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Abstract
OBJECTIVE
To examine the distribution and patterns of opioid
prescribing in the United States.
DESIGN
Retrospective, observational study.
SETTING
National private insurer covering all 50 US states and
Washington DC.
PARTICIPANTS
An annual average of 669 495 providers prescribing
8.9 million opioid prescriptions to 3.9 million patients
from 2003 through 2017.
MAIN OUTCOME MEASURES
Standardized doses of opioids in morphine
milligram equivalents (MMEs) and number of opioid
prescriptions.
RESULTS
In 2017, the top 1% of providers accounted for 49% of
all opioid doses and 27% of all opioid prescriptions.
In absolute terms, the top 1% of providers prescribed
an average of 748 000 MMEs—nearly 1000 times more
than the middle 1%. At least half of all providers in the
top 1% in one year were also in the top 1% in adjacent
years. More than two fifths of all prescriptions written
by the top 1% of providers were for more than 50
MMEs a day and over four fifths were for longer
than seven days. In contrast, prescriptions written
by the bottom 99% of providers were below these
thresholds, with 86% of prescriptions for less than
50 MMEs a day and 71% for fewer than seven days.
Providers prescribing high amounts of opioids and
patients receiving high amounts of opioids persisted
over time, with over half of both appearing in adjacent
years.

WHAT IS ALREADY KNOWN ON THIS TOPIC
Opioid prescribing remains far higher in the US than in other countries, despite
efforts to reduce inappropriate opioid prescribing
Previous studies have noted that opioid prescribing in the US is skewed;
however, the extent of this skewness in a geographically diverse and
demographically representative population has not been well established

WHAT THIS STUDY ADDS
This study found that about 1% of providers account for nearly half of all opioid
doses and one quarter of all opioid prescriptions
The results suggest that rather than impose rigid thresholds on most providers,
who generally prescribe opioids safely, interventions should focus on the top 1%
of providers and their patients
The results also suggest that interventions should focus on improving patient
care, managing patients with complex pain, and reducing comorbidities
the bmj | BMJ 2020;368:l6968 | doi: 10.1136/bmj.l6968

CONCLUSIONS
Most prescriptions written by the majority of providers
are under the recommended thresholds, suggesting
that most US providers are careful in their prescribing.
Interventions focusing on this group of providers are
unlikely to effect beneficial change and could induce
unnecessary burden. A large proportion of providers
have established relationships with their patients over
multiple years. Interventions to reduce inappropriate
opioid prescribing should be focused on improving
patient care, management of patients with complex
pain, and reducing comorbidities rather than seeking
to enforce a threshold for prescribing.

Introduction
From 1999 to 2010, opioid prescribing in the US
quadrupled,1 reaching a per capita level well beyond
that of any other nation.2 The effectiveness of long
term opioid treatment for management of chronic pain
is unclear,3 4 but opioids remain an essential tool for
medical providers. Inappropriate opioid prescribing
can lead to diversion of, addiction to, and overdose
from prescription opioids,5-9 contributing to an epi
demic of opioid related deaths in recent years.10
Promoting cautious, scientifically justified, opioid
prescribing has become a leading goal of policy makers
in both government and healthcare.11-14
Strategies to reduce inappropriate opioid prescribing
range from broad policies or guidelines targeted at all
medical providers to narrow interventions focused
on providers prescribing high amounts of opioids.
Broad strategies include improving medical school
education curriculums and compulsory education
of providers,15 mandating the use of state level
prescription drug monitoring programs, creating
national clinical guidelines,16 and lowering the
default opioid dose in electronic health records.17-20
Targeted interventions typically focus on providers
who prescribe opioids above a specified threshold. A
common targeted intervention is the creation of “pill
mill” laws, which typically require documentation of
medical examinations and follow-up visits before and
after the prescribing of opioids, mandatory registration
of clinics with the state, or physician ownership of pain
clinics.21-25
Targeted interventions do not require new laws. For
example, one national pharmacy chain identified 42
providers, out of nearly one million, who prescribed
excessive levels of opioids (eg, 98th centile for volume,
95th centile for proportion, and had a high number of
patients who paid cash) and requested documentation
justifying their level of prescribing. Of the 42 providers
contacted, only six responded with medically justified
reasons. The remaining 36 who did not respond or did
1
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not provide justification were no longer allowed to have
their prescriptions filled at this national pharmacy
chain.26 Alternatively, “light touch” interventions have
been proposed, such as sending letters to providers
whose prescribing patterns are higher than those
of their peers27 or notifying those providers whose
patients have had a fatal overdose.28
Both broad strategies and targeted interventions
are important for reducing inappropriate prescribing.
However, effective opioid prescribing is nuanced,
pain management is often complex, and there can be
legitimate clinical reasons for a provider prescribing
opioids in excess of recommended thresholds.
Strategies to reduce prescribing can result in un
intended consequences, such as misapplication,
which could result in poor care or sudden involuntary
discontinuation of opioids.29 Further, institutions and
agencies responsible for enforcing or implementing
these strategies may have limited resources and require
additional information to prioritize strategies.
For these reasons, data driven policy demands a
careful examination of opioid prescribing patterns over
a broader range of time, geography, and population.
Previous studies directly examining the distribution
of opioid prescriptions among providers have
been limited to geographically or demographically
narrow samples of providers or patients, over shorter
periods.30 31 This study seeks to fill these gaps, provide
clarity to policy makers, and assist institutions
with efforts to prioritize reduction. We examined a
repository of prescription claims from a large, national
insurance provider covering more than 60 million
unique individuals from 2003 to 2017. The insured
population includes all 50 US states and Washington
DC and is of similar age and sex to the US general
population. Using these data, we identified whether
opioids are roughly equally prescribed across US
medical providers or disproportionately prescribed by
a small subset of providers, how prescribing patterns
have changed over time, the extent to which top
prescribers and top receiving patients persisted over
time, and the relationship between high prescribing
and top receiving patients.

Methods
Data
From a total of 2.5 billion outpatient prescription
claims, we identified 134 million opioid prescriptions
in the Optum Clinformatics Data Mart Database
(Optum; 2003-17), a large deidentified database from a
national private insurance provider. Prescriptions that
were filled but not dispensed (that is, not received by
the patient) were excluded from the analysis to prevent
double counting, which might happen, for example, if
a prescription was transferred to, and dispensed by, a
different pharmacy. Prescription level data included
hashed patient identifiers, hashed provider identifiers
(that is, Drug Enforcement Agency and National Provider
Identifier), National Drug Code, quantity, number of
days of supply, and date of transaction. In addition, we
used the member, provider, and outpatient diagnostic
2

files from 2003 to 2017. An Optum affiliate company
assigns providers into one of 7106 categories, which
are grouped into 308 specialties. We merged provider
specialties into 16 larger, mutually exclusive categories:
addiction medicine, anesthesiology, surgery, critical
care, dentistry, emergency medicine, family medicine,
general medicine, hospice care, internal medicine,
obstetrics/gynecology, pediatrics, physical or pain
medicine and rehabilitation, pharmacy, unknown, and
all others. For female enrollees the median age was 34
years (50.5%, interquartile range 19-52 years) and for
male enrollees 33 years (49.5%, 18-49 years). The age
and sex distribution of enrollees in the Optum database
closely resembles that of the general US population
(supplementary table S1).

Defining drugs of interest
We followed US Centers for Disease Control and
Prevention (CDC) recommendations when selecting
the most appropriate opioids for our analysis.32
Specifically, we excluded buprenorphine products
prescribed as treatment for opioid use disorder, drugs
typically not used in outpatient settings (eg, fentanyl in
solution), cough and cold formulations, and injectable
or intravenous opioids.
As with any system, some unequal distribution
is expected,33 due, for example, to differences in
provider preferences,34 provider location,35 provider
specialties,36 37 or provider perceptions.38 Thus to
facilitate comparison, we tabulated eight benzo
diazepines used to treat anxiety, panic disorder,
seizures, alcohol withdrawal symptoms, and muscle
spasms: alprazolam, chlordiazepoxide, clonazepam,
diazepam, lorazepam, oxazepam, temazepam, and
triazolam. Similar to opioids, benzodiazepines have
highly variable prescribing patterns and a wide range
of doses and therapeutic uses, including episodic use.
A full list of National Drug Codes for each drug can be
found in the online code repository (see supplementary
materials section 1).
Quantities of interest
We estimated two primary quantities of interest for
each drug and year, for each provider: dose and
number of prescriptions. In addition, we estimated
three secondary quantities of interest: daily dose,
dose for each patient, and dose for each prescription.
Opioid doses were standardized to morphine milligram
equivalents (MMEs) using National Drug Code specific
conversion factors.32 Benzodiazepine doses were
standardized to lorazepam milligram equivalents.39-43
Dose was calculated as the quantity×drug stre
ngth×conversion factor. For each provider, we took the
total number of opioid or benzodiazepine prescriptions
across all patients. The daily dose was calculated as
the dose divided by the number of days supply for each
prescription. The dose for each patient was calculated
as the total dose divided by the number of unique
patients who received an opioid or benzodiazepine
prescription from each provider separately (that is, a
patient receiving multiple opioid prescriptions from
doi: 10.1136/bmj.l6968 | BMJ 2020;368:l6968 | the bmj
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multiple providers counts as one unique patient
for each provider). The dose for each prescription
was calculated as the total dose divided by the total
number of opioid or benzodiazepine prescriptions for
each provider.

Estimating disproportionate levels of quantities of
interest
To describe the distribution of the above quantities
of interest, we partitioned providers, patients, and
provider-patient pairs with at least one opioid pre
scription into 100 equally sized groups. The groups
were separated according to centiles of the volume
of opioids prescribed, received, and transacted,
respectively. We then compared the prescribing
patterns of the top centile group of providers (that
is, top 1% of providers) with the median (50th)
centile group. Additionally, we quantified the entire
distribution of prescribing using the Gini coefficient—a
formal summary measure of global inequality.44 45
Supplementary materials section 2 presents the Gini
coefficient results.
Defining recent primary diagnoses and previous
diagnosis of malignant cancer
For the top centile of patients, we tabulated the recent
primary diagnoses of their visits to the provider. In the
Optum dataset, patient prescriptions and diagnoses
are not directly linked. Therefore, we conservatively
defined a recent primary diagnosis as any primary
diagnosis that occurred in the same year or in the year
before a patient appeared in the top centile of patients
receiving opioids. We collapsed these recent primary
diagnosis ICD-9 and ICD-10 codes (international
classification of diseases, ninth and 10th revisions,
respectively) into general medical categories using
the Clinical Classifications Software to ICD crosswalk
provided by the Agency for Healthcare Research
and Quality.46 We defined a previous diagnosis of
malignant cancer as the presence of an ICD code
for any malignant cancer in the current year or any
previous year in which the patient appeared in the top
centile of patients receiving opioids (supplementary
materials section 3). This definition conservatively
includes cancers in remission.
Sensitivity analyses
We conducted several sensitivity analyses. To test
the robustness of our results to miscoding or extreme
prescribing outliers, we repeated our analyses with
different levels of upper truncation. Specifically,
we removed the upper 0.01%, 0.05%, 1.0%, 2.5%,
5.0%, and 10% of prescribers for each year and drug
type. To test the robustness of our results to a high
prevalence of low activity prescribers, we repeated our
analyses with different levels of prescribing activity.
Specifically, we removed all providers who prescribed
fewer than 3, 6, 12, 24, 50, 100, and 200 prescriptions
a year. To test the robustness of our results to the
subset of opioids used, we repeated our analyses
using only opioids designated as schedule 2 under
the bmj | BMJ 2020;368:l6968 | doi: 10.1136/bmj.l6968

the Controlled Substances Act. Schedule 2 controlled
substances are drugs with an accepted medical use
but with a high potential for misuse and that could
lead to psychological or physical dependence. To test
the sensitivity of the Gini coefficient, we estimated
several alternative measures of inequality: RicciSchutz, Atkinson, Theil, and generalized entropy
(supplementary materials section 4).47 Finally, in
addition to standardized benzodiazepine and opioid
doses, we analyzed the prescribing patterns for 18
individual drugs, with a range of therapeutic uses
(supplementary materials section 5). In all instances,
our substantive conclusions remained the same.
Results for additional analyses are available using an
interactive results viewer (supplementary materials
section 6).

Patient and public involvement
No patients were involved in setting the research
question or the outcome measures, nor were they
involved in developing plans for design or imple
mentation of the study. No patients were asked to
advise about interpretation or writing up of results.
Results
Disproportionate prescribing patterns
Between 2003 and 2017, an average of 8.2 billion
MMEs were prescribed by 669 495 providers to 3.9
million patients a year (supplementary table S2 and
figs S1 and S2). These prescribing patterns correspond
to an average of more than 700 MMEs daily for each
provider, more than 120 MMEs daily for each patient,
more than 50 MMEs daily for each prescription, and
8.9 million opioid prescriptions a year. These averages,
however, mask highly skewed distributions.
In 2017, the top centile of providers prescribed
49% of all opioid doses and 27% of benzodiazepine
doses (fig 1). The distribution of prescriptions was
comparably disproportionate, with the top centile of
providers accounting for 27% of opioid prescriptions
and 19% of benzodiazepine prescriptions (fig 1). These
disproportionate prescribing patterns persisted after
accounting for prescription length, number of patients
for each provider, and number of prescriptions for each
provider (supplementary materials section 6).
The disproportionately high prescribing of the top
centile of providers has been stable since 2008 (fig
2) and is consistent across states (supplementary figs
S3 and S4). Between 2003 and 2017, the top centile
of providers prescribed between 42% (2005) and 49%
(2008) of opioid doses and accounted for between
18% (2004) and 27% (2017) of all opioid prescriptions
(fig 2). A lower level of disproportionate prescribing
was observed for benzodiazepines. Specifically, the
top centile of providers prescribed between 23%
(2006) and 29% (2008) of benzodiazepine doses
and accounted for between 17% (2006) and 21%
(2008) of all benzodiazepine prescriptions (fig 2).
The type of opioid or benzodiazepine prescribed
by the top centile of providers was similar to that
prescribed by all providers, with the exception of
3
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Fig 1 | Distribution of standardized doses and prescriptions for opioids and
benzodiazepines across all providers in 2017. Dotted lines show top 1%, 5%, 10%, and
50% of providers for each type of drug along with proportion of opioids distributed by
each of these groups

acetaminophen (paracetamol)/hydrocodone bitar
trate in 2007, which was slightly more commonly
prescribed than oxycodone hydrochloride by the top
centile (supplementary fig S5). For the top centile of
providers, the most commonly prescribed opioid in
each year was oxycodone hydrochloride, and the most
commonly prescribed benzodiazepine was alprazolam
(supplementary fig S5).
In 2017, the top centile of providers prescribed an
average of 748 000 MMEs—nearly 1000 times more
than the median centile group (supplementary figs
S6 and S7). The average amount prescribed by the top
centile of providers in 2017 was double the average
amount prescribed in 2003 (358 000 MMEs; 460 times
higher than the median centile). This pattern was not
seen for benzodiazepines. Specifically, in 2017 the
top centile of providers prescribed 290 times more
benzodiazepines than the median centile compared
with 176 times more in 2003 (supplementary figs
S6 and S7). The high levels of disparity between the
top and median centile groups of opioid prescribers
remained after accounting for differences in pre
scription length, the number of patients for each
provider, and the number of prescriptions for each
provider (supplementary materials section 6).
The 2016 CDC prescribing guidelines for treating
chronic pain recommend that new opioid prescriptions
for treating acute pain should comprise a dose of less
than 50 MMEs a day and a duration of fewer than seven
days (supplementary materials section 7).16 The top
centile of providers remained consistently above these
4

guidelines, with 42% to 49% of their prescriptions
being a higher dose than recommended. Similarly,
81% to 98% of prescriptions written by the top centile
of providers were for more than seven days. Despite the
disproportionate prescribing of the top centile, most
providers are prescribing within these guidelines. In each
year from 2003 to 2017, at least 86% of prescriptions by
the bottom 99% of providers were less than 50 MMEs
a day. Similarly, at least 71% of prescriptions by the
bottom 99% of providers were for fewer than seven days
(supplementary table S3 and fig S8).

Characteristics of the top centile group of providers
and patients
More than half of the top centile of opioid prescribers
are in family medicine (24%), physical or pain medicine
and rehabilitation (14%), anesthesiology (14%), or
internal medicine (13%); about one third are classified
as other (17%) or unknown (14%). Physical or pain
medicine and rehabilitation and anesthesiology are
the most over-represented specialties in the top centile,
with each accounting for just 1% of providers across
all centiles. Family medicine and internal medicine
are slightly over-represented in the top centile, and
account for just 13% and 8% of providers, respectively,
across all centiles. Hospice and critical care specialists
accounted for less than 1% of both the top centile
group and across all providers (supplementary fig S9).
Among the top centile of patients receiving opioids,
the most common recent primary diagnostic indication
was a “back problem,” followed by “other connective
tissue disease,” “other aftercare,” “other nervous
system disorders,” and “unclassified” (supplementary
table S4). Less than 20% of patients in the top centile
receiving opioids had any diagnosis of malignant
cancer during the study period (including patients
with cancers currently in remission) (supplementary
table S5).
In 2017, the top centile of patients receiving opioids
was prescribed 2.87 billion MMEs (28% of all opioids
transacted), 70% of which originated from the top
centile of providers (fig 3). This level of disproportionate
transactions between provider and patient was not
observed for benzodiazepines. Specifically, the top
centile of patients receiving benzodiazepine were
prescribed only 12% of all benzodiazepine doses,
about half of which originated from the top centile of
providers (fig 3). As a result of the disproportionate
prescribing of the top centile, the bottom 90 centiles of
providers accounted for only 12% of opioids transacted
compared with 26% for benzodiazepine. Similarly, as a
result of the highly linked nature of the top centile of
providers and patients, the majority of opioids (72%)
originating from the bottom 90 centiles of providers
were received by the bottom 90 centiles of patients.
The top centile providers, patients, and providerpatient pairs persisted over time (fig 4). Specifically,
between 54% and 73% of the top of providers in any
year were also in the top centile in the previous year,
with modest reduction in more distant years. The
pattern of high overlap in adjacent years was also
doi: 10.1136/bmj.l6968 | BMJ 2020;368:l6968 | the bmj
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Fig 2 | Proportion of standardized doses and prescriptions prescribed by top 1% of
providers for opioids and benzodiazepines, 2003-17

seen, though attenuated, among top centile patients
and provider-patient pairs (fig 4), suggesting that high
opioid prescribing and receiving is stable over time and
the top centile provider-patient pairs have established
associations over multiple years (supplementary figs
S10 and S11).

Discussion
Promotion of cautious, scientifically justified opioid
prescribing is an important public health goal. The
US has started to make progress towards this goal
in recent years.48 Policy makers use broad, tailored
strategies to reduce inappropriate opioid prescribing.
To understand the implications of these strategies,
including unintended consequences, and to prioritize
their implementation, requires a nuanced description
of opioid prescribing patterns. Skewed opioid pre
scribing has been found in previous studies, although
to different extents. One study carried out a smaller
examination of a single state and another, was a
geographically dispersed examination of the older
Medicare Part D population.30 31 Our study extends
these reports by examining a large, national sample
with an age and sex distribution closely resembling
that of the US general population. Additionally, this
study adds detail by examining trends over time
by provider specialty, underlying opioid type, and
provider-patient linkages.
Our results clarify an important medical reality.
Specifically, our results suggest that interventions
targeted at high prescribing opioid providers should
be prioritized for three reasons. First, most of the
the bmj | BMJ 2020;368:l6968 | doi: 10.1136/bmj.l6968

prescriptions written by the majority of providers are
below recommended thresholds, suggesting that most
US providers prescribe opioids carefully. Additional,
potentially burdensome, constraints on this set of
providers are unlikely to be beneficial. Because the
majority of opioid prescriptions by this group are
probably appropriate, any increase in restrictions
is more likely to reduce appropriate use rather than
prevent those of concern. Second, the top centile of
providers is stable over time, which suggests that
interventions targeted at this group will produce
sustained results. Third, the top centile of providers
accounts for a disproportionate number of patients
receiving high amounts of opioids , and interventions
targeted here will reach these high risk patients
efficiently.
In addition, our results suggest that interventions
must be nuanced and tailored. More than one
quarter of providers in the top centile specialize in
anesthesiology or physical or pain medicine and
rehabilitation, two specialties in which additional
training in clinically appropriate opioid prescribing
is received. Further, a substantial fraction of the top
centile of provider-patient pairs overlap in adjacent
years, suggesting established relationships over many
years. Extended relationships with patients could
enable providers to have a better understanding of
patients’ needs and a readiness to taper doses. Lastly,
the top centile of patients remains the same over time,
which suggests that interventions based on improving
patient care, management of patients with complex
problems, and reducing comorbidities, rather than
enforced interventions focused on rigid thresholds, are
necessary to reduce demand for opioids.

Limitations of this study
Our analysis has important limitations. First, our data
were obtained from a single national insurer comprising
mostly employer based, privately insured patients and
may not be fully generalisable to the whole of the US.
Second, the prescription data included only dispensed
prescriptions and not prescriptions that were written
by providers but never received by patients; therefore,
these data represent a potentially biased subset of
provider prescribing patterns. Nevertheless, these data
covered a patient population closely representative of
the age and sex distribution of the general US population
(supplementary table S1). Additionally, when our
data were compared with a careful examination of
opioid prescriptions in California, similar results were
found (supplementary fig S12). Third,prescriptions
attributed to one provider could have originated from
care provided by a different provider (for example,
primary care providers carrying out the treatment
plan of a pain clinic). Fourth, opioids are a diverse
set of drugs and standardizing doses into MMEs is
necessary for comparisons; however, MMEs may not
fully reflect the dependence, overdose, or mortality
potential of different opioids. Sensitivity analyses
using only schedule 2 opioids—those considered to
have the highest potential for misuse—nevertheless
5
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reached the same substantive conclusions. Similarly,
benzodiazepines are diverse, and conversion factors
for equipotency between different benzodiazepines
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Conclusions and policy implications
Our study shows that in the claims database of a
national private insurer, a small portion of providers
account for a highly disproportionate proportion of
opioids. Further, these providers persist over time and
are often linked with patients receiving high amounts
of opioids. A corollary of this finding is that most of
the prescriptions written by the majority of providers
are below recommended thresholds. Specialties with
additional training in clinically appropriate opioid
prescribing—for example, anesthesiology and physical
or pain management and rehabilitation—are overrepresented in the top centile of opioid prescribing
providers. Lastly, we found that a substantial
proportion of provider-patient pairs are linked over
time. These findings suggest that interventions
promoting careful prescribing should be tailored for,
and targeted at, the top centile of opioid prescribing
providers and focus on providing supportive care of
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patients with complex problems rather than seeking to
enforce a threshold for prescribing.
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