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Abstract
Background: Binge drinking (BD) among adolescents is a public health concern world-
wide. This study assessed the cost-effectiveness and cost-utility of a web-based 
computer-tailored intervention to prevent BD in adolescence.
Methods: The sample was drawn from a study evaluating the Alerta Alcohol program. 
The population consisted of adolescents 15 to 19 years of age. Data were recorded 
at baseline (January to February 2016) and after 4 months (May to June 2017) and 
were used to estimate costs and health outcomes, as measured by the number of BD 
occasions and quality-adjusted life years (QALYs). Incremental cost-effectiveness and 
cost-utility ratios were calculated from National Health Service (NHS) and societal 
perspectives and for a time horizon of 4 months. A multivariate deterministic sensitiv-
ity analysis of best/worst scenarios by subgroups was used to account for uncertainty.
Results: The cost of reducing BD occasions by one per month was €16.63 from the 
NHS perspective, which from the societal perspective resulted in savings of €7986.37. 
From the societal perspective, the intervention resulted in an incremental cost of 
€71.05 per QALY gained from the NHS perspective and this was dominant, result-
ing in savings of €34,126.64 per QALY gained in comparison with the control group. 
Subgroup analyses showed that the intervention was dominant for girls from both the 
perspectives and for individuals 17 years or older from the NHS perspective.
Conclusions: Computer-tailored feedback is a cost-effective way to reduce BD and in-
crease QALYs among adolescents. However, long-term follow-up is needed to evalu-
ate more fully changes in both BD and health-related quality of life.
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INTRODUC TION

Globally, alcohol was responsible for 17.6% of all injury deaths and 
7.2% of all premature mortality in 2016 (World Health Organization 
[WHO], 2018). Worldwide, this proportion was highest among peo-
ple 20 to 39 years of age (13.5%) (WHO, 2018). Europe was the re-
gion with the highest proportions of deaths attributable to alcohol 
consumption in all age groups, with the highest percentage (27%) oc-
curring among people 25 to 29 years of age and over 15% occurring 
among adolescents 15 to 19 years of age (WHO, 2018).

Moreover, young people tend to consume larger amounts of 
alcohol per occasion than adults (Substance Abuse and Mental 
Health Administration [SAMHSA], 2018). Heavy episodic drinking 
(HED; defined as drinking five or more drinks, 60 or more grams 
of pure alcohol, on at least one occasion at least once per month) 
among young people aged 15 to 19 years is particularly prevalent in 
Europe (24.1%, WHO, 2018). Despite reductions in HED among ad-
olescents (15 to 19 years old) in Europe from 2000 (35.1%) to 2016 
(24.1%), according to the WHO Global Status Report on Alcohol and 
Health 2018, levels of consumption remain dangerously high, and 
HED among adolescents continues to be a major public health con-
cern (WHO, 2018).

“Binge drinking” (BD), another term for HED, has been defined 
as consuming five or more standard drinks per occasion for men 
and four or more drinks for women on the same occasion (National 
Institute on Alcohol Abuse and Alcoholism [NIAAA], 2019). In the 
countries and regions of Europe and North America, prevalence 
of BD increases sharply in adolescence and peaks in early adult-
hood (around the age of 20 to 25) reaching almost 40% (Kuntsche 
& Gmel, 2013). Subsequently, prevalence rates decrease with age. 
Surveys on drug and alcohol use among adolescents in secondary 
education in Spain (ESTUDES, 2016 to 2017) have shown high prev-
alence of BD among adolescents aged 14 to 18 (31.7%) (Delegación 
del Gobierno para el Plan Nacional sobre Drogas [National Plan on 
Drugs], 2018).

In particular, literature on the economic consequences (health-
care and nonhealthcare costs) of BD is scarce. In the European 
Union, alcohol-attributable costs were estimated at €125  billion 
in 2003 (Anderson & Baumberg, 2006). We did not find any stud-
ies related specifically to costs associated with BD and underage 
drinking in Europe. However, previous work has shown that youth 
drinkers are at greater risk of involvement in violence, low educa-
tional attainment, and low college expectations, putting a financial 
burden on the criminal justice system and the education sector 
(Drost et al., 2016; Waterman et al., 2019). In addition to these con-
sequences, Böckerman et al.  (2017) discovered a negative associ-
ation between BD and months of employment, and subsequently 
with long-term adverse labor market outcomes. The foregoing 
suggests a need to intervene to change young people's behavior 
in relation to BD. A variety of interventions have been developed 
to tackle this public health issue, but those aimed at preventing BD 
specifically are scarce (Anderson-Carpenter et al., 2016; Foxcroft & 

Tsertsvadze, 2011; Hanewinkel et al., 2017; MacArthur et al., 2015). 
Khadjesari et al. (2011), in a systematic review about the effects of 
computer-based interventions aimed at reducing alcohol consump-
tion, concluded that these types of interventions are more effective 
than minimally active comparator groups (such as generic nontailored 
information or educational materials, assessment-only) not only at 
reducing alcohol consumption in both student and nonstudent adult 
populations but also at reducing the binge frequency in student 
populations. Among the advantages of this type of computer-based 
intervention that could be highlighted are the scalability of a public 
health intervention, the delivery of an individualized approach, in-
creased access to the program, flexibility of use, and the low cost 
per additional user (Copeland & Martin,  2004; Linke et al.,  2007; 
Murray, 2009). In addition, the other advantages of online interven-
tion over face-to-face intervention for alcohol abuse described in 
the literature include convenience, easy access, anonymity (given 
the stigma surrounding alcohol abuse), and ongoing availability 
(Murray et al.,  2013). Tait and Christensen  (2010) found that web 
and brief face-to-face interventions aimed at alcohol-related prob-
lems had an almost equivalent effect, but web interventions offer 
the advantage that they can be applied to a much larger proportion 
of the target population.

Many international and national interventions have sought 
to prevent alcohol use among adolescents, but neither their cost-
effectiveness has seldom been assessed, nor has the efficiency of 
the interventions been evaluated (Alayli-Goebbels et al., 2014; Drost 
et al., 2016; Sumnall et al., 2017). Among these studies, the study by 
Drost et al. (2016), which assesses the efficiency of the intervention 
(Jander et al., 2014) and on which our study is based in Dutch pop-
ulation, found that computer-tailored intervention could be a cost-
effective measure to target alcohol consumption in adolescence. 
This intervention is based on the I-change model (de Vries,  2017; 
de Vries et al., 2005). In the context of budget constraints, it seems 
important to study the cost-effectiveness of interventions to bet-
ter inform health decision-making. In particular, there is a need to 
evaluate the cost-effectiveness of different interventions that are 
being, or could be, implemented to tackle the problem of BD among 
adolescents. In addition, WHO set as a priority goal to make efforts 
aimed at reducing BD in populations, particularly among young peo-
ple (WHO, 2018).

The aim of the current study is to analyze the cost-effectiveness 
and utility of Alerta Alcohol, a web-based, computer-tailored inter-
vention to prevent BD among adolescents 15 to 19 years of age in 
Andalusia, Spain. We compare the Alerta Alcohol program to the ab-
sence of any intervention. This program, adapted from previously 
described Dutch program known as Alcohol Alert, is a web-based, 
computer-tailored intervention that addresses the cognitive (e.g., 
knowledge and risk perception) and motivational factors (e.g., atti-
tude, social influence, and self-efficacy) related to alcohol consump-
tion and BD in adolescents. Furthermore, we provide plans to avoid 
these risky behaviors (for more information about the study design, 
see Lima-Serrano et al. (2018) and Tables S1 and S2).
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MATERIAL S AND METHODS

The structure of this section has been developed following the 
ISPOR RCT-CEA Task Force Report (Ramsey et al., 2005) for eco-
nomic evaluations based on a clinical trial. The study adhered to 
the Consolidated Health Economic Evaluation Reporting Standards 
(CHEERS) for economic evaluations.

Trial-related issues

The sample was part of a two-arm cluster randomized controlled 
trial, with one intervention group and one waiting-list control group, 
which evaluated an intervention aimed at reducing BD among ad-
olescents (15 to 19 years of age) in Andalusian secondary schools 
through a web-based computer-tailored program known as Alerta 
Alcohol. A total of 1247 adolescents from 15 public high schools 
were assessed at baseline (January to February 2017) and 612 ado-
lescents at 4-month follow-up (May to June 2017). However, be-
cause the collection of cost data began later in time, complete data 
were only available on effectiveness and costs for 367 adolescents 
that were included in this economic evaluation analysis. A detailed 
description on the pattern of missing data and characteristics of the 
intervention and control group is provided in a previously published 
article (Vargas-Martínez et al., 2019).

Figure  S1 shows a flowchart with the number of participants 
at baseline and follow-up according to Consolidated Standards of 
Reporting Trials (CONSORT).

Alerta Alcohol program provided feedback through preventive 
messages and personalized information about the benefits of not 
consuming alcohol, with the aim of reducing positive attitudes about 
and excessive consumption of alcohol, while assessing social influ-
ences and self-efficacy. The tailored messages were based on the 
I-change model, which integrates elements of various models of so-
cial cognition and self-regulation, such as Ajzen's Theory of Planned 
Behaviour, Bandura's Social Cognitive Theory, and Prochaska's 
Transtheoretical Model, the Health Belief Model and Implementation 
and Goal setting theories, and assumes that behavior is the result of 
the individual's intentions, action plans, and abilities (de Vries, 2017; 
de Vries et al.,  2005). This intervention comprised six sessions. In 
initial session or first session, participants completed a baseline 
questionnaire, which elicited information on demographics, alcohol 
use behaviors, mediator variables such as motivational determinants 
(attitude, social influences, and self-efficacy), and cost measures 
(healthcare and nonhealthcare costs) (more details in Section 2.2). 
This initial session was followed by the second and third sessions 
and a 1- to 2-week period between sessions, which comprise a short 
story in which the main character wakes up after an evening in which 
he/she consumed alcohol excessively and does not remember what 
happened. Those stories take place at home (Session 2), at celebra-
tions (Session 2), and in public places (Session 3). Under these sce-
narios, questions and tailored messages are offered. In the fourth 
session, adolescents could accept the challenge of not consuming 

excessive alcohol at an upcoming event, and in the fifth session, 
the response to the challenge is evaluated. Finally, a sixth session, 
scheduled 4 months after the first session, was conducted to evalu-
ate the intervention. The follow-up questionnaire included the same 
items as the baseline questionnaire, barring the demographic vari-
ables. The control group received only the baseline questionnaire 
and a follow-up questionnaire (Sessions 1 and 6) without receiving 
any active intervention in between.

Data for the economic study

A cluster randomized controlled trial-based economic evaluation was 
carried out along the Alerta Alcohol study (Lima-Serrano et al., 2018). 
Both the baseline and follow-up questionnaires comprised several 
sections (demographics; alcohol use behaviors; motivational deter-
minants such as attitude, social influences, and self-efficacy; and 
cost measures such as healthcare and nonhealthcare costs) as men-
tioned above, which were validated and cross-culturally adapted to 
Spanish prior to the development of this study (Jander et al., 2014; 
Lima-Serrano et al., 2017). In addition, these questionnaires include 
the EQ-5D-5L questionnaire validated in Spain by Garcia-Gordillo 
et al.  (2016). The questionnaires were completed during class in 
computer classrooms through the intervention website (http://insti​
tucio​nal.us.es/alert​alcoh​ol/), where each student created a user 
account. The students were advised by a research technician and 
under the supervision of a professor. Thus, the economic evaluation 
was performed with patient-level data extracted from the trial.

The two sets of estimates (from Spanish Health System and 
societal perspective) are presented separately and differentiated. 
Table 1 shows details of the data required for evaluating costs and 
health outcomes.

More details are given below of the data/variables and costs 
used in this study.

First, we used the reduction in the number of BD occasions over 
the last 30 days and gains in the number of quality-adjusted life years 
(QALYs) to assess the primary health outcome or effects of Alerta 
Alcohol program. The results of the primary analysis of the program's 
effects on the quality of life and alcohol consumption were published 
before the economic evaluation (Vargas-Martínez et al., 2019).

Independent variables related to alcohol use were collected, such 
as family (father, mother, and siblings) alcohol consumption, family 
BD, peer alcohol consumption, and peer BD frequencies. These as 
well as other variables related to risk perception and mediator vari-
ables, such as motivational determinants (attitude, social influences, 
and self-efficacy), are part of the five scales used to measure the 
determinants of BD in Spanish adolescents, which were validated by 
Lima-Serrano et al. (2017).

The QALYs gained were calculated according to the difference 
between the adolescent's answers to the EQ-5D-5L questionnaire at 
two different time points (baseline and 4-month follow-up) assum-
ing a linear change in QALY. We considered the adult version of the 
EQ-5D-5L that assesses one's health-related quality of life (HRQoL), 
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since it applies to subjects from the age of 15 (Rowen et al., 2020). In 
addition, there is no set value for EQ-5D-Y, and it interferes with the 
calculation of QALYs (de Vries et al., 2005). This index was calculated 
using the Spanish value set (Garcia-Gordillo et al., 2016; Hernandez 
et al., 2018; Martín-Fernández et al., 2018; Ramos-Goñi et al., 2018).

Information on demographics (gender, age, economic situation 
at home, weekly pocket money, and parents' educational level), alco-
hol use behaviors, other substances use, and mediator variables such 
as motivational determinants (attitude, social influences, and self-
efficacy) were collected through a clinical trial using a questionnaire 
to make the two groups comparable (intervention and control groups).

Within demographics variables, the economic situation at home 
was obtained using the question “Of the following situations, which 
one would you identify with the most?” The response options were 
converted into a dummy variable, which indicated a value of 1 “good 
economic situation at home” and a value of 0 “other economic situa-
tion.” This question was developed ad hoc and used in another study 
carried out by Lima-Serrano et al. (2015).

The weekly pocket money availability was asked by means of the 
question “How many Euros do you have per week to spend on your-
self?” with five response options: €0, €1 to 10, €11 to 20, €21 to 30, 
and more than €30. Notwithstanding these amounts were recoded 
into three categories—0 €, 1 to 20 €, and more than 20 €—due to 
proportions of each response category. Similar recode was used in 
the study carried out by Díaz Geada et al. (2018). Later, for analyses, 
this variable was converted to a numerical variable using the mean 
of each response option.

The parents' educational level was calculated according to the 
number of schooling years after answering a question with the fol-
lowing response categories: “No study,” “Primary studies,” “High 
school/professional training,” and “University.”

As regards to use of other substances (cocaine, nonprescribed 
tranquilizers, sedatives or sleeping pills and prescribed tranquiliz-
ers, sedatives, or sleeping pills), although its frequency of consump-
tion was measured through a self-reported question based on the 
ESTUDES' questionnaire (Delegación del Gobierno para el Plan 
Nacional sobre Drogas [National Plan on Drug],  2018), only costs 
of cigarettes and shishas could be obtained from literature review. 
Additionally, the other substance use was minimal except for the 
consumption of cigarettes, shishas or hookahs, and cannabis.

The following direct healthcare and nonhealthcare costs related 
to the Alerta Alcohol program and BD behavior were identified and 
measured: (1) intervention costs (i.e., initial start-up costs for setting 
up and installing a database and making it available-TailorBuilder, li-
cense fee per project-TailorBuilder, hosting costs for Alerta Alcohol 
project November 2016 to July 2017, research technician for 6 days), 
(2) direct healthcare costs (i.e., costs for services within the health-
care sector), (3) direct nonhealthcare costs (i.e., costs for services 
outside the healthcare sector), and (4) direct costs to the subject 
(e.g., costs associated with use of tobacco or other substances) (see 
Table 2 for more details).

To aid the comparative quantitative analysis, the mean unit 
and annual costs were converted to €2017 using country-specific 

or country-group-specific inflation on average consumer prices. 
Literature reviews were carried out between 2016 and 2019 and, 
where necessary, international (Eurostat, Database of Abstracts 
of Reviews of Effects [DARE], Health Technology Assessment 
[HTA], National Institute for Health Research Economic Evaluation 
Database [NHS EED], PubMed) and national (Official Journal [Boletín 
Oficial del Estado], Health Council of Andalusia) databases were used 
to acquire data for the analysis.

Methods of analysis

Cluster randomization was used to select the sample, but not to con-
duct the analyses. This type of randomization is often used among 
health service researchers, particularly in health promotion trials 
among children where these are conducted within a school setting 
by randomizing whole schools and/or full classes to include a new 
health promotion intervention (Puffer et al., 2005). In addition, clus-
ter randomization is useful to avoid “contamination” between stu-
dents who receive the program and those who did not, understood 
as the fact that the intervention group shares information with the 
control group within the same school, thus resulting in a probable 
dilution bias (Puffer et al., 2005).

A descriptive analysis of the characteristics of the sample was 
carried out, and a Wilcoxon–Mann–Whitney test was used to com-
pare the means of the scores between values of variables in the in-
tervention group and control group in the pre- and postintervention 
period, and Pearson chi-squared test to compare the frequencies. 
The preintervention period is defined as the baseline period prior 
to the delivery of the program, and the postintervention period is 
considered the one after the development of the program; it means 
4 months after the start of the intervention.

A cost-effectiveness analysis (CEA) and cost-utility analy-
sis (CUA) were carried out to evaluate the efficiency of the Alerta 
Alcohol program compared with not engaging in any active interven-
tion. The health outcomes were, for the CEA, the difference in mean 
number of BD occasions in the last 30 days in the postintervention 
(4 months after baseline) and preintervention (baseline) periods ob-
tained through the aforementioned questionnaire and for the CUA, 
the difference in mean group QALYs obtained through the EQ utility 
index. In both analyses, CEA and CUA, the difference in costs be-
tween the intervention and control groups was divided by the dif-
ference in health outcomes between both groups, resulting in the 
incremental cost-effectiveness and cost-utility ratio (ICER and ICUR, 
respectively).

In more details, the outcome unit used for the CEA was measured 
in terms of reducing the number of BD occasions in the last 30 days by 
subgroups (gender, age, and available pocket money). Data referring 
to each subject's BD occasions, as well as the costs and all the mea-
sures used in the analyses of this study, were obtained from the main 
clinical trial. The impact of Alerta Alcohol program intervention on BD 
by those subgroups (gender, age, and pocket money) was analyzed 
using a two-part model using backward stepwise selection method to 
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incorporate the covariates (Table 3). Specifically, the first part of the 
two-part model is estimated using a logit regression model, and the 
second part is specified as a generalized linear model panel regres-
sion. This model was used because of the presence of a large propor-
tion of zero count observations (Mora et al., 2015), and it was carried 
out with the initial sample (n = 1247). Owing to the high desertion rate 
in the postintervention period, for the majority of variables in the fol-
low-up questionnaire, we decided not to use multiple imputation and 
instead conducted the analysis with pairwise deletion. Despite the 
fact that the postintervention dropout rate was more than 50%, the 
use of multiple imputation methods was ruled out. As Rubin (1987) 
states, although this type of analysis generates good results even 
when desertion reaches 50%, others (Medina & Galván, 2007) do not 
recommend imputing data in which the desertion in one or more vari-
ables is greater than 20%, especially when the results support the de-
sign of public policies. An alternative to data imputation that mitigates 
data loss is the pairwise elimination technique, which uses all available 
cases in the data analysis procedure.

The covariates were selected after conducting correlation anal-
yses. In addition, the backward stepwise selection method was used 
to obtain the most parsimonious model.

Cost-effectiveness and cost-utility analyses were carried 
out for three subgroups (defined by gender (female/male), age 
(<17 years of age/≥17 years of age), and weekly pocket money (€0/€1 
20/>€20)) due to differences found in the literature in these sub-
groups (Crocamo et al.,  2018; Drost et al.,  2016; Jönsson,  2009; 
Nur et al., 2017). Uncertainty was studied through multivariate de-
terministic sensitivity analysis of best/worst scenarios by the same 
subgroups mentioned above. In this type of analysis, several parame-
ters are modified and values that combine the parameters producing 
the best and worst cost-effectiveness ratios and the most optimistic 
and pessimistic scenarios are chosen to examine if the intervention 
is cost-effective in an extreme scenario. These values were chosen 
through the 95% confidence interval for the effectiveness measures 
used in the analyses (i.e., the number of BD occasions avoided over 
the last month and the number of QALYs gained) by each subgroup. 
The minimum value of the 95% confidence interval for both measures 
would constitute the worst scenario and the maximum the best.

The main outputs used in this analysis were the ICER and ICUR. 
We used the cost-utility threshold for Spain of €21,000 to €24,000 
per QALY (Vallejo-Torres et al., 2016).

A time horizon of 4 months was evaluated, so no discount rate 
was applied because of the short time horizon. Subgroup analysis 
was carried out by age, gender, and availability of pocket money. All 
estimates were calculated from the Spanish National Health Service 
(NHS) perspective as well as from the societal perspective.

The analysis was conducted using Stata version 14.0 (StataCorp) 
and Microsoft Excel version 16.16.5.

Ethics approval

The study received approval from the Bioethics Committee of 
Andalusia (registration number: PI-0031-2014, 04 August 2015). 

Written informed consent was obtained from parents and students 
prior to participation in the study. The questionnaires were self-
completed by the adolescents and confidentiality was ensured.

RESULTS

Sample characteristics

In relation to socioeconomic characteristics, age at the beginning of 
intervention by group (intervention and control groups) and current 
job situation of the adolescent's father were statistically significant. 
In the baseline period, there were statistically significant differences 
in relation to the number of glasses of alcohol consumed in outdoor 
public places and siblings' BD frequency. In the postintervention 
period, there were statistically significant differences in relation to 
siblings' alcohol use frequency, adolescent's father BD frequency, 
and adolescent's shishas or hookahs use (see Table 4).

Table 1 also shows that total direct healthcare costs were lower in 
the intervention group (€829.72) than in the control group (€3991.23) 
at the 4-month follow-up point. This difference can be explained 
largely by the difference in cost of a reported hospital stay. While no 
hospital stay was reported by the intervention group before taking 
the Alerta Alcohol program (baseline period) or at a 4-month follow-up 
session, in the control group, a hospital stay owing to BD was re-
ported in the baseline period, and two hospitals stays were reported 
at the 4-month follow-up session. Total direct nonhealthcare costs 
were also lower in the intervention group (€9329.88) than in the con-
trol group (€24,487.1). This difference was mainly related to traffic 
accidents. Additionally, the number of BD occasions decreased and 
HRQoL increased in both groups, but the effect was greater in the 
intervention group than in the control group. The mean intervention 
cost calculated for all adolescents who received the program in the 
trial on which this study is based (n =  712) was of €5.26 per ado-
lescent. An increase in number of adolescents receiving the program 
does not increase the intervention cost.

As shown in Table 3 through the variable “intervention impact,” 
the program showed a statistically significant reduction in number 
of BD occasions of 1.076 between the baseline period and the fol-
low-up period in the older group (≥17 years). Similarly, females and 
those who had available pocket money of between €1 and €20 
showed greater adherence to the intervention and a reduction in 
number of BD occasions of 0.138 and 0.126, respectively.

Incremental cost-effectiveness and cost-utility ratios 
(ICERs and ICURs)

ICERs differed from both perspectives. Cost of reducing BD oc-
casions by one per month was €16.63 from the NHS perspective. 
Notwithstanding, the intervention was dominant from the soci-
etal perspective resulting in savings of €7986.37 by one BD occa-
sion averted per month. This cost savings is obtained by dividing 
the difference in total costs (−€278.12) by the difference in the 
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TA B L E  4  Characteristics of the sample in the pre- and postintervention period by intervention or control group (n = 367)

Preintervention Postintervention

Intervention 
(n = 210)

Control 
(n = 157)

Intervention 
(n = 210)

Control 
(n = 157)

Numerical variables

Socioeconomic

Age at the beginning of the program 16.78 (0.96) 16.36 (0.84)***

Family functionality: APGAR 1.69 (0.57) 1.70 (0.56)

Years of schooling of the mother 11.32 (3.39) 11.73 (3.00)

Years of schooling of the father 11.41 (3.15) 11.09 (3.26)

Pocket money (weekly) 10.12 (8.82) 11.66 (9.76)

HRQoL (EQ index value) 0.94 (0.10) 0.91 (0.17)* 0.96 (0.09) 0.94 (0.12)

Alcohol consumption

Number of BD occasions 0.94 (1.67) 1.02 (1.93) 1.05 (2.25) 1.20 (2.78)

Frequency of alcohol use in public outdoor places (number of 
times a month)

1.42 (2.60) 0.98 (2.22)* 1.07 (2.30) 0.71 (1.81)

“…” at parties or celebrations (times a month) 1.46 (2.54) 1.77 (2.78) 1.27 (2.42) 1.37 (2.49)

“…” at home or at someone else's home (times a month) 0.98 (2.25) 1.23 (2.52) 0.63 (1.37) 0.85 (1.94)

Glasses of alcohol consumed in outdoor public places 1.86 (2.24) 1.07 (1.79)*** 1.51 (2.27) 1.14 (2.35)

“…” at parties or celebrations 2.56 (2.75) 2.68 (2.76) 2.22 (2.37) 2.34 (2.98)

“…” at home or at someone else's home 1.33 (2.23) 1.56 (2.19) 1.10 (2.01) 1.35 (2.22)

Consumption of other substances

Number of cigarettes a week 3.12 (11.37) 2.76 (11.87) 5.79 (19.51) 4.52 (14.8)

Number of shishas or hookahs a week 0.90 (2.48) 1.39 (3.31) 0.61 (1.43) 1.43 (4.27)**

Categorical variables

Socioeconomic

Being female (vs. male) 119 (56.67) 77 (49.05)

Being Spanish (vs. no Spanish) 203 (96.67) 144 (92.90)

Being Catholic (vs. another religion) 132 (62.86) 106 (67.52)

No religion (vs. religion) 68 (32.38) 40 (25.48)

Family composition: Nuclear 158 (75.24) 115 (73.25)

Current job situation of the mother (yes) 129 (65.48) 91 (75.83)*

Current job situation of the father (yes) 147 (83.05) 77 (70.0)***

Good economic situation at home 92 (43.81) 74 (47.13)

Economic difficulties at home 83 (39.52) 47 (29.94)*

Completing the questionnaire later in the week 146 (69.52) 101 (64.33)

Alcohol consumption

Alcohol use over the last weekend [yes] 45 (21.43) 32 (20.38) 57 (27.14) 34 (21.66)

Mother consumes alcohol occasionally/more frequently 43 (20.48) 38 (24.20) 50 (23.81) 30 (19.11)

Father “…” 89 (42.38) 59 (37.58) 77 (36.67) 55 (35.03)

Siblings “…” 40 (19.05) 37 (23.57) 34 (16.19) 39 (24.84)**

Partner “…” 36 (17.14) 25 (15.92) 32 (15.24) 21 (13.38)

Friends “…” 180 (85.71) 128 (81.53) 158 (75.24) 118 (75.16)

Best friend “…” 137 (65.24) 89 (56.69)* 123 (58.57) 79 (50.32)

Mother binge drinks more frequently 7 (3.33) 9 (5.73) 10 (4.76) 8 (5.10)

Father “…” 32 (15.24) 25 (15.92) 34 (16.19) 14 (8.92)**

Siblings “…” 19 (9.05) 25 (15.92)** 22 (10.48) 16 (10.19)
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effectiveness measure (0.0348), for the intervention group versus 
control group (see Table 5). Because there was a cost reduction in the 
intervention group at the 4-month follow-up, which did not occur 
in the control group, the difference yields a negative result, which 
generates monetary savings. Conversely, regarding the measure of 
effectiveness, there was a greater reduction in the monthly number 
of BD occasions in the intervention group than in the control group.

With regard to QALYs gained, the intervention was more expen-
sive but also more effective (a difference of 0.0081 QALYs gained 
between intervention and control conditions), resulting in an in-
cremental cost of €71.05 per QALY gained from the NHS perspec-
tive in comparison with the control condition. From the societal 
perspective, this intervention was dominant resulting in savings of 
€34,126.64 per QALY gained (see Table 5).

Subgroup and sensitivity analyses

For reduction in the number of BD occasions per month, the inter-
vention was dominant for girls resulting in savings for both perspec-
tives. Nonetheless, the intervention was not effective for boys. From 
the NHS perspective, the intervention was dominant only for girls 
that resulted in savings of €2163.6 per QALY gained; meanwhile, for 
boys, the intervention was cost-effective with an incremental cost 
of €2710.92 per QALY gained. An analysis by gender was carried 
out from both the perspectives, but the results did not change at 
decision level from the societal perspective when the effect meas-
ure used was QALY finding that the intervention was dominant for 
girls and boys, resulting in savings of €35,332.38 and €39,289.26 per 
QALY gained, respectively.

By age, the intervention was dominant from the NHS perspec-
tive for older adolescents (≥17 years of age), resulting in savings of 
€34.33 per BD occasion averted, and it could be cost-effective from 
the societal perspective. A difference was noted when the outcome 
measure used was QALY gained, finding that the intervention was 
cost-effective from NHS perspective with an incremental cost of 

€213.64 per QALY gained and dominant from the societal perspec-
tive for younger adolescents (<17 years) with savings of €25,499.25 
per QALY gained.

In relation to pocket money, the intervention proved more cost-
effective for those who had no pocket money using both outcome 
measures, number of BD occasions averted, and QALYs gained. 
However, some differences were found in those who had a pocket 
money available between €1 and €20 and those who had more than 
€20. The Alerta Alcohol program was not cost-effective from both 
perspectives for QALYs for those who had a pocket money between 
€1 and €20 and for reducing the number of BD occasions for those 
who had a pocket money more than €20.

The best scenario showed that the intervention could be cost-
effective in reducing the number of BD occasions from NHS per-
spective and dominant from the societal perspective. Regarding 
QALYs gained, the best scenario showed its cost-effectiveness from 
NHS perspective and its dominance from the societal perspective 
(see Table 5 and Figure S2).

DISCUSSION

To our knowledge, this study is the first to examine the cost-
effectiveness and cost-utility of a web-based intervention carried 
out among adolescents with the aim of preventing BD in Spain. 
The intervention showed cost-effectiveness and cost-utility 
from both NHS and societal perspective, based on the BD occa-
sions outcome measure and QALYs in comparison with no active 
intervention.

Regarding the type of intervention, in addition to studies that 
are already cited, the results of Donoghue et al.'s (2014) systematic 
review and meta-analysis indicate that an intervention based on 
electronic screening and brief intervention (eSBI) not only results 
in a significant reduction in weekly alcohol consumption during the 
intervention and control conditions in different follow-up periods, 
but it also has a lower implementation cost and wider accessibility 

Preintervention Postintervention

Intervention 
(n = 210)

Control 
(n = 157)

Intervention 
(n = 210)

Control 
(n = 157)

Partner “…” 25 (11.90) 16 (10.19) 21 (10.0) 17 (10.83)

Friends “…” 151 (71.90) 102 (64.97) 134 (63.81) 95 (60.51)

Best friend “…” 100 (47.62) 60 (38.22)* 103 (49.05) 63 (40.13)*

Consumption of other substances

Being a smoker or a tobacco user (cigarettes or shishas/hookahs) 85 (40.48) 57 (36.31) 76 (36.19) 61 (38.85)

Being a cannabis user 20 (9.52) 18 (11.46) 27 (12.86) 24 (15.92)

Prescribed tranquilizers, sedatives, or sleeping pills (yes) 5 (2.38) 6 (3.82) 10 (4.76) 9 (5.73)

Not prescribed tranquilizers, sedatives, or sleeping pills (yes) 5 (2.38) 6 (3.82) 6 (2.86) 8 (5.10)

Note: We show the average values and standard deviations in brackets for the numerical variables and frequencies and percentages in brackets for 
the categorical variables. ***, **, and * represent statistical significance at a 1%, 5%, and 10% level between the values of variables in the intervention 
and control groups in the pre- and postintervention periods (second and third columns, fourth and fifth columns, respectively).

TA B L E  4  (Continued)
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than conventional face-to-face SBI. The current widespread use 
of mobile and electronic technologies may increase the population 
with access to SBI, and the potential cost of delivery may be reduced 
because the main cost is incurred during the development of the 
intervention with limited additional costs being associated with 
its delivery (Linke et al., 2007). However, there is limited evidence 
about the cost-effectiveness of this type of Internet-based inter-
vention (Ingels et al., 2013; Nelson, 2015; Suijkerbuijk et al., 2014). 
Future studies on the cost-effectiveness of health promotion and 
prevention for adolescents that include long-term assessments are 
recommended since the effect on behavior change is higher at long 
time, which could increase the savings of the accumulated costs of 
these interventions (Ahmad, 2005). The inferiority of the interven-
tion for certain subgroups could be explained in part by the finding 
that baseline consumption for these subgroups was relatively low 
compared with that of their counterparts. For instance, the number 
of BD occasions in the baseline period for the female subgroup and 
older subgroup (17 years of age and older) was markedly higher than 
that for the male subgroup and younger subgroup (under 17 years 
of age). This fact is also discussed by Drost et al. (2016). The major 
incremental effect obtained by subgroups in terms of the number 
of BD occasions averted per month was for adolescents who had 
no weekly pocket money available, with a difference of 0.465 BD 
occasions averted per month more in the group that received the 
Alerta Alcohol program compared to adolescents who received no 
active intervention. This finding is consistent with the study of 
Crocamo et al. (2018) in which a high pocket money availability was 
a risk factor for young people in relation to the number of BD epi-
sodes. However, the major incremental effect obtained in relation 
to QALYs gained was for those who had a weekly pocket money of 
more than €20. In relation to this finding, Nur et al. (2017) found that 
young people who received an adequate amount of pocket money 
(understanding “adequate” similar to high) had a higher score in qual-
ity of life, specifically in mental health. Hence, this could explain a 
better general HRQoL. In addition, the small incremental effect in 
QALYs could be explained by the heterogeneity found in other stud-
ies among binge drinker young people (Bourdieu,  1979; Luquiens 
et al., 2018; Scott et al., 2017).

The findings of this study are similar to those of the Alcohol Alert 
study carried out by Drost et al. (2016), in which, from both perspec-
tives, and particularly, the intervention was more cost-effective in 
reducing the number of BD occasions per month for older adoles-
cents (aged 17 to 19 years of age) than for those who were younger 
than 17 years old.

Given the scarcity of literature related to economic evaluations 
of behavior change interventions, one of the main strengths of this 
study is the cost-effectiveness and cost-utility assessment, includ-
ing both the NHS and societal perspectives (Onrust et al., 2016). It 
is known that the societal perspective is dominant over other per-
spectives (Byford & Raftery, 1998; Jönsson, 2009). Jönsson (2009) 
provided 10 arguments for taking a broad societal perspective 
in conducting HTA studies. Since regulatory decisions about the 
market authorization of new medical technologies are based on an 

assessment of the societal benefits and risks, HTA studies should 
take the same perspective. Another argument is that adopting a 
payer perspective instead of a societal perspective may create a 
bias against investments aimed at improving health through health-
care spending. Since it is widely accepted that economic evaluations 
should include all potential health effects, the costs should also be 
considered from a societal perspective. Another argument is that 
specific payer perspectives should be assessed within the societal 
perspective because it may thereby be possible to identify the most 
relevant perspective depending on the policy issue to be addressed. 
Furthermore, Jönsson  (2009) proposed that a societal perspective 
promotes an informed public discussion and democratic decisions 
since it is the public that pays for and receives the benefits of new 
technologies and healthcare interventions. In addition, previous 
studies on the economic evaluation of similar programs, such as 
Drost et al.  (2016), Ingels et al.  (2013), and Sumnall et al.  (2017), 
also chose the societal perspective. Nevertheless, both the choice 
of this perspective and the way in which it was implemented in the 
design of the study can be considered important strengths. Another 
strength of our study is the separate reporting of data for subgroups, 
since the impact of behavior change interventions might vary ac-
cording to contextual factors, as noted by Das et al. (2016).

Notwithstanding these strengths, it is necessary to contex-
tualize the results of this study by taking into account the study's 
limitations, the first being the low response rate in the follow-up 
period and, in relation to the cost questionnaire, the failure to in-
clude questions related to costs from the beginning of the study. The 
main cause of missing data for the follow-up questionnaire was early 
completion of classes by vocational training students (whose classes 
ended before those of the other participants). Moreover, the date 
for administering the postintervention questionnaire fell close to 
the final examination period in the schools involved, which made it 
difficult to ensure that all participants completed the questionnaire. 
It is known that high attrition rates are common in eHealth interven-
tions (de Vries et al., 2012; Kohl et al., 2013). Another possible rea-
son for this attrition could be the design of the intervention for the 
target population. The feedback to the adolescent in this program 
is provided through text messages that come from an avatar that 
each adolescent chooses when registering on the program's website, 
and this avatar accompanies them during all sessions. A review of 
the literature on computer-based interventions and prevention pro-
grams to reduce alcohol use among young people notes that few 
programs exploit the potential of technologies using elements of 
gamification, smartphones apps, or social media to complement the 
design of interventions such as the Alerta Alcohol program, which are 
based on a program personalized for the youth's individual demo-
graphic characteristics, risk factors, and vulnerabilities (Schinke & 
Schwinn, 2017). This fact indicates that the program design should 
be improved in future research. A possible explanation for the dif-
ference in the number of adolescents that comprise the intervention 
and control groups could be because of the fact that although 16 
schools initially accepted the invitation to participate and were ran-
domly assigned to either the intervention or control group, a school 
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in the control group did not start the baseline assessment and with-
drew owing to logistical problems. Therefore, the study started with 
an inferior sample in this comparator group from the beginning.

A second limitation was that the data collected in the study came 
from self-reported questionnaires completed by the adolescents 
and may therefore have been affected by subjectivity. However, pre-
vious studies have found that self-reporting of risk behaviors among 
adolescents and young adults shows good reliability and validity 
(Brener et al., 2003; Harrison et al., 2007). In this line, a 4-month re-
call period after the start of program to assess the alcohol use could 
increase the recall bias as suggested by Cherpitel et al. (2018) in their 
study.

Another important limitation was that short-term behavior 
change assessments capture little benefit, so we would need to 
monitor the effect of this intervention in the long term. However, 
according to a review of economic evaluations of behavior change 
interventions (Alayli-Goebbels et al., 2014), only six studies had lon-
ger follow-up periods (up to 5 years). There are still very few studies 
regarding the long-term effectiveness of eHealth interventions in 
schools that are aimed at preventing unhealthy behaviors in general. 
Champion et al. (2019) highlighted the need for longer-term follow-up 
and future lines of research on the effects of these interventions 
during adolescence, especially for substance use. It is expected that 
a natural increase in its use will be found. Several scholars (Cremers 
et al., 2012; Schneider et al., 2013) have identified aspects of the 
content and design of web-based interventions that may improve 
their effects, for instance, using booster sessions to remind the core 
concepts emphasizing reminders for the sessions. After assessing 
the effectiveness of the Alcohol Alert program, improvements in the 
design related to gamification were proposed as well as the inclusion 
of booster sessions (Martinez-Montilla et al., 2020).

A limitation related to the number of participants who reported 
being admitted to a hospital is important due to the few events that 
occurred in this regard in the sample. A low number for the results 
of a variable could affect the accuracy of the outcomes. However, 
the data reported by the Hospital Emergency Indicators in Andalusia 
(Andalusian Plan on Drugs and Addictions, 2018) for 2017 (i.e., the 
year of data collection) indicated that 1277 people had a hospital 
emergency due to alcohol consumption; 11.7% of them, or 149 peo-
ple, were between 15 and 19 years of age. In addition, of the total 
number of emergencies due to psychoactive substance use, 8% were 
admitted to a hospital, and of these emergencies, 2.8% were due to 
the exclusive consumption of alcohol. Therefore, the data regard-
ing hospital stays in the sample population are similar to what was 
found in our study. This possible standard error associated with low 
outcome counts could be solved by considering the average number 
of days of a hospital stay, but such data were not available owing to 
a lack of responses.

Finally, in relation to known limitations related to economic eval-
uations based on clinical trials, using economic evaluation as a basis 
for decision making about the national reimbursement of health 
care technologies demands some specific analytical methods. For 
instance, this article has incorporated two perspectives, NHS and 

societal, to consider a consistent perspective among what would 
be appropriate and the actual focus of decision makers. Although 
the time horizon considered in this analysis has been shorter than 
the appropriate 4 months, there is no robust evidence that this type 
of interventions has a direct impact on mortality. In addition, trial-
based economic evaluations exhibit a difference between costs and 
benefits, which can be estimated in the trial, and those which are 
needed for decision making. It is true that the main problem is that 
economic evaluation based on single trials will invariably fail to re-
flect all the available evidence related to a particular decision prob-
lem. However, they have the advantage of reflecting an unbiased 
estimate of the relative treatment effect, reducing the risk of selec-
tion bias. In any case, trial-based economic evaluation is an import-
ant source of evidence, though future work should address this by 
using a decision-analytic model to meet full requirements for deci-
sion making (Petrou, 2012; Sculpher et al., 2006).

To conclude, computer-tailored feedback could be a cost-
effective way to prevent BD in terms of reducing the number of 
BD occasions and increasing QALYs among adolescents. This inter-
vention could be implemented at schools to all students to prevent 
alcohol consumption and especially BD, although it would be inter-
esting to tailor the program to specific subgroups of this population 
that are at greater risk of being involved in BD. However, to capture 
major changes both in the reduction of number of BD occasions 
and in HRQoL and savings in healthcare costs due to a behavioral 
change intervention, long-term follow-up of the intervention would 
probably be required. Other countries could evaluate this type of 
program to design the public health policies targeting alcohol use 
among adolescents.
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