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BACKGROUND: Prescribing limits are one policy strategy
to reduce short-term opioid prescribing, but there is lim-
ited evidence of their impact.
OBJECTIVE: Evaluate implementation of a state pre-
scribing limit law and health system electronic medical
record (EMR) alert on characteristics of new opioid pre-
scriptions, refill rates, and clinical encounters.
DESIGN: Difference-in-differences study comparing new
opioid prescriptions from ambulatory practices in New
Jersey (NJ) to controls in Pennsylvania (PA) from 1 year
prior to the implementation of a NJ state prescribing limit
(May 2016–May 2017) to 10 months after (May 2017–
March 2018).
PARTICIPANTS: Adults with new opioid prescriptions in
an academic health system with practices in PA and NJ.
INTERVENTIONS: State 5-day opioid prescribing limit
plus health system and health system EMR alert.
MAIN MEASURES: Changes in morphine milligram
equivalents (MME) and tablet quantity per prescription,
refills, and encounters, adjusted for patient and prescrib-
er characteristics.
KEY RESULTS: There were a total of 678 new prescrip-
tions in NJ and 4638 in PA. Prior to the intervention,
median MME/prescription was 225 mg in NJ and
150mg in PA, andmedian quantitywas 30 tablets in both.
After implementation, median MME/prescription was
150 mg in both states, and median quantity was 20 in
NJ and 30 in PA. In the adjusted model, there was a
greater decrease in mean MME and tablet quantity in NJ

relative to PA after implementation of the policy plus alert
(− 82.99 MME/prescription, 95% CI − 148.15 to − 17.84
and − 10.41 tabs/prescription, 95% CI − 19.70 to − 1.13).
There were no significant differences in rates of refills or
encounters at 30 days based on exposure to the
interventions.
CONCLUSIONS: Implementation of a prescribing limit
and EMR alert was associated with an approximately
22% greater decrease in opioid dose per new prescription
in NJ compared with controls in PA. The combination of
prescribing limits and alerts may be an effective strategy
to influence prescriber behavior.
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INTRODUCTION

Judicious opioid prescribing for acute pain is thought to be one
means of reducing both chronic opioid use and opioid use
disorder (OUD). Observational evidence suggests that thera-
peutic exposure to opioids is associated with increased likeli-
hood of long-term use and that greater duration or intensity of
initial opioid prescriptions may further elevate risk.1–4 Further,
leftover opioids are common from short-term prescriptions
and may be misused.5 This is important because the majority
of OUDs begin with the misuse of prescription opioids, for
which physicians are the main source.6–8

Given these risks, guidelines recommend minimizing new
opioid prescriptions and reducing duration and dose whenever
possible.9 Thirty-three states, Medicare, and some insurers and
pharmacy chains have implemented limits for new opioid pre-
scriptions as a means of decreasing opioid exposure.10–15 Some
have questioned the wisdom of broad limits since opioid
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prescribing has been declining since 2012,16 and there are
potential risks for unintended consequences including
undertreating pain or increasing early revisits if policies are
overly restrictive.17, 18 Further, there is limited evidence about
the impact of prescribing limit policies on the characteristics of
new opioid prescriptions.
In May 2017, New Jersey (NJ) implemented a 5-day limit

for acute opioid prescriptions.19 In order to facilitate compli-
ance with the law, the University of Pennsylvania Health
System (Penn Medicine) implemented an electronic medical
record (EMR) best practice alert (BPA) in NJ notifying pre-
scribers if new prescriptions exceeded the 5-day limit. The aim
of this study was to evaluate the impact of the NJ 5-day
prescribing limit and associated EMR intervention on charac-
teristics of new prescriptions (opioid dose and quantity). We
also examined secondary outcomes including rates of pre-
scription refills, patient phone calls, and care utilization.

METHODS

Study Setting

Penn Medicine spans two states—NJ and Pennsylvania
(PA)—within the greater Philadelphia area. For the study, we
included new opioid prescriptions written in ambulatory, non-
teaching practices within Penn Medicine from specialties rep-
resented in both NJ and PA. Specialties represented in both
states included adult primary care (family and internal medi-
cine), obstetrics and gynecology (Ob/Gyn), and cardiology.
We also excluded practices with other ongoing opioid-related
interventions (sports medicine) during the study period.

Study Design and Intervention

We used a difference-in-differences study design to estimate
the effect of the combined policy-EMR intervention account-
ing for background trends in opioid prescribing.We compared
practices in NJ exposed to the policy and EMR alert to a
control group of unexposed practices in PA. The NJ law
mandates that new prescriptions for schedule II controlled
substances or any opioid drugs not exceed a 5-day supply.19

The law does not specify what constitutes a 5-day supply but
requires the use of immediate release formulations at the
lowest dose. The legislation passed in February 2017 and took
effect in May 2017. PA also had a state prescribing limit in
effect during the study period that limited new opioid prescrip-
tions for adults to 7 days in specific contexts, including emer-
gency departments (EDs), urgent care, and hospital observa-
tion settings. These restrictions did not apply elsewhere, in-
cluding outpatient practices included in our study.14

Penn Medicine instituted an EMR alert in July 2017 to facil-
itate compliance with the law. The alert employed an “enhanced
active choice” design, requiring a prescriber to make an active
decision between alternatives while highlighting the advantage of
one option.20 In this case, prescribers were notified if a new

opioid prescription exceeded the 5-day limit based on the tablet
quantity and dosing instructions. Prescribers were required to
make an active choice to acknowledge the alert and then could
either continue with the original order or adjust the prescribed
quantity, with suggested amounts provided that were consistent
with the law. More detail on the EMR intervention is available in
Online Appendix A.

Study Population

We included index prescriptions for the six most common opi-
oids: oxycodone, morphine, hydrocodone, hydromorphone, co-
deine, and tramadol. Index prescriptions were defined as a new
opioid prescription (no opioids in the prior year, consistent with
NJ law) for adult patients (≥ 18 years) within Penn Medicine
ambulatory practices. We excluded prescriptions for liquid for-
mulations and for patients with cancer or enrolled in hospice or
palliative care.We also excluded prescriptions written with a total
opioid dose of≥ 4000MMEorwith long- and short-acting opioid
formulations on the same day. These were unlikely to represent
prescriptions for acute pain given the risks of respiratory depres-
sion associated with such doses.4 We conducted additional sensi-
tivity analyses where we further restricted the study population to
include those prescriptions most likely to represent patients who
were opioid-naïve, including those with less than 90 tablets and
excluding prescriptions written with refills on the original order
(only possible for lower DEA schedule medications).

Data Source

We used data from the EMR supplied by the Penn Data
Analytics Center. Penn Medicine uses the Epic EMR (Hyper-
space 2017; Epic Systems Corporation, Verona, WI). We had
access to all prescriptions written within Penn Medicine.
We extracted patient demographics, including age, sex, race,

ethnicity, and insurance status as well as ICD-10 codes for de-
pression, alcohol use disorder (AUD), and other substance use
disorders (SUDs). These diagnoses are associated with greater
likelihood of long-term opioid use.21–23We also extracted data on
encounters for inpatient, ED, and ambulatory visits and docu-
mented patient telephone calls as well as prescribing provider
specialty, provider type (MD or advanced practice provider), and
practice location.

Outcomes

The primary outcome was total opioid dose per index pre-
scription in morphine milligram equivalent (MME), a measure
that reflects both the dose and number of tablets in the entire
prescription and standardizes across opioid type.24 Although
the outcome MME/day is commonly used in the literature,
MME/prescription has been used previously in opioid pre-
scribing policy25, 26 and hospital and health system–based
studies27, 28 and allowed us to report change in the total
volume of opioids in a new prescription. Further, by using
total MME/prescription, we were able to distinguish between
true decreases in prescribing and changes in dosing
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instructions (i.e., increasing the dose or frequency to fit within
5 days).We also assessed quantity of tablets/index prescription
as an a priori secondary outcome. Finally, we analyzed the
proportion of prescriptions written using prepopulated orders
from the EMR preference list among prescribers in NJ.
We also examined secondary outcomes that might serve as

proxies for under-prescribing or poor symptom control. These
included proportion of prescriptions with refills within 30 days
and numbers of telephone encounters, outpatient visits, and
ED visits within 30 days of the index prescription. Although
additional prescriptions and close follow-up may be appropri-
ate or preferable to excessive prescribing, these could be
markers of an overly restrictive policy if initial supplies were
inappropriate to meet patient needs.

Data Analysis

We included three time periods: (1) a 12-month pre-period
(May 15, 2016–May 15, 2017), (2) a transition period during
which the prescribing limit law was implemented without the
EMR alert (May 16, 2017–July 7, 2017), and (3) a post-period in
which the prescribing limit and EMR intervention were imple-
mented (July 8, 2017–March 14, 2018). The 5-day limit passed
in February 2017, so 1 year provided sufficient pre-period data
from prior to the announcement of the policy that would not be
subject to the effects of the announcement itself. The post-period
was chosen because the health system implemented a similar
EMR intervention in PA practices after that time.
For patients with an index opioid prescription, we compared

patient and prescription characteristics by state before and
after the law. We used Student’s t tests to compare continuous
variables and χ2 test or Fisher’s exact test to compare categor-
ical variables. We also included descriptive analysis of trends
in prescription outcomes over time by state.
We then fit a multivariable linear regression model for each

outcome variable to estimate the difference-in-differences effects.
Opioid prescribing has been declining nationally over time,29 so
comparing outcomes before and after the policy and alert may
inappropriately estimate the effect. However, the difference-in-
differences analysis allowed for comparison of NJ outcomes to a
control group in PAwithin the same health system not subject to
interventions, allowing us to account for these background trends.
In order to use this approach, several assumptions must be met.30

First, the two sites should be subject to “common shocks,”
meaning that other than the exposure being tested, outside events
occurring during the study period should impact the intervention
and control groups equally.30 In this case, clinics in NJ and PA
were subject to the same health system policies and guidelines for
opioid stewardship, with the exception of the prescribing limit
and EMR intervention in NJ. Second, the outcomes need to meet
the assumption of parallel trends prior to the exposure, meaning
that trends must be similar in the in the pre-period, which we
tested in our analysis.
We fit a linear regression model us to examine the interven-

tion effects on both the absolute change and rate of change in

outcomes between the two states. The model included the state,
calendar time (prescription date), and indicators for the three
time periods (pre-period, transition period with policy, and post-
period with policy and EMR alert), and all two-way and three-
way interactions between time period, calendar time, and state.
We eliminated non-significant interactions, and only the two-
way interaction between the time period and state was retained
in the final model. The interaction between time period and state
can be interpreted as whether the rates of change in outcomes
differed between NJ and PA across time periods.
All regression models were adjusted for patient age, sex,

race, insurance status, comorbidities (Charlson Comorbidity
Index, and history of depression, AUD, OUD, and other
SUDs), prescribing specialty and title (MD vs advanced prac-
tice provider), and presence of a procedure—all factors that
could impact prescribing patterns or patient risks. We also
accounted for clustering by prescriber in our model. Analyses
were conducted using statistical software (Stata, version 15.1;
StataCorp, College Station, TX).
Finally, we performed sensitivity analyses to test the robust-

ness of our findings. First, we excluded patients from one
commercial health plan that implemented its own 5-day limit
in PA during the study period.13 We also limited our sample to
only prescriptions of smaller quantities (< 90 tabs) or prescrip-
tions written with zero refills in case we were capturing some
chronic opioid prescriptions in our cohort.
The study was approved by the University of Pennsylvania

Institutional Review Board.

RESULTS

Patient Characteristics

There were a total of 678 patients with new opioid prescrip-
tions in 10 study practices in NJ: 434 in the pre-period and 244
in the 10 months following the implementation of the law.
There were 4638 patients with new prescriptions in PA from
42 practices: 2961 in the pre-period and 1677 in the post-
period (Fig. 1).
In NJ, patient characteristics did not significantly differ

between the two time periods (Table 1). Patients were also
similar over time in PA practices, with the exception of a lower
proportion of patients with comorbid depression, SUDs, and
OUD in the pre-period and a higher proportion of prescrip-
tions from advanced practice providers (APPs) and for proce-
dures in the post-period.

Opioid Prescription Characteristics

Table 2 includes characteristics of opioid prescriptions over
the study period. Overall, the number of new prescriptions per
month declined in both states over time. There was also a
decline in mean MME and quantity per index prescription
over time in both PA and NJ practices as shown in Figure 2.
Finally, the rate of refills obtained within 30 days of a new
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opioid prescription did not differ significantly in NJ or PA
practices between the pre- and post-periods. Prescriptions
were written by 236 unique prescribers: 39 in NJ and 203 in
PA, with six providers prescribing in both states.

Association of Policy and EMR Intervention
Implementation with Prescription
Characteristics

Given overall trends towards declining opioid doses in index
prescriptions, we performed a difference-in-differences analy-
sis to evaluate whether exposure to the prescribing limit and
EMR intervention implementation led to greater changes in
prescribing outcomes in NJ practices compared with PA
(Fig. 3, Table 3). We tested the trends within and between
states during the pre-period and found no significant differ-
ences between the rates of change for our main outcome
variables between states prior to the policy (Online
Appendix B, Table S1).
After performing linear regression adjusted for patient

age, sex, race, insurance status, comorbidities, prescribing
provider type and specialty, and procedure, the total MME
for new prescriptions declined more in NJ practices as
compared with PA (− 82.99 MME per index prescription

from a baseline of 340.03, 95% CI − 148.15 to − 17.84)
(Table 3). The mean quantity in NJ practices following the
implementation of the law and EMR intervention declined
by a quantity of 10.4 tablets per prescription more than
that in PA (95% CI − 19.70 to − 1.13 tablets). Figure 3
shows the adjusted margins plots for these regression
analyses, displaying the mean values for each time period,
adjusted for calendar time as well as patient and provider
characteristics. Prescribers used the preference list in 31%
of opioid orders after the alert was put into place overall
in NJ, and in 49% of orders with < 10 tablets.

Association of Policy and EMR Intervention
Implementation with Secondary Outcomes

We also examined the impact of implementation of the law
and EMR intervention on secondary outcomes representing
potential unintended consequences. In adjusted analyses, there
were no significant increases in 30-day refills in NJ practices
compared with PA following implementation (Fig. 3, Table 3).
There were also no significant differences in changes in utili-
zation, including hospital admissions, ED visits, office visits,
or telephone calls within 30 days of the index prescription
(Online Appendix B, Table S2).

Figure 1 Cohort diagram for inclusion and exclusion criteria.
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Sensitivity Analyses

We performed several sensitivity analyses to test the robust-
ness of our results. It is possible that some of the prescriptions
that were listed as new prescriptions could have been contin-
uations of chronic prescriptions from outside the health system

to which the law and alert would not apply. When we limited
our sample to smaller prescriptions only (90 tablets) and those
written without refills (in the case of lower schedule medica-
tions) to account for the possibility that we included prescrip-
tions for chronic opioids in our original sample, our results

Table 1 Characteristics of Study Patients in Before Implementation of the Law (May 15, 2016–May 15, 2017) vs After (Post Plus Transition
Period, May 16, 2017–March 14, 2018)

Patient characteristics New Jersey Pennsylvania

Pre (n = 434) Post (n = 244) p value Pre (n = 2961) Post (n = 1677) p value

Age at index prescription
Mean (SD) 56 (16) 58 (16) p = 0.079 54 (17) 55 (17) p = 0.125
Median (IQR) 57 (45–67) 59 (48–70) p = 0.113 54 (41–66) 55 (41–67) p = 0.075

Sex
Female 263 (60.6%) 142 (58.2%) 1850 (62.5%) 1058 (63.1%)
Male 171 (39.4%) 102 (41.8%) p = 0.540 1111 (37.5%) 619 (36.9%) p = 0.680

Race/Ethnicity
Non-Hispanic White 342 (78.8%) 191 (78.3%) 1944 (65.7%) 1123 (67.0%)
Black/African American 49 (11.3%) 26 (10.7%) 638 (21.6%) 329 (19.6%)
Hispanic White 5 (1.2%) 8 (3.3%) 167 (5.6%) 103 (6.1%)
Other 38 (8.8%) 19 (7.8%) p = 0.270 212 (7.3%) 122 (7.2%) p = 0.445

Insurance status
Commercial 248 (57.1) 133 (54.5%) 1712 (57.8%) 1017 (60.6%)
Medicaid 23 (5.3%) 7 (2.9%) 250 (8.4%) 108 (6.4%)
Medicare 152 (35.0%) 101 (41.4%) 946 (32.0%) 526 (31.4%)
Other 11 (2.5%) 3 (1.2%) p = 0.153 53 (1.8%) 26 (1.6%) p = 0.058

Charlson Comorbidity Index (CCI)
Mean (SD) 2.3 (2.1) 2.6 (2.2) p = 0.069 2.2 (2.3) 2.3 (2.3) p = 0.182
Median (IQR) 2 (1–3) 2 (1–4) p = 0.006 1 (0–3) 1 (0–3) p = 0.072

Depression 84 (19.4%) 42 (17.2%) p = 0.491 544 (18.4%) 216 (15.5%) p = 0.013
Anxiety 107 (24.7%) 68 (27.9%) p = 0.359 497 (16.8%) 277 (16.5%) p = 0.815
Tobacco use 21 (4.8%) 13 (5.3%) p = 0.855 170 (5.7%) 75 (4.5%) p = 0.065
Alcohol use disorder 6 (1.4%) 3 (1.2%) p = 0.584 42 (1.4%) 18 (1.1%) p = 0.347
Substance use disorder 22 (5.1%) 14 (5.7%) p = 0.723 195 (6.6%) 80 (4.8%) p = 0.012
Opioid use disorder 2 (0.5%) 1 (0.4%) p = 0.705 15 (0.5%) 1 (0.1%) p = 0.016
Specialty
Primary care 417 (96.1%) 233 (95.5%) 2741 (92.6%) 1539 (91.8%)
Ob/Gyn 12 (2.8%) 7 (2.9%) 208 (7.0%) 135 (8.1%)
Cardiology 5 (1.2%) 4 (1.6%) p = 0.865 12 (0.4%) 3 (0.18%) p=0.203

Provider type
MD 296 (68.2%) 167 (68.4%) 2473 (83.5%) 1347 (80.3%)
APP 138 (31.8%) 77 (31.0%) p = 0.949 488 (16.5%) 330 (19.7%) p = 0.006

Procedure 9 (2.1%) 7 (2.9%) p = 0.600 105 (3.6%) 90 (5.4%) p = 0.003

Table 2 Characteristics of Initial Opioid Prescriptions Before Implementation of the Law (May 15, 2016–May 15, 2017) vs After (Post Plus
Transition Period, May 16, 2017–March 14, 2018)

Prescription characteristics New Jersey Pennsylvania

Pre (n = 434) Post (n = 244) p value Pre (n = 2961) Post (n = 1677) p value

MME
Mean (SD) 340 (336) 270 (383) p = 0.025 219 (229) 192 (193) p < 0.001
Median (IQR) 225 (140–405) 150 (90–300) p < 0.001 150 (135–240) 150 (100–225) p < 0.001

Quantity
Mean (SD) 47 (38) 39 (38) p = 0.008 36 (27) 34 (24) p = 0.005
Median (IQR) 30 (28–60) 20 (15–60) p < 0.001 30 (20–40) 30 (20–40) p < 0.001

Type of opioid
Oxycodone 209 (34.2%) 88 (28.3%) 3508 (41.2%) 2919 (46.2%)
Hydrocodone 70 (11.5%) 30 (9.7%) 944 (11.1%) 558 (8.8%)
Tramadol 231 (39.4%) 134 (43.1%) 2102 (24.5%) 1302 (20.6%)
Codeine 80 (13.1%) 53 (17.0%) 1611 (18.9%) 1343 (21.2%)
Hydromorphone 11 (1.8%) 4 (1.3%) 191 (2.2%) 141 (2.2%)
Morphine 0 (0.0%) 2 (0.6%) p = 0.075 158 (1.9%) 60 (1.0%) p < 0.001

Proportion of schedule II
Schedule II 290 (47.5%) 120 (49.2%) 4801 (56.4%) 3678 (58.2%)
Schedule III/IV 321 (52.5%) 124 (50.8%) p < 0.001 3713 (43.6%) 2645 (41.8%) p = 0.030

Prescription proportions
20 or fewer tabs 75 (17.3%) 124 (50.8%) 912 (30.8%) 626 (37.3%)
> 20 tabs 359 (82.7%) 120 (44.4%) p < 0.001 2049 (69.2%) 1051 (62.7%) p < 0.001

Refill within 30 days 74 (17.1%) 47 (19.3%) p = 0.470 387 (13.1%) 216 (12.9%) p = 0.854
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Figure 2 MME, tablet quantity, and 30-day refill rate for index prescriptions by study month. The 5-day limit went into effect at the beginning
of month 13, and the EMR alert went into effect between months 14 and 15. The transition period is shaded. Panel a shows the median total
MME per prescription (sum of total dose prescribed for the whole prescription standardized across different opioid types) by study month over
the study period. Panel b shows the median quantity of tablets total per index prescription by study month. Panel c shows the proportion of

prescriptions for which an additional prescription was written within 30 days of the index prescription (a refill).
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Figure 3 Adjusted margins plot with 95% CI for a) MME per prescription, b) tablet quantity per prescription, and c) percent of prescriptions
with refills at 30 days. The pre-period includes May 15, 2016–May 15, 2017; the transition period (prescribing limit law implemented but the
EMR alert not in place) includes May 16, 17–July 7, 2017; and the post-period (prescribing limit and EMR alert implemented) includes July 8,
2017–March 14, 2018. Margins plots represent the mean values for outcomes in each period after controlling for calendar time, patient, and

practice characteristics.
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were similar (Online Appendix B, Tables S3–S5). Also, a
major commercial insurer in PA included a 5-day limit for
new opioid prescriptions for its members during our study
period. After excluding these patients, our findings were again
similar (Online Appendix B, Tables S3–S5).

DISCUSSION

In this study, implementation of 5-day state opioid prescribing
limit coupled with an EMR alert was associated with a modest
decrease in total dose and quantity of opioids in initial pre-
scriptions compared with control practices. These changes
occurred without significant increases in refills, telephone
calls, or visits within our health system. The results suggest
that interventions focusing on prescription duration may be
effective in influencing prescribing behavior. Following the
implementation of the law plus EMR intervention, opioid
prescribing decreased 30% in NJ compared with 8% in PA,
meaning there was an approximately 22% greater relative
decline in opioid dose per new prescription in NJ relative to

PA in our sample. If extrapolated to a larger population, this
could represent a large decline in quantities of opioids pre-
scribed for acute pain.
This study is one of the first to examine outcomes of recent

prescribing limit policies and provides an early look at the
impact in a single health system. Although the current wave of
prescribing limit legislation started in 2016, a study that ex-
amined older, more heterogeneous prescribing limit legislation
that did not examine specific prescription characteristics did
not demonstrate a decrease in receipt of short- or long-term
receipt opioids.31 One more recent study modeled the impact
of various policy interventions and concluded that reductions
in prescribing for acute pain would be associated with modest
reductions in opioid-related deaths over the next decade.32

Our study demonstrates a relatively high mean and median
MME for new opioid prescriptions initially that declined over
the study period. This reflects overall trends in opioid pre-
scribing, which has been declining nationally since 2012.29

Existing acute pain guidelines recommend utilizing non-
opioid analgesia first and, if needed, opioids at the lowest
possible dose and duration.9, 14, 33 Although needs for acute

Table 3 Adjusted Linear Regression for Primary Outcome MME per Prescription as well as Adjusted Models for Quantity of Tablets
per Prescription and Proportion of Refills per Prescription. The Difference-in-Differences Estimator Is the Interaction Term between State and

Time Period (State#Time Period) below

MME (mg morphine) Quantity tablets (n) Proportion with refills

Intercept 156.03 (111.63 to 200.44) 16.86 (11.65 to 22.06) 0.14 (0.10 to 0.19)
Date, study month − 0.18 (− 2.31 to 1.95) − 0.03 (− 0.24 to 0.3) 0.00 (− 0.01 to 0.00)
Time period
Period 1 (pre-period) 1 (reference) 1 (reference) 1 (reference)
Period 2 (law only) − 22.82 (− 44.57 to − 1.07) − 2.23 (− 5.15 to 0.68) 0.02 (− 0.02 to 0.06)
Period 3 (law + default) − 17.57 (− 46.55 to 11.41 − 2.02 (− 5.74 to 1.69) 0.05 (0.01 to 0.09)

State
PA 1 (reference) 1 (reference) 1 (reference)
NJ 124.11 (66.65 to 181.57) 11.82 (5.34 to 18.30) 0.03 (− 0.03 to 0.10)

State#Time Period
NJ#Period 1 1 (reference) 1 (reference) 1 (reference)
NJ#Period 2 40.13 (− 62.43 to 142.69) 2.19 (− 9.15 to 13.53) 0.01 (− 0.07 to 0.09)
NJ#Period 3 − 82.99 (− 148.15 to − 17.84) − 10.41 (− 19.70 to − 1.13) 0.03 (− 0.04 to 0.10)

Age at index prescription, 10 years 3.08 (− 4.23 to 10.40) 2.02 (1.23 to 2.80) 0.00 (− 0.01 to 0.01)
Gender
Male 1 (reference) 1 (reference) 1 (reference)
Female − 37.78 (− 57.67 to − 17.89) − 0.33 (− 2.16 to 1.49) − 0.04 (− 0.06 to − 0.02)

Race/Ethnicity
Non-Hispanic White 1 (reference) 1 (reference) 1 (reference)
Black/African American − 0.61 (− 24.01 to 22.79) 2.90 (− 0.87 to 6.68) − 0.03 (− 0.06 to − 0.01)
Hispanic White − 28.54 (− 54.00 to − 3.07) 0.70 (− 2.71 to 4.12) − 0.05 (− 0.10 to 0.00)
Other 7.04 (− 17.38 to 31.45) 2.43 (− 0.38 to 5.25) − 0.02 (− 0.05 to 0.01)

Insurance status
Commercial 1 (reference) 1 (reference) 1 (reference)
Medicaid 72.30 (22.07 to 122.54) 5.63 (3.02 to 8.25) 0.11 (0.05 to 0.17)
Medicare 62.36 (32.13 to 92.60) 4.93 (2.61 to 7.26) 0.02 (− 0.01 to 0.06)
Other 75.43 (21.74 to 129.11) 4.10 (− 0.95 to 9.16) 0.09 (0.01 to 0.16)

CCI score − 1.38 (− 5.87 to 3.11) 0.14 (− 0.39 to 0.66) 0.00 (− 0.01 to 0.01)
Patient history
Depression 14.32 (− 5.40 to 34.03) 0.29 (− 1.63 to 2.21) 0.04 (0.01 to 0.06)
AUD − 41.40 (− 78.35 to − 4.23) − 2.72 (− 7.21 to 1.78) 0.00 (− 0.09 to 0.09)
OUD 278.61 (56.44 to 500.79) 27.17 (3.28 to 51.06) 0.052 (− 0.15 to 0.26)
Other SUD 49.83 (10.71 to 88.95) 2.91 (− 0.38 to 6.20) 0.06 (0.01 to 0.11)

Specialty
Primary care 1 (reference) 1 (reference) 1 (reference)
Ob/Gyn − 52.38 (− 75.90 to − 28.85) − 9.38 (− 14.66 to − 4.10) − 0.07 (− 0.13 to − 0.01)
Cardiology − 60.56 (− 179.95 to 58.83) − 3.89 (− 19.63 to 11.84) − 0.03 (− 0.12 to 0.05)

Provider type
APP 1 (reference) 1 (reference) 1 (reference)
MD 51.89 (18.04 to 85.75) 7.32 (2.87 to 11.77) − 0.02 (− 0.05 to 0.01)

Procedure − 6.46 (− 37.35 to 24.43) − 1.49 (− 5.08 to 2.11) 0.12 (0.03 to 0.21)
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pain vary by indication and specific guidance is limited, the
CDC recommends no more than 3–7 days of opioid treat-
ment.9 More specific indication-based recommendations typ-
ically range from 10 to 30 tablets per acute prescription.34, 35

The high numbers in our study, particularly in NJ, suggest that
despite the interventions, not all prescribers were adhering to
acute prescribing guidelines and may have provided opioids
for longer than the recommended time period. It is also possi-
ble that the high doses are influenced by a few outlier pro-
viders or by the inclusion of some chronic opioid prescriptions
or prescriptions intended for long-term use. In sensitivity
analyses restricting the population to only prescriptions less
than 90 tablets or excluding those written with refills (which
would be more likely to exclude chronic users), our results
were robust with similar magnitude of reductions.
Our study also adds to the growing body of literature on use of

EMR tools to influence prescriber behavior. The alert implement-
ed in this study may have influenced prescribing through several
mechanisms, educating providers about the prescribing limit,
notifying non-compliant prescribers, and influencing social
norms with regard to appropriate opioid quantities. In addition,
the active choice design has been shown in prior literature to
influence provider behaviors such as statin prescribing and influ-
enza vaccination.36, 37 Although our sample size and duration of
the transition period study preclude a separate evaluation of the
impact of law versus the EMR alert, our data does not show a
significant impact of the law alone, suggesting that the effects
may be driven more by the EMR intervention. Future studies
should evaluate whether EMR interventions could be improved
through the use of default settings, an effective strategy impacting
opioid prescribing in other contexts,38, 39 in conjunction with a
best practice alert if prescribers opt out of the default.
The study has several important limitations. First, it is observa-

tional, involves a single health system and limited number of
prescribers, and does not include inpatient, ED, or urgent care
settings, which may limit generalizability. Second, because of the
proximity of the policy and EMR alert implementation, we were
unable to disentangle the impacts of the individual components.
However, this is one example of policy implementation within a
health system and is therefore an important strategy to examine.
Third, there could have been other factors influencing prescribing
trends suchaspractice-levelorpayorpolicies.However, thequasi-
experimental design helps account for secular and local trends,
strengthening the conclusions that the policy and EMR alert con-
tributed to the greater reduction in dose and quantity of opioid
prescriptions seen in NJ. Fourth, we only had access to prescrip-
tions and visits within our health system rather than a complete
source such as a prescription monitoring program. Therefore, we
do not know whether patients were truly opioid-naïve or if there
wereprescriptionsorvisitsoutsidethehealthsystem.However,our
resultswere confirmed inmultiple sensitivity analysesmaking this
unlikely to significantly bias the findings. There could also been
other unmeasured variables not included in the model such as
specific pain conditions and sociodemographic characteristics,
and we relied on proxy measures such as refill rates, telephone

calls, and visits rather than patient-reported outcomes reflecting
under-prescribing or poor symptom control. In addition, the pop-
ulations in NJ and PA had some characteristics that also changed
over the study period. We controlled for observable patient char-
acteristics, procedure, and specialty, but it is possible that the
populations differed in unobservedways. Finally, there may have
beenspillovereffects inPAifprescriberswereinfluencedbypolicy
changes inNJ, prescribing limit legislation in PA focused on other
settings,orpracticedinbothstates,but thiswould likelybiasresults
towards the null. Despite these limitations, overall our study pro-
vides an important early look at the influence of a prescribing limit
policy and the implementation response by a health system.
In conclusion, the implementation of a state prescribing limit

and subsequent EMR alert were associated with greater reduc-
tions in MME and tablet quantity in new opioid prescriptions
compared with control practices without significant short-term
unintended consequences. Our study suggests limits may be
coupledwith EMR interventions to influence prescriber behavior.
Additional studies are needed to examine downstream outcomes,
including transition to chronic opioid use, OUD, and overdose.
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