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Scope-of-Practice for Nurse Practitioners and Adherence
to Medications for Chronic Illness in Primary Care
Ulrike Muench, PhD RN1,2 , Christopher Whaley, PhD3, Janet Coffman, PhD2, and
Joanne Spetz, PhD2

1Department of Social and Behavioral Sciences, School of Nursing, University of California, San Francisco, San Francisco, CA, USA; 2Philip R. Lee
Institute for Health Policy Studies, Department of Community and Family Medicine, School of Medicine, University of California, San Francisco, San
Francisco, CA, USA; 3RAND Corporation and School of Public Health, University of California, Berkeley, Berkeley, CA, USA.

BACKGROUND: Nonadherence to medications is costly
and improving adherence is difficult, requiring multifac-
torial solutions, including policy solutions.
OBJECTIVE: The purpose of this study is to evaluate the
effect of one policy strategy on medication adherence.
Specifically, we examine the effect on adherence of
expanding scope-of-practice regulations for nurse practi-
tioners (NPs) to practice and prescribe without physician
supervision.
DESIGN: We conducted three difference-in-difference
multivariable analyses of commercial insurance claims.
PARTICIPANTS: Patients who filled at least two prescrip-
tions in one of three chronic therapeutic medications:
anti-diabetics (n = 514,255), renin angiotensin systeman-
tagonists (RASA) (n = 1,679,957), and anti-lipidemics (n =
1,613,692).
MAIN MEASURES:Medication adherence was measured
as the proportion of days covered (PDC). We used one
continuous (PDC 0–1) and one binary outcome (PDC of
> .8), the latter indicating good adherence.
KEYRESULTS:Patients taking anti-diabeticmedications
had a 1.9 percentage point higher medication adherence
rate (p < 0.05) and a 2.7 percentage point higher probabil-
ity of good adherence (p < 0.001) in states that expanded
NP scope-of-practice. Medication adherence for patients
taking RASA was higher by 2.3 percentage points
(p < 0.001) and 3.4 percentage points (p < 0.01) for both
measures, respectively. Patients taking anti-lipidemics
saw a smaller, but statistically insignificant, improvement
in adherence.
CONCLUSIONS: Results indicate that scope-of-practice
regulations that allow NPs to practice and prescribe with-
out physician oversight are associated with improved
medication adherence. We postulate that the mechanism
for this effect is increased access to health care services,
which in turn increases access to prescriptions. Our re-
sults suggest that policies allowing NPs to maximally use
their skills can be beneficial to patients.

KEY WORDS: medication adherence; nurse practitioners; scope-of-

practice; policy evaluation; administrative claims data.
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INTRODUCTION

The role of medication adherence in managing clinical
conditions, especially for patients with chronic illness, is
well documented.1, 2 Yet, over half of US adults are
nonadherent to their medications and the health care
costs associated with nonadherence are estimated to be
in the billions of dollars annually.3 These costs could
increase due to the aging of the Baby Boom generation
and anticipated growth in the number of Americans with
chronic conditions.4 Barriers to medication adherence
are numerous and a multifactorial intervention approach,
including patient, provider, system, and policy strategies,
has been suggested.5 This paper examines the impact of
one policy option—expanding scope-of-practice for
nurse practitioners (NPs)—on medication adherence. Al-
though this policy was not specifically designed to im-
prove medication adherence, it could improve adherence
by improving access to care from qualified clinicians,
which could improve access to medications.
Projected shortfalls in the number of primary care

physicians6, 7 have led policymakers and health care
leaders to advocate for enabling non-physician pro-
viders, such as NPs, to practice without physician su-
pervision. Twenty-eight states and the District of Co-
lumbia have enacted scope-of-practice laws that allow
NPs to practice and prescribe without physician super-
vision.8 Despite a large number of studies affirming NP
care to be equivalent to physician care across a range of
primary care outcomes,9–13 including medication adher-
ence,14 many states continue to have restrictive scope-
of-practice laws. These laws typically require NPs to
work under supervision or in collaboration with a phy-
sician for two components of their care: practice and
prescribing. This can entail chart reviews, co-signatures
on procedures and prescriptions, limits on days’ supply
and refills, and other requirements.15, 16

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11606-020-05963-3) contains supplementary
material, which is available to authorized users.

Received September 18, 2019
Accepted June 5, 2020

478

Published online June 24, 2020

36(2):478–86

http://dx.doi.org/10.1007/s11606-020-05963-3
http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-020-05963-3&domain=pdf


The Effect of Expanded Nurse Practitioner
Scope-of-Practice Laws

Ongoing debates about whether states should limit the level of
NP autonomy have spurred research that assesses the associ-
ations between quality of NP care and scope-of-practice. Stud-
ies have generally found no statistically significant differences
in NP quality measures, and these outcomes were not affected
by scope-of-practice.17–19 Other studies have assessed the
causal effects of scope-of-practice changes on economic, mar-
ket, and utilization measures such as wages,20 provider sup-
ply,21–24 prices,20, 25, 26 spending,25–27 access to care,24, 26, 28

inpatient admissions,23 avoidable hospitalizations, and emer-
gency department visits.24, 28 Despite mixed results on access,
prices for services, and overall patient spending, studies have
provided evidence that expanded scope-of-practice does not
compromise the quality of care,20, 24 may lead to re-
organization of the delivery of care services,25, 26 and may
be an effective tool to improve health and utilization outcomes
for some populations.26, 28–30 The effect on the use of medi-
cations was the focus of a recent study that analyzed access to
behavioral health medications for Medicaid patients in under-
served areas. Findings showed increased access to prescrip-
tions, suggesting that independent scope-of-practice may par-
ticularly benefit disadvantaged populations.31 Another recent
paper found that Medicare patients who moved from restricted
states to independent states had increased prescription spend-
ing and an increase in the number of prescriptions, although
the latter was not statistically significant.26 Proposed mecha-
nisms for these effects include that an increase in the supply of
primary care providers and associated increases in primary
care services improve access to care and medications, reduce
acute care services, and improve overall health.

The Relationship between NP Scope-of-
Practice Laws and Medication Adherence

To date, no studies of the relationship between NP scope-of-
practice laws and patient outcomes have considered medica-
tion adherence. Adherence is an important quality measure
because of its role in reducing health care costs and utilization
and because of its contribution in improving individual and
population-level health outcomes.32–35 It is one component in
Medicare’s Part D Star Rating system, highlighting its contri-
bution to health care quality.36

Medication adherence consists of three phases: initiation,
implementation, and persistence. Nonadherence can occur at
any stage, through late or non-initiation of the prescribed
treatment, sub-optimal implementation of the dosing regimen,
or early discontinuation of the treatment.37 We hypothesize
that expanded scope-of-practice for NPs can improve medica-
tion adherence at any stage through several potential mecha-
nisms. First, NPs may foster medication adherence more ef-
fectively than physicians because they are formally trained in
patient-centered holistic care and communication,38 which in
turn could affect prescribing pract ices, provider

communication, trust, and the ability to educate the patient
on the medication and its side effects, all of which are key
elements to achieving good adherence.39–44 Evidence supports
differences in practice styles between NPs and physicians;
patients who received care from NPs had longer patient
visits45, 46 and received more educational services.17 Research
has found that NPs prescribed medications for shorter days’
supply than physicians but with higher refill rates, leading to a
greater number of days supplied overall.47 Second, expanded
NP scope-of-practice could increase access to medications
through greater availability of providers. Research has found
that there are a greater number of NPs in states with expanded
scope-of-practice,21, 23 which could increase health care ac-
cess in general and medication access in particular. In fact,
studies have documented a link between independent NP
scope-of-practice and increases in the aggregate number of
medications prescribed.17, 26, 31 Thus, it is plausible that
improvements could occur during each of the adherence
phases.
This paper makes two contributions to the literature. First,

adherence is a common and costly problem, and expanding
NP scope-of-practice might be one policy that can facilitate
improvement in adherence. Second, and more broadly, our
study evaluates the relationship of NP scope-of-practice on a
clinical quality outcome at the patient level, which is an
important and neglected component in the literature on the
potential impact of removing physician oversight require-
ments for NPs.

METHODS

Study Design and Data Sources

Most research on the relationship between NP scope-of-practice
laws and patient outcomes have used population-level data or
cross-sectional patient-level data. This study used longitudinal
individual-level patient data, which enables us to implement a
retrospective quasi-experimental study using a difference-in-
difference design. With the difference-in-difference design, we
are able to control for differences between patients and trends
over time, which improves the precision of our estimates of the
association between expanding scope-of-practice regulations
and adherence. We analyzed commercial insurance claims for
the years 2008–2012 from the Health Care Cost Institute
(HCCI). The HCCI data contained data from three
contributors—Aetna, Humana, and UnitedHealthcare—for ap-
proximately 50 million individuals located in every US state
and metropolitan region. We also used the publicly available
Area Health Resources File (AHRF), years 2008–2012, to
obtain state-level control variables which were merged to the
HCCI data at the state-year level.
The adherence measure used in this study (described in

detail below) is a National Quality Forum (NQF) measure
endorsed by the Pharmacy Quality Alliance48 and is used by
the Center for Medicare and Medicaid Services as a quality
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indicator in their Star Ratings.49, 50 We identified medications
from data available from the Pharmacy Quality Alliance,51

which include National Drug Identification Codes (NDC) for
both brand and generic pharmaceuticals. NDC codes were
merged with the HCCI pharmacy claims to identify patients
taking the medications of interest. Data on NP scope-of-
practice regulations came from the annual Pearson Report.52,
53 Information was cross-checked with state statutes and state
Boards of Nursing. Where there were inconsistencies between
these data sources, we used information from statutes.

Sample

We defined our study population as patients with a chronic
condition, identified from National Quality Forum Adherence
Measure 0541 - Proportion of Days Covered (PDC): 3 Rates
by Therapeutic Category.54 This measure includes patients
who were using medications in at least one of three major
therapeutic categories: anti-diabetics (n = 514,256), renin an-
giotensin system antagonists (RASA) (n = 1,679,958), and
anti-lipidemics (n = 1,613,692). To be included in the sample,
patients were required to have at least two medication fills
within a drug class, be continuously enrolled in a health plan
during the study period, and reside in the same state in all
5 years. For the anti-diabetic therapeutic group, we excluded
patients with one or more prescriptions for insulin as sug-
gested in the measure specifications (see Table 1 Supplemen-
tary Material). (For a list of medications in each therapeutic
class, see Table 2 Supplementary Material.)

Outcome Measures
Adherence. We calculated the annual proportion of days
covered (PDC) for patients on anti-diabetics, RASAs, or
anti-lipidemics following the NQF algorithm for measure
0541.54 This measure uses the fills observed and does not
measure whether medications were taken. Note that this mea-
sure of adherence includes only two of the three phases of
adherence: implementation and persistence/non-persistence.
Initiation, the process of taking the first medication, cannot
be examined in claims data since we only observe medication
fills. The PDC was calculated as the number of days in the
measurement period for which a patient had filled prescrip-
tions in a therapeutic class divided by the number of days in
the measurement period. The measurement period began with
a patient’s first fill in one of the drug classes and ended on the
last day of each calendar year or the patient’s date of death. For
example, for a February 1st start date and a 300-day supply in
the same year, the medication adherence rate is 0.9 or 90%
(300 divided by 333, which is the number of days remaining in
the year after February 1). We excluded from our PDC calcu-
lations prescriptions for which the first observed fill occurred
after the end of March to have a measurement period long
enough to capture any nonadherence. Thus, for a November 1
start date and 90 days’ supply, the PDC would not be calcu-
lated until the following year (starting January 1), with 29 days

counting towards the measurement period. The shortest mea-
surement period for a patient was therefore 9 months and the
longest was 5 years. Per the measurement algorithm, we
accounted for generic ingredient overlap of medications.
(For additional details on measurement adjustments, see
Table 3 in the Supplementary Material.)
The NQF 0541 measure recognizes high or good adherence

as a PDC level of at least 0.80 with the rationale that medica-
tions have the greatest potential clinical benefit at or above
0.80.54 While this is an arbitrary cutpoint and studies have
shown that significant reductions in health service use can be
seen at PDC levels below 80%,55 we opted to uphold the 0.80
threshold according to the measure specifications to allow
standardization and comparability across studies. However,
we also used the annual PDC rate as a continuous adherence
measure (0–1) as recommended elsewhere.55 To avoid over-
estimation, we truncated days’ supply on the last day of the
measurement period, December 31, 2012.

Independent Variable
Scope-of-Practice. Our independent variable of interest was a
binary measure indicating whether a state allowed NPs to both
practice and prescribe without physician oversight (1 = full
independence, 0 = restricted). Five states switched to
allowing NP practice without physician supervision between
2008 and 2012—Maryland (2011), Colorado (2010), Hawaii
(2009), North Dakota (2011), and Vermont (2011)—constitut-
ing the treatment group; other states served as the comparison
group.52, 56 In the treatment states, the changes in state law
permitted NPs to establish a practice without any physician
involvement and prescribe medications without physician re-
view or co-signature.

Control Variables

We controlled for time-varying patient characteristics that
might affect medication adherence, including patient’s age,
mean out-of-pocket share, and type of insurance plan. State-
level time-varying variables included median annual per
capita income and annual unemployment rate from the AHRF.
Our analysis also included patient fixed effects, which control
for time-invariant characteristics such as race/ethnicity, gen-
der, and chronic comorbidities.

Analysis

Difference-in-difference estimation was used to measure the
associations between removing requirements for physician
oversight of NPs on medication adherence (continuous out-
come) and on good medication adherence (> 0.8; binary out-
come). For both adherence outcomes, we estimated regres-
sions for each drug class cohort at the person and year level
using the following general specification:

yist ¼ αþ δDDscopest þ yeart þ patienti þ X ist þ εist :
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In this expression, yist measures the outcomes of adherence
for patient i who lives in state s during year t. The scopest
variable indicates if physician oversight was required in each
state and year and equals to 1 if no oversight was in place. Xist
controls for time-varying patient characteristics. The patient and
year fixed effects negate the need for the mean treatment and
post-period indicators. The fixed effects also control for time-
invariant differences between patients and for time trends across
the study period. The final model included control variables for
insurance plan type, average patient out-of-pocket share, state
unemployment rate, and median household income.
We used ordinary least squares regression to estimate this

association on continuous adherence and a linear probability
model to estimate the association on the binary variable of
good adherence. Standard errors were clustered at the state
level in all models.
Drawing causal inferences from difference-in-difference

regressions require two assumptions.57, 58 First, there must be
no differences in pre-implementation trends between the states
with and without physician oversight of NPs. Second, there
must not be any contemporaneous policies or programs that
might change medication adherence. While the latter assump-
tion is inherently untestable, we estimated event study models
to examine pre- and post-implementation adherence trends.

RESULTS

In 2008, 13 states had no restrictions onNP SOP. By 2012, this
number had increased to 18 states. Table 1 shows descriptive
characteristics for patients in states that lifted scope-of-practice
restrictions during the study period (treatment group) and
patients in all other states (control group). There were statisti-
cally significant differences between the treatment and control
groups on all study variables due to the large sample sizes.
Noteworthy differences consistent across all drug classes were
that patients aged 55–64 were more likely to reside in states
that lifted restrictions on scope-of-practice (p < 0.001) and that
median income was significantly higher in states that lifted
restrictions (p < 0.001).
Table 2 displays the effect of expanded NP scope-of-

practice on the rate of medication adherence and good adher-
ence for unadjusted and adjusted models. Adjusted models
showed that following the implementation of expanded NP
scope-of-practice, medication adherence increased by 1.9 per-
centage points (95%CI, 0.6 to 3.1 percentage points, p < 0.05)
for patients taking anti-diabetes medications and 2.3 percent-
age points (95% CI, 0.4 to 4.1 percentage points, p < 0.001)
for patients taking RASA medications. The increase for statin
medications was 1.2 percentage points but was not statistically
significant (95% CI, − 1.4 to 3.8 percentage points). The

Table 1 Descriptive Statistics for the Three Drug Class Cohorts by NP Scope-of-Practice

Anti-diabetics (n = 514,255) RASA (n = 1,679,957) Anti-lipidemics (n = 1,613,692)

Treatment
%

Control % p value Treatment
%

Control % p value Treatment
%

Control % p value

Age groups [%] < 0.001 < 0.001 < 0.001
0–17 0.28 0.34 0.16 0.16 0.04 0.04
18–24 0.76 0.71 0.28 0.28 0.12 0.11
25–34 3.92 3.75 2.28 2.44 1.34 1.35
35–44 11.03 10.07 10.87 10.01 8.87 7.86
45–54 25.05 22.28 27.51 24.15 26.80 23.08
55–64 32.48 29.67 32.97 30.42 36.26 33.11
65–74 18.10 21.36 16.64 19.70 17.60 21.31
75–84 6.85 9.62 7.17 9.83 7.17 10.42
> 85 1.53 2.20 2.12 3.01 1.82 2.72

Year [%] < 0.001 < 0.001 < 0.001
2008 15.76 14.37 17.22 16.00 16.46 15.17
2009 19.65 21.13 20.12 21.37 20.32 21.16
2010 21.58 21.80 20.88 20.86 21.07 20.96
2011 21.85 21.22 20.83 20.46 21.20 20.85
2012 21.16 21.49 20.95 21.31 20.94 21.86

Insurance type
[%]

< 0.001 < 0.001 < 0.001

EPO 7.70 4.95 7.50 4.75 7.78 4.35
HMO 35.99 27.69 34.33 26.51 30.20 26.55
IND 3.83 3.48 4.45 4.05 4.60 4.52
OTH – 0.02 – 0.02 – 0.03
PFF 4.13 5.86 4.03 5.47 3.80 5.44
POS 35.36 38.16 36.51 38.65 40.00 38.80
PPO 12.98 19.84 13.17 20.55 13.62 20.31

Out of pocket
share

0.56 (0.0003) 0.54
(0.0003)

< 0.001 0.56
(0.0002)

0.54
(0.0002)

< 0.001 0.56
(0.0002)

0.53
(0.0002)

< 0.001

Median
household
income

63,795.84
(18.164)

49,503.38
(11.371)

< 0.001 63,525.84
(9.940)

49,538.67
(6.363)

< 0.001 62,916.85
(9.967)

49,777.37
(6.583)

< 0.001

Unemployment 7 (0.0035) 8.48
(0.0032)

< 0.001 6.97
(0.0019)

8.42
(0.0018)

< 0.001 7.05
(0.0019)

8.44
(0.0019)

< 0.001

N 155,683 358,572 526,553 1,153,404 523,478 1,090,214

Continuous variables tested with t test [mean (SD), categorical variables [%] tested with Pearson chi-squared test
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results for analyses of effects on good adherence were similar
with slightly larger effect sizes for both the anti-diabetics
cohort with a 2.7 percentage point increase (95% CI, 0.7 to
4.6 percentage points, p < 0.001) and for patients taking
RASA medications with a 3.4 percentage point increase
(95% CI, 0.5 to 6.2 percentage points, p < 0.01). Unadjusted
and adjusted results were quantitatively comparable suggest-
ing that omitted variables are unlikely to bias our results.
We examined pre-implementation trends for both adherence

measures by estimating event study models and found no
evidence of improvements in adherence prior to law imple-
mentation. However, following the expansion of scope-of-
practice, adherence increased each year. Figures 1 and 2 show
the regression-adjusted trends of continuous and good adher-
ence for the years prior to the implementation of the law (t–2
and t-3) and post implementation (t1, t2, t3, t4) for the three
drug classes combined.

DISCUSSION

This study evaluated the association between expanding NP
SOP and medication adherence and found that giving NPs
autonomy to practice and prescribe without physician over-
sight has a small positive effect on medication adherence.
Given the many barriers associated with improving medica-
tion adherence,5 the 1.8–3.4 percentage point increase ob-
served in our data is meaningful.
The literature on the quality of NP care is robust.9, 59–61

Prescribing outcomes, however, have been largely absent in
this literature until recently,47, 62, 63 and previous studies have
not evaluated the impact of expanding NP scope-of-practice
on a patient-level prescribing measure such as adherence.
Muench and colleagues examined prescribing patterns of
NPs and physicians across a wide range of drug classes,
including the number of prescriptions, days supplied, and refill
patterns, finding that NPs provided more prescriptions and
shorter days’ supply, while physicians provided fewer pre-
scriptions and longer days’ supply.47 Jiao and colleagues re-
ported prescribing quality indicators using patient visit infor-
mation, including aspirin and beta-blocker use for coronary
artery disease and did not find that outcomes favored one
clinician type over another.62 One study examined medication
adherence by clinician type in Medicare beneficiaries,
reporting comparable medication adherence rates for NP and
physician patients.14 This suggests that the increase in medi-
cation adherence observed in our study may not be driven by
changes in NP patient management but rather by factors that
help promote medication adherence, such as increased access
to medications. In addition, the mechanisms by which expan-
sion of NP scope-of-practice affects medication adherence
among Medicare patients versus commercially insured pa-
tients may differ.26

One possible explanation for our findings is that patients in
treatment and control states filled or took medications at
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systematically different rates during the implementation and
persistence phases of adherence. While we cannot rule this
out, we are unaware of evidence that would support this
inference. One study using the same adherence measure re-
ported that only 9–25% of patients were lacking medication
fills for 1 year of data over a 4-year time period.64 Finally, the
quasi-experimental difference-in-difference design accounts
for differences in provider practice or patient characteristics
at baseline between treatment and control states.

Limitations

This study has a number of limitations. First, we used data
from three commercial insurers. The effects of scope-of-
practice laws may be different among the populations covered
by Medicare, Medicaid, or other insurers. Second, we exam-
ined adherence in three chronic drug classes and the results
may not apply to other medications. Third, our difference-in-
difference design identified changes based on five states that
changed to independent scope-of-practice, which might not be
generalizable to all states. Fourth, it is important to note that

measuring adherence with fills in claims data does not equate
to patients taking the medications. Fifth, our model included
patient fixed effects to control for time-invariant comorbidi-
ties, but did not adjust for acute illness or comorbidities that
could have varied during the study period. It is possible that
this could have biased our results if patient health is correlated
with the implementation of scope-of-practice laws and if these
health shocks occurred at different proportions in treatment
and control states, but such a correlation seems unlikely.
Finally, we do not have information about the extent to which
NPs practice closely with physicians, which can occur regard-
less of legal requirements. Thus, the results should be
interpreted as assessing the effect of changes in regulations,
not of practice and relationships between providers.

CONCLUSION

This study aimed to examine the relationship between nurse
practitioner scope-of-practice regulations and the important
patient-level outcome of medication adherence using a
quasi-experimental design. Our results support a growing
body of evidence that allowing NPs to practice and prescribe
without physician oversight benefits patients.
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