs as pri-
mary care providers and grants APRNs full independent practice 
authority and prescriptive authority (Iowa Code Ann. §135.157(9)). 
Iowa is one of only eighteen “full practice” states with the fewest 
restrictions on NPPs.40 It is important to study a state such as Iowa 
since researchers have suggested that one key to expanding the 
primary care workforce is through the liberalization of the scope 
of practice (SOP) for NPPs.41 By studying the location patterns of 
NPPs in Iowa, we can evaluate whether these providers choose to 
practice in rural areas as suggested in related research42,43 or do 
they tend to cluster in locations already well-supplied with physi-
cians as in California,44 a state with more restrictions of the scope 
of practice for APRNs.

Finally, Iowa maintains a continuously updated roster of practic-
ing physicians, APRNs and PAs. This provider data include practice 
focus (eg, hospital medicine versus urgent care) which is a key advan-
tage for determining the actual size of the primary care workforce 
once NPPs are included.19

2  | METHODS

2.1 | Data

Data on the primary care provider workforce in 2017 were obtained 
from the Iowa Health Professions Inventory (IHPI), maintained by 
the Office of Statewide Clinical Education Programs, Carver College 
of Medicine (University of Iowa). The IHPI currently tracks all physi-
cians, dentists, pharmacists, PAs, and APRNs practicing in the state. 
Provider data include demographic (birth year, sex), educational 
(school, graduation year), and professional (eg, specialty, worksite 
address) information. It is regularly updated using a number of data 
sources including a semiannual telephone census of all health care 
practice locations in Iowa.

To identify primary care providers, we followed the Institute of 
Medicine (IOM) definition of primary care,45 as operationalized by 
Spetz et al (2015).19 We included the specialties of family medicine, 
general internal medicine, general pediatrics, and obstetrics/gyne-
cology. Providers working at federal health care institutions (eg, VA 
hospitals or clinics) and those working at urgent care clinics19 were 
excluded. Urgent care clinics are classified as non–primary care set-
tings by Spetz et al (2015) and others, consistent with the IOM defi-
nition of primary care which specifies “a sustained partnership with 
patients” relating to continuity of care and ongoing relationships 
between provider and patient,4,19,45 factors usually lacking in urgent 
care settings. We also excluded providers employed in administra-
tive, hospitalist, or nonclinical roles.

The classification of physicians was based on their self-reported 
specialty. Self-reported specialty was not available for NPPs, requir-
ing the use of worksite as a proxy for participation in primary care. 
For PAs, their practice specialty was reported by the PA's worksite. 
For the APRNs, we first limited our sample to those trained as fam-
ily nurse practitioners (NPs), pediatric NPs, adult NPs, Ob/Gyn NP, 
nurse midwife, and women's health NP. After imposing the restric-
tions listed above, we then examined the worksite of each APRN, 
eliminating those working for specialty medical practices, for exam-
ple, cardiology, from our sample.19

A number of studies41,46-48 provide estimates of the relative pro-
ductivity of primary care providers, including NPPs. Following these 
estimates, physicians (ie, MDs and DOs) reporting full-time status 
were assigned a full-time equivalent (FTE) of 1.0, while those report-
ing part-time were assigned an FTE of 0.5. Physicians employed in 
gynecology-obstetrics were assigned an FTE of 0.25/0.125 for full-
time/part-time status.41 PAs were assigned an FTE of 0.886/0.443 
for full-time/part-time positions.47 APRNs were assigned an FTE of 
0.592/0.296 for full-time/part-time roles.47

It should be noted that, unlike the HPSA scoring model for pri-
mary care, we do not have information at the individual provider 
level regarding their acceptance of various insurance plans including 
Medicaid patients. However, if such information about providers and 
the surrounding population were available to the analyst, it could be 
incorporated into the constrained optimization model.

Population data were obtained from the US Census's American 
Community Survey 5-year 2017 estimates at the minor civil division 
(MCD) scale. MCDs are subcounty divisions used in Iowa for defining 
HPSA boundaries. There are more MCDs in Iowa (n = 1662) than zip 
codes (n = 963) or census tracts (n = 825 for 2010) allowing for a 
finer level of geographic precision. For comparison, analyses were 
also performed at the Census Block Group scale (see Appendix S1).

Information on current geographic HPSAs for primary care was 
obtained from HRSA. Following current guidelines for geographic 
HPSA designation for primary care, provider capacity was calculated 
as the total FTE value within each MCD multiplied by 3500, cor-
responding to the 3500:1 population-to-provider threshold. This is 
a simplifying assumption to the extent that we do not incorporate 
population-level factors that may increase the demand for primary 
care services (eg, high levels of poverty and high incidence of low 
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birthweights). This is due in part to the poor quality of these esti-
mates at high levels of geographic specificity (compared to coun-
ty-level estimates). If reliable information were available at the 
subcounty geographic level of analysis (MCD, census block group, 
etc), it could be readily incorporated into the model formulation.

We geocoded practice locations for primary care provid-
ers using ArcMap 10.7 (Esri, CA, USA) and reference data from 
TomTom (Amsterdam, Netherlands) with a matching rate of 
97 percent. The remaining records (n  =  117) were manually re-
matched. The centroid of the MCD was considered the location of 
the patient population and any primary care providers practicing 
within its boundaries.

To compare the impact of NPPs on spatial access for urban 
and rural areas, we classified MCDs into one of 10 primary ru-
ral-urban commuting areas (RUCA version 3.1) codes using census 
tract-level data. We assigned the same designation to every MCD 
whose centroid fell within the tract's boundaries. We further con-
solidated the 10 primary RUCA codes into five levels of increasing 
rurality.49 The first level consisted of all urban core areas, that is, 
those contiguous areas of 50 000 or more people (RUCA code 1), 
and the second included densely populated suburban areas (RUCA 
codes 2 and 3 with a population density of 100 + per square mile). 
Large rural towns include populations of 10  000-49  999 (RUCA 
codes 4-6) with a population density of 100+ per square mile. 
Small rural towns include populations of <10  000 (RUCA codes 
7-10) and a population density between 50 and 100 per square 
mile. Rural areas include all locations outside the urban core areas 
with a population density <50 per square mile. This classification 
distinguishes between small rural towns that may have a popu-
lation sufficient to support a primary care provider and more 
sparsely populated rural areas.

2.2 | Methods

To measure potential spatial accessibility to primary care in Iowa, we 
created an optimization model to allocate demand (population) to 
capacitated supply (providers), with apportioned demand. We used 
ArcMap to estimate road travel times between all MCD centroids. 
The allocation procedure starts with population demand points lo-
cated at MCD centroids. One MCD is selected at random and its 
population is allocated to the nearest provider until the capacity of 
that provider is reached or the entire population is allocated. Any 
unallocated population can be apportioned to the next nearest 
provider within the maximum travel time threshold of 30 minutes. 
Once demand has been allocated or all available capacity within the 
maximum travel time threshold has been exhausted, another MCD is 
selected at random and the process repeats until no further alloca-
tion can occur.

Since the results may depend upon the order in which MCDs 
are selected, 10 000 random permutations were run and the re-
sults summarized. In some locations, the population can never be 
completely allocated within the maximum travel time threshold, 

resulting in “confirmed shortages” that were present in every one 
of the 10 000 scenarios. In other MCDs, the population can some-
times be allocated, but other times cannot. These are classified as 
“probable” (some level of unallocated population in >50 percent 
of the scenarios) or “possible” (some level of unallocated popula-
tion in at least 1, but <50 percent of the scenarios) shortage areas. 
In other locations, the population is always successfully allocated 
resulting in no shortage. For each of the 10  000 scenarios, the 
number of people who were not assigned to a primary care pro-
vider was recorded. We report the mean unallocated population 
for each MCD.

Models were first run considering only primary care physicians, 
in accordance with current HPSA geographic shortage designation 
criteria. Next, the models were run considering all primary care 
providers, both physicians and NPPs. Allocation analyses were per-
formed in R v3.5.0 (R Foundation for Statistical Computing). Maps 
were created using ArcGIS Pro 2.2.4 (ESRI).

3  | RESULTS

In 2017, there were 2424 Iowa physicians with a specialty in pri-
mary care. Of these, 2000 were providing primary care under the 
operational definition described above with a total FTE of 1781.63. 
Considering the state as a whole, the population-to-primary care 
FTE ratio was 1744:1. This is approximately double the 3500:1 ratio 
used in the determination of geographic HPSAs for primary care 
suggesting that, at the state level, there is no shortage of primary 
care physicians.

A total of 517 PAs were practicing under the supervision of 
physicians with a specialization in primary care. After filtering, the 
number of PAs in primary care was 423 with a total FTE of 358.4. 
There were 1681 APRNs with training in primary care fields. Of 
these, 1114 were practicing in primary care in 2017. The total FTE 
for APRNs was 633.7.

In 2017, there were 3537 primary care providers including both 
physicians and NPPs, with a total FTE of 2773.7. Across the entire 
state, this would give a population: FTE ratio of 1120:1.

3.1 | Spatial accessibility

One-quarter (408/1662) of MCDs were located in geographic HPSAs 
for primary care. These MCDs contained approximately 11 percent 
(n  =  349  251/3  106  589) of the state's population. Only 5.1 per-
cent [101/2000] of primary care physicians practiced in geographic 
HPSAs. An additional 316 MCDs were in areas classified as popula-
tion (Medicaid-eligible or low-income) HPSAs for primary care. These 
MCDs include an additional 16 percent (n = 486 170/3 106 589) of 
the state's population.

Based on the constrained optimization model described above, 
a total of 361 MCDs (22 percent) were confirmed shortage areas 
for primary care physicians for all 10 000 scenarios (Table 1). These 
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361 confirmed shortage areas together contained only one primary 
care physician. Only 109 (30 percent) of these MCDs were within 
existing geographic HPSAs. The majority (187/361 or 52 percent) 
of the MCDs with confirmed shortages were located outside a 
designated HPSAs (either geographic or population). We also note 

that nearly half (194/408 or 48 percent) of the MCDs within a geo-
graphic HPSA had no shortage based on the 10 000 scenarios.

The average unallocated population in the MCDs with a confirmed 
shortage is substantial, representing 6 percent (181 084/3 118 102) 
of the state's population. These MCDs represent 82 percent 

 

Physicians only Physicians + NPPs

Mean 
unallocated 
population MCDs

Mean 
unallocated 
population MCDs

In geographic HPSAs

Confirmed shortages (100% of runs) 66 935 109 17 158 36

Probable shortages (≥50% of runs) 8641 23 2312 11

Possible shortages (<50% of runs) 12 815 82 1206 19

No shortage 0 194 0 342

In population HPSAs

Confirmed shortages (100% of runs) 23 862 65 11 923 40

Probable shortages (≥50% of runs) 4839 19 326 3

Possible shortages (<50% of runs) 529 7 277 4

No shortage 0 225 0 269

Outside any HPSAs

Confirmed shortages (100% of runs) 90 287 187 39 451 94

Probable shortages (≥50% of runs) 5934 14 2868 15

Possible shortages (<50% of runs) 6660 59 2730 35

No shortage 0 678 0 794

Entire state

Confirmed shortages (100% of runs) 181 084 361 68 532 170

Probable shortages (≥50% of runs) 19 414 56 5506 29

Possible shortages (<50% of runs) 20 004 148 4213 58

No shortage 0 1097 0 1405

TA B L E  1   Mean unallocated population 
and number of minor civil divisions 
(MCDs) with primary care shortages for 
physicians only and for physicians and 
nonphysician providers (NPPs), stratified 
by location within or outside current 
health professional shortage areas 
(HPSAs)

F I G U R E  1   Mean unallocated 
population for primary care using 
primary care physicians (n = 10 000 
scenarios) [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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(181 084/220 502) of the expected shortfall in spatial access to pri-
mary care physicians.

Turning to the addition of NPPs, we find that 8.6 percent 
(270/3156) of primary care providers practiced in geographic 
HPSAs in 2017. The additional 170 FTE of primary care represents 
an increase of 170 percent in these 408 MCDs. Within geographic 
HPSAs, the number of MCDs with a confirmed shortage fell by 67 
percent (from 109 to 36). The comparable figure for population 
HPSAs was 38 percent and for areas outside of a designated HPSA, 
the reduction was 50 percent (from 187 to 94).

When NPPs were included in the measure of spatial accessibil-
ity, the level of unallocated population in the 361 MCDs with a con-
firmed shortage fell by 62 percent (from 181 084 to 68 532). Within 
geographic HPSAs, the reduction was greater at 74 percent (from 
66 935 to 17 158).

The prior analysis focused on MCDs with a confirmed shortage. 
However, there are MCDs for which some but not all of the people are 
unassigned to a provider within a 30-minute drive. The exact number 
for each MCD varied based on the probabilistic assignment scheme. 
Therefore, we average the results across the 10 000 scenarios. Based 
on the location and number of primary care physicians, the average 
unallocated population for each MCD is summarized in Figure 1.

Considering all MCDs, the addition of NPPs reduced the average 
unallocated population from 220 502 (or 7 percent of Iowa's popu-
lation) to 78 252 (or 2.5 percent of the state's population). This rep-
resents a 65 percent reduction. The remaining average unallocated 
population at the MCD level is mapped in Figure 2.

3.2 | Comparison of rural and urban areas

In Table 2, we examine the impact of NPPs on the supply of primary 
care providers in urban and rural areas of Iowa. We also evaluate the 

impact of NPPs on spatial accessibility to primary care across differ-
ent types of urban and rural areas. We then aggregated all measures 
across all 1662 MCDs for the five types of locations discussed above 
(urban core, suburbs, large rural town, small rural town, and rural).

Some 60 percent of Iowans live in an urban core, suburban, or 
high-density (> 100/square mile) large rural towns. The average pop-
ulation per MCD for small rural towns and rural areas are a small 
fraction of those observed in more densely populated areas.

As expected, areas in the urban core have a higher proportion of 
the primary care physicians than their population (54 percent of FTE 
versus 43 percent of population). The same is true, to a lesser extent 
in large rural towns (11 percent of primary care physician FTE com-
pared to 10 percent of the population). Suburbs have a comparable 
proportion of primary care FTE (7 percent) compared to their popu-
lation (7 percent). Small town MCDs have a higher than proportion-
ate share of primary care physicians (21 percent of FTE versus 17 
percent of population). Rural areas with 23 percent of the population 
have only 6 percent of FTE primary care physicians.

Accounting for location, we see that most (86 percent) of the 
expected unallocated population for primary care is associated with 
rural areas, where more than a quarter of the population is unal-
located. Most of the remaining unallocated population for primary 
care is found in small rural towns (12 percent). It is interesting to note 
that large rural towns have no unallocated population. This may be 
due to the large number of hospitals in these rural cities across Iowa.

With the addition of NPPs, the capacity for providing primary 
care rises across all categories of location. However, the change is 
not uniform. Urban core areas capture 45 percent of the increase 
in FTEs followed by small rural towns with an increase of 27 per-
cent. Rural areas account for 13 percent, large rural towns 10 per-
cent, and suburbs account for 4.6 percent of the increase in FTEs. 
Proportionally, rural areas see an increase in FTEs of 114 percent, 
followed by small rural towns (70 percent), large rural towns (50 

F I G U R E  2   Mean unallocated 
population for primary care using both 
primary care physicians and nonphysician 
providers [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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percent), urban core areas (47 percent), and suburban areas (36 
percent).

With the addition of the NPPs, the unallocated population in the 
urban core areas is reduced to a fraction of 1 percent. The largest 
change in unallocated population is in rural areas. Fully 78 percent 
of the reduction in unallocated population occurs in rural areas. An 
additional 18 percent of the reduction in unallocated population oc-
curs in small rural towns. Consequently, almost all (96 percent) of the 
positive effects of NPPs on spatial accessibility are associated with 
rural areas of Iowa.

4  | DISCUSSION

Our analysis shows that many MCDs in Iowa with sufficient spatial 
access to primary care are included in geographic HPSAs while, at 
the same time, many MCDs without sufficient access are excluded 
from any shortage designation whatsoever. Such errors suggest that 
the methods used for identifying geographic HPSAs should be mod-
ernized to take advantage of state-of-the-art developments in geo-
spatial analysis.

We further show that the impact of NPPs on spatial access to 
primary care is considerable. The number of individual MCDs with 
no spatial access to primary care fell more than 50 percent. At the 
same time, the number of MCDs with no shortage (across 10 000 
scenarios) rose from 66 to 85 percent. At the state level, the addition 
of NPPs to the primary care workforce resulted in a reduction in the 
overall unallocated population by more than 60 percent.

Like its primary care physicians, most of Iowa's NPPs are lo-
cated in densely populated urban areas. Forty percent of the NPPs 
were located in small rural towns and sparsely populated rural areas 
where almost all of the shortfall in spatial access to primary care lies. 
However, the NPPs choosing to practice in these low-density rural 
areas have a profound impact on spatial access. In these areas, the 
percentage of the unallocated population is 17 percent when the 
primary care workforce is limited to physicians. This figure falls to 6 
percent when the contributions of NPPs are recognized.

While the addition of NPPs reduces the unallocated popula-
tion for primary care, there remain shortage areas across the state. 
In Figure 3, we combine information about current locations of all 
primary care providers along with 30-minute driving distances from 
the 11 MCDs with the largest unallocated population. For some of 
these populations, there are existing primary care providers within a 
30-minute drive. Meeting the needs of these patients would require 
additional practitioners in existing facilities. For other locations, 
the challenge is greater since there is no existing provider within a 
30-minute drive. To meet the needs of these patients, there would 
have to be investment in a new facility to facilitate primary care 
providers. This is likely to represent a greater financial hurdle than 
adding staffing to an existing location. In either case, using the spa-
tial accessibility approach described in this study, health officials can 
better use their limited resources in a targeted way to improve access 
to primary care.TA
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4.1 | Limitations and future directions

Since this study focuses on a single state, it has limitations to its gen-
eralizability. The observed improvement in access for rural popula-
tions may not be relevant in more highly urbanized states, although 
the optimization models used are appropriate for such areas. Iowa 
may also have “edge effects” near the state's borders, although it is 
difficult to estimate the magnitude since errors flow in both direc-
tions across state lines.50 Future studies should include border areas 
of neighboring states when possible to determine whether disconti-
nuities are artifacts or authentic. This would require a regional sys-
tem to track health professionals (and their practice specialties) at a 
highly disaggregate level.

Rural states are not homogeneous. Geographic, regulatory, and 
other differences may result in a lower or higher measured impact 
of NPPs on spatial access to primary care. For instance, state-level 
scope-of-practice laws influence what primary care services NPPs 
can offer; thus, states with more restrictive scope can expect less of 
an improvement in access than was observed in Iowa.

Our study focused only on spatial access to primary care. There 
remain many other demographic, cultural, and financial barriers for 
patients to overcome in order to realize the promise of equitable 
access to primary care. Other nonpatient factors, for example, low 
levels of Medicaid reimbursement or transportation challenges,51-53 
may likewise affect realized access to primary care services and 
should be included in future studies.

5  | CONCLUSION

Our analysis of Iowa's primary care workforce suggests that the 
crisis surrounding primary care physicians could be viewed as a 

spatial demand-capacity mismatch.54 At the state level of geogra-
phy, there is no shortage of primary care physicians but they are 
unevenly allocated, leading to localized areas of poor or no spatial 
accessibility.

There are substantial funding implications for geographic HPSA 
designations. However, the current system only considers the role of 
physicians in providing primary care. Consistent with research from 
other countries, we find that the addition of NPPs to the primary 
care workforce results in a considerable reduction in the population 
without sufficient spatial access to primary care. Almost all of the 
improvement occurs in sparsely populated rural areas, which are also 
the areas of greatest need. In an era of needs growing faster than 
budgets, more accurately measuring the needs of rural populations 
should result in better uses of limited funds.

As a case study, these results from Iowa show how high-quality 
data on NPP location, training, and practice settings can be lever-
aged using microlevel models of demand for primary care. Our sin-
gle measure of spatial accessibility—generated using a probabilistic, 
constrained optimization algorithm run over 10 000 scenarios—iden-
tified areas of inaccessibility to primary care within and outside of 
areas designated as HPSAs for primary care. Including the presence 
of primary care NPPs, we are able to quantify their considerable con-
tributions to reducing the unallocated population and characterize 
their effect on patients in underserved rural locations. The approach 
presented in this paper could help policy makers better target re-
sources dedicated to increasing access to primary care services to 
those areas of truly greatest need.

ACKNOWLEDG MENTS
Joint Acknowledgment/Disclosure Statement: The authors would like 
to thank Linda Thiesen for her assistance in obtaining the data used 
in this study. Data collection for the Office of Statewide Clinical 

F I G U R E  3   Mean unallocated 
population for primary care using both 
primary care physicians and nonphysician 
providers, with provider locations and 
30-min driving distance polygons for 
areas of greatest unallocated population 
indicated [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com


484  |    
Health Services Research

YOUNG et al.

Education Programs is funded through a state appropriation, Board 
of Regents, and the University of Iowa. These funders had no role 
in this study. SGY was supported by startup funds from the College 
of Public Health at the University of Arkansas for Medical Sciences. 
TSG acknowledges the support of the Henry B. Tippie Research 
Professorship in Marketing and a Career Development Award from 
the University of Iowa. These funders have no rights to review or 
approve his work. GCN is salaried by the University of Iowa.

CONFLIC T OF INTERE S T
The authors report no other disclosures.

ORCID
Sean G. Young   https://orcid.org/0000-0002-0054-0627 

R E FE R E N C E S
	 1.	 Colwill JM, Cultice JM, Kruse RL. Will generalist physician supply 

meet demands of an increasing and aging population? Health Aff 
(Millwood). 2008;27(3):w232-w241.

	 2.	 Hofer AN, Abraham JM, Moscovice I. Expansion of coverage under 
the Patient Protection and Affordable Care Act and primary care 
utilization: expanded coverage under PPACA and primary care use. 
Milbank Q. 2011;89(1):69-89.

	 3.	 Schwartz MD. Health care reform and the primary care workforce 
bottleneck. J Gen Intern Med. 2012;27(4):469-472.

	 4.	 Dall T, Reynolds R, Jones K, Chakrabarti R, Iacobucci W, Association 
of American Medical Colleges. The Complexities of Physician Supply 
and Demand: Projections from 2017 to 2032. Washington, DC: 
Association of American Medical Colleges; 2019:86.

	 5.	 Shanafelt TD, West CP, Sinsky C, et al. Changes in burnout and sat-
isfaction with work-life integration in physicians and the general 
US working population between 2011 and 2017. Mayo Clin Proc. 
2019;94(9):1681-1694.

	 6.	 Petterson SM, Liaw WR, Phillips RL, Rabin DL, Meyers DS, 
Bazemore AW. Projecting US primary care physician workforce 
needs: 2010-2025. Ann Fam Med. 2012;10(6):503-509.

	 7.	 Kirch DG, Henderson MK, Dill MJ. Physician workforce projections 
in an era of health care reform. Annu Rev Med. 2012;63(1):435-445.

	 8.	 US Department of Health and Human Services, Health Resources 
and Services Administration, National Center for Health Workforce 
Analysis. Projecting the Supply and Demand for Primary Care 
Practitioners through 2020. Rockville, MD: US Department of Health 
and Human Services; 2013.

	 9.	 Auerbach DI, Chen PG, Friedberg MW, et al. Nurse-managed 
health centers and patient-centered medical homes could mitigate 
expected primary care physician shortage. Health Aff (Millwood). 
2013;32(11):1933-1941.

	10.	 DiCenso A, Bourgeault I, Abelson J, et al. Utilization of nurse prac-
titioners to increase patient access to primary healthcare in Canada 
– thinking outside the box. Nurs Leadersh. 2010;23(sp):239-259.

	11.	 Shah TI, Milosavljevic S, Bath B. Determining geographic accessibil-
ity of family physician and nurse practitioner services in relation to 
the distribution of seniors within two Canadian Prairie Provinces. 
Soc Sci Med. 2017;194:96-104.

	12.	 Committee on Monitoring Access to Personal Health Care Services, 
Institute of Medicine. Access to Health Care in America. (Millman ML, 
ed.). Washington, DC: National Academies Press; 1993. https://
www.nap.edu/2009. Accessed September 5, 2019.

	13.	 Healthy People 2020. Access to Health Services. HealthyPeople.
gov. https://www.healt​hypeo​ple.gov/2020/topics-objec​tives/​

topic/​Access-to-Health-Services. Published September 5, 2019. 
Accessed September 5, 2019.

	14.	 Hodgart RL. Optimizing access to public services: a review of prob-
lems, models and methods of locating central facilities. Prog Geogr. 
1978;2(1):17-48.

	15.	 Agency for Healthcare Research and Quality. Access and Disparities 
in Access to Health Care. AHRQ.gov. https://www.ahrq.gov/resea​
rch/findi​ngs/nhqrd​r/nhqdr​15/access.html. Published May 2016. 
Accessed September 5, 2019.

	16.	 Guagliardo MF. Spatial accessibility of primary care: concepts, 
methods and challenges. Int J Health Geogr. 2004;3(1):3.

	17.	 Streeter RA, Zangaro GA, Chattopadhyay A. Perspectives: using 
results from HRSA's health workforce simulation model to examine 
the geography of primary care. Health Serv Res. 2017;52:481-507.

	18.	 National Commission on Certification of Physician Assistants, Inc. 
2015 Statistical profile of certified physician assistants: an annual 
report of the National Commission on Certification of Physician 
Assistants; 2016:22. http://www.nccpa.net/research. Accessed 
December 22, 2018.

	19.	 Spetz J, Fraher E, Li Y, Bates T. How many nurse practitioners pro-
vide primary care? It depends on how you count them. Med Care Res 
Rev. 2015;72(3):359-375.

	20.	 McLafferty S, Freeman VL, Barrett RE, Luo L, Shockley A. Spatial 
error in geocoding physician location data from the AMA Physician 
Masterfile: implications for spatial accessibility analysis. Spat 
Spatio-Temporal Epidemiol. 2012;3(1):31-38.

	21.	 Grumbach K, Hart LG, Mertz E, Coffman J, Palazzo L. Who is caring 
for the underserved? A comparison of primary care physicians and 
nonphysician clinicians in California and Washington. Ann Fam Med. 
2003;1(2):97-104.

	22.	 Health Resources and Services Administration. Health Professional 
Shortage Area (HPSA) application and scoring process. HRSA 
Health Workforce. https://bhw.hrsa.gov/short​age-desig​natio​
n/hpsa-process. Published July 2018. Accessed December 21, 
2018.

	23.	 Luo W, Wang F. Measures of spatial accessibility to health care in a 
GIS environment: synthesis and a case study in the Chicago region. 
Environ Plan B Plan Des. 2003;30(6):865-884.

	24.	 Luo W, Qi Y. An enhanced two-step floating catchment area 
(E2SFCA) method for measuring spatial accessibility to primary 
care physicians. Health Place. 2009;15(4):1100-1107.

	25.	 McGrail MR, Humphreys JS. Measuring spatial accessibility to 
primary care in rural areas: improving the effectiveness of 
the two-step floating catchment area method. Appl Geogr. 
2009;29(4):533-541.

	26.	 Nobles M, Serban N, Swann J. Spatial accessibility of pediatric 
primary healthcare: measurement and inference. Ann Appl Stat. 
2014;8(4):1922-1946.

	27.	 Gentili M, Harati P, Serban N, O'Connor J, Swann J. Quantifying 
disparities in accessibility and availability of pediatric primary care 
across multiple states with implications for targeted interventions. 
Health Serv Res. 2018;53(3):1458-1477.

	28.	 Li Z, Serban N, Swann JL. An optimization framework for measur-
ing spatial access over healthcare networks. BMC Health Serv Res. 
2015;15(1). https://doi.org/10.1186/s12913-015-0919-8

	29.	 Vallim A, da Silva Mota I. Optimization models in the loca-
tion of healthcare facilities: a real case in Brazil. J Appl Oper Res. 
2012;4(1):37-50.

	30.	 Wang F. Measurement, optimization, and impact of health care 
accessibility: a methodological review. Ann Assoc Am Geogr. 
2012;102(5):1104-1112.

	31.	 Rahman S, Smith DK. Use of location-allocation models in health 
service development planning in developing nations. Eur J Oper Res. 
2000;123(3):437-452.

https://orcid.org/0000-0002-0054-0627
https://orcid.org/0000-0002-0054-0627
https://www.nap.edu/2009
https://www.nap.edu/2009
https://www.healthypeople.gov/2020/topics-objectives/topic/Access-to-Health-Services
https://www.healthypeople.gov/2020/topics-objectives/topic/Access-to-Health-Services
https://www.ahrq.gov/research/findings/nhqrdr/nhqdr15/access.html
https://www.ahrq.gov/research/findings/nhqrdr/nhqdr15/access.html
http://www.nccpa.net/research
https://bhw.hrsa.gov/shortage-designation/hpsa-process
https://bhw.hrsa.gov/shortage-designation/hpsa-process
https://doi.org/10.1186/s12913-015-0919-8


     |  485
Health Services Research

YOUNG et al.

	32.	 Sun L, DePuy GW, Evans GW. Multi-objective optimization mod-
els for patient allocation during a pandemic influenza outbreak. 
Comput Oper Res. 2014;51:350-359.

	33.	 He Z, Qin X, Xie Y, Guo J. Service location optimization model for 
improving rural emergency medical services. Transp Res Rec J Transp 
Res Board. 2018;2672(32):83-93.

	34.	 Zhang Y, Berman O, Verter V. Incorporating congestion in pre-
ventive healthcare facility network design. Eur J Oper Res. 
2009;198(3):922-935.

	35.	 Gentili M, Harati P, Serban N. Projecting the impact of the 
Affordable Care Act provisions on accessibility and availability of 
primary care providers for the adult population in Georgia. Am J 
Public Health. 2016;106(8):1470-1476.

	36.	 Zheng Y, Lee I, Serban N. Regularized optimization with spa-
tial coupling for robust decision making. Eur J Oper Res. 
2018;270(3):898-906.

	37.	 Current JR, Storbeck JE. Capacitated covering models. Environ Plan 
B Plan Des. 1988;15(2):153-163.

	38.	 Health Resource and Services Administration. Negotiated rulemak-
ing committee on the designation of medically underserved popu-
lations and health professional shortage areas. Final Report to the 
Secretary. 2011:98. https://www.hrsa.gov/advis​oryco​mmitt​ees/
short​age/nrmcf​inalr​eport.pdf. Accessed November 13, 2018.

	39.	 General Accounting Office. Health Care Shortage Areas: Designation 
Not a Useful Tool for Directing Resources to the Underserved. 
Washington, DC: Health, Education, and Human Services Division 
of the United States General Accounting Office; 1995:61.

	40.	 Gadbois EA, Miller EA, Tyler D, Intrator O. Trends in state regula-
tion of nurse practitioners and physician assistants, 2001 to 2010. 
Med Care Res Rev. 2015;72(2):200-219.

	41.	 Graves JA, Mishra P, Dittus RS, Parikh R, Perloff J, Buerhaus PI. Role 
of geography and nurse practitioner scope-of-practice in efforts to 
expand primary care system capacity: health reform and the pri-
mary care workforce. Med Care. 2016;54(1):81-89.

	42.	 Xue Y, Kannan V, Greener E, et al. Full scope-of-practice regulation 
is associated with higher supply of nurse practitioners in rural and 
primary care health professional shortage counties. J Nurs Regul. 
2018;8(4):5-13.

	43.	 Neff DF, Yoon SH, Steiner RL, et al. The impact of nurse practi-
tioner regulations on population access to care. Nurs Outlook. 
2018;66:379-385.

	44.	 Spetz J, Muench U. California nurse practitioners are positioned to 
fill the primary care gap, but they face barriers to practice. Health 
Aff (Millwood). 2018;37(9):1466-1474.

	45.	 Donaldson MS, Yordy KD, Lohr KN, Vanselow NA (eds). Primary 
Care: America's Health in a New Era. Washington, DC: National 
Academies Press; 1996. http://public.eblib.com/choic​e/publi​cfull​
record.aspx?p=3377045. Accessed July 19, 2019.

	46.	 Larson EH, Palazzo L, Berkowitz B, Pirani MJ, Hart LG. The contri-
bution of nurse practitioners and physician assistants to generalist 
care in Washington State: nurse practitioners, physician assistants, 
and generalist care. Health Serv Res. 2003;38(4):1033-1050.

	47.	 Pedersen DM, Chappell B, Elison G, Bunnell R. The productivity 
of PAs, APRNs, and physicians in Utah. J Am Acad Physician Assist. 
2008;21(1):42-47.

	48.	 Doescher MP, Andrilla CHA, Skillman SM, Morgan P, Kaplan L. The 
contribution of physicians, physician assistants, and nurse practi-
tioners toward rural primary care: findings from a 13-state survey. 
Med Care. 2014;52(6):549-556.

	49.	 Washington State Department of Health. Guidelines for using 
rural-urban classification systems for community health assess-
ment. October 2016. https://www.doh.wa.gov/Porta​ls/1/Docum​
ents/1500/RUCAG​uide.pdf. Accessed June 20, 2018.

	50.	 Gao F, Kihal W, Le Meur N, Souris M, Deguen S. Does the edge 
effect impact on the measure of spatial accessibility to healthcare 
providers? Int J Health Geogr. 2017;16(1). https://doi.org/10.1186/
s12942-017-0119-3

	51.	 Brown EJ, Polsky D, Barbu CM, Seymour JW, Grande D. Racial dis-
parities in geographic access to primary care in Philadelphia. Health 
Aff (Millwood). 2016;35(8):1374-1381.

	52.	 Khan AA, Bhardwaj SM. Access to health care: a conceptual frame-
work and its relevance to health care planning. Eval Health Prof. 
1994;17(1):60-76.

	53.	 Fortney JC, Burgess JF, Bosworth HB, Booth BM, Kaboli PJ. A 
re-conceptualization of access for 21st century healthcare. J Gen 
Intern Med. 2011;26(S2):639-647.

	54.	 Bodenheimer TS, Smith MD. Primary care: proposed solutions to 
the physician shortage without training more physicians. Health Aff 
(Millwood). 2013;32(11):1881-1886.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Young SG, Gruca TS, Nelson GC. 
Impact of nonphysician providers on spatial accessibility to 
primary care in Iowa. Health Serv Res. 2020;55:476–485.  
https://doi.org/10.1111/1475-6773.13280

https://www.hrsa.gov/advisorycommittees/shortage/nrmcfinalreport.pdf
https://www.hrsa.gov/advisorycommittees/shortage/nrmcfinalreport.pdf
http://public.eblib.com/choice/publicfullrecord.aspx?p=3377045
http://public.eblib.com/choice/publicfullrecord.aspx?p=3377045
https://www.doh.wa.gov/Portals/1/Documents/1500/RUCAGuide.pdf
https://www.doh.wa.gov/Portals/1/Documents/1500/RUCAGuide.pdf
https://doi.org/10.1186/s12942-017-0119-3
https://doi.org/10.1186/s12942-017-0119-3
https://doi.org/10.1111/1475-6773.13280

