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BACKGROUND: National guidelines make recommenda-
tions regarding the initial opioid prescriptions, but most
of the supporting evidence is from the initial episode of
care, not the first prescription.
OBJECTIVE:To examine associations between features of
the first opioid prescription andhigh-risk opioiduse in the
18 months following the first prescription.
DESIGN: Retrospective cohort study using data from a
large commercial insurance claims database for 2011–
2014 to identify individuals with no recent use of opioids
and follow them for 18 months after the first opioid
prescription.
PARTICIPANTS: Privately insured patients aged 18–64
and Medicare Advantage patients aged 65 or older who
filled a first opioid prescription between 07/01/2011 and
06/30/2013.
MAIN OUTCOMES AND MEASURES: High-risk opioid
usewasmeasured by having (1) opioid prescriptions over-
lapping for 7 days or more, (2) opioid and benzodiazepine
prescriptions overlapping for 7 days or more, (3) three or
more prescribers of opioids, and (4) a daily dosage exceed-
ing 120morphinemilligram equivalents, in each of the six
quarters following the first prescription.
KEY RESULTS: All three features of the first prescription
were strongly associated with high-risk use. For example,
among privately insured patients, receiving a long- (vs.
short-) acting first opioid was associated with a 16.9-per-
centage-point increase (95% CI, 14.3–19.5), a daily MME
of 50 ormore (vs. less than30) was associatedwith a 12.5-
percentage-point increase (95% CI, 12.1–12.9), and a
supply exceeding 7 days (vs. 3 or fewer days) was associ-
ated with a 4.8-percentage-point increase (95% CI, 4.5–
5.2), in the probability of having a daily dosage of 120
MMEs or more in the long term, compared to a sample
mean of 4.2%. Results for the Medicare Advantage pa-
tients were similar.
CONCLUSIONS: Long-acting formulation, high daily dos-
age, and longer duration of the first opioid prescription

were each associated with increased high-risk use of opi-
oids in the long term.
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INTRODUCTION

From 1999 to 2014, prescription opioid overdoses accounted
for more than 193,000 deaths in the USA.1 This epidemic was
paralleled by a tripling of the amount of opioids (in terms of
morphine milligram equivalents orMMEs) received per capita
over 1999–2015.2 While opioid therapies were frequently
initiated for acute pain, 6% of patients newly prescribed opi-
oids continued to use opioids at 1 year and 2.9% continued to
use at 3 years,3 despite lack of evidence of clinical efficacy and
potential risks for opioid misuse and opioid use disorder.4

There is thus heightened scrutiny of initial exposure to pre-
scription opioids. Recent policies and practices in this area
include the release of the Guideline for Opioid Prescribing for
Chronic Pain by the Centers for Disease Control and Preven-
tion (CDC),5, 6 state legislations limiting the initial amount of
opioids prescribed to patients,7 as well as various strategies
used by health insurance plans, prescription benefit manage-
ment companies, and chain pharmacies to limit initial opioid
prescribing.
Evidence is accumulating that the amount of initial opioid

exposure is linked to long-term use. The strongest evidence so
far pertains to the initial episode of opioid therapy (variably
defined in the literature), rather than the initial prescription.
For example, one study8 found that the number of prescription
fills and the cumulative MMEs dispensed during 30 days after
opioid initiation were associated with long-term use. Another
study3 defined the first episode of opioid use as continuous use
of opioids with a gap of no greater than 30 days and found
similar associations. A more recent study9 examined newly
initiated opioid use post-surgery and found that incremental
number of prescription fills and duration of continuous use
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were associated with increased probability of medical events
suggesting opioid misuse. The care episodes in these studies
likely involved multiple prescribers who may or may not have
communicated with one another. Evidence is limited on how
prescribing decisions regarding the first opioid prescriptions,
which are well within the control of the prescribing clinician,
are associated with opioid use in the long-term that puts
patients at heightened risks for misuse and overdose (“high-
risk use” hereafter). One exception10 is a cohort study of
veterans who had chronic painful conditions and started opioid
therapy. The study focused on the duration of action of the first
opioid and found that long-acting status was associated with a
twice as high risk of unintentional overdose injury.
In this study, we used data from a large commercial insur-

ance claims database to address this knowledge gap. Our study
adds to the existing literature by focusing on the first opioid
prescriptions, by examining three salient features of the first
prescriptions highlighted in the CDC Guideline (duration of
action, dosage, and days of supply),5, 6 and by examining a
comprehensive set of outcomes pertaining to high-risk use of
opioids in the long term. The CDC Guideline recommends
using immediate-release/short-acting opioids and avoiding ex-
tended release/long-acting drugs (recommendation 4). In ad-
dition, the Guideline recommends using the lowest effective
dosage and evaluating opioid-related benefits and risks when
increasing dosages above 50 MMEs per day and carefully
justifying an increase in dose above 90 MMEs per day (rec-
ommendation 5). The Guideline also recommends restricting
the quantity of opioids prescribed to the expected duration of
pain severe enough to require opioids (e.g., 3 days for acute
pain) (recommendation 6). We conducted separate analyses
for privately insured adults 18–64 and for older adults (65+)
insured by Medicare Advantage plans. We hypothesized that
long- (vs short-) acting opioid formulations, higher daily dos-
age, and increased number of days of supply would all be
independently associated with an increased risk of high-risk
opioid use in the 18 months following the initial opioid
prescription.

METHODS

Data

We used data from the 2011–2014 Health Care Cost Institute
(HCCI) insurance claims database,11 including claims from
private insurance plans (both employer sponsored and
individual-market based) and Medicare Advantage plans of-
fered by Aetna, Humana, and UnitedHealthcare. The HCCI
data include beneficiary enrollment information, inpatient fa-
cility claims, outpatient facility claims, physician claims, and
pharmacy claims. Pharmacy claims provide information on
the National Drug Code (NDC), days of supply, quantity and
unit, and strength/dosage for each prescription. In addition, we
extracted ZIP code-level sociodemographic profiles of resi-
dents from the American Community Survey12 and merged

these data with the HCCI claims based on patient residential
ZIP code. Recent evidence indicates that certain community
characteristics are associated with long-term and high-risk
prescription opioid use.13

Study Population and Sample

Our study population consisted of privately insured adults
aged 18 to 64 and Medicare Advantage (MA) patients 65 or
older who did not have recent use of prescription opioids
(defined with a “look-back” period of 6 months without any
opioid prescription) and filled a first opioid prescription be-
tween 07/01/2011 and 06/30/2013. To be included in the
sample, patients had to have at least 6 months of continuous
enrollment in a private health plan or a MA plan contributing
data to HCCI prior to the month of their first opioid prescrip-
tion (the “index month”) and be continuously enrolled for at
least 18 months after the index month. We excluded patients
with a cancer diagnosis in the 6 months prior to the index
month because of our focus on individuals with non-cancer
pain. Separate analyses were conducted for the non-elderly
privately insured sample and the elderly MA sample. Patients
who transitioned from one type of insurance to another (e.g.,
from an employer sponsored plan to an MA plan; N = 256)
accounted for only 0.05% of the original sample and were too
few to warrant a separate analysis. We excluded them from the
analysis.

Features of the First Opioid Prescription

We focused on duration of action, dosage, and days of supply
of the first opioid prescription, consistent with recommenda-
tions made in the 2016 CDC Guideline.5, 6 Using a CDC
database linking NDCs with drug characteristics,14 we (1)
determined the long- vs. short-acting status of the first pre-
scription and (2) calculated daily MMEs (= strength per unit ×
(# of units/days of supply) ×MME conversion factor14). In the
case of multiple opioids filled on the same day, we determined
the index prescription to be long-acting as long as one of the
prescriptions was long-acting. We further categorized daily
MMEs into three levels: < 30, ≥ 30 but < 50, or ≥ 50; we did
not use 90 MMEs as a cut-point because only 7% of our
sample were prescribed a daily MME of 90 or more at their
first prescriptions, but conducted a sensitivity analysis with the
cut-points of 50 and 90MMEs.We categorized days of supply
into ≤ 3 days, 4–7 days, and > 7 days.

Outcome Measures

We measured high-risk opioid use over each of the six 3-
month intervals (“quarters” hereafter) following the index
month, consistent with previous studies.15, 16 We included a
patient-quarter in the analysis if the patient had prescription
opioids for at least 1 day in that quarter. We defined four
dichotomous indicators of high-risk opioid use based on a
literature review: (1) having opioid prescriptions overlapping
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for 7 days or more,16, 17 (2) having opioid and benzodiazepine
prescriptions overlapping for 7 days or more,18–20 (3) having
filled opioid prescriptions from multiple prescribers,21 and (4)
having a daily average MMEs exceeding 120.15, 20, 22 Previ-
ous studies differ in the cut-points to dichotomize multiple
prescribers to capture potential “doctor shopping”; they also
differ in the time interval used to assess multiple pre-
scribers.21–23 We examined the outcome of three or more
prescribers over each 3-month interval.

Statistical Analyses

We estimated a model for each of the four high-risk opioid use
outcomes. The unit of analysis was patient-quarter with at least
1 day of opioid use. Patients contributed up to six quarters to
the analysis. All models controlled for ordinal indicators of the
quarters (second, third, sixth, with the first quarter as the
reference); calendar year indicators; patient demographics
(age groups, sex); dichotomous indicators of back pain, neck
pain, arthritis/joint pain, and other pain (based on ICD-9
diagnostic codes shown in Online Appendix 1); an indicator
of any mental health disorder; and dichotomous indicators of
any alcohol use disorder, any drug use disorder, and tobacco
use disorder (Online Appendix 2). We also controlled for
socio-demographic profiles at the patient’s residential ZIP
code, including percentage of residents who were non-
Hispanic black, who were Hispanic, who had some college,
who were unemployed, who were living in poverty, percent-
age of households led by married couples, and urban/rural
status of ZIP code based on Census Bureau definitions.24

Although not the focus of our study, we also examined how
features of the first prescription were associated with some
opioid use in each of the six quarters following the index
month by estimating a similar regression model as in the
analysis of high-risk use, but using the samples of all patients
who initiated opioids.
We estimated both a linear probability model and a logistic

model for each analysis. Results in terms of incremental
probabilities associated with the features of the first opioid
prescription were almost identical between the two modeling
approaches. We thus present our results below based on the
linear probability models. All analyses were conducted using
Stata version 14.25 We generated robust standard errors by
taking into account clustering of quarters pertaining to the
same patient.26

This study was approved by the Institutional Review Board
of the Weill Cornell Medical College.

RESULTS

A total of 403,664 non-elderly, privately insured patients and
107,509 elderly MA patients initiated opioid therapy between
07/01/2011 and 06/30/2013. Among these patients, 196,375
non-elderly, privately insured patients and 63,419 elderly MA
patients contributed at least one quarter (subsequent to the

index month) to the analysis of high-risk use (Table 1). Fewer
than 1% of patients in both samples were prescribed a long-
acting opioid at the first prescription. For 26.7% of the pri-
vately insured patients and 19.3% of the MA patients, average
daily dosage of the first prescription was 50 MMEs or higher.
More than 18% of privately insured patients and more than
35% of MA patients received more than 7 days of supply at
their first opioid prescriptions.

First Opioid Prescription and High-Risk Opioid
Use

In the non-elderly privately insured sample, of the 340,629
patient-quarters with at least 1 day of opioid use, 4.0% had
overlapping opioid prescriptions, 6.7% had overlapping
opioid-benzodiazepine prescriptions, 2.5% had three or more
prescribers, and 4.2% had 120 or more daily average MMEs.
Of the 133,444 patient-quarters in the elderly MA sample,
prevalence of the four high-risk outcomes was 5.3%, 8.1%,
2.3%, and 1.4%, respectively. We report below regression-
adjusted results pertaining to the privately insured sample
(regression outputs in Online Appendix 3). Results pertaining
to the MA sample were very similar and presented in Online
Appendix 5.
All three features of the first prescription were associated

with the probability of having opioids overlapping for at least
7 days in the six quarters following the index month (Fig. 1).
In particular, receiving a long- (vs. short-) acting opioid was
associated with a 15-percentage-point (more than fourfold)
increase (95% Confidence Interval or CI, 12.7 to 16.7 percent-
age points or pps, p < 0.001). A daily dosage of 50 MMEs or
more was associated with a slightly increased probability
compared to the two lower categories (p < 0.001). Receipt of
more than 7 days of opioids was associated with a 7-
percentage-point increase (95% CI, 6.2 to 7.0 pps; p < 0.001)
and a 6-percentage-point increase (95% CI, 5.3 to 6.0 pps;
p < 0.001) compared to a supply of 3 or fewer days and of 4–
7 days, respectively. A similar pattern was observed for the
outcome of overlapping opioids and benzodiazepines (Fig. 2).
Both long-acting (vs. short-acting) status (5.8 pps; 95%CI, 3.5
to 8.0 pps; p < 0.001) and more-than-7-day-supply (vs. 3 or
fewer days) (8.7 pps; 95% CI, 8.2 to 9.2 pps; p < 0.001) were
associated with more than doubling of the probability of
opioid-benzodiazepine overlap.
Long- (vs. short-) acting status of the first prescription was

associated with a 2-percentage-point increase (95% CI, 0.9 to
2.7 pps; p < 0.001) in the probability of having three or more
prescribers of opioids in a quarter. A daily dosage of 50MMEs
or more (vs. lower dosages) and a more-than-7-day supply (vs.
fewer days) were associated with a slight increase in the
probability of this outcome (Fig. 3).
All three features of the first prescription were strongly

associated with a daily dosage of 120 MME or more in the
long term (Fig. 4). Specifically, long- (vs. short-) acting status
was associated with a 16.9-percentage-point increase (95%CI,
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14.0 to 19.5 pps; p < 0.001) and a daily MME of 50 or more
(vs. less than 30 MMEs) was associated with a 12.5-percent-
age-point increase (95% CI, 12.1 to 12.9 pps; p < 0.001)—a

Fig. 1 Predicted probability of overlapping opioid prescriptions by
features of the first opioid prescription, privately insured patients
18–64 years of age. Notes: significance denotes the difference

between reference category and other categories; MME, morphine
milligram equivalent; ref., reference group; ***p < 0.001; **p < 0.01;

*p < 0.05.

Fig. 2 Predicted probability of overlapping opioids and benzodiaz-
epines by features of the first opioid prescription, privately insured

patients 18–64 years of age. Notes: significance denotes the
difference between reference category and other categories; MME –
morphine milligram equivalent; ref., reference group; ***p < 0.001;

**p < 0.01; *p < 0.05.

Table 1 Demographic and Clinical Characteristics of Patients Included
in the Study Samples and Features of the First Opioid Prescriptions

Characteristics Private insurance,
18–64 years of age

Medicare advantage,
65 and older

N = 196,375 N = 63,419

% %

Patient demographic characteristics and health conditions
Age
18–34 35.5% –
35–44 23.4% –
45–54 24.3% –
55–64 16.9% –
65+ – 100.0%
Female 55.3% 59.1%
Back pain 11.4% 17.6%
Neck pain 5.3% 5.5%
Arthritis/joint pain 23.0% 46.0%
Other pain 12.8% 16.8%
Any mental health
disorder

12.6% 12.0%

Any alcohol use disorder 0.6% 0.6%
Any drug use disorder 0.5% 0.2%
Tobacco use disorder 2.2% 2.2%
Socio-demographic profiles at patient residential ZIP code*
% of residents that were non-Hispanic black
1st quartile 1.8% 3.1%
2nd quartile 11.0% 14.6%
3rd quartile 41.7% 38.1%
4th quartile 45.5% 44.2%
% of residents that were Hispanic
1st quartile 2.0% 3.6%
2nd quartile 16.0% 21.3%
3rd quartile 32.3% 36.1%
4th quartile 49.6% 38.9%
% of residents who had some college education
1st quartile 8.2% 12.7%
2nd quartile 16.6% 25.6%
3rd quartile 25.6% 29.9%
4th quartile 49.6% 31.8%
% of residents 16 years or older who were unemployed
1st quartile 11.5% 7.6%
2nd quartile 38.3% 30.1%
3rd quartile 33.2% 36.0%
4th quartile 17.0% 26.3%
% of residents living in poverty
1st quartile 28.9% 18.2%
2nd quartile 29.4% 26.3%
3rd quartile 23.7% 30.2%
4th quartile 18.1% 25.4%
% of households that were married couple family households
1st quartile 30.6% 33.7%
2nd quartile 30.4% 33.0%
3rd quartile 27.2% 23.9%
4th quartile 11.8% 9.4%
ZIP code having no
urban-area

4.9% 8.6%

Features of the first opioid prescription
Long-acting vs shorting acting
Long-acting 0.9% 1.0%
Short-acting 99.1% 99.3%
Daily MMEs
< 30 32.2% 43.2%
30–50 41.2% 37.6%
≥ 50 26.7% 19.3%
Days of supply
≤ 3 40.2% 26.3%
4–7 41.6% 38.2%
> 7 18.3% 35.5%

Notes: Samples include patients who initiated opioid therapy between 07/
01/2011 and 06/30/2013 (with no opioid use in the 6 months prior to
initiation) and who had some opioid use in at least one of six quarters after
the month of opioid initiation. MMEs morphine milligram equivalents
*Percentages presented are % of sample patients who resided in a ZIP
code that belonged to the first, second, third, or fourth quartile of all
residential ZIP codes in the USA for a given socioeconomic profile
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three- to fivefold increase—in the predicted probability of this
outcome. A more-than-7-day supply (vs. 3 or fewer days) was
associated with a 4.8 pps of increase (95% CI: 4.5 to 5.2).

Using 50 and 90 daily MMEs as cut-points in categorizing
the dosage of the first prescription generated results suggesting
similar or stronger associations (Online Appendix 4).

First Opioid Prescription and Opioid Use in the
Long Term

Based on this analysis, we found that, in the privately insured
sample, a long-acting opioid at the first prescription was
associated with an 8-percentage-point increase in the proba-
bility of some opioid use (95% CI, 6.4 to 9.1 pps; p < 0.001);
having received 7 days or more of opioids was associated with
an increase of 15 pps (95% CI, 15.0 to 15.6; p < 0.001),
compared to a supply of 3 or fewer days, and an increase of
13 pps (95% CI, 12.9 to 13.4; p < 0.001), compared to a
supply of 4–7 days (Online Appendix 6). Results for the MA
sample were very similar (Online Appendix 7).

DISCUSSION

Using population data, we found that each of the three features
of the first opioid prescriptions addressed in the 2016 CDC
Guideline (duration of action, dosage, and days of supply) was
strongly and independently associated with high-risk opioid
use over the 18 months following the index prescription
month. Our study adds to the existing literature by focusing
on characteristics of the first opioid prescriptions, by examin-
ing all three salient features of the first prescriptions specifi-
cally addressed in the 2016 CDCGuideline, and by examining
a comprehensive set of outcomes pertaining to high-risk opi-
oid use in the long term. Additional strengths of our study
include the use of a large national commercial insurance
claims database covering both privately insured and Medicare
Advantage adults and implications applicable to all clinical
settings.
It is worth noting that long-acting opioids only accounted

for 0.9% of all the first opioid prescriptions among privately
insured patients and 1.0% of the elderly MA patients included
in our analysis. In addition, about half of all patients who filled
a long-acting opioid also filled a short-acting opioid on the
same day. Patients prescribed long-acting opioids may have
continuous pain that short-acting opioids alone may not effec-
tively alleviate,27 although recent guidelines recommend
against using long-acting opioids when opioid therapy is
initiated.6, 27 In both of our samples, patients who received a
long-acting opioid as their first prescription were 2–3 times as
likely to have had back pain, neck pain, and arthritis-related
pain, and to have had diagnosed mental health disorders and
substance use disorders in the 6 months prior to the first opioid
prescription. Future studies employing more nuanced clinical
data should examine the context of long-acting opioid pre-
scribing when initiating opioid therapy and evaluate associat-
ed benefits and risks.
Our findings regarding the heightened risks associated with

more than 7 days of opioids at the first prescription are

Fig. 3 Predicted probability of three or more prescribers of opioids
by features of the first opioid prescription, privately insured patients

18–64 years of age. Notes: significance denotes the difference
between reference category and other categories; MME, morphine
milligram equivalent; ref., reference group; ***p < 0.001; **p < 0.01;

*p < 0.05.

Fig. 4 Predicted probability of 120 or more daily average MMEs by
features of the first opioid prescription, privately insured patients
18–64 years of age. Notes: significance denotes the difference

between reference category and other categories; MME, morphine
milligram equivalent; ref., reference group; ***p < 0.001; **p < 0.01;

*p < 0.05.
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meaningful at the population level given the large number of
patients (18% among the privately insured and 36% among
the MA patients) who received a first prescription exceeding
7 days in duration. These findings support the recent wave of
policies to limit the duration of the first opioid prescriptions,
including state laws or agency rules to limit the amount of
opioids prescribed at the first prescription, usually in terms of
days of supply or total morphine milligram equivalents,7 phar-
macy management strategies adopted or planned by state
Medicaid programs to implement the CDC Guideline, private
health plan coverage limitations,28 and, more recently, policies
adopted by chain pharmacies.29 Implementation of these pol-
icies, however, may create important barriers to effective pain
management for patients who need continued opioid therapy
beyond 7 days and/or who have limited means to access
alternative pain management strategies. For example, time,
transportation, and co-payment associated with follow-up doc-
tor visits and visits to the pharmacy to obtain continued opioid
prescriptions may be overwhelming to some patients, such as
older adults with mobility issues. Currently, very few jurisdic-
tions have adopted legislation or rules to address these bar-
riers.30 In addition, while these policies are meant to apply to
the initial opioid prescriptions only, it is unknown whether
they have been inadvertently applied to continuing opioid
therapies, which may result in disruption in pain management
and uncontrolled pain.
Our findings regarding the risks associated with a high daily

MME of the first prescription suggest the need for decision
support to prescribing clinicians at the point of care. In partic-
ular, electronic health record (EHR) systems could provide
automatic conversion of dosages into MMEs for each opioid
and/or alert prescribers of high MMEs (e.g., > = 50 MMEs) of
the first prescriptions. More generally, “nudges” and other
behavioral interventions built into the EHRsmay be especially
effective in changing prescribing behaviors without disrupting
clinical work flow or infringing on clinician autonomy. Ex-
amples of such interventions include re-programming order
sets to default to prescribing decisions concordant with the
guidelines,31 asking prescribers to provide justification for
prescriptions deemed inappropriate or inconsistent with guide-
lines,32 and providing prescriber-specific summary data (e.g.,
% of all the first opioid prescriptions with more than 7 days of
supply) in comparison with peers.
Our study has a few limitations. First, as is the case for all

studies using claims data, it is possible that our sample includ-
ed patients who had used opioids in the past but had a recent
gap in opioid use of at least 6 months. Second, the daily
MMEs calculated in this study reflected the amount of opioids
available to the patient rather than the actual dosages taken;
this limitation is especially salient for PRNmedications. Third,
our data do not capture prescriptions paid for in cash. To the
extent that patients whose first prescriptions were long acting,
of higher dosage, or longer duration were more likely to use
cash payment for their opioid prescriptions in the long term,
our results would underestimate the associations between

features of the first prescriptions and high-risk use in the long
term. Fourth, prescriber IDs in our data had a high missing
rate; there was also inconsistency in provider IDs between the
pharmacy and medical claims. We were thus not able to
pinpoint the healthcare setting responsible for the first pre-
scription. Finally, features of the first opioid prescription may
be correlated with unobserved and unmeasured severity or
chronicity of pain. Thus, our results may be subject to remain-
ing confounding and are best interpreted as associative rather
than causal.

CONCLUSIONS

This study provides evidence that long-acting formulation,
high daily dosage, and a duration exceeding 7 days of the first
opioid prescription are each associated with increased high-
risk use of opioids in the long term. Our findings thus provide
support to policies, clinical guidelines, and health care system
interventions aimed to limit prescribing of the first opioids
with these features.
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