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A lcohol consumption is the third leading actual cause 
of death in the United States1; however, among the 
top 25 diseases, patients with alcohol-use disorders 
are least likely to receive care that is based upon 

evidence-based practice.2 The overall cost to the United States for 
alcohol-related illness was estimated at $184 billion in 19983; pay-
ers spend an estimated $9.7 billion annually on direct treatment 
of these disorders.4 Historically, over 70% of these costs has been 
spent by public systems4; however, this proportion is expected to 
increasingly shift to the private pay sector in coming years as a 
result of federal parity and health care legislative reform. With a 
national prevalence of alcohol dependence of 3.8%, or 7.9 million 
adults,5 these morbidity, mortality, and cost burdens are driving 
efforts to develop the most clinically effective and resource-
efficient evidence-based treatments possible.

The dominant mode of treatment of alcohol dependence is 
psychosocial treatment or counseling, and several models have 
shown evidence for effectiveness.6 Although 4 medications have 
been approved by the US Food and Drug Administration (FDA) 
for the treatment of alcohol dependence, there is little adop-
tion of these agents.7,8 Survey results published in 2007 reported 
that pharmacotherapies for substance-use disorders (SUDs) were 
offered in less than 25% of public and private specialty treatment 
programs7 and a 2007 study reported that SUD medications com-
prised less than 1% of all SUD treatment costs.8 Nevertheless, the 
National Institute on Alcohol Abuse and Alcoholism has issued 
recommendations stating that medications are “helpful to patients 
in reducing drinking, reducing relapse to heavy drinking, achiev-
ing and maintaining abstinence, or a combination of these effects” 
and clinicians should “consider adding medication whenever 
[they] are treating someone with active alcohol dependence.” 6 

There are multiple reasons why medication-assisted treatment 
(MAT) for alcohol dependence is not widely used, including 
long-standing traditions rooted in the mutual help movement, 
but adoption of MAT is also predicated on concerns about poor 
patient adherence to medication, modest efficacy, and poor cost-
effectiveness.9-11 Retrospective insurance database studies of oral 
medications have reported that 50% of patients fail to obtain their 
first refill,12,13 and refill rates are worse for alcoholism medications 
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than for statins and psychiatric medications.14 Clinical trials 
have found that medication adherence is crucial to efficacy.15 

Medication adherence in substance-dependence treat-
ment has been a priority concern of the National Institutes of 
Health for over 3 decades.16 In 2006, the FDA approved the 
first extended-release formulation for the treatment of alco-
hol dependence, extended-release naltrexone (XR-NTX), 
which was designed to address the challenge of adherence 
through a once-monthly injection.17 Of the 4 agents FDA-
approved for the treatment of alcohol dependence studied 
in a retrospective claims analysis of commercial insureds, 
XR-NTX was associated with reduced estimated charges and 
utilization of inpatient detoxification days and alcoholism-
related inpatient days, compared with all 3 oral agents (ie, 
oral naltrexone, disulfiram, and acamprosate calcium).18 
Given the importance of alcohol dependence treatment for 
public health and healthcare cost containment, the present 
study was designed to extend current knowledge of real-world 
effectiveness with alcohol dependence treatments, including 
treatment with no medication, any approved medication, 
and among the approved medications, treatment with each 
specific agent. This study sought to examine a larger cohort 
of insured patients treated with XR-NTX than previously 
studied, and to determine a comprehensive range of health-
care utilization and actual expended healthcare costs for each 
treatment category.

Methods

Data Sources and Study Population
This was a retrospective database analysis conducted 

using commercial enrollees from a large US health plan 
affiliated with i3 Innovus and the PharMetrics Integrated 
Database from 2005 to 2009. These databases included medi-
cal and pharmacy claims from all available healthcare sites 
(inpatient, hospital outpatient, emergency department [ED], 
physician’s office, and surgery center) for virtually all types 
of provided services, including specialty, preventive office-
based treatments, and retail and mail order pharmacy claims. 

For the comparison of the “no medication” group to the 
“any medication” group, patients were required have at least 
1 claim for alcohol dependence (Diagnostic and Statistical 
Manual of Mental Disorders, 4th Edition, code 303.xx) during 
the pre- or post-index period, have an alcohol use disorder 
diagnosis pre-index, and have at least 6 months of continuous 
enrollment pre-index and 6 months post-index. The earli-
est pharmacy claim for alcohol medication was set as the 
index date for the any medication group. The index date was 
defined as the first medical claim for a nonpharmacologic 
treatment such as a detoxification facility claim, a substance 

abuse treatment facility claim, or a substance abuse counsel-
ing claim. Patients in the nonpharmacologic substance group 
had no prescription fills for alcoholism medication while 
patients in the any medication group had at least 1 fill for 
any of the 4 alcoholism medications. Patients with liver fail-
ure during the pre-index period were excluded. Furthermore, 
patients were excluded if they had claims for pharmacologi-
cal treatment in the month prior to the index date (with the 
exception of the XR-NTX group, because this group was 
occasionally required to demonstrate prior oral medication 
failure). These inclusion/exclusion criteria led to a final sam-
ple of 20,670 patients in the no medication group and 15,502 
patients in the any medication group. Figure 1 presents the 
sample sizes after applying the inclusion/exclusion criteria. 

Similar criteria were required for patients in the com-
parison of the 4 alcoholism medications. Patients treated 
with XR-NTX were identified on the basis of an outpatient 
drug claim using the National Drug Code (NDC) or medi-
cal claims with the Healthcare Common Procedure Coding 
System code. The other medications, such as oral naltrexone, 
disulfiram, or acamprosate were identified using outpatient 
drug claims based on NDCs. The final sample of 661 patients 
in the XR-NTX group, 2391 patients in the oral NTX group, 
8958 patients in the disulfiram group, and 3492 patients 
in the acamprosate group, was identified after applying the 
inclusion/exclusion criteria. 

Statistical Analysis
We derived demographic and clinical characteristics of 

the study populations at baseline. In particular, age, sex, 
and geographic location were measured at the index date. 
Deyo-Charlson comorbidity score,19 Elixhauser score,20 and 
the number of distinct psychiatric diagnoses and medications 
were calculated during the pre-index period. The Deyo-
Charlson comorbidity score is an International Classification 
of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 
code adaption of the Charlson index, which assigns a range 
of weights, from 1 to 6 according to disease severity, for 
19 conditions. The Elixhauser score is also a claims-based 
comorbidity index which sums a patient’s comorbid condi-
tions from among 30 ICD-9-CM comorbidity flags, differ-
entiating secondary diagnoses from comorbidities by using 
diagnosis-related groups.

For socioeconomic status (SES), we constructed a sum-
mary measure for each US Zone Improvement Plan (ZIP) 
code using data on income, education, and occupation from 
the 2000 US Census and then linked this information to the 
patient’s ZIP code of residence in the analytic files.21 Factor 
analysis was used to identify 6 census variables that could be 
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meaningfully combined into a summary socioeconomic status 
score. These variables included 3 measures of wealth/income 
(median household income, median value of housing units, 
and proportion of households with interest, dividend, or 
rental income), 2 measures of education (proportion of adult 
residents completing high school and college), and 1 measure 
of occupation/employment (proportion of employed residents 
with management, professional, and related occupations).22

Healthcare utilization and costs were calculated dur-
ing both the pre-index and post-index periods. In terms of 
inpatient utilization, the number of detoxification facility 
days, and the number of detoxification and/or rehabilitation 
(admissions with an ICD-9-CM procedure for detoxification 
or rehabilitation), alcohol (admission with a principal diagno-

sis), and nonrelated inpatient admissions were 
measured. ED visits, alcohol-related physician 
visits, alcohol and substance abuse psychoso-
cial provider visits, and non–alcohol-related 
outpatient visits were calculated. Utilization 
measures were presented per 1000 patients. 
Associated costs related to these measures and 
total costs were also calculated.

In addition to healthcare utilization and 
costs, we evaluated adherence by analyzing 
medication possession ratio and days of per-
sistence with index medication refills post-
index date. 

	Baseline characteristics were compared 
between the patient cohorts, and descriptive 
statistics were calculated as percentages and 
standard deviations. Differences between the 
cohorts were analyzed using the t-test, Mann-
Whitney U test, and c2 test, and standardized 
differences were calculated. It has been dem-
onstrated that standardized differences 10% 
and higher between the baseline variables 
are significant, and need to be adjusted to 
compare the outcome measures among the 
groups.23,24

Propensity-score matching was applied to 
compare the risk-adjusted outcomes between 
the no medication group and the any medi-
cation group. Propensity-score matching is a 
technique that aims at adjusting for selection 
bias in nonexperimental, nonrandomized, and 
retrospective studies like the present one.25 By 
using propensity-score matching, each patient 
in the any medication group was “mirrored” by 
a patient with similar predefined characteris-

tics in the no medication group. The following characteristics 
were used to match: age, sex, region, comorbid scores, SES, 
baseline healthcare utilization, and costs. Logistic regression 
was used to estimate propensity scores. Several interaction 
variables were constructed, but they were not determined to 
be significant. Estimation power of the logistic regression was 
determined by C statistics. Following the guidelines set forth 
by Baser, it was determined that one-to-one matching created 
the best balance among the groups.26

Following Imbens and Lechner, we applied propensity-
score matching that accounts for multilevel treatments when 
comparing the 4 alcoholism medication groups.27,28 Several 
applications of this method are presented in the medical lit-
erature.29-31 The first step uses multinomial logistic regression 

n  Figure 1. Patient Selection Process
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to estimate conditional probabilities of being in the particular 
treatment group. The second and final step estimates con-
ditional expectation of outcome given the treatment level. 
Adjusted Wald tests were performed to test for the difference 
in weighted characteristics across the treatment cohorts. 

Statistical analyses were performed using SAS v9.2 (SAS 
Institute, Cary, North Carolina) and STATA v10 (Stata 
Corp, College Station, Texas).

Results

The risk-adjusted pre-index characteristics of 10,376 
patients matched between each of the 2 groups (any medica-

tion and no medication, respectively) showed the following 
similarities: age, (44.4 vs 44.5 years; P = not significant [NS]); 
sex (male, 61.8% vs 61.9%; P = NS); geographic region 
(Eastern, 18.4% vs 18.0%; P = NS); SES score (high SES, 
29.2% vs 29.2%; P = NS); and pre-index severity (proxied 
by having a >3 Elixhauser Index score, 25.2% vs 25.1%; P 
= .06). Differences in the Deyo-Charlson comorbidity score 
(0.34 vs 0.38; P =.0002) and Elixhauser Comorbid conditions 
(1.63 vs 1.57; P = .0034) were significant, but in opposite 
directions. During the pre-index period, the number of dis-
tinct psychiatric diagnoses and medications were higher in 
patients in the any medication group compared with the no 

n Table 1. Risk-Adjusted Baseline Characteristics of Alcohol-Dependent Patients With Any Versus No 
Medication

Alcohol-Dependent Patients  
(each group has N = 10,376)

Pre-Index Period (6-month period before index date) Any medication No medication

Continuous variables Mean (SD) Mean (SD) P

Healthcare utilization

    Pre-index number of detox facility days (number of days/1000 patients) 79 (938) 65 (779) .2366

    Pre-index inpatient (number of admissions/1000 patients)

        Detoxification and/or rehabilitation 15 (147) 14 (135) .5553

        Alcohol-related inpatient admission 139 (436) 125 (427) .0244

        Non–alcohol-related inpatient admission 264 (607) 273 (632) .2625

    Pre-index outpatient (number of visits/1000 patients)

        Emergency department visit 734 (1968) 778 (2149) .1236

        Alcohol-related and physician provider 774 (3835) 487 (3110) <.0001

        Alcohol-related and substance abuse psychosocial provider 521 (3797) 374 (2585) .0011

        Non–alcohol-related outpatient admission 10,602 (11,063) 9846 (11,035) <.0001

Costs (per patient)

    Pre-index inpatient 

        Cost of detoxification and/or rehabilitation $30 ($493) $0 ($0) <.0001

        Cost of alcohol-related inpatient admission $720 ($4315) $650 ($3909) .2224

        Cost of non–alcohol-related inpatient admission $2059 ($8297) $2545 ($10,659) .0002

     Pre-index outpatient 

        Cost of emergency department visit $207 ($693) $244 ($850) .0006

        Cost of alcohol-related and physician provider $94 ($731) $72 ($817) .0403

        Cost of alcohol-related and substance abuse $50 ($355) $25 ($259) <.0001

        Cost of non–alcohol-related outpatient admission $21 ($25) $20 ($27) .0107

     Pre-index pharmacy 

        Cost of FDA-approved alcohol dependence medications $5 ($45) $0 ($0) <.0001

        Cost of other psychiatric medications $122 ($427) $62 ($307) <.0001

        Cost of nonpsychiatric medications $361 ($899) $247 ($806) <.0001

Total cost (per patient = inpatient + outpatient + pharmacy) $5922 ($11,439) $6174 ($13,726) .1519

FDA indicates US Food and Drug Administration. 
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medication group (2.71 vs 2.32 and 1.68 vs 1.29, respectively; 
both P <.0001). 

Table 1 shows that, on average, detoxification admissions 
per 1000 patients in the any medication and no medication 
groups were similar (15 vs 14, respectively). Outpatient visits 
were significantly higher for patients in the any medication 
group. In particular, per 1000 patients, alcohol-related physi-
cian provider visits (774 vs 487) and non–alcohol-related 
outpatient visits (10,602 vs 9846) were significantly higher 
for the any medication group than the no medication group. 
The largest driver of pre-index treatment costs, however, was 
the cost of non–alcohol-related inpatient admission ($2059 
vs $2545 per patient). After risk adjustment, the baseline 
costs in the any medication group were $5922 per patient 
versus $6174 per patient in the no medication group.

Table 2 presents the risk-adjusted outcome results. 
Patients in the no medication group stayed more days in 
detoxification facilities post-index relative to patients in the 
any medication group (3497 vs 483 days per 1000 patients). 
They had significantly more psychiatric diagnoses during the 
post-index period (3.19 vs 3.07). Post-index detoxification 
and/or rehabilitation admissions (563 vs 85), alcohol (660 vs 
202), and nonalcohol (407 vs 257) admissions were signifi-
cantly higher per 1000 patients in the no medication group. 
Higher admission days for the no medication group in detoxi-
fication and/or rehabilitation translated to a cost burden of 
$1350 versus $209 per patient in the any medication group. 
Costs for alcohol-related admissions were $2464 versus $801, 
and $2751 versus $2336 for non–alcohol-related inpatient 
admissions, respectively.

The pattern of greater utilization and costs also existed 
among patients in the no medication group for outpatient 
visits. This group was more likely to have physician provider 
visits (1970 vs 1454), psychosocial provider visits (1740 vs 
991), and non–alcohol-related outpatient visits (14,101 vs 
13,349) per 1000 patients. This translated into a greater cost 
burden of $106 per patient due to more physician provider 
visits and $61 due to more psychosocial provider visits. The 
6-month total healthcare cost for a patient in the no medica-
tion group was $11,677 versus $8134 in the any medication 
group. 

Among 15,502 patients who used any pharmacologic 
drug, 661 patients were treated with XR-NTX, 2391 with 
oral NTX, 3492 with disulfiram, and 8958 with acamprosate. 
Patients in the XR-NTX group were slightly older (45.91 
years vs 44.24, P <.001; 43.53, P <.0001; 45.63, P = NS, 
respectively). There were no differences in the percentages 
of males in the groups (60% vs 58%, 62%, 59%; all P = NS). 
However, patients given XR-NTX resided more commonly 

in the East (34.0% vs 26%, 16%, 18%; all P <.0001) and 
South (31% vs 19%, 16%, 26%; all P <.01) compared with 
the Midwest and West. There was no clear pattern of SES 
differences among the 4 groups. 

Table 3 presents the pre-index clinical, utilization, and 
cost characteristics of the 4 alcohol medication groups. In 
terms of severity (proxied by percentage with a >3 Elixhauser 
score) the XR-NTX group (31.0%) did not differ in high 
comorbidity rates relative to oral NTX (34.5%) or disulfiram 
(28.4%), but it was significantly lower compared with those 
given acamprosate (37.9%, P = .0004). However, patients 
in the XR-NTX group had a higher use of distinct psychi-
atric medication relative to the other groups. Compared 
with patients in the XR-NTX cohort, during the pre-index 
period, those receiving acamprosate had significantly more 
detoxification facility days, and those given disulfiram had 
significantly fewer. Also, the acamprosate group had more 
detoxification and/or rehabilitation admissions and alcohol- 
and non–alcohol-related admissions compared with those in 
the XR-NTX group. During the pre-index period, the num-
ber of non–alcohol-related outpatient visits was significantly 
higher in the XR-NTX group relative to others.

The total healthcare costs were significantly higher for 
patients in the XR-NTX group compared with those in 
the oral NTX and the disulfiram groups, but there were no 
differences in pretreatment costs between XR-NTX and 
acamprosate.

After adjusting for these baseline differences, the risk-
adjusted outcome results for the 4 groups are presented 
in Table 4. Patients receiving XR-NTX had significantly 
higher refill adherence rates than patients in the other 
groups (21% vs 11% for oral NTX, 9% for disulfiram, and 
6% for acamprosate). The number of persistence days was 
also significantly higher (61.6 days vs 49.8 days with oral 
naltrexone, 45.8 days with disulfiram, and 42.6 days with 
acamprosate) (Figure 2A). Patients receiving XR-NTX had 
a significantly lower number of distinct diagnoses relative to 
those given acamprosate (3.05 vs 3.30), and a lower number 
of psychiatric medications relative to those given disulfiram 
(1.96 vs 2.80). 

Inpatient healthcare utilization in the XR-NTX group 
was significantly lower than that in the other groups. 
Patients given XR-NTX spent significantly fewer days in 
a detoxification facility relative to those given disulfiram 
or acamprosate (227 days vs 429 days vs 741 days per 1000 
patients, respectively). Detoxification and/or rehabilitation 
admission and alcohol- and non–alcohol-related admission 
were significantly lower in the XR-NTX group relative to 
the other groups (P <.01) (Figure 2B). This translated 
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to lower inpatient costs per patient for detoxification and 
rehabilitation (XR-NTX: $105 vs $192 with oral NTX, 
$203 with disulfiram, and $288 with acamprosate), alcohol-
related inpatient admission (XR-NTX: $474 vs $618 with 
oral NTX, $874 with disulfiram, and $1166 with acampro-
sate), and non–alcohol-related admission (XR-NTX: $730 
vs $1091 with oral naltrexone, $1498 with disulfiram, and 
$3885 with acamprosate).

Although outpatient healthcare utilization was similar 
across the groups, the average patient receiving XR-NTX 

had higher 6-month costs for ED visits ($272) vs oral agents 
($227 with oral naltrexone, $227 with disulfiram, and $209 
with acamprosate), and lower costs for alcohol-related physi-
cian provider visits (XR-NTX: $67 vs $107 oral NTX, $118 
with disulfiram, and $291 with acamprosate) and alcohol and 
substance abuse outpatient visits (XR-NTX: $46 vs $76 with 
oral NTX, $114 with disulfiram, and $82 with acamprosate). 
XR-NTX was associated with higher costs for non–alcohol-
related outpatient visits (NXT-XR: $4510 vs $3444 with oral 
NTX, $3194 with disulfiram, and $3589 with acamprosate).

n Table 2. Risk-Adjusted Outcomes in Alcohol-Dependent Patients With Any Versus No Medication

Alcohol-Dependent Patients  
(each group has N = 10,376)

Post-Index Period (6 months after index date) Any medication No medication

Outcome Mean (SD) Mean (SD)  P

    Post-index number of distinct psychiatric diagnoses 3.07 (1.78) 3.19 (1.71) <.0001

    Post-index number of distinct psychiatric medication 2.25 (1.83) 1.39 (1.56) <.0001

Healthcare utilization

    Post-index number of detoxification facility days  
    (number of days/1000 patients)

483 (2489) 3497 (7293) <.0001

Post-index inpatient (number of admissions/1000 patients)

    Detoxification and/or rehabilitation 85 (336) 563 (641) <.0001

    Alcohol-related inpatient admission 202 (562) 660 (863) <.0001

    Non–alcohol-related inpatient admission 257 (650) 407 (757) <.0001

Post-index outpatient (number of visits/1000 patients)

    Emergency department visit 787 (2352) 648 (2169) <.0001

    Alcohol-related and physician provider 1454 (5266) 1970 (6064) <.0001

    Alcohol-related and substance abuse psychosocial provider 991 (4425) 1740 (5781) <.0001

    Non–alcohol-related outpatient 13,349 (12,919) 14,101 (14,126) .0007

Costs (per patient)

    Post-index inpatient 

        Cost of detoxification and/or rehabilitation $209 ($1140) $1350 ($2863) <.0001

        Cost of alcohol-related inpatient admission $801 ($3749) $2464 ($7025) <.0001

        Cost of  non–alcohol-related inpatient admission $2336 ($12,492) $2751 ($13,815) <.0001

    Post-index outpatient 

        Cost of emergency department visit $207 ($744) $173 ($695) <.0001

        Cost of alcohol-related  physician provider $199 ($988) $305 ($1204) <.0001

        Cost of alcohol-related substance abuse psychosocial provider $87 ($440) $148 ($605) <.0001

        Cost of non–alcohol-related $25 ($29) $27 ($32) .0592

    Post-index pharmacy 

        Cost of FDA-approved alcohol dependence medications $350 ($637) $1 ($17) <.0001

        Cost of other psychiatric medications $228 ($677) $95 ($427) <.0001

        Cost of nonpsychiatric medications $523 ($1153) $291 ($967) <.0001

Total cost (per patient = inpatient + outpatient + pharmacy) $8134 ($15,887) $11,677 ($19,889) <.0001

FDA indicates US Food and Drug Administration. 
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Post-index pharmacy costs were higher for the XR-NTX 
group; cost savings from inpatient and outpatient admis-
sions, however, resulted in total costs that were significantly 
lower in patients given XR-NTX compared with those given 
acamprosate ($6757 vs $10,345 per patient). Significant 
differences in overall costs were not observed among the 
NXT-XR group and other groups. 

Discussion

Access to the combined data from these 2 large insurance 
data sets allowed for the examination of clinical outcomes 
and costs/benefits associated with available types of alcohol-
ism treatments (as employed in the US healthcare system), 
resulting in the largest health economic evaluation of alco-
holism treatments reported to date in the literature.

n Table 3. Baseline Characteristics of Alcohol-Dependent Patients by Pharmacotherapy

Alcohol-Dependence Pharmacotherapy

 
Pre-Index Period (6-month period before index date)

     XR-NTX   
     (n = 661)

Oral NTX  
(n = 2391)

Disulfiram   
(n = 3492)

Acamprosate  
 (n = 8958)

Continuous variables Mean (SD) Mean (SD) P Mean (SD) P Mean (SD) P

Clinical characteristics

    Pre-index Deyo-Charlson comorbidity score 0.41 (0.91) 0.33 (0.82) .0280 0.33 (0.92) .0233 0.40 (0.97) .7860

    Pre-index Elixhauser comorbid conditions 1.91 (1.71) 2.04 (1.73) .0850 1.74 (1.71) .0262 2.17 (1.75) .0001

    Pre-index number of distinct psychiatric diagnoses 3.20 (1.89) 3.14 (1.92) .4632 2.91 (1.96) .0004 3.08 (1.84) .1228

    Pre-index number of distinct psychiatric medication 2.00 (1.79) 1.78 (1.68) .0055 1.73 (1.67) .0003 1.70 (1.64) <.0001

Healthcare utilization

    Pre-index number of detoxification facility days  
    number of days/1000 patients)

1212 (3802) 1376 (4169) .3375 803 (2805) .0086 1644 (3956) .0051

Pre-index inpatient (number of admissions/1000 patients)

    Detoxification and/or rehabilitation 215 (536) 226 (525) .6384 165 (463) .0253 294 (529) .0003

    Alcohol-related inpatient admission 380 (840) 350 (642) .3997 313 (704) .0553 469 (685) .0078

    Non–alcohol-related inpatient admission 333 (766) 377 (686) .1775 297 (653) .2553 412 (735) .0107

Pre-index outpatient (number of visits/1000 patients)

    Emergency department visits 911 (2234) 810 (2055) .2954 840 (2209) .4560 772 (1993) .1207

    Alcohol-related and physician provider 773 (3785) 622 (3155) .3486 1009 (4657) .1582 657 (3346) .4420

    Alcohol-related and substance abuse psychosocial provider 490 (2465) 410 (5661) .5933 782 (3643) .0107 347 (2187) .1468

    Non–alcohol-related outpatient 12,470 (12,239) 11,359 (11,964) .0381 10,877 (11,930) .0021 10,757 (10,804) .0005

Costs (per patient) 

    Pre-index inpatient 

        Cost of detoxification and/or rehabilitation $688 ($2344) $571 ($2000) .2407 $313 ($1275) .0001 $708 ($1890) .8334

        Cost of alcohol-related inpatient admission $1638 ($6032) $1360 ($4333) .2669 $1056 ($4452) .0183 $1660 ($5759) .9304

        Cost of non–alcohol-related inpatient admission $2504 ($8362) $2476 ($7975) .9396 $2420 ($19,299) .8555 $2619 ($9331) .7336

    Pre-index outpatient 

        Cost of emergency department visits $244 ($700) $252 ($789) .8013 $266 ($990) .5018 $225 ($740) .5050

        Cost of alcohol-related and physician provider $82 ($468) $86 ($602) .8563 $122 ($743) .0740 $91 ($773) .6581

        Cost of alcohol-related and substance abuse  
        psychosocial provider

$53 ($329) $38 ($312) .2870 $89 ($506) .0203 $35 ($312) .1620

        Cost of non–alcohol-related $25 ($27) $23 ($25) .0273 $22 ($29) .0040 $22 ($25) .0017

    Pre-index pharmacy 

        Cost of FDA-approved alcohol dependence medications $100 ($174) $0 ($0) <.0001 $0 ($0) <.0001 $0 ($0) <.0001

        Cost of other psychiatric medications $163 ($486) $145 ($525) .4096 $109 ($394) .0069 $114 ($398) .0118

        Cost of nonpsychiatric medications $553 ($1436) $373 ($854) .0021 $308 ($838) <.0001 $360 ($858) .0007

Total cost (per patient =  inpatient + outpatient + pharmacy) $9467 ($13,988) $8031 ($12,113) .0165 $6904 ($21,495) .0001 $9543 ($118,914) .9556

FDA indicates US Food and Drug Administration; NTX, naltrexone; XR-NTX, extended-release injectable naltrexone. 
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	This risk-adjusted analysis compared 20,752 patients 
who received any versus no medication, and 15,502 patients 
who received 1 of the 4 FDA-approved medications. A total 
of 661 patients received treatment with XR-NTX, making 
this the largest sample studied to date with this particular 
treatment. In addition, the study involved a comprehensive 
analysis of actual total healthcare costs paid and healthcare 

service utilization. Results showed that, compared with 
alcohol dependence treatment that did not include medi-
cation, medication-assisted treatment was associated with 
significantly fewer admissions for detoxification and/or reha-
bilitation, alcohol-related inpatient medical care, and non–
alcohol-related inpatient medical care. Costs for services in 
all of these inpatient categories were significantly lower in 

n Table 3. Baseline Characteristics of Alcohol-Dependent Patients by Pharmacotherapy

Alcohol-Dependence Pharmacotherapy

 
Pre-Index Period (6-month period before index date)

     XR-NTX   
     (n = 661)

Oral NTX  
(n = 2391)

Disulfiram   
(n = 3492)

Acamprosate  
 (n = 8958)

Continuous variables Mean (SD) Mean (SD) P Mean (SD) P Mean (SD) P

Clinical characteristics

    Pre-index Deyo-Charlson comorbidity score 0.41 (0.91) 0.33 (0.82) .0280 0.33 (0.92) .0233 0.40 (0.97) .7860

    Pre-index Elixhauser comorbid conditions 1.91 (1.71) 2.04 (1.73) .0850 1.74 (1.71) .0262 2.17 (1.75) .0001

    Pre-index number of distinct psychiatric diagnoses 3.20 (1.89) 3.14 (1.92) .4632 2.91 (1.96) .0004 3.08 (1.84) .1228

    Pre-index number of distinct psychiatric medication 2.00 (1.79) 1.78 (1.68) .0055 1.73 (1.67) .0003 1.70 (1.64) <.0001

Healthcare utilization

    Pre-index number of detoxification facility days  
    number of days/1000 patients)

1212 (3802) 1376 (4169) .3375 803 (2805) .0086 1644 (3956) .0051

Pre-index inpatient (number of admissions/1000 patients)

    Detoxification and/or rehabilitation 215 (536) 226 (525) .6384 165 (463) .0253 294 (529) .0003

    Alcohol-related inpatient admission 380 (840) 350 (642) .3997 313 (704) .0553 469 (685) .0078

    Non–alcohol-related inpatient admission 333 (766) 377 (686) .1775 297 (653) .2553 412 (735) .0107

Pre-index outpatient (number of visits/1000 patients)

    Emergency department visits 911 (2234) 810 (2055) .2954 840 (2209) .4560 772 (1993) .1207

    Alcohol-related and physician provider 773 (3785) 622 (3155) .3486 1009 (4657) .1582 657 (3346) .4420

    Alcohol-related and substance abuse psychosocial provider 490 (2465) 410 (5661) .5933 782 (3643) .0107 347 (2187) .1468

    Non–alcohol-related outpatient 12,470 (12,239) 11,359 (11,964) .0381 10,877 (11,930) .0021 10,757 (10,804) .0005

Costs (per patient) 

    Pre-index inpatient 

        Cost of detoxification and/or rehabilitation $688 ($2344) $571 ($2000) .2407 $313 ($1275) .0001 $708 ($1890) .8334

        Cost of alcohol-related inpatient admission $1638 ($6032) $1360 ($4333) .2669 $1056 ($4452) .0183 $1660 ($5759) .9304

        Cost of non–alcohol-related inpatient admission $2504 ($8362) $2476 ($7975) .9396 $2420 ($19,299) .8555 $2619 ($9331) .7336

    Pre-index outpatient 

        Cost of emergency department visits $244 ($700) $252 ($789) .8013 $266 ($990) .5018 $225 ($740) .5050

        Cost of alcohol-related and physician provider $82 ($468) $86 ($602) .8563 $122 ($743) .0740 $91 ($773) .6581

        Cost of alcohol-related and substance abuse  
        psychosocial provider

$53 ($329) $38 ($312) .2870 $89 ($506) .0203 $35 ($312) .1620

        Cost of non–alcohol-related $25 ($27) $23 ($25) .0273 $22 ($29) .0040 $22 ($25) .0017

    Pre-index pharmacy 

        Cost of FDA-approved alcohol dependence medications $100 ($174) $0 ($0) <.0001 $0 ($0) <.0001 $0 ($0) <.0001

        Cost of other psychiatric medications $163 ($486) $145 ($525) .4096 $109 ($394) .0069 $114 ($398) .0118

        Cost of nonpsychiatric medications $553 ($1436) $373 ($854) .0021 $308 ($838) <.0001 $360 ($858) .0007

Total cost (per patient =  inpatient + outpatient + pharmacy) $9467 ($13,988) $8031 ($12,113) .0165 $6904 ($21,495) .0001 $9543 ($118,914) .9556

FDA indicates US Food and Drug Administration; NTX, naltrexone; XR-NTX, extended-release injectable naltrexone. 
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n Table 4. Risk-Adjusted Outcome Measures in Alcohol-Dependent Patients by Pharmacotherapy

Alcohol-Dependence Pharmacotherapy

 
Post-Index Period (6 months after index date)

XR-NTX 
(n = 661)

Oral NTX  
(n = 2391)

Disulfiram  
(n = 3492) 

Acamprosate  
(n = 8958)

Compliance and persistence with therapy % % P % P % P

    Continuous MPR >0.8 21 11 <.0001 9 <.0001 6 <.0001

Outcome Mean Mean P Mean P Mean P

    Persistence days with index medication 61.65 49.75 .00 45.81 .00 42.56 .00

    Post-index number of distinct psychiatric  
    diagnoses

3.05 2.94 .20 3.04 .89 3.30 .04

    Post-index number of distinct psychiatric  
    medications

1.96 1.98 .78 2.80 .00 2.10 .20

    Healthcare utilization

        Post-index number of detoxification facility  
        days (number of days/1000 patients)

227 361 .1442 429 .0472 741 .0039

    Post-index inpatient (number of  
    admissions/1000 patients)

        Detoxification and/or rehabilitation 43 76 .0039 98 .0001 120 .0001

        Alcohol-related inpatient admission 82 184 <.0001 268 <.0001 317 <.0001

        Non–alcohol-related inpatient admission 109 205 <.0001 250 <.0001 343 <.0001

    Post-index outpatient (number of  
    visits/1000 patients)

        Emergency department visits 903 817 .5017 823 .5604 809 .5742

        Alcohol-related and physician provider 1053 1154 .7007 1140 .7543 1678 .1733

        Alcohol-related and substance abuse  
        psychosocial provider  

705 999 .1940 1171 .0825 805 .6922

        Non–alcohol-related outpatient 14,414 12,726 .0086 13,159 .0696 14,429 .9868

Cost (per patient)

    Post-index inpatient 

        Cost of detoxification and/or rehabilitation $105 $192 <.0001 $203 <.0001 $288 <.0001

        Cost of alcohol-related inpatient admission $474 $618 <.0001 $874 <.0001 $1166 <.0001

        Cost of non–alcohol-related inpatient admission $730 $1091 <.0001 $1498 <.0001 $3885 <.0001

    Post-index outpatient 

        Cost of emergency department visits $272 $227 .0007 $227 .0011 $209 .0001

        Cost of alcohol-related and physician provider $67 $107 <.0001 $118 <.0001 $291 <.0001

        Cost of alcohol-related and substance abuse    
        psychosocial provider

$46 $76 <.0001 $114 <.0001 $82 <.0001

        Cost of non–alcohol-related $4510 $3444 <.0001 $3194 <.0001 $3589 .0008

    Post-index pharmacy        

        Cost of FDA-approved alcohol dependence  
        medications

$2230 $200 <.0001 $209 <.0001 $292 <.0001

        Cost of other psychiatric medications $326 $232 <.0001 $168 <.0001 $229 <.0001

        Cost of nonpsychiatric medications $600 $477 <.0001 $417 <.0001 $537 .1160

Total  cost (per patient = 
inpatient + outpatient + pharmacy)

$6757 $6595 .6431 $7107 .3601 $10,345 <.0001

FDA indicates US Food and Drug Administration; MPR, medication possession ratio; NTX, naltrexone; XR-NTX, extended-release injectable naltrexone. 
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patients who received a medication, and (despite signifi-
cantly higher costs for medications) total healthcare costs, 
including inpatient, outpatient, and pharmacy costs, were 
30% lower for patients who received a medication for their 
alcohol dependence. With XR-NTX, cost data associated 
with hospital admissions and stays reflected a similar picture. 
Hospital costs for patients receiving XR-NTX were signifi-
cantly and substantially lower than those for patients receiv-
ing 1 of the 3 oral medications. Patients given XR-NTX used 
fewer days in detoxification and had fewer admissions to the 
hospital for any reason than patients given 1 of the 3 oral 
medications. 

Costs for services in all of these inpatient categories were 
significantly lower for patients who received XR-NTX, and 
despite significantly higher costs for XR-NTX, total health-
care costs, including inpatient, outpatient, and pharmacy 
costs, were not significantly different from total costs with 
oral NTX or disulfiram, and were 34% lower than with 
acamprosate. 

The frequency of hospital admission is an intensive uti-
lization and cost-related variable and may also represent a 
proxy for morbidity, in the absence of direct clinical data 
(which is lacking with retrospective claims data such as 
these). As such, reduced hospitalization, which is obviously 
important in cost reduction, is also an important objective in 
its own right. For example, medication was associated with 
30% lower costs than no medication treatment; compared 
with no medication treatment, the relative risk reduction 
associated with medication was 85% for admission to detoxi-
fication or rehabilitation, and 69% for alcohol-related admis-
sion. Among the 4 medications, total costs with XR-NTX 
were not significantly different from oral NTX and disulfi-
ram, and they were 34% lower than those with acamprosate. 
XR-NTX was associated with relative risk reductions for 
admission to detoxification/rehabilitation of 43% versus oral 
NTX, 56% versus disulfiram, and 64% versus acamprosate, 
and reductions for admission to alcohol-related hospitaliza-
tion of 55% versus oral NTX, 69% versus disulfiram, and 
74% versus acamprosate. 

These reductions showed an inverse association with refill 
persistence (Figure 2A). One of the most important chal-
lenges in the use of alcohol pharmacotherapies is retaining 
patients in treatment (on medication) for clinically adequate 
durations. In the 2 measures of treatment duration, partici-
pants receiving XR-NTX were retained significantly longer 
and more continuously on medication than participants 
receiving oral medications. Of the 4 agents, the 2 compliance 
parameters, persistence (days with index medication) and 
continuous mean possession ratio greater than 80% of days, 

both showed a similar pattern (in increasing order of persis-
tence): acamprosate, disulfiram, oral NTX, and XR-NTX. 
This pattern closely follows the burden of medication admin-
istration: acamprosate, 2 tablets 3 times daily; disulfiram and 
oral NTX, 1 tablet once daily (oral NTX is sometimes given 
in higher doses every other day); and XR-NTX, 1 injection 
per month. Also, the pattern of persistence is opposite the 
rate of admissions with the 4 medications (Figure 2B).

The cost differences found in these comparisons are 
revealing, because the group treated with any medication 
had overall medication costs that were more than double the 
medication costs (ie, nonalcoholism medications) of those 
with no alcoholism medications. Yet, their total healthcare 
costs were less. Similarly, the cost of XR-NTX alone was up 
to 10-fold higher than that for the oral alcohol dependence 
agents (some of which are available as generic products). 
Total healthcare costs, however, were either associated with 
no difference or lower expense. This finding suggests that the 
cost of a particular treatment should not be confused with 
the overall cost of care and that the overall objective of qual-
ity and efficient healthcare needs to transcend the compart-
mentalization of costs within pharmacy benefit management 
versus overall healthcare management.

These patients, in general, also had psychiatric and other 
medical comorbidities. The reasons for the higher cost of psy-
chiatric and other medication are not clear. Physicians who 
use alcoholism pharmacotherapies may be more familiar with 
appropriate diagnosis and treatment of concurrent psychiat-
ric and medical conditions. Also, because the any medication 
group spent less time in the hospital, effective outpatient 
management may have necessitated more aggressive use of 
outpatient medications.

Retrospective claims analyses such as these have a num-
ber of limitations. Because the study design did not include 
random assignment to the any versus no medication condi-
tions, nor to specific medication conditions, the findings rep-
resent associations, but not necessarily causality. The cohorts 
may have had unobserved differences in baseline character-
istics; for example, patient motivation or healthcare service 
quality (eg, physician knowledge and training, psychosocial 
treatment methods used), so that the precise contribution 
of medication or type of medication cannot be definitively 
determined. Because there were no quantitative measures 
of baseline alcohol use, comparability of the participants’ 
alcohol-use disorder severity across treatment conditions 
could not be ensured. Similarly, the absence of these base-
line data make it impossible to compare reduction in alcohol 
quantity or frequency across conditions, a commonly used 
outcome measure in treatment outcome research. No data 
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are available regarding adverse events, which are important 
considerations, given that medications are known to have 
side effects, some of which are associated with boxed warn-
ings on the prescribing information, and these differ between 
the oral and the injectable agents. Also, the time frame for 
outcomes was limited to 6 months and the samples consisted 
of commercial insureds as opposed to Medicaid or uninsured 

patients. Furthermore, the XR-NTX sample was smaller than 
the others (because it is the most recently introduced agent), 
subject inclusion was limited to patients with 1 year of con-
tinuous enrollment (which could omit those who lost insur-
ance due to job loss), no information was available as to the 
recommended or adequate duration of treatment, and oral 
medication adherence was only indirectly measured through 

n  Figure 2.  Alcohol Dependence Pharmacotherapies: Health Economic Outcomes 6 Months After Index Date

NTX indicates naltrexone; XR-NTX, extended-release injectable naltrexone. 
aP <.01 vs XR-NTX. 
bP <.001 vs XR-NTX.
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prescription refills (therefore no information was available to 
confirm that patients took their oral medications).

Despite these limitations, the study has some relevant 
strengths. Baseline data (Table 2), with propensity-score 
matching and inverse probability weighting across a num-
ber of demographic, clinical, and utilization variables, 
demonstrated good comparability between the any versus 
no medication cohorts. The analysis showed robust find-
ings in healthcare cost and utilization domains, a major 
strength that mitigates the limitation of not having 
alcohol consumption data. Although the average treat-
ment duration was 2 to 3 months, meaningful outcomes 
were detected over a 6-month time frame, indicating 
that treatment benefits may outlast the active treatment 
phase. The patterns observed with medication adherence, 
hospital utilization, and costs demonstrated a high degree 
of internal consistency. External validity was also strong, 
given the relatively large sample sizes composed of real-
world patients treated by community providers and given 
conventional treatment.

	These findings are compatible with real-world evalua-
tions of alcohol pharmacotherapy refill persistence.12-14,17 
Three prior analyses of pharmacy claims for oral NTX refills 
have shown that as few as half of patients obtain the first 
refill, and most do not complete a reasonable course of treat-
ment.12-14 One of these studies found significantly lower refill 
rates for oral alcohol pharmacotherapies than for statins, 
antidepressants, and antipsychotics,14 and another found that 
refill failure was associated with significantly more detoxifi-
cations and hospital admissions.13 

More recently, a retrospective claims analysis in NJ Blue 
Cross Blue Shield insureds found that although medication 
persistence remains an issue, XR-NTX was associated with 
significant reductions in cost due to alcohol-related hos-
pitalizations, total medical costs, and total pharmacy costs 
(see the article by Jan et al in this supplement).32 A study of 
AETNA beneficiaries showed that patients given XR-NTX 
persisted with treatment longer than those given oral 
medications, and XR-NTX was associated with decreased 
inpatient and emergency healthcare costs and utilization to 
a greater extent than patients receiving 1 of the 3 oral agents 
(see the article by Bryson et al in this supplement).33	

Mark et al also analyzed retrospective commercial claims 
between any versus no medication, and among the 4 FDA-
approved alcoholism medications. They determined that 
medication was associated with less detoxification and 
alcoholism-related inpatient care. That study also showed a 
similar pattern among the 4 medications; increased burden 
of medication administration (acamprosate >oral NTX or 

disulfiram >XR-NTX) was associated with decreased refill 
persistence. The XR-NTX cohort used 224 detoxification 
days per 1000 patients (vs 227 in the present study) and 
was associated with the fewest days for detoxification or 
alcohol-related hospitalizations among the 4 agents.18 The 
present study replicates those findings and extends them, 
because the earlier study consisted of a single data source 
(examining 5954 matched cases in the any vs no medica-
tion comparison and 295 patients given XR-NTX) and used 
estimated charges and calculated these for only detoxifica-
tion and alcohol-related inpatient admissions, whereas the 
present study combined 2 large data sources (examining 
20,752 overall cases and 661 patients given XR-NTX) and 
calculated actual expended dollars for all healthcare costs, 
including the costs of the agents. 

The relationships between use of medications, counsel-
ing, and utilization/cost outcomes suggested in these data 
are intriguing and raise important questions for further 
research. Although this study confined its cost evaluation to 
healthcare expenditures, society bears additional costs from 
alcohol dependence, due to deterioration, absenteeism and 
loss in the workforce, damage to property and life, and court 
proceedings and incarceration in the justice system. These 
costs are worthy of future analysis as well. Effectiveness 
findings with medication-assisted treatment that takes these 
aggregate burdens into account have led to implementa-
tion strategies in the public sector.34 The National Quality 
Forum issued a statement in 2007 that “pharmacotherapy 
should be a standard component of treatment for SUD 
[substance use disorders]” 35 and efforts to increase pharma-
cotherapy use and design performance measures are under 
way.36 Effective treatment with medication, and particularly 
the most effective pharmacologic therapy, is an opportunity 
that continues to warrant research, education, and imple-
mentation initiatives from healthcare systems, insurers, and 
policymakers.
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