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OBJECTIVE: Examine patterns of alcohol use disorder
(AUD)medication use and identify factors associated with
prescription fill among commercially insured individuals
with an index AUD visit.
DESIGN: Using 2008–2018 claims data from a large na-
tional insurer, estimate days to first AUD medication
using cause-specific hazards approach to account for
competing risk of benefits loss.
PARTICIPANTS: Aged 17–64 with ≥ 1 AUD visit.
MAIN MEASURE: Days to AUD medication fill.
KEY RESULTS: A total of 13.3% of the 151,128 with an
index visit filled an AUD prescription after that visit, while
69.8% lost benefits before filling and 17.0% remained
enrolled but did not fill (median days observed = 305).
Almost half (46.3%) of those who filled a prescription re-
ceived substance use disorder (SUD) inpatient carewithin
7 days before the fill, and 63.4% received SUD outpatient
care. Likelihood of medication use was higher for those
aged 26–35, 36–45, and 46–55 years relative to 56–
64 years (e.g., 26–35: hazard ratio = 1.29 [95% confidence
interval 1.23–1.36]); those diagnosed with moderate/
severe AUD (2.05 [1.98–2.12]), co-occurring opioid use
disorder (OUD) (1.33 [1.26–1.39]), or severemental illness
(1.31 [1.27–1.35]); those with a chronic alcohol-related
diagnosis (1.08 [1.04–1.12]); and those whose index visit
was in an inpatient/emergency department (1.27 [1.23–
1.31]) or intermediate care setting (1.13 [1.07–1.20]) rela-
tive to outpatient. Likelihood of use was higher in later
years relative to 2008 (e.g., 2018:2.02 [1.89–2.15]) and
higher for those who received the majority of AUD care in
a practice with a psychiatrist/addictionmedicine special-
ist (1.13 [1.10–1.16]). Likelihood of usewas lower for those
diagnosed with a SUD other than AUD or OUD (0.88
[0.85–0.92]), those with an acute alcohol-related condi-
tion (0.79 [0.75–0.84]), and males (0.71 [0.69–0.73]).
CONCLUSIONS: While AUD medication use increased
and was more common among individuals with greater
severity, few patients who could benefit from medications
are using them. More efforts are needed to identify and

treat individuals in non-acute care settings earlier in their
course of AUD.
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A lcohol use disorder (AUD) remains the most common
substance use disorder in the USA. Approximately 14.8

million Americans age 12 or older (or 5.4%) had AUD1 in
2018, andmore than 88,000 die each year from alcohol-related
causes.2 Guideline-recommended treatments for AUD are
available, including psychosocial treatments and medications
such as naltrexone, acamprosate, disulfiram, and topiramate.
Despite the availability of most of these treatments for two
decades or longer, only approximately one in six people with
AUD in 2017 received any treatment in the past 12 months.3

AUD medications have been particularly slow to diffuse into
practice.4–11 Barriers to the use of AUD and other substance
use disorder (SUD) medications exist, including coverage
restrictions such as prior authorization requirements and gen-
eral shortages of SUD providers.12–17 Noting the high societal
and personal burdens associated with AUD and the high rate
of undertreatment, the American Psychiatric Association re-
leased a new practice guideline to inform the prescribing of
AUD medications in 2018.18

Little is currently known about how AUD medications are
being used among commercially insured individuals or factors
associated with AUD medication use earlier in the course of
illness. One analysis of 2014–2015 Cigna data found that 6.2–
7.6% of enrollees diagnosed with AUD filled an AUD med-
ication prescription each year, although the study did not
identify predictors of AUD medication fills.19 We examined
factors associated with AUD prescription fill among individ-
uals with an index AUD treatment visit in a large population of
commercially insured individuals over an 11-year period from
2008 to 2018.

A set of preliminary results using earlier data was presented at the October
2019 Addiction Health Services Research Conference.
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METHODS

Identification of Study Cohort. We used 2008–2018 claims
data from a large national commercial insurer. These data are
not publicly available under the terms of a data use agreement
signed with the insurer. We focused on individuals aged 17–
64 who had at least one claim for a face-to-face encounter with
an AUD diagnosis (ICD-9 codes= 291.XX, 303.XX, 305.0X;
ICD-10 code = F10.XX) in the primary or secondary diagno-
sis field and/or a claim with a CPT code of 99408 or 99409
(codes identifying Screening Brief Intervention and Referral to
Treatment (SBIRT) services). We consider the first observed
face-to-face AUD claim to be the “index AUD visit.”
To be included in the study cohort, an individual must have

been continuously enrolled in medical, behavioral health, and
pharmacy benefits managed by the insurer for 90 days before
(and including) the date of the index AUD visit so we are able
to determine that the first observed face-to-face AUD claim
does, in fact, represent a new episode, or what we have defined
as an index AUD visit. The individual must not have had any
claims during that 90-day period for any of four medications
used commonly to treat AUD: acamprosate, disulfiram, nal-
trexone (both oral and injectable formulations), and
topiramate. While topiramate, approved by the Food and Drug
Administration (FDA) to treat seizure disorders, has not been
approved for AUD treatment, it has demonstrated some effi-
cacy in decreasing heavy alcohol use and promoting absti-
nence among patients with AUD20, 21 and is recommended by
recent AUD practice guidelines.14, 22 We used pharmacy
claims to determine the use of all medications; for injectable
naltrexone, we also used medical claims with a J-code of
J2315. During the study period, only injectable naltrexone
required prior authorization.

Statistical Analysis. Because the loss of benefits (i.e., due
to a change in insurers, becoming uninsured, or death)
could impact the likelihood of a future medication fill, we
estimated days to first AUD medication use after the index
visit using a cause-specific hazards approach to account
for the competing risk of loss of medical, behavioral
health, and/or pharmacy benefits managed by this insurer.
This time-to-event analysis uses all data to follow an
individual until no longer enrolled in benefits, rather than
setting an arbitrary end-point (e.g., 6 months). We note
that some individuals may fill a prescription after losing
benefits but this could not be observed. We adopted a
cause-specific Cox proportional hazards regression model
for the competing risk analysis. Our approach provided
estimates of the associations of covariates on the relative
change in the instantaneous rate of medication use among
subjects who have not lost benefits and who have not yet
used a medication. The model assumes that the hazard
rates for covariates (e.g., male versus female) are propor-
tional. Proportionality was tested using a Kolmogorov-

type test and influential observations were identified using
the deviance residual (see Appendix).

Key Variables. The model included age category (17–25, 26–
35, 36–45, 46–55, 56 and older), male, employee status
(employee vs. dependent), residence in a rural area, region
(Northeast, Midwest,West, South), median household income
for zip code of residence (in quartiles), and indicator variables
for the year of the index visit. We also included the following
patient clinical characteristics at baseline (i.e., the 90 days
before and including the index visit date): diagnosis of
moderate/severe AUD, opioid use disorder (OUD), SUD other
than AUD or OUD, severe mental illness (schizophrenia and
psychotic disorders, bipolar disorder, or major depression),
acute alcohol-related condition (e.g., alcoholic gastritis, acute
pancreatitis, alcoholic psychosis), and chronic alcohol-related
condition (see Appendix for the list of diagnosis codes
used).23 Because our cohort consists only of individuals who
have been diagnosed with AUD, we included in the definitions
of acute and chronic alcohol-related variables diagnoses that
have direct attributable fractions related to AUD, even if <
100% attributable, since conditions less than 100% attribut-
able to alcohol use would still likely be exacerbated by it and
would lead to poorer health outcomes and greater alcohol-
attributed health utilization (e.g., esophageal varices, seizure
disorder). In addition, we included a variable indicating
whether the practice (identified using a Taxpayer Identifica-
tion Number or TIN) in which the patients received the ma-
jority of their AUD care had a psychiatrist or addiction med-
icine specialist billing the insurer during the year of the index
visit. We also included two variables indicating whether the
index visit occurred in an inpatient/emergency department
setting or an intermediate care setting (i.e., partial hospitaliza-
tion, residential, intensive outpatient), relative to an outpatient
setting.

Descriptive Analyses of Medications and SUD Services Used
by AUD Medication Users. For those who filled an AUD
medication prescription after their index visit, we
identified the first medication used. To examine
medication continuation, we also calculated the
percentage of days with AUD medication supplied
during the first 180 days after (and including) the first
fill date among individuals who filled an AUD medication
prescription. In addition, we examined the use of specific
types of SUD services (inpatient, residential, partial
hospital izat ion, intensive outpatient , emergency
department, and outpatient; detoxification services are
included by setting) within the 7 days before (and
including) the first AUD medication fill to determine the
types of care used that might be associated with the first
fill. To consider a claim to be for a SUD service, the
primary diagnosis had to be SUD (ICD-9 291–292, 303,
304, 305.0, 305.2–305.7, 305.9; ICD-10: F10–F16, F18–
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F19). Emergency department visits that resulted in
hospitalization were counted as inpatient and not
emergency department care.

RESULTS

We identified 154,443 person-years with an index AUD visit
from among individuals age 17–64 who met the enrollment
criteria described above (ranging from 8.2 million to 9.6
million people, depending on the year). We dropped 3315
with missing zip code and/or gender information. Although
there were statistically significant differences across those
missing this information and those who were not in selected
characteristics (e.g., age, diagnosis of moderate or severe
AUD), these differences were generally small in magnitude
(see Appendix). The final cohort included 151,128 individ-
uals. Median observation time after the index visit for individ-
uals in the cohort was 305 days.
Table 1 provides descriptive information on the final cohort.

A psychiatrist or addiction medicine specialist billed in the
practice where the majority of AUD care was received for
40.4% of individuals. Over one-third (38.4%) of index visits
occurred in an inpatient/emergency department setting, where-
as 6.1% occurred in an intermediate care setting, and 55.6% in
an outpatient setting.

Patterns of AUD Medication Use. Over the 11-year study
period, approximately 13.3% (n = 20,058) filled an AUD
medication prescription after their index visit (ranging from a
low of 10.7% in 2008 to a high of 15.4% in 2016, Fig. 1),
while 69.8% lost benefits before filling a prescription and
17.0% remained enrolled through the end of the study period
but did not fill a prescription. For those who filled a prescrip-
tion before losing benefits, the median number of days until
fill was 33, with an interquartile range (IQR) of 7209. For
those who lost benefits before filling a prescription, the medi-
an number of days from index visit until benefits loss was 324
(IQR, 135, 684). Among individuals who did not fill a pre-
scription and maintained all benefits through the end of 2018,
median days from index visit to study period end was 556
(IQR, 215, 1217).
Of the 20,058 who filled a prescription before losing ben-

efits, 41.9% (n = 8407) used oral naltrexone for their first fill,
21.9% (n = 4384) acamprosate, 13.2% (n = 2646) topiramate,
16.6% (n = 3321) disulfiram, and 6.5% (n = 1300) injectable
naltrexone (Table 2). For these 20,058 (as opposed to the full
cohort described above), the index visit occurred in an inpa-
tient setting or emergency department for 46.1%, in an inter-
mediate care setting for 7.1%, and in an outpatient setting for
46.8% (data not shown). Among individuals using injectable
naltrexone, also indicated for OUD, 37.0% had a baseline
OUD diagnosis. While topiramate might have been used to
treat seizure disorders rather than AUD in this population, only

Table 1 Descriptive Characteristics of Commercially Insured
Individuals Ages 17–64 with Index Alcohol Use Disorder (AUD)

Visit (n = 151,128)

N (%)

Age
17–25
26–35
36–45
46–55
56 and over

26,720
(17.7)
28,590
(18.9)
34,431
(22.8)
38,858
(25.7)
22,529
(14.9)

Male 100,253
(66.3)

Employee status
Employee
Dependent

96,413
(63.8)
54,715
(36.2)

Rural 10,603 (7.0)
Region
Northeast
Midwest
West
South

46,749
(30.9)
22,390
(14.8)
32,300
(21.4)
49,689
(32.9)

Psychiatrist or addiction medicine specialist billing in
practice where patient received most AUD care

60,996
(40.4)

Moderate or severe AUD diagnosis at baseline 93,230
(61.7)

OUD diagnosis at baseline 10,578 (7.0)
At least 1 substance use disorder (SUD) diagnosis
besides AUD or OUD at baseline

27,652
(18.3)

Hallucinogens 8835 (5.7)
Cannabis 14,409 (9.3)
Sedatives 4749 (3.1)
Cocaine 6883 (4.5)
Amphetamines 3096 (2.0)

Acute alcohol-related medical diagnosis at baseline 12,666 (8.2)
Chronic alcohol-related medical diagnosis at baseline 23,176

(15.0)
Severe mental illness diagnosis at baseline 32,395

(21.4)
Psychiatrist or addiction medicine specialist claim at
baseline

28.785
(19.1)

Any inpatient SUD use at baseline 63,074
(41.7)

Site of index AUD visit
Inpatient or emergency department
Intermediate care
Outpatient

59,289
(38.4)
9346 (6.1)
85,808
(55.6)

Year of index AUD visit
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008

14,032 (9.3)
14,337 (9.5)
13,986 (9.3)
12,908 (8.5)
12,361 (8.2)
11,414 (7.6)
11,781 (7.8)
12,372 (8.2)
13,687 (9.1)
16,403
(10.9)
17,847
(11.8)

Notes: The baseline period was 90 days before and including the index
AUD visit
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13.1% of the topiramate users had a baseline diagnosis of
seizure disorder (data not shown). The median percentage of
days with AUD medication supplied during the first 180 days
after (and including) the first fill date was 33% (interquartile
range, 17%, 58%).
Almost half (46.3%) of medication users received SUD

inpatient care in the 7 days before (and including) the day they
filled their first AUD prescription after the index visit
(Table 3). Approximately 4.0% used residential care, 3.1%
partial hospital care, 5.3% intensive outpatient care, 4.1%
emergency department care for SUD, and 63.4% SUD outpa-
tient care during this 7-day period.

Factors Associated with AUD Medication Use. In models
that account for the competing risk of benefit loss, likelihood
of medication use was lower for males than females (hazard
ratio [95% CI] = 0.71 [0.69–0.73]; those age 17–25 relative to
those 56–64 (0.76 [0.71–0.80]); employees relative to depen-
dents (0.89 [0.86–0.91]); and those residing in the Northeast,
Midwest, and West, all relative to the South (e.g., Northeast:
0.79 [0.76–0.82]) (Table 4). It was also lower for individuals
diagnosed at baseline with a co-occurring SUD other than
AUD or OUD (0.88 [0.85–0.92]) and for those with an acute
alcohol-related condition (0.79 [0.75–0.84]). Likelihood of
AUD medication use was higher for those 26–35, 36–45,
and 46–55 relative to those 56–64 (e.g., 26–35: 1.29 [1.23–
1.36]) and for those with moderate/severe AUD (2.05 [1.98–
2.12]), co-occurring opioid use disorder (1.33 [1.26–1.39]), or
severe mental illness (1.31 [1.27–1.35]). Those diagnosed
with a chronic alcohol-related diagnosis had higher likelihood
of medication use than those without such a diagnosis (1.08
[1.04–1.12]), and individuals whose index visit was either in
an inpatient/emergency department setting (1.27 [1.23–1.31])
or an intermediate care setting (1.13 [1.07–1.20]) had a higher
likelihood relative to those whose visit occurred in an

outpatient setting. Having a psychiatrist/addiction specialist
billing in the practice had a positive association with the
likelihood of medication use (1.13 [1.10–1.16]). Likelihood
was higher for individuals living in higher income quartiles
(e.g., median income quartile 4 vs. 1: 1.51 [1.45–1.58]) and
higher in later years relative to 2008 (e.g., 2018: 2.02 [1.89–
2.15]). (See Appendix for results for factors associated with
likelihood of losing benefits before filling an AUDmedication
prescription and modeling assumptions.)

DISCUSSION

In a large, national population of commercially insured indi-
viduals, a relatively small percentage of those with an index
AUD visit—13.3%—filled a prescription for an AUD medi-
cation after that visit, while maintaining insurance benefits
with this insurer. Among medication users, the median num-
ber of days between index visit and first fill was 33, or just
over a month. Loss of benefits is unlikely to be a key reason
for not filling a prescription soon after an index visit since the
median number of days before loss of benefits without filling a
prescription is 324. Interestingly, a large proportion of AUD

10.7%
11.6%

12.9%
13.5% 13.3% 13.3%

14.0%
14.6%

15.4% 15.1%
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18%

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure 1 Percent of individuals with an index AUD visit who fill an AUD medication prescription while maintaining insurance benefits, 2008–
2018.

Table 2 Alcohol Use Disorder (AUD) Medications Used for First
Prescription Fill after the Index AUD Visit (N = 20,058)

No. (%)

Oral naltrexone 8407 (41.9)
Acamprosate 4384 (21.9)
Topiramate 2646 (13.2)
Disulfiram 3321 (16.6)
Injectable naltrexone 1300 (6.5)

Notes: The denominator includes those who filled a prescription for an
AUD medication after the index AUD visit and while maintaining
insurance benefits with the large national insurer studied
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medication users were using intensive SUD services in the
week before they filled their first prescription. For example,
46.3% used SUD inpatient care during this period. This find-
ing suggests that medication users may have been sicker on
average and/or perhaps more engaged in intensive SUD treat-
ment relative to non-medication users. This is also consistent
with our finding that moderate/severe AUD (compared to
mild) and chronic alcohol-related medical conditions were
associated with a higher likelihood of receiving medication.
It is notable that over a third of index visits in this

population (38.4%) occurred in inpatient/emergency de-
partment settings and not in outpatient settings and that
only approximately one in five (19.1%) individuals in the
cohort saw a psychiatrist or addiction medicine specialist
in the 90 days before and including the index visit. Prior
research has documented the prevalence of AUD in pri-
mary care populations.24 The US Preventive Services
Task Force recommends screening and brief intervention
treatment (SBIRT) in primary care settings due to its
efficacy in identifying alcohol use among those at risk
of AUD.25, 26 Our finding that many index visits are
occurring in inpatient or emergency department settings
highlights the important public health opportunity in iden-
tifying individuals in non-urgent care settings and, ideally,
earlier in the course of their AUD. Although most (59.6%)
people with an index visit were primarily treated for AUD
in practices with no psychiatrist or addiction medicine
specialist, patients in practices with these specialists had
a higher likelihood of medication use potentially because
of enhanced access to consultation and referral as needed.
Improving training and specialty consultations to primary
care physicians in the treatment of AUD such as through
the Extension for Community Healthcare Outcomes
(ECHO)27 and other telehealth models of consultation
and training may enhance primary care physicians’ confi-
dence in their ability to treat this population. Collaborative
care models of clinical integration of behavioral health
care and primary care may also help improve access to
AUD treatment including medications.
We found that while approximately two-thirds (66.3%) of

individuals with a face-to-face visit for AUD in a given
calendar year were men, men were less likely to than women
to fill a prescription for an AUDmedication while maintaining
their insurance benefits. This difference was not explained by

insurance status as there was also no significant gender differ-
ence in the likelihood of losing benefits before filling a

Table 3 Substance Use Disorder (SUD) Service Use in the 7 Days
before and including the First Alcohol Use Disorder (AUD)

Medication Fill among Those with Index AUD Visit who Fill an
AUD Medication During the Study Period (n = 20,058)

No. (%)

SUD inpatient care 9292 (46.3)
SUD residential care 803 (4.0)
SUD partial hospital care 618 (3.1)
SUD intensive outpatient care 1072 (5.3)
SUD emergency department care 830 (4.1)
SUD outpatient care 12,714 (63.4)

Table 4 Results from Competing Risk Model of Alcohol Use
Disorder (AUD) Medication Use after Index AUD Visit, Accounting

for Risks of Benefit Loss

Hazard ratio 95% confidence interval

Age
17–25 0.76 0.71, 0.80
26–35 1.29 1.23, 1.36
36–45 1.47 1.40, 1.54
46–55 1.31 1.25, 1.38
56 and over Reference –

Male
Yes 0.71 0.69, 0.73
No Reference –

Employee status
Employee 0.89 0.86, 0.91
Dependent Reference –

Rural
Yes 0.95 0.90, 1.01
No Reference –

Region
Northeast 0.79 0.76, 0.82
Midwest 0.88 0.85, 0.92
West 0.93 0.89, 0.96
South Reference –

Median household income for zip code of residence, in quartiles
Quartile 1 Reference –
Quartile 2 1.17 1.12, 1.22
Quartile 3 1.29 1.24, 1.35
Quartile 4 1.51 1.45, 1.58

Psychiatrist or addiction medicine specialist billing in practice where
patient received most AUD care
Yes 1.13 1.10, 1.16
No Reference –

Moderate or severe AUD diagnosis at baseline
Yes 2.05 1.98, 2.12
No Reference –

OUD diagnosis at baseline
Yes 1.33 1.26, 1.39
No Reference –

SUD diagnosis besides AUD or OUD at baseline
Yes 0.88 0.85, 0.92
No Reference –

Acute alcohol-related medical diagnosis at baseline
Yes 0.79 0.75, 0.84
No Reference –

Chronic alcohol-related medical diagnosis at baseline
Yes 1.08 1.04, 1.12
No Reference –

Severe Mental Illness Diagnosis at Baseline
Yes 1.31 1.27, 1.35
No Reference –
Index AUD visit setting
Inpatient/ED 1.27 1.23, 1.31
Intermediate 1.13 1.07, 1.20
Outpatient Reference –

Year of index AUD visit
2018 2.02 1.89, 2.15
2017 1.81 1.70, 1.93
2016 1.71 1.61, 1.82
2015 1.59 1.49, 1.69
2014 1.50 1.40, 1.60
2013 1.36 1.27, 1.46
2012 1.29 1.21, 1.38
2011 1.28 1.20, 1.37
2010 1.24 1.16, 1.32
2009 1.12 1.05, 1.19
2008 Reference –

Notes: We estimated the risk of AUD medication use controlling for
patient characteristics and whether the practice where the patient
received the majority of AUD care included a psychiatrist or addiction
medicine specialist, accounting for the competing risk of loss of benefits.
The baseline period was 90 days before and including the index AUD
visit
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prescription for an AUD medication (Appendix Table 6).
Previous research has demonstrated that women are less likely
to receive treatment for AUD through the lifespan than men,
but once in treatment there are few gender differences reported
in clinical outcomes including medication treatment with nal-
trexone and acamprosate.28, 29 To our knowledge, this is the
first study to report a gender difference in filling a prescription
for an AUD medication following a face-to-face visit with
women being more likely to do so. It is unclear whether in this
population physicians were more likely to prescribe medica-
tion for women than men, or women were more likely to
adhere to the recommendation and fill the prescription than
men. More research is needed to understand gender differ-
ences in the acceptability of various treatments for AUDs
including medications.
Also notable is the finding that a diagnosis of an acute

alcohol-related medical condition was negatively associ-
ated with likelihood of medication use, whereas a diag-
nosis of a chronic alcohol-related medical condition was
positively associated with it. We also found that those
with a baseline diagnosis of an acute alcohol-related
medical condition had a higher rate of moderate or se-
vere AUD at baseline than did individuals without an
acute alcohol-related medical condition diagnosis (70.9%
vs. 60.9%, respectively; p < 0.0001). Thus, low rates of
more severe AUD do not explain this finding among
those with acute alcohol-related conditions. Future re-
search is needed to better understand this finding; none-
theless, it is worrisome that these individuals were less
likely to receive AUD medications.
There are several limitations of our analysis. First,

individuals identified as having AUD and receiving treat-
ment may be undercounted. Due to concerns about stig-
ma and concerns regarding employer knowledge about
their AUD, some patients may not disclose alcohol use,
providers may not code AUD diagnoses in claims, and
some patients may choose to pay out-of-pocket rather
than bill their insurance. However, we were examining
medications among individuals for whom an AUD diag-
nosis was already present in the claims. Also, some
enrollees may have received AUD treatment through an
employee assistance program or at public, state-funded
SUD programs that did not bill insurance. In addition, we
may be overestimating days to medication use in some
cases because we are unable to observe AUD medica-
tions dispensed by inpatient or intermediate care settings
under bundled payment rates (for example, during an
inpatient stay or when an individual is discharged with
a limited supply of medication for use in the communi-
ty). Finally, we studied a single large national insurer;
consequently, our findings may not be generalizable to
enrollees in other commercial plans. Nevertheless, this
large insurer enrolls individuals in all 50 states and the
District of Columbia, with approximately 20 million
members per year.

CONCLUSIONS

Multiple meta-analyses have found that AUD medications are
efficacious and offer clinical benefit for patients with AUD.30,
31 Our results suggest that AUD medication use is more
common among those with more severe disease or illness
complexity (e.g., moderate/severe AUD, co-occurring OUD
or severe mental illness or co-occurring chronic medical con-
ditions often associated with AUD). While this finding sug-
gests that patients who are the most ill or complicated are more
likely to receive medications, it is nonetheless concerning that
more patients who could benefit from them are not currently
filling prescriptions. Much work is needed to increase the
dissemination of effective pharmacotherapies into routine care
for patients with AUD.
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APPENDIX

Defining Moderate/Severe AUD

We defined moderate/severe AUD using the following ICD9
and ICD10 codes: ICD9: 291.0–291.3, 291.5, 291.8,
291.9303.0, 303.9; ICD10: F10.2x. Therefore, individuals
who did not have a “severe AUD” diagnosis were those
having the “residual” ICD9/ICD10 codes (305.0x, F10.1x)
and the SBIRT codes.

Defining Acute and Chronic Alcohol-related
Medical Conditions

The variable indicating a diagnosis of an acute or chronic
alcohol-related condition during the baseline period equals 1 if
the individuals had a diagnosis of one of the following during the
90-day baseline period (Appendix Table 5). The diagnoses were
inclusive of the Centers for Disease Control and Prevention
(CDC) Alcohol Related ICD Codes for acute and chronic con-
ditions that were either 100% attributable to alcohol use disorders
or had an attributable fraction (Centers for Disease Control and
Prevention. Alcohol and Public Health: Alcohol-Related Disease
Impact (ARDI): Alcohol-Related ICD10Codes. https://nccd.cdc.
gov/DPH_ARDI/Info/ICDCodes.aspx. Accessed September 23,

Table 5 Diagnosis Codes Used to Identify Acute and Chronic
Alcohol-related Conditions

ICD-9
code

ICD-10 code

Acute alcohol conditions
Alcoholic gastritis 535.3 K29.2
Acute pancreatitis 577.0 K85
Alcoholic psychosis 291 F10.3-F10.9

Chronic alcohol conditions
Alcohol polyneuropathy 357.5 G62.1
Degeneration of nervous system

due to alcohol
* G31.2

Alcoholic myopathy G72.1
Alcoholic cardiomyopathy 425.5 I42.6
Alcoholic liver disease 571.0–

571.3
K70-K70.4, K70.9

Alcohol chronic induced
pancreatitis

* K86.0

Chronic pancreatitis 577.1 K86.1
Seizure disorder 345 G40, G41
Esophageal varices 456.0–

456.2
I85, I98.2

Gastroesophageal hemorrhage 530.7 K22.6
Liver cirrhosis unspecified 571.5–

571.9
K74.3-K74.6,
K76.0, K76.9

Portal hypertension 572.3 K76.6
Spontaneous abortion 634 O03
Korsakoff’s dementia 291.1 F10.26

*No ICD9 code and condition is new to ICD10
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2019). In addition to the CDC list, we added Korsakoff’s demen-
tia to the list of chronic alcohol related disorders.

Description of Competing Risk Model

Loss of benefits precludes observing a medication fill and
may be informative for a future medication fill. For in-
stance, if a subject dropped health coverage because they
could not afford the co-payment for the medication prior to
medication fill, this information suggests that they will
never fill the drug and so it is informative. We thus treated
loss of benefits as a competing risk. We estimated two
cause-specific hazard functions, one for first AUD medi-
cation fill and one for loss of benefits. Our main interest is
in the hazard function for first AUD medication which
describes the rate of occurrence of a first AUD medication
fill among all subjects who are currently enrolled and who
have not yet filled an AUD medication. We assumed Cox
proportional hazards models for each cause and report
hazard ratios and corresponding 95% confidence intervals.
We assessed the proportional hazards assumption by ex-
amining the Schoenfeld residuals over time (Schoenfeld
D., Biometrika 1982); we plotted the deviance residuals
against the linear predictor, the estimated log risk, to
identify any systematic patterns. Competing risk models
were estimated in SAS using the PHREG procedure.
Results: Proportionality and Residuals
We did not find evidence to contradict our propor-

tional hazards assumption based on the Schoenfeld re-
siduals. When examining the deviance residuals, all
residuals were between 3 and − 3 for both the loss of
benefit events and treatment events. For both event
types, the model tended to underpredict events for males
and employees
Factors Associated with Likelihood of Losing Benefits
before an AUD Medication Fill. Factors associated with a
greater likelihood of losing benefits before an AUD
medication fill are younger age (relative to age 56 and
above), employee status (vs. dependent), residence in the
Midwest (relative to the South), moderate or severe AUD

Table 7 Comparison of Individuals with an Index AUD Visit Who
Were Dropped Due to Missing Data Versus Those Not Dropped

Due to Missing Data (and Thus in Study Cohort)

Individuals
dropped due to
missing data (n =
3315)

Individuals in
study cohort
(n = 151,128)

Chi-square
probability

Age
17–25
26–35
36–45
46–55
56 and

over

21.7%
18.6%
21.0%
22.8%
15.8%

17.7%
18.9%
22.8%
25.7%
14.9%

< 0.001

Employee status
Employee
Dependent

64.0%
36.0%

63.8%
36.2%

0.77

Baseline moderate or severe AUD diagnosis
Yes
No

57.7%
42.3%

61.7%
38.3%

< 0.001

Table 6 Results from Competing Risk Model of Risk of Losing
Benefits after AUD Index Visit, Accounting for Risks of AUD

Medication Use

Hazard ratio 95% confidence interval

Age
17–25 1.20 1.17, 1.23
26–35 1.36 1.33, 1.39
36–45 1.14 1.11, 1.16
46–55 1.03 1.01, 1.05
56 and over Reference –

Male
Yes 0.99 0.98, 1.00
No Reference –

Employee status
Employee 1.16 1.15, 1.18
Dependent Reference –

Rural
Yes 0.96 0.93, 0.98
No Reference –

Region
Northeast 1.02 1.00, 1.03
Midwest 1.05 1.03, 1.07
West 1.03 1.01, 1.05
South Reference –

Median household income for zip code of residence
Quartile 1 Reference –
Quartile 2 0.94 0.92, 0.96
Quartile 3 0.92 0.91, 0.94
Quartile 4 0.89 0.87, 0.90

Psychiatrist or addiction medicine specialist billing in practice where
patient received Most AUD care
Yes 1.01 0.99, 1.02
No Reference –

Moderate or severe AUD diagnosis at baseline
Yes 1.08 1.06, 1.09
No Reference –

OUD diagnosis at baseline
Yes 1.10 1.08, 1.13
No Reference –

SUD diagnosis besides AUD or OUD at baseline
Yes 1.05 1.03, 1.07
No Reference –

Acute alcohol-related medical diagnosis at baseline
Yes 1.09 1.06, 1.11
No Reference –

Chronic alcohol-related medical diagnosis at baseline
Yes 1.04 1.02, 1.06
No Reference –

Severe mental illness diagnosis at baseline
Yes 1.08 1.06, 1.10
No Reference –

Index AUD visit setting
Inpatient/ED 1.14 1.12, 1.15
Intermediate 1.04 1.02, 1.07
Outpatient Reference –

Year of index AUD visit
2018 0.71 0.68, 0.74
2017 0.90 0.87, 0.92
2016 0.93 0.91, 0.96
2015 0.94 0.92, 0.97
2014 0.96 0.93, 0.98
2013 0.90 0.88, 0.92
2012 0.84 0.82, 0.86
2011 0.85 0.83, 0.87
2010 0.92 0.90, 0.94
2009 0.99 0.97, 1.02
2008 Reference –

Notes: We estimated the risk of benefit loss controlling for patient
characteristics and whether the practice where the patient received the
majority of AUD care included a psychiatrist or addition medicine
specialist, accounting for the competing risk of AUD medication use
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diagnosis at baseline, co-occurring opioid use disorder
diagnosis at baseline, co-occurring SUD diagnosis other
than AUD or OUD at baseline, severe mental illness
diagnosis at baseline, acute alcohol-related medical diag-
nosis at baseline, and having an index AUD visit that

occurred in an inpatient/ED setting or in an intermediate
setting (relative to outpatient setting) (Appendix Table 6).
Rural residence, higher median household income, and later
year of index AUD visit were associated with a lower likeli-
hood of losing benefits before a medication fill.

Table 8 Results from Competing Risk Model of Alcohol Use Disorder (AUD) Medication Use after Index AUD Visit, Accounting for Risks of
Benefit Loss—Excludes Individuals with Baseline Diagnoses of Either OUD Or seizure disorders

Hazard ratio 95% confidence interval

Age
17–25 0.65 0.61, 0.70
26–35 1.23 1.17, 1.30
36–45 1.46 1.39, 1.53
46–55 1.29 1.23, 1.36
56 and over Reference –

Male
Yes 0.70 0.68, 0.73
No Reference –

Employee status
Employee 0.89 0.86, 0.92
Dependent Reference –

Rural
Yes 0.97 0.91, 1.04
No Reference –

Region
Northeast 0.77 0.74, 0.80
Midwest 0.85 0.81, 0.89
West 0.91 0.87, 0.94
South Reference –

Median household income for zip code of residence
Quartile 1 Reference –
Quartile 2 1.16 1.11, 1.22
Quartile 3 1.30 1.24, 1.36
Quartile 4 1.54 1.47, 1.61

Psychiatrist or addiction medicine specialist billing in practice where patient received most AUD care
Yes 1.15 1.12, 1.19
No Reference –

Moderate or severe AUD diagnosis at baseline
Yes 2.06 1.99, 2.14
No Reference –

SUD diagnosis besides AUD or OUD at baseline
Yes 0.85 0.81, 0.89
No Reference –

Acute alcohol-related medical diagnosis at baseline
Yes 0.75 0.71, 0.80
No Reference –

Chronic alcohol-related medical diagnosis at baseline
Yes 1.10 1.05, 1.14
No Reference –

Severe mental illness diagnosis at baseline
Yes 1.32 1.28, 1.37
No Reference –

Index AUD visit setting
Inpatient/ED 1.27 1.23, 1.31
Intermediate 1.11 1.05, 1.19
Outpatient Reference –

Year of index AUD visit
2018 1.98 1.85, 2.12
2017 1.79 1.67, 1.91
2016 1.62 1.52, 1.74
2015 1.52 1.42, 1.63
2014 1.46 1.36 1.56
2013 1.36 1.26, 1.46
2012 1.27 1.18, 1.36
2011 1.29 1.20, 1.38
2010 1.23 1.15, 1.32
2009 1.13 1.06, 1.21
2008 Reference –

Notes: We estimated the risk of AUD medication use controlling for patient characteristics and whether the practice where the patient received the
majority of AUD care included a psychiatrist or addiction medicine specialist, accounting for the competing risk of loss of benefits. The baseline period
was 90 days before and including the index AUD visit
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