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BACKGROUND: In response to the opioid epidemic,many
states have enacted policies limiting opioid prescriptions.
There is a paucity of evidence of the impact of opioid
prescribing interventions in primary care populations,
including whether unintended consequences arise from
limiting the availability of prescribed opioids.
OBJECTIVE: Our aim was to compare changes in opioid
overdose and related adverse effects rate among primary
care patients following the implementation of state-level
prescribing policies.
DESIGN: A cohort of primary care patients within an
interrupted time series model.
PARTICIPANTS: Electronic medical record data for
62,776 adult (18+ years) primary care patients from a
major medical center in Vermont from January 1, 2016,
to June 30, 2018.
INTERVENTIONS: State-level opioid prescription policy
changes limiting dose and duration.
MAIN MEASURES: Changes in (1) opioid overdose rate
and (2) opioid-related adverse effects rate per 100,000
person-months following the July 1, 2017, prescription
policy change.
KEY RESULTS: Among primary care patients, there was
no change in opioid overdose rate following implementa-
tion of the prescribing policy (incidence rate ratio; IRR:
0.64, 95% confidence interval; CI: 0.22–1.88). There was
a 78% decrease in the opioid-related adverse effects rate
following the prescribing policy (IRR: 0.22, 95%CI: 0.09–
0.51). This association wasmoderated by opioid prescrip-
tion history, with decreases observed among opioid-naïve
patients (IRR: 0.18, 95%CI: 0.06–0.59) and among pa-
tients receiving chronic opioid prescriptions (IRR: 0.17,
95%CI: 0.03–0.99), but not among those with intermit-
tent opioid prescriptions (IRR: 0.51, 95%CI: 0.09–2.82).
CONCLUSIONS: Limiting prescription opioids did not
change the opioid overdose rate among primary care

patients, but it reduced the rate of opioid-related adverse
effects in the year following the state-level policy change,
particularly among patients with chronic opioid prescrip-
tion history and opioid-naïve patients. Limiting the quan-
tity and duration of opioid prescriptions may have bene-
ficial effects among primary care patients.
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INTRODUCTION

The incidence of prescription opioid-related deaths increased
5- to 10-fold between 1999 and 2016, driven by a number of
factors including physician opioid prescribing practices.1–3 In
the 1990s, pain was proposed as “the fifth vital sign,” and
inadequate pain relief was considered poor care.4–7 This wide-
spread use of opioids to treat chronic non-malignant pain2

resulted in adult primary care clinicians prescribing nearly half
of all dispensed opioids by 2012.8 Responses to the opioid
epidemic, therefore, posit that reducing opioid prescriptions
from primary care practitioners (PCP) might reduce overdoses
and adverse effects.9

State-level policies have emerged to reduce opioid prescrib-
ing by practitioners.10 Vermont’s policy limited the dose and
duration of new opioid prescriptions based on pain severity,
requiring prescription drug monitoring program (PDMP)
checks.10 Following the implementation of this policy, opioid
prescriptions decreased11–13 and primary care patients who
had received prescribed opioids may have experienced abrupt
discontinuation or reduced opioid availability.14 As a result,
some patients may have accessed illicit opioids of unpredict-
able potency. Such a switch could introduce unintended con-
sequences, overdoses, or other adverse effects requiring hos-
pitalization.15 Such effects might differ by history of
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prescription opioids. Opioid-naïve patients may be less im-
pacted by prescription limits since they likely require a short-
term prescription for a new painful condition. Patients who
receive opioids intermittently may have pain syndromes that
are inadequately managed or may seek prescriptions from
multiple sources,16,17 while patients with chronic opioid pre-
scriptions may be at greatest risk for negative outcomes if they
experience abrupt reduction or cessation.
Using medical record data of primary care patients, we

investigated the impacts of statewide policies intended to limit
access to prescription opioids in Vermont. Specifically, we
sought to (1) assess changes in opioid overdose and related
adverse effects rate before and after prescription policy imple-
mentation and (2) determine whether opioid overdose and
related adverse effects rate differed by history of opioid
prescription.

METHODS

Study Setting

A 562-bed academic medical center with ambulatory care
practices located within Vermont, providing surgical and med-
ical care, including eleven primary care practice locations.
This medical center and its affiliates deployed an integrated
electronic medical record (EMR) across all its inpatient and
outpatient sites, including the emergency department, in Oc-
tober 2010.18

Study Design

We used an interrupted time-series approach to estimate the
effect of Vermont’s policy, comparing opioid overdose and
adverse effects rate after vs. before the policy among the adult
primary care population. Vermont’s policy, effective Ju-
ly 2017, limited new opioid prescriptions to <5 days for
moderate/severe pain and <7 days for extreme pain, restricted
long-acting opioids for acute pain, required patient signed
informed consent, and mandated PDMP checks.10 Although
Vermont’s PDMP was in operation since January 2009, this
policy newly mandated that prescribers check the system on
initiation and maintenance of opioids for any prescription >10
pills. The Vermont Department of Health publishes data ana-
lytics and surveillance of opioid prescriptions, with informa-
tion fromVermont-licensed pharmacies. This allows the Com-
missioner of Health to examine prescriber trends statewide.
Although individual prescribers and health systems may vary
in adherence to checking the PDMP, this system provides
additional prescribing transparency. We analyzed EMR data
between January 1, 2014, and June 30, 2018.We defined three
periods for our analyses: lead-in (January 1, 2014–December
31, 2015), pre-policy (January 1, 2016–June 30, 2017), and
post-policy (July 1, 2017–June 30, 2018).

Study Population

Initial data extraction from the EMR included 99,222 patients
>18 years listing a medical center physician at registration or
most recent encounter as their PCP between October 1, 2010,
and June 30, 2018 (Fig. 1). Excluded patients had no primary
care office visit (Supplemental Table 1) during the original
date range or no encounter between the start of the lead-in
period and the end of the post-policy period.We also excluded
patients that had no Vermont zip code, were <18 years, or
were deceased at the start of the pre-policy period. These
exclusions resulted in a cohort of 70,699 primary care patients
between January 1, 2014, and June 30, 2018. We further
limited our study sample to 62,776 patients having at least
one encounter within the EMR during the 2-year lead-in
period to ensure our sample had a history of care within the
medical center prior to the start of the pre-period (to examine
opioid prescription history); 46,635 of these patients had at
least one visit post-policy. The University of Vermont Institu-
tional Review Board approved the study.

Exposure

We used EMR documentation of prior medications and new
prescriptions (Supplemental Table 1) to investigate the mod-
erating effects of prior opioid prescription use. We classified
patient’s opioid prescription history as chronic, intermittent, or
none in the lead-in period using a standard definition of
morphine equivalents19 and episodes to define chronici-
ty.17,19,20 An episode started with the first opioid prescription
without any additional prescriptions in the preceding six
months and ended with the final prescription without any
additional prescriptions in the following six months, plus the
duration of the opioid supply provided by that final prescrip-
tion. Chronic opioid prescription history was defined as ≥10
prescriptions that year or episodes ≥90 days with ≥120 days of
opioid supply dispensed. “Intermittent” opioid prescription
history was defined as ≥1 to <10 prescriptions that year or
an episode <90 days with ≥1 to <120 days dispensed.17 We
defined “none” as no prescriptions in the lead-in period.

Outcomes

Our outcomes were opioid overdose (i.e., poisoning) and
opioid-related adverse effects, i.e., other symptoms such as
sedation, respiratory depression,21,22 or opioid-induced bowel
dysfunction, characterized by constipation, nausea, reflux,
vomiting, bloating, or anorexia. Our measures were (1) opioid
overdose rate (number of opioid overdoses per 100,000
person-months) and (2) opioid-related adverse effects rate
(number of adverse effects per 100,000 person-months). Opi-
oid overdose included ICD-10-CM codes for overdose from
heroin, opium, methadone, synthetic and unspecified nar-
cotics, and other opioids and narcotics. Opioid-related adverse
effects included ICD-10-CM codes for adverse effects related
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to opium, methadone, synthetic and unspecified narcotics, and
other opioids and narcotics (Supplemental Table 1).
To calculate the rate of each outcome, we created an event

for each hospital encounter. We merged the events if the
discharge date was within 1 day of the next event admission
date. We calculated opioid overdose and adverse effects rate
by counting the number of events per patient in each month.
Based on conversations with emergency department physi-
cians indicating common use of ICD-10-CM coding, we
added “any unspecified drug overdose” (ICD-10-CM:
T50.901-4) to our opioid overdose outcome, and “any unspec-
ified drug adverse effect” (ICD-10-CM: T50.905) to our ad-
verse effects outcome as part of sensitivity analyses detailed
below.

Data Analysis

For our primary analyses, we used mixed-effects Poisson
regression models clustered at the patient level to account
for correlation. We applied an interrupted time series

framework to examine the changing rate over time for
each outcome: (1) opioid overdose and (2) opioid-related
adverse effects. We compared our outcomes in the pre-
policy period to those of the post-policy period and
assessed whether there were significant changes in slopes
over time or changes to the level of the rate immediately
following the policy change. Secondary analyses exam-
ined the moderating effect of opioid prescription history
(chronic, intermittent, and none) using stratified analyses.
As sensitivity analyses, we re-ran the above models in-
cluding unspecified drug overdoses and unspecified ad-
verse effects codes, to test the sensitivity of our models to
a broader range of diagnosis codes to identify a possible
opioid overdose or opioid-related adverse effects, with
results presented in Supplemental Tables 2 and 3.
Cleaning and data preparation used R version 3.5.123

and analyses used Stata version 15.24 Statistical signifi-
cance was set at P<0.05.

99,222 patients who listed a medical 

center physician at registration or most 

recent encounter as their primary care 

physician between October 1, 2010 and 

June 30, 2018 12,368 patients excluded because no 

primary care office visit current 

procedural terminology code billed 

between October 1, 2010 and June 30, 

2018
86,854 patients with office visit CPT 

code
13,034 patients excluded because no 

encounter between January 1, 2014 and 

June 30, 2018 (start of lead-in period to 

end of post-policy period)
73,820 patients with an encounter

1,593 patients excluded because of a non-

Vermont zip code closest to January 01, 

2016 (start of pre-policy period)

72,227 patients with Vermont zip code

71,704 patients 18 years or older

1,005 patients excluded because they 

were deceased as of January 1, 2016 

(start of pre-policy period)

70,699 living patients

7,923 patients excluded because they had 

no encounters between January 1, 2014 

and December 31, 2015 (lead-in period)

62,776 patients in final sample

523 patients excluded because they were 

not 18 or older on January 1, 2016 (start 

of pre-policy period)

Figure 1 Diagram of cohort inclusion and exclusion criteria.
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RESULTS

Patient Characteristics

Table 1 details demographics and prescription opioid
history for the study sample of 62,776 adult primary
care patients and for those with opioid events (overdose
or adverse effects). The majority of the sample was
female, commercially insured, >65 years, and had no
prescription opioid history.

Opioid Overdose and Adverse Effects

We present the opioid overdose and adverse effects rate over
time allowing for an interruption in the trend to occur July 1,
2017, the start of the new prescription policy (Fig. 2). Quar-
terly opioid overdose rate ranges between 3.3 and 8.5 over-
doses per 100,000 person-months before the policy change
and ranges between 0.5 and 4.3 overdoses per 100,000 person-
months after the policy change. Quarterly opioid-related ad-
verse effects rate data range between 7.5 and 15.0 adverse

Table 1 Study Sample Demographics Overall and by Opioid Event (Overdose or Adverse Effects) and Pre- and Post-policy Period

Overall
sample

Pre-policy Post-policy

Opioid
overdose

Opioid-related adverse
effects

Opioid
overdose

Opioid-related adverse
effects

N (%) N (%) N (%) N (%) N (%)

Total sample 62,776 49 94 20 24
Sex (female) 35,300 (56.2) 26 (53.1) 59 (62.8) 5 (25.0) 15 (62.5)
Insurance (any
commercial*)

40,469 (64.5) 20 (40.8) 20 (21.3) 7 (35.0) 8 (33.3)

Age†

18–24 3552 (5.7) 10 (20.4) 3 (3.2) 2 (10.0) 0 (0.0)
25–34 9346 (14.9) 16 (32.7) 11 (11.7) 10 (50.0) 1 (4.2)
35–44 9345 (14.9) 6 (12.2) 11 (11.7) 1 (5.0) 5 (20.8)
45–54 12,165 (19.4) 7 (14.3) 12 (12.8) 3 (15.0) 2 (8.3)
55–64 13,288 (21.2) 6 (12.2) 19 (20.2) 2 (10.0) 7 (29.2)
65 and older 15,080 (24.0) 4 (0.2) 38 (40.4) 2 (10.0) 9 (37.5)
Prescription opioid history‡

None 56,643 (90.2) 28 (57.1) 46 (48.9) 16 (80.0) 12 (50.0)
Intermittent 5038 (8.0) 14 (28.6) 19 (20.2) 3 (15.0) 6 (25.0)
Chronic 1095 (1.7) 7 (14.3) 29 (30.9) 1 (5.0) 6 (25.0)

Notes: *Persons with any commercial insurance coverage during the study period. †Age of overall sample was calculated as of January 1, 2016, and
age among those with an opioid event (overdose or adverse effects) was based on age at first opioid event. ‡Chronic meant patients received ≥ 120
days’ supply of opioids, ≥ 90 days with at least 10 individual prescriptions, or any prescription for methadone or buprenorphine. Intermittent meant
patients received an opioid prescription but did not meet the threshold for chronic use. Opioid-naïve patients (none) did not have an opioid prescription
during the year before the study period

Figure 2 Average quarterly opioid overdose (solid grey lines) rate (number of events per 100,000 person-months) and adverse effect rate
(dashed black lines), before and after the opioid prescribing policy change (solid black vertical line).
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effects per 100,000 person-months before the policy change
and between 1.6 and 6.5 adverse effects per 100,000 person-

months after the policy change.

When assessing opioid overdoses, our results suggest no
change in slope of opioid overdoses over time comparing pre
to post-policy (time post- vs. pre-policy; P=0.38), as well as no
difference in the level of the rate of opioid overdoses imme-
diately following the policy change (policy indicator; P=0.42;
Table 2). In the interrupted times series analysis for opioid-
related adverse effects, our results suggest no change in slope
of adverse effects over time comparing pre- to post-policy
(P=0.53), but there is a statistically significant 78% decrease
in the level of adverse effects rate immediately following the
policy change (P<0.001; Table 2). Sensitivity analyses includ-
ing unspecified drug codes with our opioid-related codes yield
similar results and inferences: no effect of the policy on opioid
overdoses and a significant decrease in the level of opioid-
related adverse effects rate post-policy (Supplemental
Table 2).
For models stratified by prescription history for chronic,

intermittent, and none during the lead-in period, our results
(Table 3) show that opioid-naïve patients had a positive ad-
verse effect rate slope in the pre-period (P=.009); adverse
effect rates were increasing leading up to the policy interven-
tion. Immediately after the policy change, our results show a
decrease in the level of the opioid-related adverse effects rate

among those with chronic opioid prescription history (83%
decrease, P=.049) and among those with no opioid prescrip-
tion history (82% decrease, P=.004). Sensitivity analyses in-
cluding unspecified drug codes with our opioid-related codes
yielded similar results and inferences (Supplemental Table 3).

DISCUSSION

In this study of patients receiving primary care within an
academic medical center, implementation of a statewide opi-
oid prescribing policy was associated with decreased opioid-
related adverse effects rate and no change in overdose rate in
the first year following the policy change. This study’s unique
examination separating opioid overdose and opioid-related
adverse effects revealed important differences for these two
outcomes, not revealed in previous studies. Our results suggest
that the prescribing policy did not significantly change opioid
overdose rate in a primary care population. This finding may
help assuage concerns among primary care practitioners that
limiting prescription opioids will result in more illicit opioid
use and overdoses.15 Our results showing decreased adverse
effects rate following the policy change are consistent with
other studies reporting decreased prescribing following similar
policy changes in the Eastern USA.11,12,25,26 A novel finding

Table 2 Incidence Rate Ratios for Opioid Overdose and Opioid-Related Adverse Effects from Interrupted Time Series Analyses Pre- and Post-
opioid Prescription Policy

Opioid overdose Opioid-related adverse effects

IRR (95% CI) IRR (95% CI)

Time pre-policy (months) 0.975 (0.927–1.027) 1.033 (0.998–1.070)
Time post- vs. pre-policy (months) 1.061 (0.930–1.210) 1.034 (0.931–1.148)
Policy indicator (post policy=1) 0.640 (0.218–1.880) 0.217* (0.093–0.508)

Notes: IRR, incidence rate ratio; CI, confidence interval; * P<.0005; time pre-policy is the slope in the pre-opioid prescription policy time period; time
post- vs. pre-policy is the difference in slope in the post- vs. the pre-opioid prescription policy time periods; policy indicator is the difference in the levels
of the outcome in the post- vs. the pre-time periods

Table 3 Incidence Rate Ratios for Opioid Overdose and Opioid-Related Adverse Effects, Stratified by Opioid Prescription History, Pre- and
Post-opioid Prescription Policy

Opioid overdose Opioid-related adverse effects

IRR (95% CI) IRR (95% CI)

None Time pre-policy (months) 0.988 (0.927–1.054) 1.069* (1.017–1.123)
Time post- vs. pre-policy (months) 1.043 (0.896–1.214) 0.992 (0.856–1.149)
Policy indicator (post-policy=1) 0.695 (0.200–2.409) 0.181* (0.056–0.585)

Intermittent prescription history Time pre-policy (months) 0.941 (0.851–1.042) 1.008 (0.937–1.085)
Time post- vs. pre-policy (months) 1.213 (0.883–1.667) 0.927 (0.724–1.187)
Policy indicator (post-policy=1) 0.286 (0.017–4.901) 0.507 (0.091–2.823)

Chronic prescription history Time pre-policy (months) 0.949 (0.820–1.099) 0.995 (0.932–1.063)
Time post- vs. pre-policy (months) 0.718 (0.300–1.719) 1.180 (0.968–1.438)
Policy indicator (post-policy=1) 2.084 (0.055–78.922) 0.167† (0.028–0.994)

Notes: IRR, incidence rate ratio; CI, confidence interval; * P<.01, † P=.049; time pre-policy is the slope in the pre-opioid prescription policy time
period; time post- vs. pre-policy is the difference in slope in the post- vs. the pre-opioid prescription policy time periods; policy indicator is the
difference in the levels of the outcome in the post- vs. the pre-time periods; Chronic: patients with a history of a chronic opioid prescription in the lead-
in period; Intermittent: patients with a history of intermittent opioid prescriptions in the lead-in period; None: patients with no history of an opioid
prescription in the lead-in period within the electronic medical record system of the medical center
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from the current study is that opioid-naïve primary care pa-
tients and those with a history of chronic opioid prescriptions
experienced the most dramatic reduction in the rate of opioid-
related adverse effects after the policy.
We view these findings in relation to other efforts ongoing

in Vermont and other states to improve treatment for opioid
use disorder. Starting in 2013, the “Hub and Spoke” model in
which high-intensity treatment in “hubs” transitioning to
maintenance treatment in “spokes” was being implemented
in Vermont to expand medications for opioid use disorder
(MOUD).27 January 2016 was the beginning of the decrease
in the longstanding waitlist for treatment in hubs, down to near
zero by July 2018.28 This translates to more people accessing
MOUD during our study period, specifically buprenorphine, a
partial agonist, which does not result in sedation and slow
respiration (two common adverse effects) the way full ago-
nists, like prescription opioids, do. Therefore, improving ac-
cess to partial-agonists may have contributed to some of the
decrease in hospital utilization for adverse effects over time;
however, our effect was an immediate change in level after the
prescription policy went into effect, so less access to prescrip-
tion opioids was the likely driver lowering adverse effects rate.
In addition, mandating the use of the PDMP as part of the
policy likely helped decrease patient access to excess prescrip-
tion opioids beyond those prescribed safely by their PCP. One
final contextual factor to consider was that local harm reduc-
tion interventions were in effect prior to the policy, including
naloxone distributed at the state’s largest mental health treat-
ment center (2013), carried by police (January 2016), and
available at pharmacies statewide (September 2016).29

Opioid-naïve patients and those with chronic opioid pre-
scription history experienced the largest decreases in our ad-
verse effects outcome, though we did not find that opioid
prescription history modified the effect of the policy on our
opioid overdose outcome. One other study looked specifically
at opioid-naïve patients in Massachusetts, and they found no
change in opioid overdoses over a 4-year period, but this was
prior to their opioid prescribing policies.30 Our results of
decreased adverse effects rate among opioid-naïve patients
add to earlier studies showing that opioid-naïve patients were
at the greatest risk of postoperative chronic opioid use31 and
that larger dose and longer duration of prescriptions was
associated with increased opioid misuse among opioid-naïve
patients.32 Some of the opioid-naïve patients with opioid-
related adverse effects in our study did not have a prescription
in the EMR system during any time in the study period and
therefore were likely receiving opioids from outside the med-
ical center, not overseen by a PCP. Patients on prescription
opioids overseen by their PCP may be better able to take the
medicine as prescribed and to communicate about any effects
they are experiencing before those effects require additional
medical attention.33 Patients with chronic opioid prescription
history also experienced a decreased adverse effects rate fol-
lowing the policy change. The magnitude of the decrease was
like that seen among opioid-naïve patients, and significant,

despite the smaller sample size. For acute pain, Vermont’s
policy restricts dosing to <7 days. While there were no dosing
restrictions for chronic pain, there were requirements for ex-
tensive documentation, in-person meeting, re-evaluation after
90 days, and naloxone co-prescription for higher dosing.
These new requirements may have helped PCPs better manage
their patients requiring chronic opioid prescriptions, thus de-
creasing adverse effects from overprescribing. In 2018, the
Centers for Disease Control and Prevention (CDC) published
“CDCGuidelines for Prescribing Opioids for Chronic Pain”.33

More recently, the Health Resources and Services Adminis-
tration invested in primary care’s integration of behavioral
health services and enhanced access to primary care-based
substance use disorder services such as MOUD.34 These
added resources may have helped PCPs transition patients
with chronic opioid prescriptions with risky behaviors to
treatment for opioid use disorder and reduced adverse effects
and overdose by shifting prescribing to more supervised
settings.
The lack of change in overdose rate in this study is

reassuring. It may reflect a balance between patients seeking
illicit opioids and overdosing and patients avoiding an over-
dose from large doses received by prescription. In a separate
study by our research team testing these models on
population-level all-payer claims data,35 we observed a
concerning and immediate increase in opioid overdose rate
following the prescribing policy. One consideration for why
we did not observe a similar immediate increase in our primary
care patients is that our medical center primary care network is
well connected to the hub and spoke model in the state, and
these connections may have also helped our primary care
patients mitigate this risk for overdose. A Canadian study also
showed no change in opioid-related hospitalizations after re-
duced prescribing and speculated it may have been due to
patients with chronic opioid prescriptions receiving increasing
doses over the same time period.36 The very small number of
patients with chronic opioid prescriptions overdosing during
the study period limits our ability to investigate the impact the
policy may have had on them and may indicate that PCPs are
managing patients with chronic opioid prescriptions well. A
recent study of six health care systems indicated that treatment
for opioid use disorder within primary care is still limited,37

and integrating this care will improve the management of
opioid use disorder.
These analyses have limitations. First, nearly 25% of our

sample were >65 years (which is consistent with adult, rural,
primary care populations), and this may have limited our
ability to assess opioid overdoses, occurring primarily among
those 25–34 years (15% of the sample). Second, ED diagnoses
often used “unspecified narcotic” codes to indicate opioids
because of lack of laboratory verification, thus limiting our
ability to investigate the type of opioid. Third, while our data
included all opioid-related deaths occurring in and out of the
hospital, it did not include opioid-related community events
where the patient survived. Fourth, we did not analyze the
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prescriptions of patients pre- and post-policy, and future stud-
ies could look at the impact of new prescriptions among the
opioid-naïve population specifically. Finally, data were from a
single medical center in a small, rural, northeastern state,
though it represents the largest medical center in the state with
eleven primary care practice locations.

Conclusion

Vermont’s policy limiting prescription opioids reduced the
rate of opioid-related adverse effects and did not change
opioid overdose rate among primary care patients. Adverse
effects rate reductions were most pronounced in opioid-naïve
patients and those with chronic opioid prescriptions. Limiting
the quantity and duration of opioid prescriptions had positive
results for primary care patients. We recommend continued
monitoring of outcomes across states to determine whether these
findings are consistent in other settings and populations, and over
time. Additionally, prescribing policy changes are expected to
have benefits on reducing new opioid use in the population.
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