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BACKGROUND: Guidelines recommend most benzodiaz-
epine (BZD) treatment be short-term, though chronic
BZD use is increasing.
OBJECTIVE: Determine the rate of BZD discontinuation
among chronic users and identify patient- and provider-
level factors associated with discontinuation.
DESIGN, SETTING, AND PARTICIPANTS: A retrospec-
tive cohort study using nationwide insurance claims data
from2014 to 2016 of USadults≥ 18 years oldwith chron-
ic BZD use (i.e., > 120 days) during the baseline year.
MAIN OUTCOMES AND MEASURES: The primary out-
comewasBZDdiscontinuation among chronic users after
1 year of follow-up. A series of multilevel logistic regres-
sion models examined the association of BZD discontin-
uation with patient and provider characteristics. Covari-
ates included patient sociodemographics, medical and
psychiatric comorbidity, co-prescribed opioids and other
psychotropics, and characteristics of the prescribed BZD.
KEY RESULTS: Of 141,008 chronic BZD users, 13.4%
discontinued use after 1 year. Females had lower odds of
discontinuation (AOR 0.83, 99% CI 0.79–0.87), while
African-American patients had higher odds (AOR 1.12,
99% CI 1.03–1.22). Those prescribed a high-potency
BZD had lower odds of discontinuation (AOR 0.51, 99%
CI 0.47–0.54), as did those prescribed an opioid (AOR
0.94, 99% CI 0.89–0.99). After adjusting for patient- and
provider-level factors, differences between providers
accounted for 5.8% of variation in BZD discontinuation
(p < 0.001). The median odds ratio for provider was 1.54,
an associationwith discontinuation larger than almost all
patient-level clinical variables.
CONCLUSIONS: A small minority of patients prescribed
chronicBZD ina given year are no longer prescribedBZDs
1 year later. There is significant variation in the likelihood
of discontinuation accounted for by non-clinical factors
such as race, geography, and a patient’s provider, which
had a stronger association with the odds of discontinua-
tion than almost every other patient-level variable.

Provider-facing elements of interventions to reduce BZD
prescribing may be critical.
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INTRODUCTION

Benzodiazepine (BZD) use is common and growing in the USA,
with a prescription filled by 5.6% of adults in the USA annually,
including 8.6% of those ≥ 65.1 Clinical guidelines and expert
opinion recommend that BZDs should primarily be prescribed on
a short-term basis,2–5 yet chronic BZD use (i.e., > 120 days6) is
common—ranging from 14.7% among those 18–35 who are
prescribed a BZD to 31.4% among adults ≥ 657—and increas-
ing.1, 8 While concern about the potential harms associated with
BZDs typically focuses on older adults,9, 10 there are risks
associated with use for all ages, such as increased motor vehicle
accident risk—actually highest among younger patients11—and
short-term memory effects for all ages.12 In addition, BZD-
related overdose deaths have been rising for all age groups,1

and co-prescribing BZDs with opioids increases the risk of
opioid-related overdose mortality.1, 13 As chronic BZD use con-
tinues and grows, increasing numbers of adults in the USAwill
accumulate time at risk for these BZD-related harms.
Chronic BZD use is particularly challenging to address

because of both the physiological and potential psychological
dependence that may develop.14 Cook et al. explored BZD-
related beliefs in older adults that had been regularly pre-
scribed a BZD.15 Confronted with the prospect of a taper,
one patient said, “I see no reason [to] put myself through hell.”
In a companion paper focused on physician attitudes, physi-
cians cited a variety of reasons for continuing BZDs for their
older adult patients, such as assuming patients would be resistant
to change, anticipating a taper would cause distress for patients,
and believing that BZDs were more effective than available
alternatives.16 A small group of studies have examined the
transition to chronic use among new BZD users and found that
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non-clinical factors such as gender, days prescribed, and provider
are important predictors.17, 18 However, less is known about the
factors among chronic BZD users associated with stopping BZD
therapy—or even whether these patients ever stop.
To understand more about patients with chronic prescrip-

tion BZD use and which patients discontinue use, we evalu-
ated 2014–2016 healthcare claims from a large US health
insurer. The objectives of this study were to (1) determine
the rate of BZD discontinuation among chronic users; (2)
identify which patient clinical characteristics predict discon-
tinuation; (3) determine whether non-clinical characteristics
(e.g., geography, provider) are associated with discontinua-
tion; and (4) determine the contribution of these patient- and
provider-level factors to BZD discontinuation.

METHODS

Data Source/Study Cohort

We used the Optum© Clinformatics® Data Mart, which is
derived from health claims of a large national health insurance
company in the USA, including commercially insured and
Medicare Advantage beneficiaries. While patients and their
providers are de-identified, they are uniquely represented
within the data, which allows patients to be grouped by shared
providers. The study cohort was drawn from adults ≥ 18 who
were continuously enrolled from January 2014 to June 2016.
We defined chronic BZD use as any patient who possessed >
120 days of BZD supply6, 7 during the 12 months between
April 2014 and March 2015 (referred to as “baseline”). We
identified the number of BZD days a patient held based on
claims beginning January 1, 2014; claims from the three pre-
baseline months (i.e., January through March 2014) were
included to ensure that our baseline year accounted for BZD
days from prescriptions dispensed before April 1, 2014. For
example, a 90-day supply dispensed on March 1, 2014, con-
tributed 59 days (i.e., 90 days dispensed–31 days prescribed in
March) towards the chronic BZD criteria of > 120 days during
baseline.

BZD Discontinuation

We considered a patient to be a BZD discontinuer if they had
no BZD supply at the end of the follow-up year, which ended
on March 31, 2016. To ensure a patient was not misclassified
as a discontinuer due to a gap in their prescriptions, we
extended the no-coverage window 3 months before and after
this final day (i.e., a discontinuer had 0 days’ supply between
January 1 and June 30, 2016).

Patient and Provider Covariates

We derived patient sociodemographic characteristics includ-
ing age, gender, race, education, and location (limited by
Optum to US Census division). We used ICD-9-CM codes
from clinical encounters during the baseline year to compute

the Charlson Comorbidity Index score and specific indicators
for pain, insomnia, and mental health conditions including
anxiety disorders, substance use disorders, and depression
(online eTable 1). We also determined use of opioids and
non-BZD psychotropic medications during baseline.
Baseline BZD consumption was used to derive several

additional variables, including use of a long-acting BZD or
high-potency BZD.17, 19 Additionally, we computed average
daily BZD consumption in lorazepam-equivalent doses20 as
well as if a patient’s BZD was prescribed by > 1 distinct
providers during the baseline year.
We assigned patients to the provider that prescribed the

greatest number of BZD days during baseline. Only chronic
users whose provider saw at least 3 chronic users were includ-
ed to achieve more reliable provider-level average discontin-
uation rates.21 Baseline chronic users whose provider saw at
least 3 patients received their BZDs from a total of 22,063
prescribers. The number of patients per prescriber ranged from
three to 182; the median number of patients per provider was
five. Provider specialty was determined using provider taxon-
omy and classification information provided by Optum and
included physicians, physician assistants, and nurse
practitioners.

Statistical Analysis

First, we identified the most commonly prescribed BZDs
among chronic users at baseline, categorized by potency. Next,
we summarized characteristics of discontinuers and continuers
using descriptive statistics. Due to our large sample size,
standardized differences were used to compare characteristics
between patients who discontinued BZDs and those who
continued use.22 An absolute standardized difference < 0.1
was considered negligible.23

Multilevel logistic regression was used to examine the
patient and provider characteristics associated with BZD dis-
continuation (1 = discontinue; 0 = continue). A provider-level
random intercept was included in all models to adjust for
correlation among patients with the same provider and esti-
mate the amount of variation in BZD cessation attributable to
provider. After estimating bivariate associations, we fit the
following models to meet our study objectives: Model 1
included patient age and clinical diagnoses—i.e., the charac-
teristics that should guide the clinical decision to discontinue a
BZD; model 2 added characteristics of the prescribed BZD
(e.g., potency, half-life, days’ supply during baseline); model 3
included non-age sociodemographic characteristics that
should not influence prescribing but are nonetheless associat-
ed (e.g., race, gender); finally, model 4 added provider spe-
cialty. A null model was also fit to estimate overall variation in
BZD cessation due to provider.
To assess the relative importance of the characteristics

added in successive models, we conducted likelihood ratio
tests and examined the Akaike information criterion (AIC)
and area under the receiver operating characteristic curve (C-
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statistic) across the series of models. The C-statistic was
computed using predicted probabilities derived assuming an
average provider effect. To examine variation in discontinua-
tion attributable to provider, we computed the intraclass cor-
relation (ICC) across the series of models using Merlo et al.
latent response formulation.24 Finally, to place the provider-
level effect into perspective, we calculated the median odds
ratio (MOR) for each model, which is the median value of the
odds ratio between a provider whose patients were highly
likely to discontinue versus a provider whose patients were
less likely to discontinue when randomly selecting two pro-
viders from our sample.25

In sensitivity analysis, we examined if findings were con-
sistent when reclassifying patients with brief and episodic use
of BZD (i.e., < 14 days supplied over the follow-up year) as
discontinuers.
Analyses were conducted in SAS version 9.4 (SAS Insti-

tute, Cary, NC) using the glimmix procedure and adaptive
Gauss-Hermite quadrature. The C-statistic was computed
using the “rms” package in R version 3.4.0 (The R Foundation
for Statistical Computing, 2017). Due to our large sample size,
statistical significance was set at α = 0.01.

This retrospective study of de-identified secondary data was
exempt from review by the University of Michigan Medical
School IRB and informed consent was waived.

RESULTS

Characteristics of Chronic BZD Users Overall
and Discontinuers

We identified a total of 141,008 adults with chronic BZD use
at baseline whose providers saw at least 3 chronic BZD users.
Alprazolam accounted for the most days prescribed among
chronic users (39.0%), followed by clonazepam (21.9%) and
lorazepam (18.8%), all high-potency BZDs. The overall study
population had a mean age of 63 (standard deviation [SD]
14.6) and the majority were female (66.3%) andwhite (72.4%)
(Table 1). 44.8% of chronic BZD users had an anxiety or
adjustment disorder diagnosis, while 56.8% received prescrip-
tion opioids during baseline. 31.0% received their BZD from
more than one provider. The majority of patients received their
prescriptions from primary care providers (70.5%), 20.7%
from a psychiatrist.
Of chronic BZD users, 13.4% discontinued BZD by the end

of the following year (i.e., 0 days of BZD supply between
January 1, 2016 and June 30, 2016). Patient and provider
characteristics by BZD discontinuation status are provided in
Table 1 (with row percentages provided in online eTable 2).
The largest standardized differences between patients who did
and did not discontinue their BZDs were based on the charac-
teristics of their prescribed BZD: patients who discontinued
their BZD had fewer BZD days prescribed during baseline and
were prescribed lower daily doses. The next largest difference

was by patient geography, which had a larger standardized
difference than any clinical characteristic.

Variation in Discontinuation Attributable to
Patient and Provider

Along with the null model, we fit 4 separate multilevel logistic
regression models to characterize the relationship between
patient and provider characteristics and BZD discontinuation
(Table 2). Model 1, which included only age and clinical
characteristics—the factors that would be expected to predict
discontinuation—correctly classified discontinuation among
57.6% of patients. Each successive model improved the ability
to predict discontinuation and improved model fit, but the
largest incremental gain in predictive ability occurred with
model 2, which added characteristics of the prescribed BZD
(likelihood ratio test comparing models 1 and 2: χ2 = 5915.4;
df = 5, p < 0.001). In the final model, after adjusting for all
patient characteristics, provider-level variation remained sig-
nificant and accounted for 5.8% of the residual variation in
BZD discontinuation (p < 0.001). As the model including all
patient and provider characteristics (i.e., model 4) was the
best-fitting model, interpretation of associations will focus
on model 4.

Patient and Provider Characteristics
Associated with Discontinuation

In adjusted analyses, BZD discontinuation was less likely
among patients aged 45–64 than both younger and older
patients (Table 3). Female patients were less likely to discon-
tinue, while African-American patients were more likely. The
effect of geography on discontinuation was larger than most
patient-level variables. Patients in the mid-Atlantic Census
division (New Jersey, New York, and Pennsylvania) had the
lowest odds of discontinuation while patients in the Pacific
(Alaska, California, Hawaii, Oregon, andWashington) had the
highest.
Patients with bipolar disorder and anxiety disorders were

significantly less likely to discontinue BZDs during the
follow-up year, as were those with prescription opioid use.
Patients with insomnia and dementia were more likely to
discontinue. The characteristics of the prescribed BZD were
significantly associated with discontinuation: use of high-
potency BZDmarkedly decreased the odds of discontinuation.
Patients that received their BZD from a primary care pro-

vider were no more likely to have their BZD discontinued than
those prescribed to by a psychiatrist. Patients with their BZDs
prescribed by more than one provider had higher odds of
discontinuation. At 1.54, the median odds ratio derived from
the fully adjusted model suggests that the provider seen had a
stronger association with the odds of discontinuation than a
large number of patient-level variables.
In sensitivity analyses, findings did not change when we

expanded the definition of discontinuers to those with <
14 days’ supply of BZD at the end of the follow-up year.
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DISCUSSION

In this nationwide sample of adults prescribed chronic BZD,
13% discontinued use by the end of the following year. A
prescription opioid was prescribed to 57% of chronic BZD
users, a more common “comorbidity” among chronic BZD
users than any clinical disorder, including insomnia or anxiety.
Non-clinical factors such as the type of BZD prescribed were
strongly associated with odds of discontinuation (AOR asso-
ciated with taking a high-potency BZD 0.51 [99% CI 0.47–

0.54]), while the effect of geography exceeded most clinical
variables (e.g., AOR associated with the Pacific division vs.
the mid-Atlantic 1.85 [99% CI 1.61–2.13]). Finally, the par-
ticular provider a patient saw was significantly associated with
whether or not they discontinued their BZD (ICC 5.8%,
p < 0.001).
The high percentage of chronic BZD users also prescribed

opioids is concerning. In light of the increased risk of overdose
among patients co-prescribed both medications,26, 27 this is

Table 1 Demographic and Clinical Characteristics of Chronic Benzodiazepine Users at Baseline

Chronic BZD use
N (%)

Continued use
N (%)

Discontinued
N (%)

Standardized
difference

Overalla 141,008 (100.0) 122,101 (86.6) 18,907 (13.4)
Patient demographic characteristics
Age (years)
18–44 17,002 (12.1) 14,291 (11.7) 2711 (14.3) 0.14
45–64 52,805 (37.4) 46,778 (38.3) 6027 (31.9)
65+ 71,201 (50.5) 61,032 (50) 10,169 (53.8)

Gender
Female 93,508 (66.3) 81,521 (66.8) 11,987 (63.4) − 0.07
Male 47,500 (33.7) 40,580 (33.2) 6920 (36.6)

Race/ethnicity
Asian 1686 (1.2) 1423 (1.2) 263 (1.4) 0.04
Black 10,132 (7.2) 8708 (7.1) 1424 (7.5)
Hispanic 16,522 (11.7) 14,209 (11.6) 2313 (12.2)
White 102,026 (72.4) 88,576 (72.5) 13,450 (71.1)

Census division
East North Central 16,589 (11.8) 14,677 (12) 1912 (10.1) 0.22
East South Central 6578 (4.7) 5773 (4.7) 805 (4.3)
Middle Atlantic 4985 (3.5) 4425 (3.6) 560 (3)
Mountain 16,011 (11.4) 13,353 (10.9) 2658 (14.1)
New England 4047 (2.9) 3571 (2.9) 476 (2.5)
Pacific 18,349 (13) 15,067 (12.3) 3282 (17.4)
South Atlantic 44,758 (31.7) 39,700 (32.5) 5058 (26.8)
West North Central 9140 (6.5) 8136 (6.7) 1004 (5.3)
West South Central 20,551 (14.6) 17,399 (14.2) 3152 (16.7)

Patient clinical characteristics
Depression 47,211 (33.5) 40,893 (33.5) 6318 (33.4) 0
Bipolar disorder 10,239 (7.3) 8974 (7.3) 1265 (6.7) − 0.03
Anxiety and adjustment disorders 63,154 (44.8) 55,293 (45.3) 7861 (41.6) − 0.07
Suicidality 1695 (1.2) 1346 (1.1) 349 (1.8) 0.06
Dementia 6429 (4.6) 4989 (4.1) 1440 (7.6) 0.15
Insomnia 24,693 (17.5) 20,670 (16.9) 4023 (21.3) 0.11
Substance use disorderb 8134 (5.8) 6846 (5.6) 1288 (6.8) 0.05
Alcohol use disorder 3620 (2.6) 3016 (2.5) 604 (3.2) 0.04
Medication use during baseline
Opioid usec 80,140 (56.8) 69,681 (57.1) 10,459 (55.3) − 0.04
Non-BZD anxiolytic use 29,540 (20.9) 25,367 (20.8) 4173 (22.1) 0.03

Characteristics of baseline BZDd

High potency 120,544 (85.5) 105,449 (86.4) 15,095 (79.8) − 0.17
Baseline daily BZD dose in lorazepam-equivalent
mg/day, mean (SD)

2.2 (2.4) 2.3 (2.5) 1.4 (1.6) − 0.43

BZD days prescribed during baseline year, mean (SD) 299 (125.1) 307.2 (126.4) 245.9 (101.1) − 0.54
Number of unique BZD prescribers
1 97,270 (69) 84,521 (69.2) 12,749 (67.4) 0.04
> 1 43,738 (31) 37,580 (30.8) 6158 (32.6)

Provider characteristics
Specialty/discipline
Primary care 99,352 (70.5) 85,777 (70.3) 13,575 (71.8) 0.08
Psychiatry 29,226 (20.7) 25,780 (21.1) 3446 (18.2)
Surgeon 877 (0.6) 744 (0.6) 133 (0.7)
Other provider 11,553 (8.2) 9800 (8) 1753 (9.3)

BZD benzodiazepine
aOverall BZD use is reported as row percentage; unless otherwise indicated, all other results reflect column percentage
bIncludes substance use disorders other than alcohol and tobacco use disorders
cMedication variables reflect use during baseline year
dChronic benzodiazepine users (n = 141,008) at baseline were prescribed 42,155,326 days. The most commonly prescribed medications included
alprazolam (39.0%), clonazepam (21.9%), lorazepam (18.8%), temazepam (10.4%), and diazepam (7.6%)
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arguably the patient population most at risk from continued
BZD use.28 Therefore, it is concerning that those co-
prescribed opioids had slightly lower odds of having their
BZD discontinued in the following year.
Among the other clinical characteristics considered, it was

unexpected that patients with insomnia were more likely to
stop BZD use. This is potentially positive news in light of
studies demonstrating that chronic use of BZD for insomnia
can lead to worse sleep outcomes, including increased number
of nighttime awakenings as compared with non-users.29 BZD
discontinuation was more likely among patients with
suicidality, substance use disorders, and dementia, all of whom
are potentially high-risk populations for use.30, 31 The lower
odds of discontinuation among patients with anxiety disorders
may reflect limited access to alternative treatments such as
cognitive behavioral therapy or their use for treatment-
resistant disorders. In addition, patients with anxiety may be
more likely to interpret physiological symptoms of BZD with-
drawal as the return of the symptoms of their anxiety disor-
der,32 which may make discontinuation for these patients
difficult.
The likelihood of BZD discontinuation was strongly related

to characteristics of the prescribed BZD at baseline, including
potency, half-life, and the number of days supplied. Patients
prescribed a high-potency BZD had half the odds of discon-
tinuation relative to those prescribed low-potency options,
which is unfortunate because the top three most widely pre-
scribed BZDs were high-potency. Our findings mirror prior
analyses considering the factors that influence which new
users become chronic users. We recently found that among
newBZD users, an initial prescription with 10 additional days’
supply nearly doubled the odds of chronic BZD use 1 year
later.18 Simon et al. also demonstrated that the specific med-
ication and size of the initial fill also predicted chronic use.17

Providers starting a BZD should “begin with the end in mind”,
as features of the prescribed BZD are associated with both the

likelihood of becoming a chronic user and then being able to
discontinue.
A variety of non-clinical characteristics were associated

with discontinuation. While African-American patients are
less likely to be prescribed a BZD in the first place,1, 33 we
found they were also more likely to have their BZD stopped.
The same clinician biases that limit prescribing of controlled
substances to African-American patients34 paradoxically leave
them less exposed to the potential harms of BZD exposure. On
the other hand, African-American patients who may benefit
from BZD treatment may be less likely to receive it or have it
stopped prematurely.33 In contrast, females are more likely to
be prescribed a BZD but were less likely to have their pre-
scription discontinued. Finally, given that older adults have the
highest rates of chronic BZD use,7, 35 it was surprising that
they also had higher odds of discontinuation. This suggests
providers may recognize that their use is potentially inappro-
priate for older adults and reduce use where possible.9, 10

The effect of patient geography on discontinuation was
larger than nearly all other patient-level variables. Prior work
has suggested significant regional variation in prescribing of
controlled substances.36, 37 Such variation may reflect charac-
teristics of patients in those particular locations, the prescrib-
ing practice of the doctors they see, or community factors such
as the availability of alternative non-pharmacologic treatment
options such as psychotherapy. However, one possible expla-
nation for at least some amount of geographic variation may
be state medical marijuana laws. The Pacific division states,
which had the highest odds of discontinuation, were among
the first to allow both medical and recreational marijuana
use.38 There is some evidence that passage of medical mari-
juana laws may lead to lower use of medications for sleep and
anxiety, such as BZDs.39

Finally—the specific provider seen had a stronger associa-
tion with the odds of discontinuation than almost every other
patient-level variable, adding to the few studies highlighting

Table 2 Variation in Benzodiazepine Discontinuation Explained by Patient Characteristics and Provider

Null model Model 1:
age + clinical
characteristicsa

Model 2:
M1 + prescribed BZDb

Model 3:
M2 + patient
demographicsc

Model 4:
M3 + provider typed

Variance estimate 0.2585 0.2517 0.2452 0.2064 0.2018
PCV (%) Reference − 2.62 − 5.14 − 20.14 − 21.94
ICC 0.073 0.071 0.069 0.059 0.058
MOR 1.62 1.61 1.60 1.54 1.54
Model fit
-2LL – 109,419.7 103,504.3e 102,928.2f 102,889.4g

AIC – 109,463.7 103,558.3 103,012.2 102,979.4
C-statistic – 0.576 0.688 0.696 0.696

ICC intraclass correlation, PCV proportional change in variance, MOR median odds ratio, -2LL log likelihood, AIC Akaike information criterion
aModel 1: adjusted for age and patient clinical characteristics
bModel 2: adjusted for model 1 characteristics + characteristics of the prescribed BZD (half-life, days supplied during baseline, and receiving a BZD
from > 1 provider)
cModel 3: adjusted for model 2 characteristics + non-age sociodemographic characteristics (gender, race, education, and region)
dModel 4: adjusted for model 3 characteristics + provider specialty
eLikelihood ratio (LR) test comparing models 1 and 2: χ2 = 5915.4; df = 5, p < 0.001
fLR test comparing models 2 and 3: χ2 = 579.1; df = 17, p < 0.001
gLR test comparing models 3 and 4: χ2 = 38.9; df = 4, p < 0.001
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the role of individual providers in BZD prescribing.17, 28, 40

This suggests that provider-facing elements may be important
aspects of interventions to reduce BZD prescribing, such as
used in recent studies to reduce potentially inappropriate anti-
biotic41 and antipsychotic42 prescribing. Providers should also
be mindful that their prescribing choices, such as selecting a
high-potency agent or providing more days of medication,
may make discontinuation less likely. Somewhat surprisingly,
patients with their BZDs prescribed by more than one provider
had higher odds of discontinuation. However, this may reflect
provider change, with a new provider that re-evaluates
prescriptions.

Our work has several limitations. First, our analysis was
based on prescription claims rather than actual medication
consumption, so it is possible that the extent of regular use is
overestimated. No data were available on the reason a specific
BZD was prescribed, and we did not capture transitions be-
tween high- and low-potency BZDs among individual pa-
tients, which may influence discontinuation. While our anal-
ysis included provider specialty, other provider characteristics
that may be associated with BZD discontinuation were not
available, such as time in practice or gender. Lastly, local
factors such as the availability of psychotherapy providers
may also influence discontinuation, but the data set did not

Table 3 Patient- and Provider-Level Characteristics Associated with Benzodiazepine Discontinuation Among Chronic Users (N = 144,184)

Unadjusted OR (99% CI)a Adjusted OR (99% CI)a,b

Patient demographic characteristics
Age (years)
18–44 1.49 (1.39, 1.59) 1.40 (1.31, 1.50)
45–64 1 [Reference] 1 [Reference]
65+ 1.29 (1.24, 1.36) 1.19 (1.13, 1.25)

Female 0.86 (0.82, 0.89) 0.83 (0.79, 0.87)
Race/ethnicity
White 1 [Reference] 1 [Reference]
African-American 1.08 (1.00, 1.17) 1.12 (1.03, 1.22)
Hispanic 1.09 (1.02, 1.17) 0.95 (0.89, 1.02)
Asian 1.20 (1.00, 1.44) 1.00 (0.82, 1.20)

Census division
East North Central 1.03 (0.90, 1.19) 1.14 (0.98, 1.32)
East South Central 1.10 (0.93, 1.30) 1.27 (1.07, 1.50)
Middle Atlantic 1 [Reference] 1 [Reference]
Mountain 1.59 (1.39, 1.83) 1.68 (1.45, 1.93)
New England 1.04 (0.86, 1.25) 1.18 (0.97, 1.42)
Pacific 1.74 (1.52, 1.99) 1.85 (1.61, 2.13)
South Atlantic 1.02 (0.90, 1.16) 1.16 (1.02, 1.33)
West North Central 0.98 (0.84, 1.15) 1.07 (0.91, 1.25)
West South Central 1.46 (1.27, 1.67) 1.54 (1.34, 1.77)

Patient clinical characteristics
Depression 1.01 (0.97, 1.06) 1.01 (0.95, 1.06)
Bipolar disorder 0.92 (0.85, 1.00) 0.88 (0.80, 0.98)
Anxiety and adjustment disorders 0.86 (0.82, 0.90) 0.90 (0.86, 0.94)
Suicidality 1.76 (1.50, 2.07) 1.38 (1.15, 1.66)
Dementia 1.99 (1.83, 2.16) 1.87 (1.71, 2.06)
Insomnia 1.34 (1.27, 1.41) 1.29 (1.22, 1.37)
Substance use disorder 1.24 (1.14, 1.35) 1.32 (1.21, 1.45)
Alcohol use disorder 1.33 (1.18, 1.50) 1.19 (1.05, 1.36)
Medication use during baseline
Opioid use 0.92 (0.89, 0.96) 0.94 (0.89, 0.99)
Non-BZD anxiolytics, sedatives, and hypnotic use 1.09 (1.03, 1.14) 1.01 (0.96, 1.07)

Characteristics of baseline BZD
High-potency 0.62 (0.59, 0.65) 0.51 (0.47, 0.54)
Average daily strength of baseline BZD in lorazepam-equivalent dosesd 0.74 (0.73, 0.75)
Per additional 30 days’ supply prescribed BZD during baseline yeare 0.84 (0.84, 0.85) 0.84 (0.83, 0.84)
Obtained BZDs from > 1 provider 1.07 (1.02, 1.12) 1.14 (1.09, 1.19)

Provider characteristics
Specialty/discipline
Primary care 1.18 (1.11, 1.25) 1.04 (0.97, 1.12)
Psychiatry 1 [Reference] 1 [Reference]
Surgeon 1.35 (1.02, 1.79) 1.28 (0.97, 1.70)
Other physician 1.33 (1.21, 1.46) 1.23 (1.11, 1.36)

Median odds ratio n/a 1.54

OR odds ratio, CI confidence interval, BZD benzodiazepine
aModels included a random intercept for provider
bThe adjusted model reported here is model 4 from Table 3 and includes all the variable rows above, including patient demographics, clinical
characteristics, prescribed BZD characteristics, and provider specialty
cIncludes the non-BZD central nervous system–active medications above (opioids, antidepressants, antipsychotics, non-BZD anxiolytics, and mood
stabilizers) as well as central nervous system stimulants
dNot included in adjusted model due to collinearity with days’ supply of BZD at baseline
eWe centered days’ supply at baseline and divided by 30 so the OR corresponded to each additional 30 days prescribed during baseline. Because the
relationship between days’ supply at baseline and the log odds of discontinuing was non-linear, we included the term squared. In model 4, the OR for
this term squared was 1.01
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include geography at a more granular level than Census
division.

CONCLUSIONS

The decision to prescribe and then discontinue a BZD—or any
other medical treatment—should be driven by a clinical need.
However, we found that a variety of non-clinical characteristics
were associated with BZD discontinuation. In addition, a pa-
tient’s specific provider had a stronger association with their
odds of discontinuation than almost every other patient-level
variable, which suggests interventions to successfully reduce
chronic BZD prescribing may need to include a focus on
individual clinicians. Finally, since chronic BZD use is rarely
the goal when a new BZD is started, clinicians may increase the
likelihood of discontinuation by selecting a low-potency option.
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