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Abstract
Introduction—Alcohol use poses a major threat to the health and well being of rural African
American adolescents by negatively impacting academic performance, health, and safety.
However, rigorous economic evaluations of prevention programs targeting this population are
scarce.

Methods—Cost-effectiveness analyses were conducted of SAAF-T relative to an attention-
control intervention (ACI), as part of a randomized prevention trial. Outcomes of interest were the
number of alcohol use and binge drinking episodes prevented, one year following the intervention.
Incremental cost-effectiveness ratios (ICERs) and cost-effectiveness acceptability curves (CEACs)
were used to determine the cost-effectiveness of SAAF-T compared to the ACI intervention.

Results—For the 473 participating youth completing baseline and follow-up assessments, the
incremental per participant costs were $168, while the incremental per participant effects were
3.39 episodes of alcohol use prevented and 1.36 episodes of binge drinking prevented. Compared
to the ACI intervention, the SAAF-T program cost $50 per reduction in an alcohol use episode and
$123 per reduced episode of binge drinking. For the CEACs, at thresholds of $100 and $440,
SAAF-T has at least a 90% probability of being cost-effective, relative to the ACI, for reductions
in alcohol use and binge drinking episodes, respectively.

Conclusions—The SAAF-T intervention provides a potentially cost-effective means for
reducing the African American youths’ alcohol use and binge drinking episodes.
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1. Introduction
1.1. Adolescent alcohol use

In the United States, 30% of teens have used alcohol by the eighth grade and 69% have used
by the twelfth grade (Johnston et al., 2013). Alcohol use during this period has negative
implications for both society and the adolescent alcohol consumer. The economic burden to
society from adolescent alcohol use was estimated to be $20.3 billion (in 2001), which is
$26.3 billion in 2012 US$, including health care costs, productivity losses, criminal justice
costs, and crime victim costs (Miller et al., 2006). These costs are borne by the individual,
taxpayers, insurance companies, and other members of society affected by the individuals’
actions. For the adolescent consumer, alcohol use can negatively impact his or her academic
achievement, health, and safety. Research suggests an association with lower school
attendance and altered brain function (Masten et al., 2009); an increased risk of injuries
(Bingham et al., 2009; Hingson and Zha, 2009; Istre et al., 2007; Lee, 2009; Roudsari et al.,
2009); risky sexual behavior (Morrison-Beedy et al., 2011; Naimi et al., 2003; Strachman et
al., 2009); and interpersonal violence (Howard et al., 2008; Mohler-Kuo et al., 2004).

The negative consequences to the adolescent alcohol consumer, as well as to society,
increase with each episode of use. For example, Miller et al. (2007a) found that high school
drinkers were two to five times more likely (three to ten times more likely for binge
drinkers) than nondrinkers to ride with someone who had been drinking, participate in risky
sexual behaviors, use tobacco, fight, attempt suicide, and use other illicit drugs. In a
systematic review of cohort studies for adolescent drinking and subsequent adult outcomes,
McCambridge et al. (2011) linked adolescent alcohol use, particularly binge drinking, to
alcohol problems in adulthood, as well as psychiatric problems, poor educational attainment,
and an increase in the number of sexual partners.

African Americans report somewhat lower rates of alcohol use early in adolescence.
However by the end of high school, rates are similar among African Americans and other
racial ethnic groups (French et al., 2002). Regardless of the relative rates of alcohol use,
mounting evidence indicates that the consequences of use are greater for African Americans
than for their European American peers (Wallace et al., 2002). African Americans
experience more negative consequences per ounce of alcohol consumed than do European
Americans including trouble at school and with the police, alcohol-related death, and
dependency (Galea and Rudenstine, 2005; Jones-Webb, 1998; Welte and Barnes, 1987).
Racial disparities are also evident in African Americans’ access to substance abuse
treatment (Kline, 1996; Lowman and Le Fauve, 2003; Schmidt et al., 2006) and prevention
(Brody et al., 1997) services. These findings underscore the importance of prevention efforts
that target African American adolescents.

1.2. Alcohol prevention and economic evaluations
For the several million African American families with adolescents living in rural
environments, no data exist on the economic impact of preventing alcohol use. Historically,
rural residence was a protective factor for adolescent alcohol use; however, recent studies
indicate they use alcohol at similar rates to those in inner cities (Kogan et al., 2006;
NCASA, 2000). To address these needs, the Strong African American Families-Teen
program (SAAF-T) was developed and tested in a randomized prevention trial (Kogan et al.,
2012). SAAF-T is a developmentally appropriate adaptation of the Strong African American
Families program, a similar intervention for preadolescents with proven efficacy in the
prevention of alcohol use and conduct problems (Beach et al., 2008; Brody et al., 2010,
2006, 2004, 2005; Murry et al., 2007).
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Although SAAF-T has proven efficacious (Brody et al., 2012), an economic evaluation has
not been conducted. Economic evaluations are critical for policymakers at local, state, and
national levels; potential program providers in social service agencies; and families in need
of prevention services. Increasingly, governmental funding sources require, in addition to
efficacy data, economic evaluations of programs to justify allocation of resources to
providers (Pentz et al., 2006). Despite this need, economic evaluations of evidence based
substance use prevention programs and especially those targeting African Americans are
scarce. Although subject to methodological limitations, extant studies that have been
conducted suggest that alcohol prevention programming is a sound investment of public
health resources (Holder, 2000; Medina-Mora et al., 2010; Miller et al., 2007b; Mitchel et
al., 1984; Pacileo and Fattore, 2009; Pentz, 1998; Plotnick, 1994; Spoth et al., 2002; Tricker
and Davis, 1988). However, these studies are subject to a number of limitations including
the retrospective assessment of costs, a lack of person-level costs and outcomes, and
inappropriate control groups. As a result of these deficiencies, the National Institute on Drug
Abuse has placed a high priority on economic analyses of interventions designed to prevent
alcohol use (French and Drummond, 2005; National Institute on Drug Abuse, 2004).

In previous studies, the cost-effectiveness of alcohol use prevention programming has either
been based on single-group design (e.g., Mitchel et al., 1984) or compared to a no-treatment
control group (e.g., Pentz, 1998). In the first case, the effectiveness is biased because it is
not known whether an untreated population also would have changed. This design often
overestimates treatment effects. Although the second design is stronger, a no-treatment
group does not represent high school students’ real-world experiences (Ramsey et al., 2001),
as most receive some prevention information. For a more realistic comparison, participants
in this study were randomized to either SAAF-T or an attention-control intervention (ACI).
This is a superior design, providing both a stronger basis for inferring intervention causality
through controlling the effects of time and attention (Devaney and Rossi, 1997; Dunford,
2000) and a context for economic evaluation that reflects real-world experiences, thus
increasing the ecological validity (Ramsey et al., 2005).

The hypothesis that SAAF-T is cost-effective in deterring alcohol use relative to the ACI is
tested in this study. The analyses were conducted from the societal perspective, including all
costs related to implementing the program. Outcomes were alcohol use and binge drinking
episodes in the year following the intervention. The results of this study are critical for
dissemination of alcohol prevention programs in general, and those targeting African
American youth in particular.

2. Methods
2.1. Study sample

Participants included 502 African American adolescents and their primary caregivers
recruited from public school lists in 6 rural counties and 40 sites in central Georgia. The
intervention was implemented from January 2008 to May 2009; detailed information
regarding participant recruitment and enrollment, intervention implementation and fidelity,
and data collection procedures have been published elsewhere (Kogan et al., 2012).
Participants were randomized to receive SAAF-T or an ACI. The primary objective of
SAAF-T is to reduce substance use among rural African American adolescents. SAAF-T is a
form of family skills training (Kumpfer and Alvarado, 2003), an approach that integrates
individual adolescent skill building, parenting skills training, and family interaction training.
The ACI was designed to promote good nutrition, exercise, and informed consumer
behavior among adolescents. To provide a stringent efficacy evaluation, both programs
provided five, two-hour weekly meetings with separate, concurrent training sessions for
parents and youth, followed by a joint parent-youth session during which families practice
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the skills they learned in their separate sessions. Cost-effectiveness analyses were conducted
for the 473 families (94% of randomized families) that completed baseline and follow-up
assessments. These participants did not differ from those who left the study on baseline
alcohol use or demographic variables.

2.2. Outcomes
Outcome data were collected from 2007 to 2010. Adolescents were assessed one to three
months prior to the start of the intervention (pretest) and fifteen to eighteen months after the
intervention (follow-up). Items used to evaluate adolescent alcohol use and binge-drinking
episodes were based on the public health literature (DiClemente et al., 2001) and the
investigators’ previous research with a similar population (Brody et al., 2006; Wills et al.,
2000, 2003). Adolescents self-reported, on a scale ranging from 0 to 6 (0: none, 1: 1 to 3
times, 2: 4 to 7 times, 3: 8 to 12 times, 4: 13 to 20 times, 5: 21 to 29 times, and 6: 30 or more
times), how often he or she consumed at least one drink of alcohol (episodes of alcohol use)
over the past three months. The same scale was used for how often he or she consumed three
or more drinks at one time (episodes of binge drinking) over the past three months.
Although self-report measures are susceptible to social desirability bias, previous research
supports their validity in gathering information about the use of alcohol (Elliott et al., 1983;
Smith et al., 1995; Williams et al., 1995).

2.3. Costs
Cost data were collected following best practice guidelines (Foster et al., 2007; Haddix et
al., 2003), with full details provided elsewhere (Corso et al., 2013). The cost study
considered only the final two rounds (out of five) of the intervention during which all costs
were collected prospectively, including a rigorous collection of personnel time by activity
category. Therefore, for that study, only 199 families at 16 sites in four counties were
considered. Many categories of costs for the first three rounds could still be collected with a
similar methodological rigor as the prospective collection (including site and ancillary
services, supplies, equipment, overhead, and transportation), while the remaining costs
(personnel and training) were estimated through multiple imputation (outlined below).
Programmatic costs were collected as economic costs including all program implementation
costs, participant costs, and donated resources. Program implementation costs included
personnel resources, site and ancillary services, supplies, equipment, travel, and overhead.
During the two rounds of prospective collection, personnel involved in delivery (facilitators)
and administration of the intervention completed daily or weekly time logs. In this way, all
research specific time was excluded from the final analysis. Non-personnel resources were
valued through inspection of site agreements and billing documents that provided actual
expenditure information for all five rounds of the intervention. Participant time spent
participating in the program was valued using individual participant attendance at
intervention sessions and participants’ self-reported wage rates. Corso et al. (2013) reported
total site-level costs of $16, 251 for SAAF-T and $14,102 for the ACI resulting in a
difference of $2149. The mean number of participants assigned to each site was 12.6 for
SAAF-T and 12.1 for the ACI. Personnel time was the largest proportion of total costs
(~25%) with training costs (including personnel time), participant time, and site-level
services providing most of the remaining costs (~15–20% each).

Because personnel time was only assessed for two of five rounds of the intervention,
missing cost data were imputed using cutting-edge statistical methods; for full information
see Corso et al. (2013). The missing cost data were determined by multiple imputation,
using the mi impute chained command in STATA version 12 (StataCorp 2011). The
truncated regression method with a lower bound of zero was utilized rather than the
traditional regression method to eliminate instances of imputed negative costs. Univariate
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imputation of each category of costs included group-specific covariates such as a dummy
variable signifying SAAF-T/ACI, when groups met, the number of families, facilitator
experience, and the number of groups a facilitator was concurrently leading. Once total
programmatic costs were determined for each site (N = 40), these costs were divided among
the participants assigned to that site. Direct service provision costs were divided among
participants based on their attendance of sessions while overhead and administrative costs
were evenly divided among all assigned participants.

2.4. Cost-effectiveness analysis
2.4.1. Incremental costs—For this study, incremental costs are the estimated difference
in the value of resources needed (at the participant level) to deliver SAAF-T relative to those
needed to deliver the ACI. Because the programmatic costs were right-skewed, the
incremental costs of SAAF-T relative to the ACI were determined using a generalized linear
model (GLM) with a gamma distribution and log link function (McCullagh and Nelder,
1989). GLMs have been suggested as an alternative method to log-transforming skewed cost
data commonly arising in healthcare and public health applications (Blough and Ramsey,
2000; Diehr et al., 1999). Final incremental cost estimates were determined using
combination rules for multiple-imputed data outlined by Rubin (1987) and implemented in
STATA version 12 (StataCorp 2011). Combination rules provide a method for determining
estimates of variance by considering both within observation variability and the variability
between the datasets resulting from multiple imputations.

2.4.2. Incremental effects—For this study, incremental effects are the estimated
difference in the number of alcohol use or binge drinking episodes at follow-up for a SAAF-
T participant relative to an ACI participant. The number of episodes was reported within a
range (e.g., 1–3 times). As a result, the main outcome variables were analyzed with interval
regression. In the interval regression analysis, this difference is estimated as the regression
coefficient on the Intervention assignment variable. To account for an entire year of
potential drinking episodes, the self-reported “previous 3 months” of usage was multiplied
times four. This assumes constant drinking behavior across time, with no seasonal effects.
To account for potentially different drinking behavior at baseline, pretest measures of
alcohol use or binge drinking were included in the regression.

2.4.3. Incremental cost-effectiveness analysis—The incremental cost-effectiveness
ratio (ICER) represents the incremental costs divided by the incremental effects and
describes the additional cost per additional outcome prevented when comparing one
intervention (SAAF-T) to another (ACI). There is no exact method for estimating ICER
confidence intervals (Chaudhary and Stearns, 1996; Van Hout et al., 1994); therefore,
bootstrapping with 10,000 replications was used to estimate the uncertainty around the ICER
estimates. The bootstrapped cost-effect pairs (the mean estimate of incremental costs and
incremental effects resulting from each bootstrap replication) were used to create cost-
effectiveness acceptability curves (CEACs), a means to illustrate the uncertainty around the
parameter estimates by plotting the probability that an intervention is cost-effective at
different threshold values (Briggs and Fenn, 1998; Fenwick et al., 2001). To determine the
cost-effectiveness acceptability curves, the incremental net benefit (INBλ= ΔE ·λ − ΔC) was
calculated for a given threshold value (λ), for every bootstrapped cost-effect pair (ΔC, ΔE).
The probability that SAAF-T is cost-effective at each value of λ was calculated as the
number of cost-effect pairs with a positive, INBλ divided by the total number of cost-effect
pairs (10,000). This process was repeated from values of λ = $0 to λ = $1000 in $50
increments. In this study, threshold values correspond to the amount a decision maker would
be willing to pay to prevent episodes of alcohol use or binge drinking in this population.
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Following the approach used in the previous study on outcomes (Brody et al., 2012), we
controlled for SES risk factors and gender in the assessment of incremental costs and effects.
The SES risk factors index was developed from the self-reported responses of each
adolescent’s primary caregiver in six categories: family poverty based on federal guidelines,
caregiver unemployment, receipt of Temporary Assistance for Needy Families, caregiver
single parenthood, caregiver education level less than high school graduation, and caregiver-
reported inadequacy of family income. A dichotomous variable was formed with a value of
1 for responses matching each of the aforementioned categories (i.e. a value of 1 for an
unemployed caregiver or a value of 1 for a caregiver reporting a middle-school level of
education) and 0 otherwise. These variables were summed to form the SES risk index,
which had a range of 0 to 6. Higher values of the index corresponded to a lower SES.
Finally, dummy variables were created for Intervention assignment (SAAF-T = 1; ACI = 0)
and Gender (males = 1; females = 0).

For this intervention, families were randomized to either SAAF-T or the ACI following
recruitment and then were assigned to a site (non-randomly) based on the county and day of
the week the family could attend sessions. In a randomized prevention trial where the
intervention is offered in multiple sites, intra-class correlation can be an issue potentially
resulting in significant site-level effects, which could inflate the type 1 error rate (Pals et al.,
2008). However, our analyses found no significant intra-class correlation among the
participants and therefore an adjustment is not included here. All analyses were conducted
with STATA, version 12 in 2012.

3. Results
Table 1 reports the results of the interval regressions on the study outcomes and the GLM
regression on programmatic costs. The coefficient on Intervention assignment in the interval
regression was the estimate for incremental effectiveness. In each of these analyses, this
coefficient was negative, indicating that at follow-up the adolescents that received SAAF-T
reported fewer episodes of alcohol use and binge drinking compared to their ACI
counterparts. The Intervention assignment coefficient was statistically significant at the p <
0.01 level for prevention of alcohol use episodes (−0.847) and at the p < 0.05 level for
prevention of binge drinking episodes (−0.341). It is standard practice in cost-effectiveness
analyses for a desirable incremental effectiveness to be positive therefore, the sign on the
regression coefficient was inverted for use as an incremental effect. The coefficient on
Intervention assignment in the GLM regressions was the estimate of incremental costs and
was statistically significant at $168 (p < 0.05), indicating that SAAF-T requires more
implementation resources than the ACI.

Table 2 presents the incremental costs, incremental effects, and ICERs for SAAF-T relative
to the ACI for both alcohol use and binge drinking outcomes. The difference in costs was
$168. The difference in alcohol use effects between the two interventions was 3.39 fewer
episodes reported for SAAF-T participants. The ICER for SAAF-T relative to the ACI was
$50 per each reduced episode of alcohol use over the past year. The difference in binge
drinking effects between the two interventions was 1.36 fewer episodes of binge drinking
for SAAF-T participants. As a result, the ICER for SAAF-T relative to the ACI was $123
per each reduced episode of binge drinking over the past year.

Fig. 1 presents the CEACs for alcohol use (upper curve) and binge drinking (lower curve)
with the probability that SAAF-T was cost-effective relative to the ACI, plotted from a
willingness to pay of $0 to $1000 per reduced episode. There is little uncertainty that SAAF-
T is cost-effective for either outcome by a threshold of $440 per reduced alcohol-related
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episode. Furthermore, there is less uncertainty that SAAF-T is cost-effective in reducing
episodes of alcohol use with over a 90% probability by a threshold of $100.

4. Discussion
Alcohol use poses a significant threat to the wellbeing of adolescents in general, and rural
African American youth in particular. In response to the need for efficacious prevention
programs for rural African Americans, SAAF-T was developed and evaluated in an attention
controlled randomized prevention trial with 502 families. In contrast to extant economic
studies, we investigated the cost effectiveness of SAAF-T using a design that included a
societal perspective, randomization to treatment or attention control, and prospective,
person-level assessment of costs. Compared to the ACI youth, SAAF-T youth reported
significantly fewer alcohol use and binge drinking episodes in the year following the
intervention. The incremental effects for alcohol use and binge drinking were 3.39 and 1.36
fewer episodes, respectively. The SAAF-T intervention was $168 per participant more
expensive to implement compared to the ACI. As a result, the ICERs were $50 per each
reduced episode of alcohol use and $123 per each reduced episode of binge drinking over
the past year.

A common outcome measure is needed to compare the results of this study to other cost
effectiveness studies targeting alcohol prevention. However, the literature review did not
find any studies that used reduced episodes of either alcohol use or binge drinking as the
measure of effectiveness. For example, Spoth et al. (2002), used cases of alcohol-use
disorder prevented for a cost-effectivness analysis of the Iowa Strengthening Families
Program (ISFP) and the Preparing for the Drug Free Years interventions (PDFY). Youths
self-reported the age of initiation which was then used to predict, for each intervention
group, the number of expected cases of alcohol use disorder in adulthood. For this study, we
chose an effectiveness measure that did not require assumptions about future alcohol misuse.

Whether SAAF-T is likely to be cost-effective depends on the value that decision makers
place on reducing drinking episodes in this population. At this time, no consensus threshold
values exist for outcomes in alcohol use prevention. However, the variety of negative
outcomes associated with adolescent alcohol use suggests that decision makers would have a
significant interest in prevention. If the threshold value for a reduced episode of alcohol use
is greater than $100 or the threshold value for a reduced episode of binge drinking is greater
than $440, SAAF-T is very likely to be cost effective. Prior studies have reported that a
reduction in alcohol use and binge drinking in this population would significantly reduce the
risk of accidents and injuries, risky sexual behaviors, illicit drug use, and future dependency
on alcohol, among other negative consequences. This evidence, together with the high
probability of cost-effectiveness at reasonably low threshold values and the relative intensity
of the control condition, suggests that the SAAF-T intervention is likely to be cost-effective
relative to no prevention intervention.

Despite the methodological rigor of the present analysis, several limitations remain. First,
the outcome measures were reported as ordinal variables that required estimation through
interval regression of the actual number of episodes of alcohol use and binge drinking self-
reported by the participants. Second, the participant’s self-reported use over the past three
months rather than the entire year since receiving the intervention raises concerns. However,
a search of the literature did not reveal any studies reporting seasonal variations of alcohol
use in an adolescent population. Third, costs were collected prospectively for the last two
rounds of a five round intervention. Fourth, the population was constrained to several
counties in high poverty areas of Georgia, and therefore these results may not be
generalizable to other African-American adolescents. Fifth, the outcome measure for this
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study is unique to other analyses, not allowing for comparisons of these results with other
studies. Finally, the cost-effectiveness summary measure did not include productivity losses,
health care resource utilization, or savings in criminal justice costs, all of which would be
included at the societal perspective (Gold et al., 1996). However, the short analytic horizon
of this study (18–21 months) did not produce meaningful differences between SAAF-T and
ACI participants.

This study has a number of important strengths. First, the programmatic costs were collected
prospectively and the analysis did not rely on a retrospective assessment of project budgets
and personnel recall. Second, costs were valued from an economic perspective including
opportunity costs such as participant time and donated resources. Because of these first two
strengths, the ICERs presented in this study can be compared to other studies that follow
best practice guidelines for the collection and estimation of programmatic costs. Third,
while the substance abuse treatment literature has examples of studies that include parameter
uncertainty and CEACs (see for example Zarkin et al., 2008; Barbosa et al., 2010; Cowell et
al., 2012), this study provides the first example, to the best of our knowledge, in the
substance abuse prevention literature.

This analysis provides a methodologically sound cost-effectiveness analysis of an alcohol
prevention program, a clear deficiency in the literature. Economic evaluation studies
focusing on prevention should continue to advance and incorporate best practices into these
analyses. Moreover, these studies should strive for a prospective assessment of
programmatic costs, taking into account opportunity costs such as participant time, volunteer
labor, and donated resources. Whenever possible, costs and outcomes must be connected to
participants in the study, allowing for more sophisticated analyses of the uncertainty around
the ICER estimates. ICERs and CEACs suggest that compared to the ACI, SAAF-T was
likely to be cost-effective in preventing episodes of alcohol use and binge drinking in the
year following the intervention. Considering the negative health outcomes associated with
adolescent alcohol use, the serious economic consequences that extend to society, and the
disparities that African Americans face in both the consequences of use and in access to
prevention, SAAF-T holds promise as a cost-effective approach for reducing drinking
behavior in this underserved population.
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Fig. 1.
Cost-effectiveness acceptability curves plotting the probability of cost-effectiveness for both
alcohol use and binge drinking episodes prevented, over a range of willingness-to-pay
values.
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Table 1

Regression results (N = 473) including 95% confidence interval for the intervention assignment coefficient.

Variables Alcohol use interval regression Binge drinking interval regression Programmatic costs GLM regression

Constant term 0.670 0.487* 1272**

Intervention assignmenta −0.847** (−1.46, −0.233) −0.341* (−0.737, 0.0549) 168** (97.6, 238)

Covariates

Gender 0.809** 0.0751 −40.8

SES risk 0.161 −0.0063 −51.1**

Pretest alcohol use 1.50**

Pretest binge drinking 1.20**

GLM, generalized linear model.

*
p < 0.10.

**
p < 0.05.

a
Provides the incremental effectiveness of SAAF-T relative to the ACI for alcohol use and binge drinking episodes in the last three months. For

purposes of the cost-effectiveness analyses, we multiplied the coefficient of intervention status by four to estimate the incremental effects (i.e.
number of reduced episodes over the past year).
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Table 2

Incremental cost-effectiveness estimates with 95% confidence intervals.

Outcome measure ΔC ΔE ICER

# Episodes of alcohol use $168 ($97.6, $238) 3.39 (0.932, 5.84) $49.6a

# Episodes of binge drinking $168 ($97.6, $238) 1.36 (−0.220, 2.95) $123b

ΔC, incremental costs; ΔE, incremental effects; ICER, incremental cost-effectiveness ratio.

a
$ per reduced episode of alcohol use.

b
$ per reduced episode of binge drinking.
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