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ABSTRACT. Objective: U.S. Food and Drug Administration (FDA)—
approved medications exist for the treatment of alcohol use disorders.
However, their effectiveness depends on proper adherence to the pre-
scribed regimen. Differences in adherence across medications may have
implications for clinical outcomes and may provide helpful information
in considering treatment options. This study aims to identify significant
differences in adherence if present. Method: A retrospective chart
review was conducted in the Veterans Integrated Service Networks
(VISN)-7 region of Veterans Affairs hospital and community-based out-
patient clinics within South Carolina and Georgia. Prescriptions of FDA-
approved alcohol use disorder medications from 2010 through 2015
were reviewed. Adherence was determined by the proportion of days
the veteran had oral or injectable medication available over a 6-month
period as noted by medication fills (reported as 0%—100% medication
availability). We compared adherence for specific medications using chi-
square, ? test, logistic regression for dichotomous outcomes, and linear

regression for continuous outcomes. Results: A total of 715 subjects
and 807 medication trials were included. Mean adherence (percentage of
days that medication was available) was 41.3% for disulfiram, 44.7% for
acamprosate, 49.8% for oral naltrexone, and 54.6% for extended-release
injectable naltrexone. The mean adherence was significantly different
between disulfiram and oral naltrexone (p =.002) as well as disulfiram
and extended-release injectable naltrexone (p = .004). Adherence of 80%
was achieved in 11.9%, 19.4%, 22.7%, and 24.4% of treatment courses
with disulfiram, acamprosate, naltrexone, and extended-release injectable
naltrexone, respectively. These differences were significant for disulfiram
versus oral naltrexone (p = .004) and disulfiram versus extended-release
injectable naltrexone (p =.05). Conclusions: These results demonstrate
that overall adherence to medication-assisted treatment for alcohol use
disorder is low across all medications. When directly compared, disul-
firam had significantly lower adherence than both oral and extended-re-
lease injectable naltrexone. (J. Stud. Alcohol Drugs, 80, 572-577,2019)

LCOHOL USE DISORDERS (AUDs) are common

in the United States, with an estimated 12-month
prevalence in 2015 of 6.2% among Americans age 18 years
and older (Substance Abuse and Mental Health Services
Administration, 2015). In fiscal year 2012, 440,000 veterans
treated through the Veterans Health Administration had a
documented AUD diagnosis, and it is thought that military
members may have a higher rate of AUD compared with
civilians (Hagedorn et al., 2016; Teeters et al., 2017). In
2010, it was estimated that the economic cost of excessive
drinking was U.S. $249 billion (Centers for Disease Control
and Prevention, 2016).

Multiple medications exist that have demonstrated ef-
ficacy to treat AUDs. There are four U.S. Food and Drug
Administration (FDA)-approved medications available for
the treatment of AUDs: acamprosate, disulfiram, oral naltrex-
one, and extended-release injectable naltrexone. Despite the
availability of these pharmacological options, AUD remains
prevalent, suggesting that barriers to effective treatment ex-
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ist. Although an optimal duration of medication treatment
has not been established, the National Institute on Alcohol
Abuse and Alcoholism (NTAAA) recommends a minimum of
an initial 3 months of pharmacotherapy, with the caveat that
it is reasonable to continue for a year or longer if the patient
finds the medication beneficial (NIAAA, 2005). Additional
studies reference the need for further supportive or booster
treatment, such as a relapse-prevention medication, during
the first 612 months (Hunt et al., 1971; Maisto et al., 1998,
2002).

The majority of individuals with an AUD never present
for treatment. In one study, less than 15% of individuals
who met lifetime criteria for an AUD reported ever receiving
alcohol treatment (Cohen et al., 2007). When individuals do
seek treatment, available medications are often underutilized.
For example, in fiscal year 2012, receipt of medications (spe-
cifically the four FDA-approved medications discussed above
and topiramate) among the Veterans Health Administration
population diagnosed with an AUD ranged from 6.8% to
11.1% (Rubinsky et al., 2015). Although low, this prescrib-
ing rate may be an improvement from fiscal year 2009, in
which the estimate among the same population was 3.4%,
although topiramate was not included in this analysis (Harris
et al., 2012).

The World Health Organization (WHO) defines adher-
ence as “the extent to which the person’s behavior (including
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medication taking) corresponds with agreed recommenda-
tions from a healthcare provider” (Sabate, 2003). It has been
estimated that as many as half of all patients do not adhere
to prescribed medication regimens (Osterberg & Blaschke,
2005), and adherence has been shown to be of particular
importance in regard to outcomes in chronic disease states
(DiMatteo et al., 2002). Patients with substance use disorders
have been shown to have high rates of nonadherence, and
even higher nonadherence rates have been observed among
those with comorbid psychiatric and substance-related ill-
nesses (Magura et al., 2002; McLellan et al., 2000).

Multiple dynamics factor into suboptimal adherence,
including but not limited to uncertainty of medication ef-
ficacy, concern for or actual side effects, severity of illness,
complexity of regimen, drug interactions with alcohol or
other substances, and stigma (Weiss, 2004). In addition,
younger age and emotional factors have been noted as bar-
riers to adherence in pharmacotherapy for AUD (Lohit et
al., 2016). Several studies have attempted interventions to
increase adherence, with methods ranging from contingency
management to mobile phone text reminders, with mixed
success (Preston et al., 1999; Stoner et al., 2015). Other
recommendations for increased adherence include medica-
tion reminders, extended-release formulations, and patient
education (Peterson, 2007).

Several methodologies for estimated adherence to medica-
tion exist. Direct measures include levels of the drug or its
metabolites in bodily fluids such as blood or urine, detec-
tion of a biological marker such as riboflavin given with the
medication, and observed drug-taking (Farmer, 1999). These
direct measures are expensive and often impractical in clini-
cal settings. Analysis of secondary databases such as elec-
tronic pharmacy records or pharmacy insurance claims can
be used to estimate adherence (Lam & Fresco, 2015). These
methods assume that refilling prescriptions corresponds with
the patient taking the medication. Previous research has con-
sidered this to be an acceptable assumption. By examining
refill records, medication availability can be used to estimate
consumption over a specific period. However, partial adher-
ence when a patient takes the medication only part of the
time cannot be detected with these measures.

Although there is evidence that general adherence to
medications is suboptimal, there are few studies directly
comparing the adherence rates between multiple medica-
tions for AUDs. The primary aim of this study was to de-
termine if significant differences in adherence rates exist
across FDA-approved medications for AUDs in a Veterans
Health Administration population. It was hypothesized that
extended-release injectable naltrexone would have the high-
est adherence, primarily related to its every-28-day dosing
formulation. Previous research has shown a reduction in
medication adherence as the dosing frequency increases
(Coleman et al., 2012). As a result, among the oral medica-
tions, naltrexone as once-a-day administration was hypoth-

esized to have a higher adherence rate than acamprosate,
generally prescribed three times a day. Disulfiram was
hypothesized to have the worst adherence because of the
negative physiological consequences of drinking while tak-
ing this medicine, as individuals are likely to discontinue or
not start the medication if they have strong urges to drink.
Clarification of adherence rates in these medications may
inform best practices around prescriptions, counseling, and
follow-up during treatment for AUDs.

Method

A retrospective chart review was conducted of the com-
puterized patient record system in the Veterans Integrated
Service Networks (VISN)-7 region of Veterans Affairs (VA)
hospital and community-based outpatient clinics that in-
cludes the cities of Charleston, Myrtle Beach, and Beaufort,
SC, and Savannah and Hinesville, GA. Coordinating with the
pharmacy staff, a list was obtained of all prescriptions filled
for the four FDA-approved AUD medications from January
1, 2010, through December 31, 2015. Similar to previous
research, a continuous, multiple-interval measure of medica-
tion acquisition (CMA) was calculated to estimate adherence
(Hess et al., 2006). CMA approximation of adherence was
determined by the proportion of days the veteran had oral
and injectable medication available over a 6-month period as
noted by medication fills (reported as 0%—100% medication
availability). As adherence has not been specifically defined
for pharmacotherapy for AUD, 80% medication availability
by pharmacy refill data was considered adherent, as defined
in cardiovascular research (Ho et al., 2009). Using the same
definition, a dichotomous measure of 80% adherence ver-
sus less than 80% was obtained. For injectable medication,
adherence was reported similarly as for oral medication;
however, subjects were given credit for 28 days of medica-
tion availability for each injection received (all injections
included were documented as given by the lab nurse in the
computerized patient record system at the time of injection).
General baseline characteristics of subjects were collected,
including age at onset of each medication trial, gender, race,
and ethnicity.

Adherence measures were compared between the four
medications: acamprosate, disulfiram, oral naltrexone, and
extended-release injectable naltrexone. We used ¢ tests to
make pairwise comparisons of mean adherence between
medications. Chi-square tests were used for overall and
pairwise comparisons of the proportion with 80% adherence
between medications. To evaluate and control for possible
confounding by sociodemographic differences between
groups, generalized linear models were fit, controlling for
possible confounders. For continuous outcomes such as per-
centage of adherence, we used linear regression models, and
for categorical outcomes such as “above 80% adherence,”
we used logistic regression models. In these multivariate
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TaBLE 1. Baseline demographics for each medication group

Extended-release

Acamprosate? Disulfiram Naltrexone naltrexone
Variable (n=172) (n=143) (n=1551) (n=41)
Age at trial onset, years 52.8 49.7 51.4 52.1
% Male 91.7 90.9 91.6 95.1
% White 77.8 61.0 52.3 65.0
% African American 20.8 38.3 47.1 35.0

9Indicates significant difference in age between the acamprosate group compared with the disulfiram
group (p = .02) and in race between acamprosate and both the disulfiram and naltrexone groups (p

<.00).

models, we evaluated possible confounding factors including
patient age and race/ethnicity.

Each subject’s chart was reviewed, and exclusion criteria
were as follows: transfer out of the VA system during the
6-month period, death, or if the medication was prescribed
for an indication other than an AUD (e.g., naltrexone pre-
scribed for opioid use disorder). Some subjects were pre-
scribed multiple trials of the same medication within the
period of the study; in these cases, only the first trial was
included in the analyses. In addition, some subjects were
prescribed more than one of the above-listed medications
during the time of the study. As each medication has a dif-
ferent mechanism of action, some individuals may respond
better to one medication than another. As such, if the antici-
pated clinical response did not occur, a trial of another medi-
cation would be a reasonable clinical action. The reasons for
the different trials varied and included the following: adverse
effects, ease of administration (e.g., once-a-day medication
or once-a-month injection compared with multiple times
a day), patient request, clinical goal of enhancing adher-
ence, discontinuing naltrexone due to the need for opioids,
patient’s report of not experiencing intended reaction (e.g.,
lack of disulfiram—alcohol reaction), etc. In these cases, only
the first trial of each medication prescribed for a subject
was included in the study. However, combination trials (e.g.,
naltrexone and acamprosate prescribed simultaneously) were
excluded to minimize bias.

Results

We included 715 subjects in the study, of whom 82 had
trial records for more than one medication trial (acampro-
sate, disulfiram, oral naltrexone, and/or extended-release
injectable naltrexone). Across all subjects, we included 807
medication trials (acamprosate = 72; disulfiram = 143; oral
naltrexone = 551; extended-release injectable naltrexone =
41), reflecting the first trial of that medication for each pa-
tient. General baseline characteristics of subjects included in
this study are listed in Table 1. Age at onset was significantly
higher for acamprosate when compared with disulfiram (p =
.02). A significant difference in the racial composition was
found between the acamprosate group and both the disulfi-

ram and naltrexone groups (p < 0.01); there were no other
significant baseline differences in age or gender (Table 1).

Mean adherence was 41.3% (SD = 25.5) for disulfiram,
44.7% (SD = 29.7) for acamprosate, 49.8% (SD = 29.1) for
oral naltrexone, and 54.6% (SD = 29.1) for extended-release
injectable naltrexone (Figure 1). Mean adherence was signifi-
cantly different between disulfiram and oral naltrexone (p =
.002) and between disulfiram and extended-release injectable
naltrexone (p = .004). A significant difference was not ob-
served between acamprosate and extended-release injectable
naltrexone (p = .08) or between oral naltrexone and extend-
ed-release injectable naltrexone (p = .3). Linear regression
models controlling for possible confounders showed similar
results.

Adherence of 80% was achieved in 11.9%, 19.4%,
22.7%, and 24.4% of treatment courses with disulfiram,
acamprosate, oral naltrexone, and extended-release injectable
naltrexone, respectively (Figure 2). These differences were
significant for disulfiram versus oral naltrexone (p = .004)
and disulfiram versus extended-release injectable naltrexone
(p = .05). A significant difference was not observed for di-
sulfiram versus acamprosate (p = 0.1) or acamprosate versus
oral naltrexone (p = .5), acamprosate versus extended-release
injectable naltrexone (p = .5), or oral naltrexone versus
extended-release injectable naltrexone (p = .8). Logistic re-
gression models controlling for possible confounders showed
similar results.

Discussion

These results demonstrate that overall adherence to
medication-assisted treatment for AUD is low across all
medications. When directly compared, disulfiram had signifi-
cantly lower adherence than both oral and extended-release
naltrexone. These differences remained significant when
controlling for baseline demographics.

Adherence to disulfiram was significantly lower than both
forms of naltrexone but not acamprosate. The sample size of
acamprosate may have been too small to detect a significant
difference. Previous research has found that adherence to
disulfiram is problematic, with use optimized in supervised
settings or in highly motivated individuals with the expec-
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FiGure 2. Percentage of subjects among each of the four medications who achieved adherence, as defined by
having medication availability at least 80% of days over a 6-month period (oral) or administered medication

covering at least 80% of days (injectable)

tancy of an adverse pharmacological effect of a disulfiram—
alcohol reaction accounting for disulfiram’s effectiveness
(Jorgensen et al., 2011). Acamprosate adherence and oral
naltrexone adherence were not significantly different in this
study, although patients using these medications had some
degree of higher adherence than those using disulfiram,
given that acamprosate and naltrexone are generally better
tolerated, particularly when concurrently consuming alcohol.
Given that naltrexone is a once-a-day medication, whereas

acamprosate is scheduled to be taken three times a day with
two pills per dose, it was hypothesized that oral naltrexone
would have greater adherence. A significant difference was
not observed in this study and may be due to the limitation
of only measuring oral medication prescribed versus the
amount ingested.

Given that this study calculated adherence based on days
of oral medicine availability based on refills, adherence to
oral medications in this study is likely overestimated (Arnet
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et al., 2014). Although current VA treatment guidelines do
not recommend the “as-needed” use of these medications,
patients may choose to take them only when they feel it is
necessary (Department of Veterans Affairs & Department
of Defense, 2015). Also, prescribers may verbally instruct a
patient to use as needed, in contrast to the written instruc-
tions. This is one of the limitations of the study and points
to the challenge of measuring adherence via a retrospective
pharmacy prescription refill review. Methods for assessing
adherence to extended-release injectable naltrexone, how-
ever, likely lead to a more accurate assessment of adher-
ence, as it is known that subjects received the full 28-day
dose when administration is documented. This suggests that
extended-release injectable naltrexone may be significantly
more adhered to than all oral medications in this study.

Another potential limitation of our analysis is that a small
percentage of our population was treated with more than one
type of medication during the study period. We chose in our
analysis to take a straightforward and inclusive approach by
examining the first trial of each separate medication for each
patient. Accordingly, patients with more than one medication
recorded during the study period were included in more than
one of our medication groups. To the extent that an indi-
vidual’s adherence on one medication course may be similar
to adherence on a different medication, the observations
are not truly independent of each other. However, this is a
conservative bias in our analysis, because the lack of inde-
pendence would be expected to reduce observed differences
between groups. Therefore, after considering this possible
bias, we would argue that any differences in adherence that
we observed between groups are more likely to be due to the
medications under study.

Other limitations exist in this study. Adherence defined
as 80% medication availability was based on cardiovascu-
lar studies, as the percentage in AUDs is yet to be defined.
Additional research in this area is needed. There was a rela-
tively small sample of medications other than oral naltrexone
included in this study, and this may have led to insufficient
power to detect other significant differences. The results were
reflective solely of a veteran population, and thus the gener-
alizability of this study to broader populations may be dif-
ficult. This was not a randomized controlled trial; therefore,
other confounders may exist that could explain the results.
An inherent limitation of pharmacy prescription refill data
is the inability to ascertain the intended duration or spacing
of treatment. The selected period of 6 months was chosen
to assess the minimum 3 months of initial pharmacotherapy
recommended by the NIAAA and to capture a period of
high vulnerability to relapse. Other time intervals should be
considered as the optimal duration of treatment is defined in
future research. Given the methodology of this study using
medication fills, nearly all individuals had at least one 30-
day prescription filled, and thus if the duration of adherence
had been for only 1 month, results would have been of little

value. However, if adherence had been assessed over a period
of a year, adherence results would have been increasingly
low. Therefore, measuring adherence over a 6-month period
was chosen as a reasonable alternative.

As mentioned previously, multiple dynamics factor into
suboptimal adherence, including but not limited to uncertain-
ty of medication efficacy, concern for or actual side effects,
severity of illness, complexity of regimen, drug interactions
with alcohol or other substances, stigma, younger age, and
emotional factors. To more comprehensively understand how
each of these factors contributes to adherence rates, further
studies should review specific reasons for patient discontinu-
ation of or decreased adherence to a medication.

As noted, controlling for differences in the demograph-
ics did not affect the results; the racial differences between
acamprosate and both disulfiram and naltrexone were sig-
nificant. In a recent review of the electronic medical records
of almost 300,000 VA patients with AUDs, the use of medi-
cations was low across all groups, with African Americans
less likely than European Americans to receive pharmaco-
therapy (Williams et al., 2017). It is unclear if the difference
in acamprosate in this study represents a racial healthcare
disparity or undertreatment of more severe AUDs in African
Americans within the VA. Further research is needed specifi-
cally addressing racial/ethnic differences between individual
medications in a large nationally representative sample.

In conclusion, AUDs are prevalent throughout the United
States, including the veteran population. Some barriers
include engaging more individuals in treatment as well as
maximizing appropriate use of available medication treat-
ments for treatment seekers. Yet these results suggest that
when patients are started on a medication, adherence as
defined in this study is low across all medications, with
disulfiram being significantly lower than the other options.
Further, results of adherence to oral medications are likely
overestimated and suggest that extended-release injectable
naltrexone may have higher adherence than any oral medi-
cation in the study. Further research using other methods is
warranted to confirm these findings.
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