
J
a

D
a

b

a

A
R
R
A

1

i
s
m
l
(
d
2
a
a
p

K
f
S
E
a
C
T
h

s

U
o
t

h
0

Journal of Health Economics 66 (2019) 145–162

Contents lists available at ScienceDirect

Journal  of  Health  Economics

jo ur nal homep age: www.elsev ier .com/ lo cate /econbase

ust  what  the  nurse  practitioner  ordered:  Independent  prescriptive
uthority  and  population  mental  health�

iane  Alexander a,∗, Molly  Schnell b

Federal Reserve Bank of Chicago, United States
Northwestern University and NBER, United States

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 10 July 2018
eceived in revised form 22 April 2019
ccepted 23 April 2019

a  b  s  t  r  a  c  t

We  examine  whether  relaxing  occupational  licensing  to allow  nurse  practitioners  (NPs)—registered
nurses  with  advanced  degrees—to  prescribe  medication  without  physician  oversight  improves  popu-
lation  mental  health.  Exploiting  time-series  variation  in  independent  prescriptive  authority  for  NPs  from

1990  to  2014,  we  find  that  broadening  prescriptive  authority  leads  to improvements  in self-reported  men-
tal  health  and decreases  in mental  health–related  mortality.  These  improvements  are  concentrated  in
areas  that  are  underserved  by physicians  and among  populations  that  have  difficulty  accessing  physician-
provided  care.  Our results  demonstrate  that  extending  independent  prescriptive  authority  to  NPs  can  help
mitigate  physician  shortages  and  extend  care  to  disadvantaged  populations.

© 2019  Elsevier  B.V.  All  rights  reserved.
. Introduction

Limited access to mental health care services in the United States
s a major public health concern. While one in five Americans
uffers from a mental illness—including generalized anxiety and
ajor depressive disorders—nearly one third of the U.S. population

ives in areas that are underserved by mental health care providers
Bureau of Health Workforce, 2016).1 As mental disorders tend to
evelop early in life and persist over the lifecycle (Merikangas et al.,
010), the costs of not receiving treatment can be substantial. In

ddition to direct medical costs, untreated mental illness is associ-
ted with lower human capital accumulation, worse labor market
articipation and performance, and greater criminal activity (see,
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1 According to the 2016 National Survey on Drug Use and Health, only 43.1% of
.S. adults aged 18 and older with a mental illness received counseling (inpatient or
utpatient) or used a prescription medication for problems with mental health in
he past year (Substance Abuse and Mental Health Services Administration, 2017).
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167-6296/© 2019 Elsevier B.V. All rights reserved.
for example, Currie and Stabile, 2006; Ettner et al., 1997; Greenberg
and Rosenheck, 2008; Kessler et al., 2008). Recent evidence demon-
strates that increases in all-cause mortality among non-Hispanic
whites are being driven by “deaths of despair” (deaths from sui-
cides, drug and alcohol poisonings, and alcoholic liver disease and
cirrhosis; Case and Deaton, 2015, 2017), adding energy and urgency
to the search for policies that can be used to improve population
mental health.

In this paper, we examine whether allowing nurse practition-
ers (NPs)—a class of registered nurses with advanced degrees in
nursing—to prescribe medication without physician supervision or
collaboration leads to improvements in population mental health.
Leveraging a novel dataset that documents legislative changes
granting NPs independent prescriptive authority over 25 years,
we find that states that broaden prescriptive authority experi-
ence improvements in self-reported mental health and reductions
in mental health–related mortality. These improvements are
concentrated among disadvantaged populations, suggesting that
extending independent prescriptive authority to NPs is an impor-
tant policy tool that can be used to improve the mental health of
populations with limited access to care.

Despite a burgeoning literature demonstrating that NPs can
safely and efficiently provide a variety of services, including an
endorsement of the skills of NPs by the Institute of Medicine
(Institute of Medicine, 2011), efforts to extend prescriptive author-

ity beyond physicians are controversial. Opponents worry that
allowing NPs to prescribe medication independently will put
patients in danger because NPs receive fewer years of training, are
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services in the United States, we focus on the impact of broadening
scope of practice legislation on the use of psychotropic medica-
tions and mental health outcomes.6 Second, we use a time horizon
46 D. Alexander, M. Schnell / Journal o

eld to different legal standards, and go through a different process
f licensing than physicians.2 Critics further note that extending
rescriptive authority beyond physicians need not expand overall
se of pharmacological treatment, as the prescriptions written by
on-physician providers may  simply crowd out the prescriptions
reviously written by physicians. The American Medical Asso-
iation (AMA), a national professional organization representing
hysicians and medical students in the Unites States, has been par-
icularly vocal in opposing the expansion of state-level scope of
ractice legislation for NPs (American Medical Association, 2010).

To measure the impact of extending independent prescriptive
uthority to NPs on population mental health, we exploit time-
eries variation in state-level scope of practice legislation and
ental health outcomes from 1990 to 2014 using a difference-in-

ifference framework. We  use two complementary categories of
ealth outcomes: (1) self-reported mental health at the individual-
ear level from the Behavioral Risk Factor Surveillance System
BRFSS) and (2) mental health–related mortality at the county-
uarter level from the U.S. Mortality Files.3 Our results demonstrate
hat extending independent prescriptive authority to NPs leads to
ignificant reductions in the number of days spent in poor mental
ealth (0.17 days per month, or 5% of the mean). We  further find a
egative relationship between independent prescriptive authority
nd mental health–related mortality, although the effect is impre-
isely estimated.

Notably, improvements in mental health outcomes result-
ng from independent prescriptive authority for NPs are larger
nd more precisely estimated in areas that are underserved by
hysicians and among disadvantaged populations. In particular,
reas that are underserved by psychiatrists see statistically sig-
ificant improvements in self-reported mental health and mental
ealth–related mortality that are at least twice as large as those
xperienced on average: respondents in underserved states see a
eduction of 0.29 days per month in poor mental health (9% of the

ean), and underserved counties see a reduction of nearly six men-
al health–related deaths per quarter (11% of the mean). Individuals
ith a high school degree or less also see strong improvements in

oth measures of mental health, with the largest benefits in per-
entage terms accruing to individuals with low levels of education
esiding in underserved areas.

Allowing NPs to prescribe independently should dispropor-
ionately affect disadvantaged populations for two  reasons. First,
ecause psychiatrists and other physicians are more likely to locate

n urban and suburban areas, populations in rural areas have the
ost limited access to psychotropic treatment (Hartley et al., 2004).

econd, psychiatrists are less likely than all other physician spe-
ialties to accept insurance, with acceptance rates being lowest for
edicaid beneficiaries (Bishop et al., 2014). Therefore, even in areas
ith a sufficient number of physicians, access to psychotropic med-

cations may  still be limited for certain populations. Because NPs are
ore likely than physicians to locate in rural and inner-city loca-

ions and to accept public insurance (Buerhaus et al., 2015; Everett
t al., 2009; Grumbach et al., 2003; Larson et al., 2003), grant-

ng independent prescriptive authority to NPs has the potential
o address physician shortages and extend care to disadvantaged
opulations.

2 It has been estimated that NPs can safely provide 70–80% of the care provided by
hysicians in primary care (Scheffler et al., 1996). Furthermore, evidence suggests
hat there are no differences in health outcomes between patients treated by NPs
ather than physicians, and patient satisfaction is, if anything, higher among patients
een by NPs (Horrocks et al., 2002; Laurant et al., 2008; Lenz et al., 2004; Mundinger
t al., 2000; Naylor and Kurtzman, 2010).
3 As described in Section 3, we define “mental health–related mortality” as sui-

ides, injuries of undetermined intent, and accidental deaths involving poisonings,
rownings, firearms, and trains.
lth Economics 66 (2019) 145–162

Finally, using detailed prescription data from 2006 to 2014,
we find evidence that extending independent prescriptive author-
ity to NPs increases the use of psychotropic medications among
disadvantaged populations. Similar to our findings for mental
health–related mortality and self-reported mental health, these
effects are concentrated in areas that are underserved for mental
health care resources. We  find the largest increases in antide-
pressant and antipsychotic use among Medicaid beneficiaries—a
low-income population that we  expect to be particularly affected
by scope of practice legislation for NPs. Despite having a much
shorter time frame, which greatly limits our statistical power
over our analyses of mental health outcomes, we nonetheless find
evidence that the use of psychotropic medications among disad-
vantaged populations increases when more providers can prescribe
independently.

In light of rising abuse of prescription pain medication
(Substance Abuse and Mental Health Services Administration,
2014), one concern with broadening prescriptive authority is that
such legislation could lead to a greater number of opioid anal-
gesics available for misuse. Again using prescription data from
2006 to 2014, we find that allowing NPs to prescribe indepen-
dently leads to general increases in opioid prescriptions. While
there is a strong, positive relationship between opioid prescriptions
per capita and deaths involving drugs within locations over time
(Schnell and Currie, 2018), we  nevertheless find that allowing NPs
to prescribe independently leads to fewer mental health–related
deaths, a figure that includes overdoses. Therefore, if anything, our
main results underestimate the effects of only extending indepen-
dent prescriptive authority for non-controlled substances such as
antidepressants and antipsychotics.

Our work contributes to a growing literature in economics that
empirically examines the implications of occupational licensing,
most of which measures the effects of such legislation on wages,
employment, and prices across related occupations and services.4
,5 We  depart from this literature by focusing on outcomes of
the production process—self-reported mental health and mental
health–related mortality—rather than the organization and divi-
sion of resources across actors in the production process itself.

The two most closely related studies to our work are Stange
(2014) and Traczynski and Udalova (2018). Stange (2014) finds that
allowing NPs to prescribe controlled substances with or without
physician supervision only leads to modest increases in health-
care utilization, whereas Traczynski and Udalova (2018) find that
allowing NPs to both practice and prescribe independently leads to
increases in utilization of primary care services. Our paper departs
from this previous literature in four important dimensions. First,
given well-documented shortages in access to mental health care
4 A type of occupational licensing, scope of practice restrictions for NPs are often
justified as the state protecting the consumer from receiving substandard care. If
consumers are more confident in the services provided as a result of this legal reas-
surance, restrictive scope of practice legislation will increase demand. However,
since restrictive scope of practice legislation limits the number of providers who
can  perform a given service, these increases in demand may be offset by decreases
in  supply. While restrictive scope of practice legislation should weakly increase the
quality of services, the theoretical effects on quantity are ambiguous.

5 For example, see Kleiner and Park (2010) and Marier and Wing (2011) for the
case  of dentists and dental hygienists and Dueker et al. (2005), Kleiner et al. (2016),
Stange (2014), and Xue et al. (2016) for the case of physicians and non-physician
providers.

6 Our focus on mental health motivates the law changes that we consider. Because
access to a provider who  can prescribe psychotropic medications is a significant bar-
rier to mental health care in the United States, we focus on legislation that allows
NPs  to prescribe medication without the supervision or collaboration of a physician.
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f 25 years, which allows us to consider the effects of a larger num-
er of law changes than previous papers. Third, we  use larger and
ore representative datasets than previous work; combined with

he long time horizon, this gives us the power to look for het-
rogenous effects of broadened scope of practice legislation.7 We
nd that extending independent prescriptive authority to NPs has

arger effects among disadvantaged populations, making it a partic-
larly attractive policy instrument for reducing inequality. Finally,
iven our unique prescription data, we are able to document a “first
tage” that helps us understand the mechanisms through which
roadened scope of practice legislation affects population mental
ealth.

More broadly, our work contributes to the literature that exam-
nes how mental health is affected by policy interventions. Previous
tudies have focused primarily on policy efforts to improve access
o physician-provided care—by increasing access to health insur-
nce, mandating parity in reimbursement for mental health care
ervices, or altering incentives for graduating physicians to enter
ither psychiatry or primary care—and find mixed results (see, for
xample, Cunningham, 2009; Finkelstein et al., 2012; Rabinowitz
t al., 2008). In contrast to this line of work, we focus on a policy
hat can increase the accessibility of medical care for disadvantaged
opulations immediately and at a low cost: there are currently
ver 234,000 NPs already licensed in the United States who  could
rescribe independently if legislation permitted them to do so
American Association of Nurse Practitioners, 2017).

Taken together, our results demonstrate that relaxing occu-
ational licensing for non-physician providers can help mitigate
he negative consequences of limited access to physician-provided
ealth care. In particular, states that are underserved by physicians
an grant independent prescriptive authority to NPs to improve the
ental health of their residents. The potential for such legislative

ction remains large: as of January 2015, only 24 states and the Dis-
rict of Columbia had granted independent prescriptive authority
o NPs. Noticeably, no state in the South has yet to allow NPs to
ndependently prescribe.

This paper proceeds as follows. We  begin by providing addi-
ional background on NPs and scope of practice legislation in
ection 2. We then introduce our data in Section 3. In Section 4, we
xamine how mental health–related mortality and self-reported
ental health respond when independent prescriptive authority is

xtended to NPs. In Section 5, we examine how the number of pre-
criptions for antidepressants, antipsychotics, and opioids changes
hen NPs can prescribe independently. Section 6 concludes.

. Background

The number of NPs in the United States has grown rapidly

n recent decades, with the number of licensed NPs nearly dou-
ling from 120,000 in 2007 to over 234,000 today (American
ssociation of Nurse Practitioners, 2017). To become an NP, reg-

n contrast to Stange (2014), we do not separately consider legislation that allows
Ps  to prescribe controlled substances in addition to unscheduled drugs. Since the
ajority of antidepressants and antipsychotics are not scheduled, we believe that

he relevant legislation is whether NPs can prescribe at least non-controlled sub-
tances independently. We note, however, that only one state (Kentucky) allows
Ps to prescribe unscheduled drugs but not controlled substances independently

see Footnote 10 for additional information on independent prescriptive authority
or controlled substances).

7 While Traczynski and Udalova (2018) find no evidence of heterogenous effects,
hey are likely underpowered given both the small sample size of the Medical Expen-
iture Panel Survey (MEPS) and the more limited time period that they consider.
e  further note that the MEPS is only representative at the national level, whereas

he data we  use is representative at the state level (BRFSS), covers the universe of
eaths (U.S. Mortality Files), or covers the universe of prescriptions filled at U.S.
etail pharmacies for certain drug classes (IQVIA).
lth Economics 66 (2019) 145–162 147

istered nurses must complete a master’s or doctoral program that
provides advanced clinical training beyond their undergraduate
nursing education and complete local licensure and national cer-
tification requirements. NPs practice in a wide range of settings,
including physician practices, hospitals, community health cen-
ters, and private NP practices (American Association of Nurse
Practitioners, 2014).

While the training requirements for NPs are similar across the
United States, states have the authority to dictate what NPs are
able to do. In states with liberal scope of practice legislation, NPs
have the authority to evaluate, diagnose, and treat patients—which
includes ordering and interpreting diagnostic tests, initiating
and managing treatments, and prescribing medication—under the
licensure authority of the state board of nursing. In states with
more restrictive scope of practice legislation, NPs are required to
undergo career-long supervision, delegation, or team-management
by another health provider in order to provide patient care.8 Such
legislation can be very costly for NPs: anecdotal evidence suggests
that NPs often have difficulty finding or affording physicians who
are willing to supervise or work in collaboration, and it is not
uncommon for NPs to have to move or stop practicing when the
physician with whom they contract has moved, retired, or died
(Sadeghi, 2017). Broadened scope of practice legislation therefore
lowers the cost of practice and may  increase access by increasing
both the number of providers and the effective labor supply of each
provider.

We focus specifically on scope of practice legislation that grants
NPs the authority to prescribe medication independently. Given
significant disparities in access to providers who  can prescribe psy-
chotropic medications (Bishop et al., 2014; Hartley et al., 2004),
extending independent prescriptive authority to NPs may  be par-
ticularly relevant for improving the provision of mental health
care in the United States. Broadly speaking, there are two types
of treatment for mental illness: psychotherapy and psychotropic
medication. A complementarity between the two  has been well
documented, and in most cases it is recommended that a patient
receive a combination of both (Substance Abuse and Mental Health
Services Administration, 2015). Despite this ideal of psychotherapy
in conjunction with psychotropic medication, it is often much eas-
ier to find consistent access to therapy than to medication (Thomas
et al., 2009). While all mental health professionals can offer some
degree of counseling services, traditionally only psychiatrists and
other physicians have the legislative authority to prescribe medi-
cations independently.

Although some NPs specialize in psychiatric and mental health,
these providers make up less than 4% of the total NP workforce
(American Association of Nurse Practitioners, 2014). Rather, the
vast majority of NPs are trained in primary care programs and focus
on adult, family, and pediatric health; gerontology; and women’s
health. Despite their generalist training, most primary care NPs
diagnose and treat mental illness on a regular basis. According to
a recent survey, 66% (63%) of general practice NPs treat anxiety
(depression) in their practice, with the numbers being even more
pronounced among NPs in family practice (76% and 74%, respec-

tively) (American Association of Nurse Practitioners, 2012). This
pattern is similar among physicians: while psychiatrists are the
only physicians who specifically focus on mental health, many gen-

8 As is common in the literature, we refer to these mandatory professional rela-
tionships as “physician supervision or collaboration.” The legal requirements for
such relationships, both for practice authority and prescriptive authority, differ
across states with restrictive scope of practice legislation. For example, NPs in
Georgia can only prescribe if a physician delegates the authority pursuant to a writ-
ten  protocol agreement, NPs in Virginia can only prescribe as part of a patient care
team, and NPs in South Carolina must maintain a written collaborative agreement
with a physician in order to prescribe.
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evidence that the law changes we  consider are driven by these
measures.12

10 Except for Kentucky, in which NPs are required to have a collaborative prac-
tice agreement with a physician in order to prescribe controlled substances, all
states that allow NPs to prescribe unscheduled drugs independently also allow NPs
ig. 1. Changes in independent prescriptive authority for NPs: 1990–2014. Notes: W
ave  the statutory authority to prescribe medications without physician collaborat

n  Table A.1.

ral practitioners also provide mental health services (Kessler and
tafford, 2008). Therefore, increased access to NPs in general, rather
han just those specializing in psychiatric medicine, may  have the
otential to improve population mental health.

. Data

We  combine data from seven sources to measure how allowing
Ps to prescribe independently affects population mental health.

n particular, we merge a new dataset detailing independent pre-
criptive authority for NPs with administrative data on mental
ealth–related mortality from the U.S. Mortality Files, survey data
n self-reported mental health from the BRFSS, and detailed data on
rescriptions filled at U.S. retail pharmacies from IQVIA’s Xponent
atabase. These data are supplemented with information on the
rovision of local medical resources and population demographics

rom the Area Resource Files (ARF), the American Community Sur-
ey (ACS), and the U.S. Census. Each dataset is described in detail
elow.

.1. Independent prescriptive authority

Our first dataset documents whether NPs had the legislative
uthority to independently prescribe medication in each month
rom 1990 to 2014 in each state and the District of Columbia. This
ataset was constructed by the authors and combines information

rom the The Nurse Practitioner’s “Annual Legislative Update,” cor-

espondence with state nursing boards, and readings of primary
ource legislation.9

As discussed in Section 2, the language of scope of practice
egislation is particular to each state. We define independent pre-
criptive authority as the ability to prescribe medication without

9 The Nurse Practitioner is a journal addressing clinical issues relevant to NPs and
ther primary care providers. Every January since 1989, the journal has published
he “Annual Legislative Update” which summarizes both the practice environment
nd the level of prescriptive authority for NPs in each state. While informative, these
verviews do not consistently include dates of legislative action nor comprehensive
overage of the precise changes made to a state’s legislation. Therefore, the infor-
ation provided by the journal alone is not sufficient for a quantitative analysis of

ndependent prescriptive authority.
ne a state as having independent prescriptive authority if NPs registered in the state
 supervision. The exact dates of the law changes used in our analysis are provided

physician collaboration or supervision.10 ,11 As of January 1st,
1990, six states and the District of Columbia had already granted
NPs statutory authority to independently prescribe medication.
Between 1990 and 2014, 18 states changed their scope of practice
legislation to allow NPs to prescribe without physician involve-
ment. This geographic and temporal variation in scope of practice
legislation is displayed in Fig. 1; the exact dates of the law changes
used in our analysis are provided in Table A.1.

It is difficult to say how states decide when to grant NPs inde-
pendent prescriptive authority. If states broaden scope of practice
legislation for NPs in response to declining economic conditions
or worsening health, or at a similar time as other laws that
independently impact population mental health, then our results
will be subject to omitted variable bias. Pei et al. (forthcoming)
demonstrate that balancing regressions—which use candidate con-
trols as dependent, rather than independent, variables—provide a
powerful test of orthogonality. In Table A.3, we estimate balanc-
ing regressions to examine whether the timing of laws granting
NPs independent prescriptive authority are correlated with vari-
ous individual-level, county-level, and state-level outcomes (e.g.,
individual health insurance status, county-level provider counts,
and state-level unemployment rates). Reassuringly, we find no
to  prescribe controlled substances independently. While independent prescriptive
authority for both unscheduled drugs and controlled substances is included with
licensure in many states with liberal scope of practice legislation, in some states
with independent prescriptive authority, such as Connecticut and the District of
Columbia, NPs must apply for a controlled substance registration to independently
prescribe Schedule II–V drugs.

11 Eight of the 24 states that allow NPs to prescribe independently require a post-
licensure or certification period of supervision or collaboration before an NP is
granted independent prescriptive authority. For example, a prescribing mentorship
with a physician or another advanced practice nurse is required for the first 1000 h
of  practice in Colorado; in Maine, an NP must be supervised by either a physician or
an  NP for the first 24 months of the NP’s practice. Because these restrictions are tem-
porary rather than career-long, we  consider states that require a preliminary period
of  supervision or collaboration as having independent prescriptive authority.

12 While there is an association between allowing NPs to independently prescribe,
Medicaid expansions, and the legalization of medical marijuana, this correlation
is driven by only a few states at the end of our panel. Notably, Minnesota legal-
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Fig. 2. Areas underserved for mental health care services: 1990. Notes: Following the definition provided by the HRSA, a county is “underserved” for mental health care
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ervices  if the county has fewer than one psychiatrist per 30,000 people. We ident
ounty  in 1990 from the ARF with county population counts from the 1990 Cens
verage of binary, underserved categorizations across all counties in that state is le

.2. Health resources

Increasing the number of providers who can prescribe should
ave greater impacts in areas with an insufficient supply of such
roviders. According to the Health Resources and Services Admin-
stration (HRSA), an area is “underserved” for mental health care
ervices if there is fewer than one psychiatrist for every 30,000
eople. Using this definition, we identify underserved counties by

zed medical marijuana and extended independent prescriptive authority to NPs in
014; dropping Minnesota or 2014 eliminates this association. Furthermore, three
tates (Connecticut, Kentucky, and Minnesota) extended independent prescriptive
uthority to NPs and expanded Medicaid in 2014; dropping these states or 2014
gain eliminates the correlation. Since 2014 is at the tail end of our panel, all of our
esults are unsurprisingly robust to controlling for these law changes (see Panel B of
able A.7 and Panel C of Table A.16). Furthermore, as shown in Tables A.11, A.12, A.19,
nd A.20, our results are robust to individually dropping each state, including those
hat  expanded Medicaid, legalized medical marijuana, and extended independent
rescriptive authority in 2014.
derserved counties by combining information on the number of psychiatrists per
tate is “underserved” for mental health care services if the population-weighted

 the median across all states in 1990.

combining information on the number of psychiatrists per county
in 1990 from the ARF with county population counts from the 1990
Census. We  use the measure from the beginning of our sample
to avoid introducing bias from changes to the supply of medical
providers driven by changing scope of practice legislation (Xue
et al., 2016).13 Over our sample period, approximately 20% of the
U.S. population lived in counties that were underserved for mental
health care services.

The survey data outlined in Section 3.3.2 only provides us with
the state, not the county, of respondents. We  therefore also need
a measure of how well-equipped each state is for mental health
care services. To take into account the geographic distribution of

resources within a state, we  define a state as being “underserved”
for mental health care services if the population-weighted average
of binary, underserved categorizations across all counties in the

13 Despite this concern, all of our results are robust to instead using a time-varying
measure of the provision of mental health care resources (see Tables A.6 and A.15).
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tate is less than the median across all states in 1990.14 Fig. 2 shows
he geographic variation in underserved counties and states.

While we define an area as being underserved for mental health
are resources by whether it has enough psychiatrists to serve
he population, this characterization is an over-simplification of
ow mental health care is delivered in the United States. Psychi-
trists are the only physicians specifically trained to treat mental
llness, although in practice many general practitioners also provide
reatment for mental illness (Kessler and Stafford, 2008). Despite
verlap in the services provided by psychiatrists and general prac-
itioners, we define areas as underserved for mental health care
ervices using psychiatrist-to-population ratios for two  reasons.
irst, the HRSA only defines mental health care shortage areas
sing the number of psychiatrists, so it is not clear which threshold
ould be appropriate to use if we were to consider counts of both

sychiatrists and general practitioners. Second, in practice, defin-
ng shortage areas based on psychiatrist-to-population ratios also
aptures areas that are underserved by general practitioners; that
s, areas defined as underserved by psychiatrists also have fewer
eneral practitioners per capita (see Table 1). Therefore, we iden-
ify meaningful variation in the availability of mental health care
roviders by focusing on areas underserved by psychiatrists.

.3. Mental health outcomes

We  identify the impact of independent prescriptive authority
or NPs on population mental health using two complementary out-
omes: mental health–related mortality and self-reported days in
oor mental health. For each outcome, we consider how extending

ndependent prescriptive authority to NPs impacts both the local
opulation as a whole and disadvantaged subpopulations that may
nd it particularly difficult to access physician-provided care.

.3.1. Mental health–related mortality
Our first outcome is mental health–related mortality at the

ounty-quarter level from 1990 to 2014 from the U.S. Mortality
iles. Here, we consider both suicides and a broader measure of
mental health–related deaths,” which combines suicides, injuries
f undetermined intent, and accidental deaths involving poison-

ngs, drownings, firearms, and trains.15 The ICD-9 (1990–1999) and
CD-10 codes (2000–2014) we use to identify these causes of death
re outlined in Table A.2.

We  believe that the broad measure of mental health–related
ortality provides a more accurate picture of mortality caused
y poor mental health rather than suicides alone for two reasons.
irst, geographic variation in reported suicides reflects both differ-
nces in true suicides and differences in cause-of-death reporting

14 We could alternatively define underserved at the state level by applying the
RSA’s definition to state-level psychiatrist-to-population ratios. Note that this is
athematically equivalent to applying the HRSA’s definition to the population-
eighted average of county-level psychiatrist-to-population ratios within a state.
owever, because cities seldom fall within the HRSA’s definition of underserved, and
ecause cities have large populations, no state is considered underserved according
o this measure. We therefore use the cut-off of above and below median to create a
inary measure, although we show in Panel B of Table A.15 that our results are robust
o  instead using a continuous measure of underserved (population-weighted aver-
ge of binary, underserved categorizations across all counties in the state; between
ero and one).
15 A large literature documents that injuries of undetermined intent and accidental
eaths commonly obscure true suicide rates (see, for example, Bjorkenstam et al.,
014; Cooper and Milroy, 1995; Holding and Barraclough, 1977; Jougla et al., 2002;
elleher et al., 1996; Lindqvist and Gustafsson, 2002; Maniam, 1995; Ohberg and
onnqvist, 1998; Phillips and Ruth, 1993; Platt et al., 1988; Rockett and Smith, 1993;
ockett et al., 2006, 2010a,b). On average over our sample period, 53.4% of mental
ealth–related deaths were suicides; 31.9% were accidental poisonings; 6.6% were

njuries of undetermined intent; and 5.8%, 1.4%, and 1.1% were accidental deaths
nvolving drownings, firearms, and trains, respectively.
lth Economics 66 (2019) 145–162

(Cooper and Milroy, 1995; Jougla et al., 2002; Phillips and Ruth,
1993; Rockett et al., 2010b; Tollefsen et al., 2010; Whitt, 2006).
When someone dies from an overdose of oxycodone, for exam-
ple, the local coroner decides whether to label the death as a
suicide or an accidental poisoning. Our broad measure of men-
tal health–related deaths captures both causes of death, whereas
“suicides” only captures the former. Second, drug addiction is an
increasingly important category of mental illness, and thus we are
interested in drug-related deaths even if suicide was not the indi-
vidual’s intent.16

The mortality files contain demographic information for the
deceased individual. In particular, the deceased’s county of resi-
dence, sex, race, age, and level of education are recorded. We  use
this information to determine both the total number of deaths at
the county level as well as the number of deaths among subpopula-
tions of interest. As the mortality files contain no information on the
deceased’s income, we  use education as a proxy for socioeconomic
status.

While the mortality files tell us the number of people who  died,
they provide us with no information on the size of the population
base. When one area reports having more deaths than another,
we cannot determine from the mortality files alone whether the
population is larger and the death rates are the same, or whether
the location experienced a disproportionate number of deaths. To
take into account the size of the relevant population, we combine
the number of deaths at the county-quarter level with county-
year population counts from the Census and the ACS. For each year
between 2007 and 2014, we take county-level population counts
from the five-year pooled ACS surrounding that year (for example,
we use the 2005-2009 ACS for county-level population counts in
2007). For 1990 to 2006, we linearly interpolate county-level pop-
ulation counts between the 1990 Census, the 2000 Census, and the
2005–2009 ACS.17

As shown in Table 1, counties in states that allow NPs to pre-
scribe independently at some point during our sample period tend
to be less densely populated and less racially diverse. However,
both groups of counties have very similar unemployment rates and
age profiles. Perhaps unsurprisingly, underserved counties are on
average less densely populated, less educated, and more white than
counties with adequate mental health care resources.

Before proceeding to a formal difference-in-difference analysis,
we first examine mortality patterns in the raw data. Fig. 3 shows
unadjusted mental health–related mortality rates at the county-
year level in event time around the year in which states grant
NPs independent prescriptive authority. We  plot death rates sep-
arately for counties that are and are not underserved for mental
heath care services and separately for the whole population and
among individuals with a high school degree or less. Suicide rates

are fairly noisy, likely due both to low incidence and to differences
in how suspected suicides are reported across counties and over
time (Cooper and Milroy, 1995; Phillips and Ruth, 1993; Rockett

16 There is an extensive body of literature in medicine discussing the feed-
back between substance abuse disorders and other types of mental illness. Most
prominently, the self-medication hypothesis posits that substance use disorders
themselves can be driven by a desire to relieve the symptoms of other mental health
problems, including anxiety disorders, depression, and post-traumatic stress disor-
der (Barkus and Murray, 2010; Khantzian, 1985, 1997; Nock et al., 2010; Regier et al.,
1990).

17 The Census only provides intercensal county-level population estimates across
age,  sex, race, and ethnic groups, while our analysis requires county-level population
estimates for all of the subgroups that we  consider. For example, we consider mental
health–related mortality among individuals with a high school degree or less, and
the  Census does not provide intercensal population estimates by education. We
have compared our linearly interpolated estimates to the intercensal estimates from
the  Census where available, and the numbers are nearly identical. Our results are
therefore robust to using the intercensal estimates when possible.
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Table  1
Summary statistics: county-level mortality and controls, 1990–2014.

All Never Indep. Rx Ever Indep. Rx

All Not underserved Underserved All Not underserved Underserved

Deaths per 100,000
Suicides: total 3.32 3.11 2.98 3.54 4.13 4.11 4.17
Suicides: low educ. 6.56 6.03 5.88 6.41 8.48 8.94 8.59
Mental health–related deaths: total 5.54 5.33 5.19 5.76 6.35 6.34 6.38
Mental health–related deaths: low educ. 11.48 10.87 10.92 10.72 14.12 14.36 13.44

Indep. prescriptive authority 0.12 0.00 0.00 0.00 0.56 0.57 0.52
Underserved 0.23 0.23 0.00 1.00 0.23 0.00 1.00
Population 1,044,604 1,164,548 1,487,352 103,819 587,731 737,514 75,335
Population density (per mile2) 2104 2463 3148 212 735 916 114
Percent male 0.49 0.49 0.49 0.49 0.49 0.49 0.50
Percent white 0.75 0.73 0.71 0.83 0.81 0.78 0.88
Percent black 0.12 0.14 0.15 0.11 0.07 0.08 0.03
Percent aged 18 and under 0.25 0.25 0.25 0.25 0.25 0.25 0.26
Percent aged 65+ 0.13 0.13 0.12 0.14 0.12 0.12 0.14
Percent high school or less 0.47 0.48 0.45 0.57 0.43 0.40 0.50
Median household income 54,032 53,644 55,952 46,063 55,509 57,135 49,947
Percent in poverty 0.28 0.29 0.29 0.29 0.27 0.27 0.27
Percent unemployed 0.06 0.06 0.06 0.06 0.06 0.06 0.05
Psychiatrists per 100,000 11.88 11.92 14.77 2.56 11.72 14.35 2.72
Primary care MDs/DOs per 100,000 96.02 96.22 108.69 55.38 95.24 105.30 60.92

Observations 313,372 221,880 65,800 156,080 91,492 26,300 65,192

Notes: Observations are at the county-quarter level. Statistics are weighted by population. “Mental health–related deaths” include suicides, injuries of undetermined intent,
and  accidental deaths involving poisonings, drownings, firearms, and trains. “Ever (Never) Indep. Rx” includes counties that had independent prescriptive authority for NPs
at  some point (at no point) during our sample. “(Not) Underserved” reflects whether a county was  underserved for mental health care services in 1990. “Low educ.” is defined
as  having a high school degree or less. Mortality statistics come from the U.S. Mortality Files, provider counts come from the ARF, and all other variables come from the
Census and the five-year pooled ACS. Census and ACS variables are linearly interpolated at the county-year level for years not available.
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BRFSS is representative at the state-year level. Starting in 1993 and
in most state-years during our sample period, respondents were
asked the following question:18
ig. 3. Raw data: independent prescriptive authority and mental health–related m
Mental health–related deaths” includes suicides, injuries of undetermined intent, 

underserved” if it had fewer than one psychiatrist per 30,000 people in 1990. “Low

t al., 2010b; Whitt, 2006). However, there is a clear pattern of
ecreased mental health–related deaths after states allow NPs to
rescribe independently. These decreases are more pronounced in
nderserved counties and are the largest among individuals with

 high school degree or less who live in these underserved areas.
urthermore, there is no evidence of pre-trends in mortality before
he law changes.
.3.2. Self-reported mental health
Our second outcome is the number of days in the past month

hat a person reports being in poor mental health. This measure
omes from the BRFSS—a large, annual phone survey that collects
ty. Notes: Observations are at the county-year level and are population weighted.
ccidental deaths involving poisonings, drownings, firearms, and trains. A county is
.” is defined as having a high school degree or less.

information on health-related risk behaviors, chronic health con-
ditions, and use of preventive services in the United States. The
18 The BRFSS did not ask this question in Wyoming in 1993, Rhode Island in
1994, Washington D.C. in 1995, 29 states in 2002 (Alabama, Arkansas, Arizona, Col-
orado, Connecticut, Washington D.C., Delaware, Florida, Georgia, Indiana, Louisiana,
Massachusetts, Maryland, Maine, Michigan, Mississippi, Montana, North Dakota,
Nebraska, New Hampshire, Nevada, Ohio, Oklahoma, Pennsylvania, South Dakota,
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Table  2
Summary statistics: self-reported mental health and controls, 1993–2015.

All Never Indep. Rx Ever Indep. Rx

All Not underserved Underserved All Not underserved Underserved

Days in poor mental health
All: average 3.36 3.39 3.39 3.40 3.26 3.25 3.27
All:  percent 0 0.66 0.67 0.66 0.69 0.66 0.66 0.67
All:  percent ≥21 0.06 0.06 0.06 0.06 0.05 0.05 0.06
Low  educ: average 3.91 3.93 3.90 3.99 3.82 3.83 3.81
Low  educ: percent 0 0.67 0.66 0.66 0.68 0.67 0.66 0.69
Low  educ: percent ≥21 0.07 0.07 0.07 0.08 0.07 0.07 0.08

Indep. prescriptive authority 0.13 0.00 0.00 0.00 0.61 0.66 0.52
Underserved 0.38 0.40 0.14 1.00 0.33 0.00 1.00
Male  0.48 0.48 0.48 0.48 0.49 0.49 0.49
White 0.70 0.68 0.66 0.74 0.78 0.74 0.86
Black  0.10 0.11 0.09 0.17 0.05 0.07 0.03
Hispanic 0.13 0.14 0.18 0.04 0.09 0.10 0.07
Health insurance 0.85 0.84 0.84 0.84 0.86 0.86 0.87
Married 0.58 0.57 0.56 0.59 0.59 0.58 0.62
Age:  18–34 0.31 0.31 0.31 0.32 0.31 0.31 0.31
Age:  35–44 0.20 0.20 0.20 0.20 0.20 0.20 0.19
Age:  45–54 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Age:  55–64 0.13 0.13 0.13 0.14 0.14 0.14 0.14
Age:  65+ 0.17 0.17 0.17 0.17 0.17 0.17 0.18
Education: high school or less 0.43 0.44 0.43 0.47 0.39 0.38 0.43
Education: college or more 0.29 0.29 0.30 0.26 0.31 0.32 0.27
Income: 1st quintile 0.20 0.21 0.21 0.20 0.17 0.16 0.19
Income: 2nd quintile 0.18 0.18 0.17 0.19 0.17 0.17 0.18
Income: 3rd quintile 0.17 0.17 0.17 0.17 0.18 0.17 0.18
Income: 4th quintile 0.18 0.18 0.19 0.17 0.19 0.20 0.19
Income: 5th quintile 0.14 0.13 0.14 0.12 0.15 0.16 0.13
Employment: for wages 0.52 0.52 0.51 0.52 0.53 0.53 0.53
Employment: self-employed 0.08 0.08 0.08 0.08 0.09 0.09 0.09
Employment: out of work 0.10 0.11 0.10 0.11 0.09 0.09 0.09
Employment: homemaker 0.08 0.08 0.08 0.07 0.07 0.07 0.07
Employment: student 0.05 0.05 0.05 0.04 0.05 0.05 0.05
Employment: retired 0.16 0.16 0.16 0.17 0.17 0.17 0.17

Observations 6,545,759 3,567,713 1,775,802 1,791,911 2,978,046 1,774,188 1,203,858

Notes: Observations are at the individual level. Statistics are weighted using BRFSS sample weights. “Ever (Never) Indep. Rx” includes respondents living in states that had
independent prescriptive authority for NPs at some point (at no point) during our sample period. “(Not) Underserved” reflects whether respondents are living in states that
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ere  underserved for mental health care services in 1990. “Low educ.” is defined a
ifference reflects the percentage of missings.

Now thinking about your mental health, which includes stress,
depression, and problems with emotions, for how many days
during the past 30 days was your mental health not good?

This question is not designed to draw a particular mental health
iagnosis, but rather to indicate whether a respondent experiences
ny symptoms associated with a wide range of mental health con-
itions. Importantly, responses are elicited from those with both
iagnosed and undiagnosed mental illnesses, as respondents are
ot asked whether they have ever been diagnosed with a mental

llness by a doctor.
We consider as outcome variables both the number of days

eported in poor mental health and an indicator for whether the
espondent reported having spent at least 21 of the past 30 days
n poor mental health. According to the Diagnostic and Statistical

anual of Mental Disorders, 5th Edition (DSM-5), to be diagnosed
ith a major depressive episode a patient must have either “a
epressed mood most of the day, nearly every day” or “a markedly
iminished interest or pleasure in all, or almost all, activities most of
he day, nearly every day” for two consecutive weeks. In addition to

ennessee, Vermont, Wisconsin, West Virginia), and Hawaii in 2004. These missing
tate-years correspond to 3.08% of state-year observations representing 2.26% of the
opulation. The missing state-years do not correspond to the year before, the year
f,  or the year after a relevant law change for any state, and thus our identification

s not directly affected.
ng a high school degree or less. Some categorical variables do not sum to one; the

major depressive disorder, the diagnostic criteria for many mental
health conditions include extended time periods over which symp-
toms must be experienced in order for the diagnosis to apply. Thus,
a binary variable denoting individuals who  experienced prolonged
symptoms allows us to identify people who may  be suffering from
a more severe mental illness.

In addition to self-reported mental health, the BRFSS includes
information on each respondent’s sex, race, ethnicity, age, educa-
tion, income, and employment and health insurance status. These
variables allow us to separately consider disadvantaged popula-
tions and to control for underlying differences across respondents
in our analysis.

As shown in Table 2, BRFSS respondents report spending an
average of 3.36 days in the past month in poor mental health, with
66% of respondents reporting no days in poor mental health and 6%
of respondents reporting at least 21 days in poor mental health.
Similar to the pattern observed in Table 1, survey respondents
in states that ever had independent prescriptive authority during
our sample have similar age and employment profiles, although
states that grant independent prescriptive authority over our sam-
ple period are less racially diverse, more educated, and have higher
income profiles. As with counties, states that are underserved for

mental health care services are more white and less educated than
states with a sufficient provision of mental health care resources.

As in Section 3.3.1, we  examine trends in self-reported health in
the raw data before proceeding to a formal difference-in-difference
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including a range of state-level policies aimed at limiting pre-
scribing and curbing abuse (Meara et al., 2016). Using data on
state-level implementation of prescription drug monitoring pro-

19 Antidepressants have a wide range of indications, including depressive, anx-
iety, and panic disorders (Wong et al., 2017). Antipsychotics are used primarily
to  manage psychosis and are most frequently used for schizophrenia and bipolar
disorder. While antipsychotics are much less commonly prescribed than antide-
pressants, they are relatively more important for low-income populations (23% of
antipsychotics are covered by Medicaid compared to just 7% of antidepressants; see
Table 3).

20 Antidepressants are one of the most commonly prescribed classes of pharma-
ceuticals and the largest class used to treat mental illness. While it has been argued
that medications such as antidepressants are overprescribed (see, for example,
ig. 4. Raw data: independent prescriptive authority and self-reported mental he
ample  weights. A state is “underserved” if the population-weighted average of bin
cross  all states in 1990. “Low educ.” is defined as having a high school degree or le

nalysis. Fig. 4 shows unadjusted self-reported mental health at the
ndividual level in event time around the year in which states grant
Ps independent prescriptive authority. We  plot self-reported
ental health separately for states that are and are not under-

erved for mental heath care services and separately for the whole
opulation and among individuals with a high school degree or

ess. The figures suggest that self-reported mental health improves
hen states grant NPs independent prescriptive authority. The pat-

erns in these improvements follow those observed for mental
ealth–related mortality in Fig. 3: across both measures of self-
eported mental health, those living in underserved states report
oth higher initial levels of poor mental health and larger decreases
ollowing broadened scope of practice legislation. Notably, indi-
iduals with low levels of education have worse average baseline
ental health and experience the largest improvements when

ndependent prescriptive authority is extended to NPs.

.4. Prescription data

Finally, to examine how extending independent prescriptive
uthority to NPs influences the number of prescriptions, we use
he IQVIA Xponent database. Our version of the database contains
he near universe of antidepressant, antipsychotic, and opioid pre-
criptions filled at U.S. retail pharmacies between 2006 and 2014
nd allows us to construct prescription measures at the county-year
evel. The database further contains information on how a patient
aid for their prescription, allowing us to stratify by payment type:
edicaid, third party, and cash. This is particularly important given

hat the predicted impacts of expanded scope of practice legislation
re largest for populations that traditionally find it difficult to access
hysician-provided care, such as Medicaid beneficiaries (Buerhaus
t al., 2015; Everett et al., 2009; Grumbach et al., 2003).

While rich, this data requires us to use a restricted time span:
n contrast to the outcome measures introduced in Section 3.3
hat are available from either 1990 or 1993 onward, we only have
he prescription data from 2006 to 2014. However, nine states
ranted independent prescriptive authority to NPs during this time

rame—Colorado, Connecticut, Hawaii, Kentucky, Maryland, Min-
esota, Nevada, North Dakota, and Rhode Island—so there is limited
ut nonetheless meaningful variation that we can exploit (see Table
.1).
Notes: Observations are at the individual level and are weighted using the BRFSS
nderserved categorizations across all counties in the state is less than the median

While the IQVIA data tells us the number of prescriptions filled
within each county, it does not include information on the size of
the relevant population base. To account for local population from
2007 to 2014, we again take county-level population counts from
the five-year pooled ACS surrounding each year; county-level pop-
ulation counts for 2006 are linearly interpolated between the 2000
Census and the 2005–2009 five-year pooled ACS. When considering
annual prescriptions paid for by Medicaid within a county, we apply
an analogous methodology to estimates of county-level Medicaid
eligibles from the ARF.

We  focus on antidepressants and antipsychotics as two repre-
sentative classes of pharmaceuticals used to treat mental illness.19

These medications are widely used: as shown in Table 3, 0.67
antidepressants and 0.12 antipsychotics per capita were filled on
average in each year between 2006 and 2014.20 These medications
are also commonly prescribed by NPs, with 8% of antidepressant
and 10% of antipsychotic prescriptions being written by NPs.

In addition to antidepressants and antipsychotics, we further
examine whether extending independent prescriptive authority to
NPs leads to increases in the number of opioid prescriptions—a class
of drugs with a high potential for abuse and addiction (Substance
Abuse and Mental Health Services Administration, 2014). The mar-
ket for opioids experienced many changes between 2006 and 2014,
Frances, 2011), this does not preclude the possibility that they are underpre-
scribed for populations with limited access to providers. Furthermore, if extending
independent prescriptive authority to NPs increases rates of overprescription, and
overprescription leads to worse health outcomes among affected populations, our
estimates will include these potentially offsetting effects of the policy.



154 D. Alexander, M. Schnell / Journal of Health Economics 66 (2019) 145–162

Table  3
Summary statistics: county-level prescriptions, 2006–2014.

All Never Indep. Rx Ever Indep. Rx

All Not underserved Underserved All Not underserved Underserved

Antidepressants
Annual Rx (100,000s) 5.99 6.31 7.76 0.67 4.78 5.77 0.73
Rx  per capita 0.67 0.65 0.70 0.50 0.73 0.77 0.55
Percent from MDs 0.88 0.90 0.92 0.86 0.80 0.82 0.75
Percent from NPs 0.08 0.06 0.06 0.09 0.13 0.13 0.15
Medicaid

Percent of total 0.07 0.07 0.07 0.09 0.08 0.08 0.09
Percent from MDs  0.85 0.88 0.88 0.84 0.74 0.75 0.72
Percent from NPs 0.11 0.09 0.08 0.11 0.19 0.19 0.18

Commercial
Percent of total 0.86 0.86 0.87 0.83 0.85 0.85 0.82
Percent from MDs  0.89 0.91 0.92 0.87 0.81 0.82 0.76
Percent from NPs 0.07 0.06 0.05 0.09 0.12 0.12 0.14

Antipsychotics
Annual Rx (100,000s) 1.20 1.31 1.62 0.10 0.80 0.96 0.13
Rx  per capita 0.12 0.12 0.13 0.07 0.11 0.12 0.08
Percent from MDs  0.88 0.90 0.91 0.88 0.77 0.78 0.74
Percent from NPs 0.10 0.08 0.07 0.09 0.19 0.19 0.19
Medicaid

Percent of total 0.23 0.23 0.23 0.24 0.22 0.22 0.23
Percent from MDs  0.86 0.89 0.90 0.86 0.75 0.75 0.73
Percent from NPs 0.11 0.09 0.08 0.10 0.21 0.21 0.20

Commercial
Percent of total 0.73 0.73 0.73 0.72 0.73 0.74 0.72
Percent from MDs 0.88 0.91 0.92 0.88 0.78 0.79 0.75
Percent from NPs 0.09 0.07 0.07 0.08 0.18 0.18 0.18

Opioids
Annual Rx (100,000s) 6.54 6.88 8.44 0.80 5.29 6.38 0.86
Rx  per capita 0.74 0.74 0.78 0.59 0.74 0.78 0.59
Percent from MDs  0.80 0.81 0.82 0.80 0.74 0.74 0.73
Percent from NPs 0.05 0.04 0.03 0.05 0.07 0.07 0.08
Medicaid

Percent of total 0.07 0.07 0.07 0.09 0.07 0.07 0.08
Percent from MDs  0.78 0.80 0.80 0.79 0.72 0.71 0.72
Percent from NPs 0.06 0.05 0.04 0.06 0.09 0.08 0.09

Commercial
Percent of total 0.81 0.81 0.82 0.77 0.82 0.83 0.79
Percent from MDs 0.81 0.82 0.83 0.81 0.75 0.75 0.74
Percent from NPs 0.04 0.04 0.03 0.05 0.07 0.07 0.08
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noticeable changes in prescriptions per capita when NPs gain inde-
pendent prescriptive authority. However, this null effect across all
payers masks increases among Medicaid beneficiaries: as shown
otes: Observations are at the county-year level. Statistics are weighted by populatio
or  NPs at some point (at no point) during our sample. “(Not) Underserved” reflects w
f  prescriptions written by physicians and NPs does not sum to one; the remaining

rams (PDMPs) from Meinhofer (2018), we verify that the timing of
aws extending independent prescriptive authority to NPs does not
oincide with the timing of PDMP implementation or “must-access”
DMP laws (see Table A.3).

While the data is sufficiently detailed to allow us to examine
he number of prescriptions written by physicians and NPs sep-
rately, we believe that the total number of prescriptions most
ccurately reflects changes in prescription patterns associated with
xpanded prescriptive authority for two reasons. First, we want to
apture the net effect of broadened scope of practice legislation
n prescription patterns. If people switch from a physician to an
P when NPs are granted independent prescriptive authority but

till receive the same prescription, we would not want to claim
hat the law change resulted in improved access to pharmaceuti-
als. Second, there are technical issues that arise when attributing
rescriptions to different types of providers. When NPs have a
ollaborative or supervisory relationship with a physician, the pre-

cription pad used by the NP may  bear either the NP’s name and
ational provider identifier (NPI) or a combination of the affiliated
hysician and NP’s information.21 If NPs obtain their own  prescrip-

21 In states that require NPs to maintain collaborative or supervisory agreements in
rder to prescribe, legislation dictating whose information must be on prescription
er (Never) Indep. Rx” includes counties that had independent prescriptive authority
r a county was underserved for mental health care services in 2000. The percentage

riptions are written by other providers such as dentists and physician assistants.

tion pads when they gain independent prescriptive authority, we
would observe a mechanical shift in the number of prescriptions
from physicians to NPs in the absence of any true change in the
providers writing prescriptions.

Fig. 5 shows unadjusted prescriptions per capita for antide-
pressants, antipsychotics, and opioids at the county-year level in
event time around the year in which states grant NPs indepen-
dent prescriptive authority. This analysis is done separately for
counties that are and are not underserved for mental heath care
services and separately for all prescriptions and those paid for
by Medicaid. The top panel of Fig. 5 suggests that there are no
orders and labels differs from state to state. For example, while NPs in Florida are
required to maintain a written collaborative agreement for prescriptive authority,
prescribing NPs must use their own prescription pad and their name must appear on
the  prescription label. In contrast, while Kansas requires NPs to maintain a written
protocol authorized by a physician in order to prescribe, both the name of the NP
and  the name of the collaborating physician must appear on both the prescription
pad and the prescription label. Skillman et al. (2012) estimate that only 76% of NPs
had  an NPI in 2010, providing an upper bound for the percentage of NPs who could
have a prescription pad bearing only their name.
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where Underservedc is an indicator that equals one if county c was
underserved for mental health care services in 1990 and zero oth-
erwise, and all other variables are defined as in Eq. (1). To look
specifically at disadvantaged populations, we further estimate Eq.

22 County-year controls include population density, percent male, percent black,
percent aged 18 and under, percent aged 65 and over, percent with a high school
degree or less, a quadratic in median income, percent in poverty, percent unem-
ployed, and the number of practicing psychiatrists and primary care physicians per
ig. 5. Raw data: independent prescriptive authority and prescriptions per capita. N
cripts  per capita are total prescriptions divided by total population; “Medicaid” s
ounty  is “underserved” if it had fewer than one psychiatrist per 30,000 people in 2

n the second panel of Fig. 5, prescriptions per capita covered
y Medicaid increase when independent prescriptive authority is
xtended to NPs. In line with the patterns observed for mental
ealth outcomes in Figs. 3 and 4, increases in prescriptions covered
y Medicaid are larger in counties that are underserved for men-
al health care resources. Notably, underserved areas have lower
aseline prescriptions across all three drug classes. If there are
ecreasing marginal returns to prescriptions, these level differ-
nces will cause the marginal patient who receives a prescription
n an underserved county to experience larger health benefits than
he marginal patient who receives a prescription in a county with

 sufficient provision of mental health care resources.

. Prescriptive authority and mental health outcomes

To identify whether extending independent prescriptive
uthority to NPs improves population mental health, we exploit
ime-series variation in state-level scope of practice legislation and

ental health outcomes using a difference-in-difference frame-
ork. As described in Section 3.3, we consider two categories of
ental health outcomes: mental health–related mortality and self-

eported days in poor mental health. The impact of independent
rescriptive authority on each category of outcomes is considered

n turn below.

.1. Mental health–related mortality

Does the prevalence of suicides and other mental health–related
eaths change when NPs are allowed to independently prescribe?
etting Deathscqy denote either of these outcomes in county c in
uarter q of year y, we estimate the following equation:

eathscqy = ˇ0 + ˇ1Indep. Rxsqy + ˇ2Popcy + ˇ3Xcy
+ �c + �q + �y + �cqy (1)

here Indep. Rxsqy is an indicator denoting whether NPs had inde-
endent prescriptive authority in state s in quarter q of year y; Popcy

s the population of county c in year y; Xcy is a vector of other county-
bservations are at the county-year level and are population weighted. “All payers”
per capita are prescriptions paid for by Medicaid divided by Medicaid eligibles. A

year controls22 ; and �c, �q, and �y are county, quarter, and year
fixed effects, respectively. In all of our analyses in this section, stan-
dard errors are clustered by state and observations are weighted by
population.23

To avoid introducing measurement error into the outcome, our
preferred specification uses the number of deaths in a county-
quarter as the dependent variable and includes a control for the
corresponding population estimate on the right-hand side. While
one could use county-level death rates as the dependent vari-
able, death rates are very sensitive to population counts, and
precise county-level population estimates are only available every
10 years.24

Increasing the supply of providers who can prescribe medication
should impact mental health–related mortality most for popu-
lations living in areas with an insufficient supply of prescribing
providers and for populations that find it more difficult to access
physician-provided care. To allow the impact of changing scope
of practice legislation to differentially influence mental health in
counties with an under-provision of mental health care services,
we estimate the following equation:

Deathscqy = ˇ0 + ˇ1Indep. Rxsqy + ˇ2Indep. Rxsqy · Underservedc

+ˇ3Popcy + ˇ4Xcy + �c + �q + �y + �cqy
(2)
100,000. See Table A.7 for results from specifications that include alternative sets of
controls.

23 Refer to Table A.8 for results from unweighted specifications.
24 Refer to Table A.9 for results using mortality rates per 100,000 as the dependent

variable.
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Table  4
Independent prescriptive authority and mental health–related mortality.

Suicides Mental health–related deaths

(1) (2) (3) (4) (5) (6)
Full  sample Full sample Low educ. Full sample Full sample Low educ.

Indep. prescriptive authority 0.122 0.561 0.784* −1.697 −0.438 0.182
(0.983) (1.019) (0.421) (1.880) (1.985) (1.058)

Indep. Rx * underserved −1.877* −1.415*** −5.387*** −3.403***
(0.965) (0.391) (1.923) (1.217)

Observations 313,372 313,372 313,372 313,372 313,372 313,372
R2 0.969 0.969 0.950 0.971 0.971 0.957
Mean  dependent variable 28.59 28.59 14.89 51.48 51.48 29.05

ˇ1 + ˇ2 −1.316 −0.630 −5.825** −3.221***
P-value (F-test: ˇ1 + ˇ2 = 0) 0.300 0.170 0.013 0.006

Notes: Observations are at the county-quarter level and are population weighted. Standard errors are clustered by state. All regressions include county, quarter, and year
fixed  effects; additional controls include total population (or subgroup population), population density, percent male, percent black, percent aged 18 and under, percent aged
6 e, pe
a  than o
s p < 0.0
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tion. In both panels, we see that there is no statistically significant
difference in mental health–related mortality in the years before
independent prescriptive authority is granted to NPs. Following the
5  and over, percent with a high school degree or less, a quadratic in median incom
nd  primary care physicians per 100,000. A county is “underserved” if it had fewer
chool  degree or less. Refer to Table A.4 for the full regression results. * p < 0.10, ** 

2) separately for different demographic groups. Results for individ-
als with low levels of education are provided with the main results
elow; refer to Table A.5 for results for additional subpopulations.

Estimates from Eqs. (1) and (2) are provided in Table 4. As
hown in Columns (1) and (4), on average there is no statistically
ignificant effect of granting independent prescriptive authority
o NPs on mental health–related mortality across all counties.
owever, counties that are underserved for mental health care

ervices experience larger and more precisely estimated decreases
n mortality when NPs can prescribe independently. As shown in
olumn (5), underserved counties experience a reduction of 5.83
ental health–related deaths per quarter, or 11% of the mean,
hen independent prescriptive authority is extended to NPs. While

nderserved counties also experience reductions in suicides rela-
ive to counties with an adequate provision of mental health care
esources (Column (2)), suicides are—as expected—noisier than our
roader measure of mental health–related deaths.

Columns (3) and (6) consider the effects of allowing NPs to pre-
cribe independently on mental health–related mortality among
ndividuals with a high school degree or less. As in the general
opulation, the effects are concentrated among residents of under-
erved counties. Looking to Column (6), we see that allowing NPs to
rescribe independently leads to 3.2 fewer mental health–related
eaths per quarter, or 11% of the mean, among individuals with low

evels of education residing in underserved counties. The results are
gain noisier when considering suicides in isolation, although Col-
mn  (3) provides suggestive evidence that suicides decline among
he most disadvantaged populations when NPs can prescribe inde-
endently. Given that suicides and mental health–related deaths
re quite rare, there is likely more noise when we restrict our sam-
le to individuals with low education. It is therefore notable that
e identify effects of comparable magnitudes despite these mea-

urement concerns.
The results presented in Table 4 are robust to a wide range of

lternative specifications and variable definitions. While a county
s considered underserved in Table 4 if it had fewer than one psy-
hiatrist per 100,000 in 1990, Table A.6 demonstrates that our
esults are robust to using a time-varying measure of underserved.
anel A of Table A.7 provides results from a specification that
xcludes county-year controls; as we include county fixed effects,
nd many county-level characteristics do not change over time, our
esults are robust to altering the set of controls included. Panel B

f Table A.7 demonstrates that our results are robust to control-

ing for state unemployment rates, state beer taxes, and indicators
enoting whether the state requires universal background checks
nd waiting periods for handgun and firearm purchases, expanded
rcent in poverty, percent unemployed, and the number of practicing psychiatrists
ne psychiatrist per 30,000 people in 1990. “Low educ.” is defined as having a high
5, *** p < 0.01.

Medicaid, allows medical marijuana, allows recreational mari-
juana, implemented a PDMP, and implemented a “must-access”
PDMP. Furthermore, while all regressions are weighted by pop-
ulation in Table 4, Table A.8 reports results from unweighted
specifications. As the law changes have the largest impacts in
less populous counties, the effects of extending independent pre-
scriptive authority to NPs are more precisely estimated in the
unweighted regressions. Table A.9 shows that the results are
attenuated and less precise but qualitatively robust to using mor-
tality rates per 100,000 as the dependent variable in unweighted
regressions,25 and Table A.10 shows that the results are robust to
the inclusion of state-level linear time trends. Finally, the results
presented in Table 4 are not driven by any one particular state.
Tables A.11 and A.12 show that the estimates are robust to sepa-
rately dropping each state that extended independent prescriptive
authority to NPs over our sample period.

To verify the parallel trends assumption and to examine the time
path of effects, we estimate event study specifications. In particular,
we estimate a version of Eq. (1) that includes indicators denoting
each of the three years before, the year of, and each of five years
after a law change in place of the post indicator. Letting Deathscy

denote the number of deaths in county c in year y, we estimate the
following equation:

Deathscy = ˇ0 +
∑

n ∈{−3,5}\−1

˛n1
{
y∗
s + n = y

}
+ ˇ1Popcy

+ ˇ2Xcy + �c + �y + �cy (3)

where y∗
s denotes the year of the law change extending independent

prescriptive authority to NPs in state s, 1
{
y∗
s + n = y

}
is an indicator

denoting whether an observation is n years from the law change,
and all other variables are defined as in Eq. (1).

Fig. 6 presents the  ̨ coefficients and 95% confidence intervals
from estimation of Eq. (3) with mental health–related mortal-
ity as the dependent variable. The left panel includes mental
health–related mortality among the entire population, while the
right panel focusses only on individuals with low levels of educa-
25 Weighting by population has a greater effect on the estimates when the outcome
variable is in rates rather than in levels. We note, however, that the pattern of effects
is  very comparable across the unweighted specifications in Table A.8 (mortality
levels) and Table A.9 (mortality rates per 100,000).
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Fig. 6. Event time: independent prescriptive authority and mental health–related mortality. Notes: Observations are at the county-year level and are population weighted.
Standard errors are clustered by state. All regressions include county and year fixed effects; additional controls include total population (or subgroup population), population
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ensity,  percent male, percent black, percent aged 18 and under, percent aged 65 an
n  poverty, percent unemployed, and the number of practicing psychiatrists and pr
r  less. The panel is unbalanced, years before and after the event time window are 

aw change, however, we see that mental health–related mortality
ignificantly decreases. These effects appear in the first year that is
ully treated (the first year following the law change) and persist
ver time.

.2. Self-reported mental health

In Section 4.1 we found that allowing NPs to prescribe inde-
endently leads to significant reductions in mental health–related
ortality. As mortality is an extreme outcome, we  next ask whether

xtending independent prescriptive authority to NPs leads to
mprovements in the mental health of individuals on a day-to-day
asis. As described in Section 3.3.2, we consider both the number
f days in the past month individuals report being in poor mental
ealth as well as a binary variable which equals one if the individ-
al reports having spent at least three weeks in poor mental health
nd zero otherwise. Letting Poor Mental Healthisy denote either of
hese outcomes for individual i in state s in year y, we estimate the
ollowing equation:

oor Mental Healthisy = ˇ0 + ˇ1Indep. Rxsy + ˇ2Xi + �s + �y + �isy

(4)

here Indep. Rxsy is an indicator denoting whether NPs had inde-
endent prescriptive authority in state s in year y; Xisy is a vector
f individual-level controls26 ; and �s and �y are state and year
xed effects, respectively. We  define a state as having indepen-
ent prescriptive authority in a given year if NPs had the legislative
uthority to prescribe independently at any point within the year;
ll of our results are robust to alternative timing assumptions. In all
f our analyses in this section, standard errors are clustered by state
nd observations are weighted using the BRFSS sample weights.27

As before, we examine whether extending independent pre-
criptive authority to NPs has differential impacts on the mental
ealth of individuals living in states with an under-provision of
ental health care services and among disadvantaged populations.

etting Underserveds be an indicator that equals one if state s was
26 Individual-level controls include indicators for age groups, education groups,
ncome quintiles, and employment status and indicators denoting whether the
espondent is male, white, black, Hispanic, married, and has health insurance. See
able A.16 for results from specifications that include alternative sets of controls.
27 Refer to Table A.17 for results using BRFSS sample weights that have been
djusted to account for the 2011 redesign of the survey (Simon et al., 2017).
r, percent with a high school degree or less, a quadratic in median income, percent
 care physicians per 100,000. “Low educ.” is defined as having a high school degree
ed using separate indicators, and zero denotes the year of the law change.

less equipped for mental health care services in 1990 and zero
otherwise, we  estimate the following equation:

Poor Mental Healthisy = ˇ0 + ˇ1Indep. Rxsy

+ˇ2Indep. Rxsy · Underserveds

+ ˇ3Xi + �s + �y + �isy

(5)

where all other variables are defined as in Eq. (4). To look specif-
ically at disadvantaged populations, we further estimate Eq. (5)
separately for different subpopulations of interest. Results for indi-
viduals with low levels of education are provided with the main
results below; refer to Table A.14 for results for other subpopula-
tions.

Table 5 presents estimates from Eqs. (4) and (5). Looking first
to Column (1), we  see that respondents report having spent 0.17
fewer days in poor mental health when NPs are allowed to prescribe
independently—a reduction of 5% relative to the mean. As with
mental health–related mortality, Column (2) demonstrates that the
benefits are concentrated among respondents in areas that are less
equipped for mental health care services. For respondents in under-
served states, allowing NPs to prescribe independently leads to an
overall reduction of 0.29 days in poor mental health, or an addi-
tional reduction of 0.17 fewer days in poor mental health relative to
states with adequate mental health care resources. Finally, we find
that the most disadvantaged populations—individuals with low
levels of education living in areas underserved by psychiatrists—see
the greatest reductions in poor mental health on a day-to-day basis.
As seen in Column (3), independent prescriptive authority leads to
a reduction of 0.41 days in poor mental health, or over 10% relative
to the mean, among respondents with a high school degree or less
in underserved states.

Allowing NPs to independently prescribe further leads to reduc-
tions in the likelihood that individuals spend at least three weeks
in poor mental health. As shown in Columns (4) and (5) of Table 5,
independent prescriptive authority leads to a 5% reduction in this
measure of more severe mental illness among the population as a
whole and a reduction of 15% among individuals in underserved
states. As before, the effects are larger among the most vulnera-
ble populations: we see in Column (6) that individuals who  are
both living in underserved states and have low levels of educa-
tion experience a 20% reduction in the probability of reporting

21+ days in poor mental health when NPs can prescribe indepen-
dently.

Taken together, the results in Table 5 indicate that individuals
with both minor and more severe mental illness benefit from the
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Table  5
Independent prescriptive authority and self-reported mental health.

Days in poor mental health 21+ Days in poor mental health

(1) (2) (3) (4) (5) (6)
Full  sample Full sample Low educ. Full sample Full sample Low educ.

Indep. prescriptive authority −0.169** −0.116 −0.135 −0.005** −0.003** −0.002
(0.066) (0.072) (0.130) (0.002) (0.001) (0.004)

Indep. Rx * underserved −0.171* −0.274** −0.006 −0.012*
(0.090) (0.133) (0.004) (0.006)

Observations 6,540,521 6,540,521 2,606,231 6,540,521 6,540,521 2,606,231
R2 0.083 0.083 0.083 0.052 0.052 0.052
Mean  dependent variable 3.36 3.36 3.91 0.06 0.06 0.07

ˇ1 + ˇ2 −0.287*** −0.409*** −0.009** −0.014**
P-value (F-test: ˇ1 + ˇ2 = 0) 0.001 0.000 0.045 0.013

Notes: Observations are at the individual level with BRFSS sample weights. Standard errors are clustered by state. All regressions include state and year fixed effects; additional
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ontrols include indicators for age groups, education groups, income quintiles, and e
ispanic, married, and has health insurance. A state is “underserved” if the popula

tate  is less than the median across all states in 1990. “Low educ.” is defined as ha
.10,  ** p < 0.05, *** p < 0.01.

xpansion of prescriptive authority. As with our mortality results,
e provide a variety of additional analyses to probe the robustness

f these findings. While a state is considered underserved in Table 5
f the population-weighted average of binary, underserved catego-
izations across all counties in the state is less than the median
cross all states in 1990, Table A.15 demonstrates that our results
re robust to using a time-varying measure of underserved and to
sing a continuous measure of underserved (population-weighted
verage of binary, underserved categorizations across all counties
n the state in 1990; between zero and one). Our results are fur-
her robust to excluding all individual-level controls (Table A.16,
anel A); only controlling for age, sex, race, and ethnicity (Table
.16, Panel B); and to controlling for state unemployment rates,
tate beer taxes, and indicators denoting whether the state requires
niversal background checks and waiting periods for handgun and
rearm purchases, expanded Medicaid, allows medical marijuana,
llows recreational marijuana, implemented a PDMP, and imple-
ented a “must-access” PDMP (Table A.16, Panel C). Table A.17

hows that our results are robust to adjusting the BRFSS sample
eights to account for the 2011 redesign of the survey.28 Further-
ore, Tables A.19 and A.20 demonstrates that our results are not

riven by any one state: as with our mortality results, the esti-
ates are very stable when we separately drop each state that

xtended independent prescriptive authority to NPs over our sam-
le period.

Unlike the mortality results, however, Table A.18 shows that
he self-reported mental health results are not robust to adding
tate-level linear time trends. As all of the variation we are able
o exploit in the BRFSS is at the state-year level, adding state-level
inear time trends in conjunction with state and year fixed effects
eaves little residual variation, so the null result is not surprising.29

inally, as our estimates are limited in precision, we do not have
he power to estimate individual event-time coefficients from an
ugmented version of Eq. (4). Recall that the BRFSS is a survey of

 subsample of the U.S. population, while the mortality and pre-
cription data cover the universe of outcomes in the United States,

o we have less statistical power when examining self-reported
ental health.

28 We follow Simon et al. (2017) and reconstruct each individual’s sample weight
s  the fraction of their assigned BRFSS sample weight over the sum of all individuals’
ample weights for that year.
29 It is less of a concern to add state-level linear time trends to the mortality regres-
ions, as the outcome there varies at the county-quarter level. Additionally, there is
ithin-year variation in law changes and within-state variation in health resources.
yment status and indicators denoting whether the respondent is male, white, black,
eighted average of binary, underserved categorizations across all counties in the

 high school degree or less. Refer to Table A.13 for the full regression results. * p <

5. Prescriptive authority and the number of prescriptions

We  found in the previous section that extending independent
prescriptive authority to NPs leads to improvements in popula-
tion mental health. Allowing NPs to prescribe medication without
physician oversight could affect population mental health in two
ways. The first and most direct route is that removing restric-
tions on NPs’ ability to prescribe may  allow more people to access
medication that affects their mental health. A second and less
direct route is that granting NPs independent prescriptive authority
may  attract more individuals to the profession or redirect already
licensed NPs to areas with more liberal scope of practice legislation,
thereby expanding access to health care services more broadly (Xue
et al., 2016). If increased access to health care leads to improved
well-being, then extending prescriptive authority to NPs could
improve population mental health independently of the number
of prescriptions written.

Using prescription data from 2006 to 2014, we  examine whether
there is evidence of increased use of prescription medications when
NPs are allowed to prescribe independently. Letting Prescriptionscy

denote antidepressant, antipsychotic, or opioid prescriptions per
capita in county c in year y, we  estimate the following equation:

Prescriptionscy = ˇ0 + ˇ1Indep. Rxsy + ˇ2Xcy + �c + �y + �cy (6)

where all other variables are defined as in Equation (1). As in Sec-
tion 4.1, standard errors are clustered by state and observations are
weighted by population. In contrast to the analysis in Section 4.1,
however, we  define the dependent variable in rates in this analy-
sis: since the ACS provides county-level population counts for each
year between 2007 and 2014, we are less concerned about mea-
surement error in yearly population estimates between 2006 and
2014 (the sample window here) than between 1990 and 2014 (the
sample window in Section 4.1).

As before, we  expect that extending independent prescriptive
authority to NPs will lead to larger increases in prescriptions in
counties with an under-provision of mental health care services
and among populations that are traditionally disadvantaged. Let-
ting Underservedc be an indicator that equals one if county c was
less equipped for mental health care services in 2000 and zero
otherwise, we  estimate the following equation:

Prescriptionscy = ˇ0 + ˇ1Indep. Rxsy
+ˇ2Indep. Rxsy · Underservedc

+ ˇ3Xcy + �c + �y + �cy

(7)
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Table  6
Independent prescriptive authority and prescriptions per capita.

Antidepressants Antipsychotics Opioids

(1) (2) (3) (4) (5) (6)

(A) All payers
Indep. prescriptive authority −0.015 −0.020 0.001 −0.001 0.028* 0.027

(0.013) (0.013) (0.002) (0.002) (0.017) (0.016)
Indep. Rx * underserved 0.032** 0.012** 0.008

(0.013) (0.005) (0.008)

Observations 28,179 28,179 28,179 28,179 28,179 28,179
R2 0.972 0.972 0.941 0.941 0.967 0.967
Mean dependent variable 0.67 0.67 0.12 0.12 0.74 0.74

ˇ1 + ˇ2 0.012 0.010* 0.035*
P-value (F-test: ˇ1 + ˇ2 = 0) 0.515 0.074 0.075

(B)  Medicaid
Indep. prescriptive authority 0.129*** 0.121*** 0.015 0.009 0.098 0.109*

(0.036) (0.035) (0.014) (0.015) (0.059) (0.058)
Indep. Rx * underserved 0.035 0.030*** −0.045**

(0.021) (0.010) (0.022)

Observations 28,162 28,162 28,162 28,162 28,162 28,162
R2 0.825 0.825 0.810 0.810 0.826 0.826
Mean dependent variable 0.22 0.22 0.12 0.12 0.24 0.24

ˇ1 + ˇ2 0.156*** 0.038** 0.063
P-value (F-test: ˇ1 + ˇ2 = 0) 0.000 0.016 0.303

Notes: Observations are at the county-year level and are weighted by population (Panel A) or Medicaid eligibles (Panel B). In Panel A, the dependent variables are county-level
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Given the concurrent rise in opioid prescriptions, it is notewor-
rescriptions per capita; in Panel B, the dependent variables are county-level prescr
ll  regressions include county and year fixed effects; additional controls include po
5  and over, percent with a high school degree or less, a quadratic in median incom
nd  primary care physicians per 100,000. A county is “underserved” if it had fewer 

here all other variables are defined as in Eq. (6). To look specif-
cally at disadvantaged populations, we further estimate Eq. (7)
eparately for prescriptions paid for by Medicaid.30

Estimates from Eqs. (6) and (7) are provided in Table 6. As
hown in Columns (1) and (3) of Panel A, we  see no evidence
hat per capita prescriptions for antidepressants or antipsychotics
ncrease on average across counties when independent prescrip-
ive authority is extended to NPs. However, mirroring the patterns
bserved in Sections 4.1 and 4.2, counties that are underserved for
ental health care resources see increases in the use of antidepres-

ants and antipsychotics relative to counties with adequate mental
ealth care resources when NPs can prescribe independently.
otably, these increases are larger among Medicaid beneficia-

ies: as shown in Columns (1) and (2) of Panel B, antidepressant
se among Medicaid beneficiaries increases by over 50% when
Ps are allowed to prescribe independently, with Medicaid ben-
ficiaries living in underserved counties experiencing the largest
ncreases. Looking to Column (4) of Panel B, we see that antipsy-
hotic use among Medicaid beneficiaries living in underserved
ounties increases by 0.04 prescriptions per capita, or 33% relative
o the mean, when independent prescriptive authority is extended
o NPs.

Compared to the mortality effects documented in Section 4.1,
hese estimates imply elasticities of mental health–related deaths
ith respect to antidepressant and antipsychotic use among dis-

dvantaged populations of −0.16 and −0.34, respectively. Although
here is general consensus in the medical literature that antidepres-
ant and antipsychotic use is associated with suicide prevention
Zalsman et al., 2016), the magnitude of these effects is not well

nderstood: while a study comparing the relationship between
ntidepressant use and suicides in Sweden found an elasticity of
round −0.10 (Carlsten et al., 2001), work in the United States found

30 To ensure that our results are not confounded by the 2014 Medicaid expansions,
e  verified that our results are robust to excluding 2014.
s paid for by Medicaid per Medicaid eligible. Standard errors are clustered by state.
ion density, percent male, percent black, percent aged 18 and under, percent aged
rcent in poverty, percent unemployed, and the number of practicing psychiatrists
ne psychiatrist per 30,000 people in 2000. * p < 0.10, ** p < 0.05, *** p < 0.01.

an elasticity among adolescents of −3.5 (Olfson et al., 2003). We
note that the intervention we  study will increase the prescribing of
different classes of medication simultaneously. If multiple types of
drugs contribute to the reductions in mental health–related mor-
tality that we find, then our implied elasticities per drug class will
be biased upwards.

The final two columns of Table 6 examine how independent
prescriptive authority for NPs affects per capita opioid prescrip-
tions. Columns (5) and (6) of Panel A suggest that opioid use among
the general population and among those living in underserved
counties increases by 4% and 5%, respectively, when independent
prescriptive authority is extended to NPs. While the point esti-
mates are again larger among Medicaid beneficiaries (Panel B),
the effects of extending independent prescriptive authority to NPs
on opioid prescriptions paid for by Medicaid are imprecisely esti-
mated.

As the scope of practice legislation that we consider is not
limited to psychotropic medications, it is not surprising that
prescriptions for opioids also increase when NPs can prescribe
independently.31 Given that rates of opioid abuse in the United
States have reached epidemic levels, however, any policy that
increases the provision of opioids could be troublesome (Substance
Abuse and Mental Health Services Administration, 2014). Despite
the strong association between opioid prescriptions per capita and
deaths involving drugs within counties over time (Schnell and
Currie, 2018), we  found in Section 4.1 that extending indepen-
dent prescriptive authority to NPs leads to decreases in mental
health–related mortality, a measure that includes overdose deaths.
thy that we find significant reductions in mental health–related
mortality when NPs are allowed to prescribe independently.

31 As detailed in Footnote 10, 23 of the 24 states that allow NPs to prescribe inde-
pendently allow NPs to prescribe both unscheduled drugs and controlled substances
independently.
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Fig. 7. Event time: independent prescriptive authority and Medicaid prescriptions per capita. Notes: Observations are at the county-year level and are weighted by Medicaid
eligibles. The dependent variables are county-level prescriptions paid for by Medicaid per Medicaid eligible. Standard errors are clustered by state. All regressions include
county and year fixed effects; additional controls include population density, percent male, percent black, percent aged 18 and under, percent aged 65 and over, percent with
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 high school degree or less, a quadratic in median income, percent in poverty, perc
er  100,000. The panel is unbalanced, years before and after the event time window

As in our mortality analysis, we use an event study specification
o verify the parallel trends assumption and to examine the time
ath of effects. In particular, we estimate a version of Eq. (6) in
hich we include indicators denoting each of the two  years before,

he year of, and each of two years after a law change in place of the
ost indicator. Again letting Prescriptionscy denote antidepressant,
ntipsychotic, or opioid prescriptions per capita in county c in year
, we estimate the following equation:

rescriptionscy = ˇ0 +
∑

n ∈{−2,2}\−1

˛n1
{
y∗
s + n = y

}

+ ˇ1Xcy + �c + �y + �cy (8)

here all other variables are defined as in Eq. (3).
Fig. 7 presents the  ̨ coefficients and 95% confidence intervals

rom estimation of Eq. (8) with per capita prescriptions to Med-
caid beneficiaries as the outcome variable. While our statistical
ower is limited, the event studies suggest that antidepressant and
ntipsychotic use among Medicaid beneficiaries increases when
ndependent prescriptive authority is extended to NPs. The effects
ppear to grow over time, although the short sample window limits
he post-period that we are able to consider.

. Conclusion

Taken together, our results indicate that granting independent
rescriptive authority to NPs is an important policy tool that can
e used to improve population mental health. Policies that increase
he number of providers who can prescribe medication may  be
articularly important in the United States, where the supply of
hysicians has not kept pace with rising demand for health care
ervices. Although the discussions surrounding independent pre-
criptive authority for NPs focus primarily on shortages of primary
are providers who can prescribe medication, we show that these
aws also have important implications for mental health. In par-
icular, states that grant independent prescriptive authority to NPs
ee improvements in self-reported mental health and reductions
n the prevalence of mental health–related deaths. Improvements
re greatest for individuals who live in areas that are underserved
y psychiatrists and among populations that have been shown to
ave more difficulty accessing physician-provided care.

A back-of-the-envelope calculation suggests that in 2014 alone,
596 mental health–related deaths were averted in underserved
ounties by states allowing NPs to prescribe independently. If
ll states granted NPs independent prescriptive authority, the

umber of deaths averted yearly in underserved counties would
ise to over 5000. In addition, many more lives would be saved
mong disadvantaged populations that live in counties with ade-
uate mental health resources but who have difficulty accessing
employed, and the number of practicing psychiatrists and primary care physicians
ncluded using separate indicators, and zero denotes the year of the law change.

physician-provided care. Furthermore, any estimate of deaths
averted underestimates the full effect of the policy: for every per-
son who commits suicide, there are over a thousand struggling with
mental illness (Bureau of Health Workforce, 2016).

The effects of granting NPs independent prescriptive authority
are similar in magnitude to the effects of gaining health insurance.
For example, when Medicaid was  extended to low-income adults
using a lottery in Oregon, those who gained insurance reported
spending 11% fewer days per month in poor mental health and
were 10% less likely to screen positive for depression (Finkelstein
et al., 2012). Furthermore, use of medication to treat depression
increased by 33% relative to the control mean (Baicker et al., 2013).
Our results demonstrate that the benefits of having health insur-
ance will be mediated by the availability of providers who  are able
to fully treat patients.

It is noteworthy that we  observe a consistent pattern of effects
across two  very different measures of mental health. Self-reported
“days in poor mental health” allows us to examine whether popu-
lations suffering from mental illness of varying severities, including
minor mental illness, notice improvements when NPs are allowed
to prescribe. On the other hand, mental health–related mortality
allows us to examine whether populations suffering from very
severe mental illness—that is, mental illness that may  result in
death—see improvements when independent prescriptive author-
ity is extended beyond physicians. Even if extending prescriptive
authority to NPs impacts one of these outcomes, it is not clear
ex ante that prescriptive authority should also impact the other.
In particular, because suicides and other deaths caused by poor
mental health are relatively rare, it is possible that population
mental health could improve without measurable effects on such
extreme outcomes. The consistency of our results across these two
categories of outcome measures indicates that independent pre-
scriptive authority for NPs is associated with improved mental
health across a spectrum of severity.

When independent prescriptive authority is extended to NPs,
all NPs, not just those who specialize in mental health, have the
statutory authority to prescribe. Just like physicians, however, some
NPs specialize in psychiatric medicine. Psychiatric NPs with pre-
scriptive authority traditionally provide psychotherapy in addition
to psychotropic treatment, in contrast to the current movement
among psychiatrists to only prescribe medications. It is therefore
possible that the improvements in mental health that we  observe
are at least partly driven by an increase in “full-service” mental
health providers—that is, specialists who  provide both psychother-
apy and psychotropic treatment. However, it is also possible that

our results are driven by an increase in the overall supply of
general practitioners who can prescribe. It remains an open ques-
tion whether extending independent prescriptive authority to NPs
results in improved mental health because such laws increase
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he number of general health care providers who can prescribe
sychotropic treatment or because they increase the number of
roviders who provide psychotherapy in conjunction with psy-
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or future research.
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Supplementary data associated with this article can be found,
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