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Abstract

Background: Preventing excessive alcohol use among adolescents is important not only to foster individual and public health,
but also to reduce alcohol-related costs inside and outside the health care sector. Computer tailoring can be both effective and
cost-effective for working with many lifestyle behaviors, yet the available information on the cost-€effectiveness of computer
tailoring for reducing alcohol use by adolescentsislimited asisinformation on the costs and benefits pertaining to sectors outside
the health care sector, also known as intersectoral costs and benefits (1CBS).

Objective: The aim was to assess the cost-effectiveness of a Web-based computer-tailored intervention for reducing alcohol
use and hinge drinking by adolescents from a health care perspective (excluding |CBs) and from a societal perspective (including
ICBS).

Methods: Data used were from the Alcoholic Alert study, a cluster randomized controlled trial with randomization at the level
of schoolsinto two conditions. Participants either played a game with tailored feedback on alcohol awareness after the baseline
assessment (intervention condition) or received care as usua (CAU), meaning that they had the opportunity to play the game
subsequent to the final measurement (waiting list control condition). Datawere recorded at baseline (T0=January/February 2014)
and after 4 months (T1=May/June 2014) and were used to calculate incremental cost-effectiveness ratios (ICERs), both from a
health care perspective and a societal perspective. Stochastic uncertainty in the data was dealt with by using nonparametric
bootstraps (5000 simul ated replications). Additional sensitivity analyseswere conducted based on excluding cost outliers. Subgroup
cost-effectiveness analyses were conducted based on several background variables, including gender, age, educational level,
religion, and ethnicity.

Results: From both the health care perspective and the societal perspective for both outcome measures, the intervention was
more costly and more effective in comparison with CAU. ICERs differed for both perspectives, namely €40 and €79 from the
health care perspective to €62 and €144 for the societal perspective per incremental reduction of one glass of acohol per week
and one hinge drinking occasion per 30 days, respectively. Subgroup analyses showed, from both perspectives and for both
outcome measures, that the intervention was cost-effective for older adolescents (aged 17-19 years) and those at alower educational
level and, from a health care perspective, the male and nonreligious adolescent subgroups.
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Conclusions:
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Computer-tailored feedback could be a cost-effective way to target alcohol use and binge drinking among

adolescents. Including ICBs in the economic evaluation had an impact on the cost-effectiveness results of the analysis. It could
be worthwhile to aim the intervention specifically at specific subgroups.

Trial Registration:

Nederlands Tria Register: NTR4048; http://www.trialregister.nl/trial reg/admin/rctview.asp?T C=4048

(Archived by Webcite at http://www.webcitation.org/6c70mN8wG)

(J Med Internet Res 2016;18(4):€93) doi:10.2196/jmir.5223
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Introduction

Excessive acohol use and alcohol use disorders are major causes
of death and disability worldwide [1-4]. In 2012, approximately
3.3 million deaths, or 5.9% of al global deaths, were attributable
to alcohol use [4]. In addition, acohol use led to an estimated
total of 139 million disability-adjusted life years, representing
5.1% of the global burden of disease and injury in that year [4].
For all age groups, outliers on the proportion of acohol-related
deaths can be seen in the World Heal th Organi zation European
Region, varying from 10% for the popul ation aged 80 years and
older to 25% for the 20 to 39 age group. It is particularly striking
that in this region 10% of adolescent deaths (those aged 15 to
19 years) were attributable to alcohol.

Apart from theimpact of a cohol use on morbidity and mortality,
the harmful use of acohol may also lead to significant societal
costs [3-7]. For example, in the European Union aone,
alcohol -attributable costs were estimated at €125 billionin 2003
[4]. These encompass headlth care services, such as
hospitalizations, home health care, and ambulatory care, but
also costs outside the health care sector, such as costs resulting
from productivity lossesand costsin the criminal justice system.
Examplesof thelatter include vehicle crashes, increased crime,
and arrests. Studies have shown that youthful drinkers are at
greater risk of being victimized and perpetrating youth violence,
low educational attainment, and low college expectations[8,9],
putting a financial burden on the criminal justice system and
educational sector.

Preventing excessive alcohol use in the whole population and
in the young population in particular isthusimportant, not only
toimprovethe health of individuals and of the whole population,
but also to reduce alcohol-related costs inside and outside the
health care sector. Computer tailoring could be a means to
achieve these goals. Computer tailoring is a behavioral
intervention that can be effective in changing health behaviors
in general, including the use of acohol [10-15]. Within a
computer-tailored intervention, the content is adapted to
individual characteristics of respondents [16]. Often a
guestionnaire is used as a screening instrument, assessing
behavior, relevant sociodemographics, and motivational factors
[17,18]. Respondent answers are collected into a data file and
automatically matched with tail ored feedback messages[16,19].
An advantage of tailored information is that it is perceived as
more relevant than nontailored information [20,21]. Moreover,
through the Internet, these programs are accessible by agrowing
percentage of the world population—42.3% had access to

http://www.jmir.org/2016/4/e93/

Internet in 2014 in comparison to 5.9% in 2000 [22]—and can
be accessed wherever and whenever it suits the respondents.
For Europe and its younger population (aged 16-24 years), the
current Internet penetration is even higher: 70.5% [22] and
91.0% [23], respectively. Taking advantage of this high
accessibility by providing Internet-based behavior interventions
might significantly limit the need for and burden on health
professionalsand could, inturn, lead to less administrative costs
[19]. Subsequently, the resulting savings of time and resources
contribute to amore efficient health care system.

Although the effectiveness of multiple Internet-based and
computer-tailored interventions have been studied [24,25],
limited information exists on their cost-effectiveness [26]. To
date, studies which have included cost-effectiveness analyses
(CEASs) focused on adults aged 18 to 65 years [21,27] and 18
to 69 years [3], whereas the cost-effectiveness of such
interventions for adolescents younger than 18 years has not yet
been studied. Available economic analyses of interventions
aimed at reducing alcohol use among adol escents are those of
interventions which are not Internet-based and not
computer-tailored [28,29]. Furthermore, as acknowledged by
Smit et a [3], these studies show a limitation in terms of
disregarding many of the costs and benefits in sectors outside
the health care sector, also known as intersectoral costs and
benefits (ICBs) [30]. Excluding ICBs, such as costs and benefits
inthe educational and criminal justice sector, may significantly
affect the results of the CEASs of interventions [30]. Moreover,
including and reporting | CBswithin economic eval uations could
support decision making regarding the large-scae
implementation of such programs. Therefore, the aim of this
study is to answer the question of whether a Web-based
computer-tailored intervention for adolescentsfor reducing the
use of acohal is cost-effective from both a heath care and
societal perspective, and to assess theimpact of including ICBs
on the outcomes of the analysis.

Methods

Design

Data used was from the Alcoholic Alert study, which was
designed as a cluster randomized controlled trial (RCT) with
randomization at the level of schoolsinto two conditions [31].
Participants either played a game on acohol awareness after
the baseline assessment (intervention condition) or received
care as usua (CAU), meaning they had the opportunity to play
the game subsequent to the final measurement (waiting list
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control condition). Providing this opportunity was dueto ethical
considerations. Data were recorded a  baseline
(TO=January/February 2014) and after 4 months (T1=May/June
2014). These were used to conduct two sets of comparative
CEAs; one was performed from a health care perspective
(including health care costs, excluding ICBs) and one from a
societal perspective (including both health care costsand | CBs).
Because of arapid change in Dutch government policy on the
minimum legal drinking age (ie, 18 years vs 17 years as of
January 1, 2014), the abovementioned time frame and start date
differed fromtheoriginal design[31]. The Alcoholic Alert study
was approved by the Medical Ethics Committee of Atrium Orbis
Zuyd (METC number: 12-N-104) and was registered in the
Dutch Trial Register (NTR 4048).

Randomization

Randomization was performed at school level to prevent
contamination between participants. Randomization was
conducted by drawing lots. After randomization, 21 schools
were assigned to the intervention condition and 23 schoolswere
assigned to the control condition.

Sample

The study population consisted of Dutch adolescents (aged
15-19 years) attending school [31]. Participants included
students at schools of higher secondary education, lower
secondary education, and lower vocational training. To have
enough power for the evaluation, a participant target was made
based on thefollowing criteria: 10% reduction in binge drinking
occasions (ie, for girls, at least four glasses or, for boys, five
glasses of alcohol-containing drinksin one occasion) [32] during
the preceding 30 days between the intervention and control
group, with an intraclass correlation of .02, a power of 80%,
and asignificancelevel of .05. Furthermore, taking into account
the drop in power due to an expected dropout of 50% at
follow-up, it was estimated that at least 34 schools should be
included at TO [31].

To reach the required number of 34, schools were recruited via
several media; schools first received flyers with information
about the Alcoholic Alert study, after which they were contacted
via telephone and email. If schools enrolled in the study,
students of the schools were eligible to participate. However,
they could do so only if they provided informed consent by
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clicking a checkbox, which preceded the Web-based
guestionnaire at TO [31].

Intervention

Adolescents in the intervention condition participated in a
Web-based computer-tailored a cohol reduction program called
Alcoholic Alert [31]. After completing a Web-based
guestionnaire on the Alcoholic Alert website at TO, the
participants entered a game called “Watskeburt” (Dutch slang
for “What Happened?”). In the game, the participant played a
character whose goal it was to find out what happened after a
night of heavy drinking. Participants received in-game questions
concerning alcohol-related sociocognitive factors, including
attitude, socid influences, self-efficacy expectations, and action
plans toward alcohol drinking. These questions were based on
the I-Change model, which is an integrated model explaining
motivational and behavioral change [33]. Based on their
answers, they received computer-tailored feedback on these
determinants. They played in three game scenarios within three
sessions. A week after playing the third game scenario, the
participants were asked to revisit the intervention website to
answer several questions. In thisfourth session, they were asked
about their drinking behavior during the preceding week and
then they received computer-tailored feedback on their alcohol
use compared to Dutch drinking guidelines. Subsequently, the
participants were asked whether they had an event (eg, party,
wedding) in the upcoming 30 days then they were challenged
to drink lessthan usual and were asked for the maximum amount
they wanted to drink. An email, with a reminder of accepting
the challenge, was sent to them a day before the event. Two
days after the event, during a fifth session, they were asked to
visit theintervention website and fill in their alcohol use. If the
participant failed the challenge, they received computer-tailored
feedback with tailored advice and had the opportunity to take
on anew challenge. If the participant met the challenge, he or
she received congratulations and the intervention was over
(Figure 1).

Participants receiving CAU aso filled in the Web-based
guestionnaire at TO and T1, but they did not have access to the
game and did not receive computer-tailored feedback until after
the final measurement. Further information on the intervention
can be found elsewhere [31].
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Figure 1. Flowchart of the intervention (based on Jander et al [31]). Red |
boxes: intervention parts that had to be done at home.
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M easurements and Outcomes

Themeasurementsat TO and T1 were performed at school after
participants received instructions from their teachers [31]. The
Web-based questionnaires used for the measurementsincluded
itemsrelated to alcohol drinking behavior, use of serviceswithin
the health care sector, and | CBs. In addition, several background
variables were measured at TO, including gender, age,
educational level (higher secondary level, lower secondary level,
and lower vocational), religion (Catholic, Protestant, Muslim,
other religion, no religion), and ethnicity (Dutch, Antillean,
Belgian, German, Surinamese, Moroccan, Turkish, other) [31].

In this study, the outcome measures were weekly acohol use
and the number of binge drinking occasions in the preceding
30 days. Weekly alcohol usewas assessed by asking participants
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on which days in the past week they had been drinking and, if
they did, how many glasses of alcohol they had on these days.
Based on thisinformation, the total amount of glasses of acohal
was calculated [17]. From this, asfor binge drinking occasions,
the weekly alcohol use at T1 was subtracted from the alcohol
use at TO. This led to positive scores in case of areduction in
weekly alcohol use or number of binge drinking occasions, and
negative scores in case weekly alcohol use or the number of
binge drinking occasions increased.

Resource Use and Costing

The following costs related to the Alcoholic Alert intervention
were identified as important and measured: (1) intervention
costs, (2) hedlth care costs(ie, costsfor servicesinside the health
care sector), (3) intersectoral costs (ie, costsfor servicesoutside
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the health care sector), and (4) costs of substance use (eg, use
of hard drugs). Because a cohol use was the outcome measure
in this study, the costs of alcohol use were not included in the
CEA. Doing so would have led to double counting [34].

Costs (in Euros) were measured irrespective of who bore them
and wereindexed for thereference year 2014 using priceindexes
from Statistics Netherlands[35]. Calculations for specific costs
of service utilization and substance use can be obtained from
the first author (RD).

I ntervention Costs

Intervention costs were divided into costs made during the
development of the intervention and costs for running the
intervention. Costs incurred during the development included
game development costs (€20,328) and automatic tailoring
software license and devel opment costs (€8367.15). These costs
and costs for other personnel involved in the development and
application of the intervention for this study, such as costs
incurred contacting schools, recruiting participants, and
analyzing data are sunk costs [36]. Therefore, these are not
included in the CEA. This is further justified by the fact that
the intervention itself is Web-based and universal for
adol escents, meaning the intervention has awide reach and the
development costs per participant drop to a minimum when it
isused widely and structurally.

Costsfor running the intervention include hosting costs for the
website, tailored feedback software, and participants time
investments. As for the sunk costs, the website hosting costs
(€300 per year) per participant drop to aminimum if used widely
and are not included in the CEA. Tailored feedback software
costs were €7 per participant per week. In case the participant
met his or her challenge in the fifth session, he or she would
receive tailored feedback over a period of 3 to 6 weeks. The
mean intervention duration was 4 weeks, so the tailored
feedback costs were €28. The five sessions took up 1.5 hours
at school (€8.30 per hour) and 1 hour of freetime (€12.50). The
total of 2.5 hourswas valued at €25 per participant. In sum, the
total intervention costs per participant were an estimated €53.

Health Care Costs

Health care costs were calculated by multiplying volumes of
health services by related cost prices. Health services measured
included contacts with the general practitioner, emergency care,
hospital stays, ambulance rides, and mental health services.
Cost prices were drawn from the Dutch manual for costing in
economic evaluations [37].

I ntersectoral Costs

The ICB-related costs were cal culated by multiplying volumes
of services and time investments outside the health care sector
with related cost prices. The ICBs were classified in sectors
according to a classification scheme for ICBs by Drost et al
[30]. The sectors in this scheme included education, labor and
social security, household and leisure, and crimina justice
system. The services and time investments measured included
school absenteeism and contacts with an attendance officer
(education), work absenteeism (labor and social security), failing
to perform household and other activities, contacts with youth
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and family center and family care (household and leisure), and
contacts with (youth) police services, court proceedings, and
child (health) protection services (criminal justice system). Cost
prices were drawn from a Dutch manual for intersectoral costs
and benefits of (preventive) interventions [38]. Cost prices not
mentioned in the manual were extracted from the Institute for
Medica Technology Assessment (iMTA) questionnaire on
intensive youth care [39]. For ICBs that required valuation of
time, such as failing to perform household activities, some
additional information was drawn from the Dutch report “The
Netherlandsin a Day” (freetrandation) [40].

Costs of Substance Use

In addition to alcohol use, use of other substances were
measured as well. These included packs of cigarettes, use of
soft drugs, and use of hard drugs. Cost prices were found on
the website of the Jellinek Clinic, which is a renowned Dutch
institution specializing in preventing and treating alcohol and
substance abuse [41].

Data Preparation

The basis of the analysis was the dataset used for the Alcoholic
Alert effect study [24]. However, because cost measures were
used for conducting the economic eval uation, some additional
data cleaning was required to create a dataset that was suitable
for conducting the CEA.

First, because the digital questionnaires contained open-ended
questions, participants had the opportunity to fill in unrealistic
answers. It was a small subsample that systematically filled in
these unrealistic answers, but to improve the validity of the
results, these respondents were excluded from analysis. To clear
the data of these respondents, limits were set for each variable.
Participants breaching these limits by providing unrealistic
answers were excluded from analysis. For example, because
the 4-month recall period between TO and T1 amounted to 120
days, any respondent claiming to have stayed more than 120
daysin ahospital was excluded. In general, to reduce the chance
of wrongfully excluding participants, limits were set high, but
within therange of credibility. Asfor al stepsduring the process
of data preparation and analysis, the limits were discussed in
author meetings and were agreed on by all authors. A list of
these limits can be obtained in Multimedia Appendix 1.

Second, the dataset was cleared of respondents who at baseline
did not answer asingle question related to costs. Based on these
two steps, the sample at TO, and accordingly at T1, was smaller
and different in composition in the CEA than the sample used
for the effect study [24].

Finally, to assess the school-based part of the variance in this
cluster RCT, intracluster correlation coefficients (ICCs) were
calculated for both the weekly alcohol use and binge drinking
occasions outcome measures. The |CCs were calcul ated based

on thefollowing formula: ICC or p = §,%/(s,°+ S,,), where s,%=

the variance between clusters and s,>= the variance within
clusters[42]. Input for both outcome effect sizeswas generated
using SPSS version 20 by running linear regression mixed
models. These analyses and corresponding cal culations resulted
in p=.06 for binge drinking occasions and p=.01 for weekly
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alcohol use, which shows that the within-cluster variances for
both effect sizes were much greater than the between-cluster
variances [42]. Based on these results, no re-estimations of
effects were required.

Analysis

Descriptive Statistics

Descriptive statistics were used to describe the characteristics
of the sample at TO and at T1. Differences between the
intervention and control conditions were assessed in SPSS
version 20 using independent samples t tests for continuous
variables and chi-square tests for discrete variables. The same
software was used to conduct stepwiselinear regression analyses
to assess the dependence of the outcome measures on these
variables.

Cost-Effectiveness Analysis

The base scenario of this study included CEAs from the two
perspectives mentioned earlier. We calculated costs of services
utilization in three steps: (1) assessment of the servicesand time
consumed in the 4-month period between TO and T1, (2)
calculation of the associated costsin Euros, and (3) calculation
of the incremental cost-effectiveness ratio (ICER) using the
formula (Ci—C,)/(E—E,). Here C represents the average total
costs per participant during the 4-month period between TO and
T1 and E representsthe mean differencein the number of glasses
of alcohol or binge drinking occasionsat T1 in comparison with
the number measured at TO in the intervention (C; and E;) and
in the control (C, and E.) condition.

Stochastic uncertainty in the data was dealt with using
nonparametric bootstraps. By using the bootstrapping technique,
means and confidence interval swere cal culated and 5000 | CERs
were simulated, which were plotted in cost-effectiveness planes.
These planes provided avisual representation of the probability
of the intervention being cost-effective in comparison with the
control condition by showing the distribution of ICERs across
four quadrants. (1) more effective and more costly in the
northeast quadrant (NE), (2) more effective and less costly in
the southeast quadrant (SE), (3) less effective and less costly
in the southwest quadrant (SW), and (4) less effective and more
costly in the northwest quadrant (NW) [43].

An ICER in the SE and NW is negative, indicating that the
intervention is dominant over (SE) or inferior to (NW) the
control condition. An ICER in the SW or NE is positive,
indicating that from a cost-effectiveness viewpoint the
intervention is more favorable than the control condition only
when the ICER islower than the willingnessto pay (WTP) per
unit effect. Because no threshold (ie, maximum WTP) was
avalable for the weekly alcohol use outcome measure, a
cost-eff ectiveness acceptability curve (CEAC) was created for
both perspectives. The CEAC showed the likelihood of the
intervention being favorable over CAU for several hypothetical
thresholds.

Sensitivity and Subgroup Analyses

Apart from the analyses to deal with stochastic uncertainty,
several other analyseswere conducted. First, to assesstheimpact
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of cost outliers, ICERs were calculated based on datain which
cost outliers were excluded. Based on the output of descriptive
statistics, it was decided to exclude participantswhen total costs
were greater than €5000. Based on thisapproach, in the analyses
that were conducted from the health care perspective, one
participant was excluded. In the analyses that were conducted
from the societal perspective, four participants were excluded.
Second, to assess the effect of the uptake, the costs of cigarette
use, and of the use of soft and hard drugs in the analyses
conducted from the societal perspective, additional analyses
were conducted without these costs.

Finally, given the heterogenic composition of the study sample,
several subgroup CEAs were conducted based on the
background variables measured at TO. These included analyses
based on dichotomized background variables, including gender
(male, female), age (15-16, >17), educational level (low, high),
religion (religious, not religious), and ethnicity (Dutch,
non-Dutch). Again, for al these analyses, stochastic uncertainty
was dealt with using nonparametric bootstraps.

Results

Dropout and Sample Char acteristics

Figure 2 shows a flowchart with the number of participating
schoolsand adolescentsat TO and T1. In total, 44 schoolswere
randomized into the control condition or intervention condition.
Of the schools randomized to the control condition, five
withdrew their participation before TO (one secondary lower
education, one lower vocational training, two secondary higher
education, one secondary education mixed). In addition, three
schoolsinthe control condition (all secondary higher education)
and two schools in the intervention condition (one lower
vocational education, one higher secondary education) did not
start the baseline assessment and did not respond to the emails
and phone calls [24].

In total, 2649 adolescents from 34 schools participated in the
baseline questionnaire. Of these, and different from the effect
study [24], an additional 91 participants (3.4%) were excluded
from analysis based on providing unredlistic answersto the cost
guestions. Another 65 participantswere excluded from analysis
because they did not answer the cost questions at TO. This
resulted in 2493 adolescents who were included in the baseline
analysis. Of these, 1538 were in the intervention condition and
955 were in the control condition (Figure 2). The t tests and
chi-sguare tests conducted on the baseline sample showed that
the adolescents in the two conditions significantly differed on
multiple characteristics. Adolescents in the intervention
condition were significantly younger, more often female, had
ahigher educational level, more often indicated being religious,
were lesslikely to be adrinker, were less often abinge drinker,
had less binge drinking occasions, and had a lower weekly
alcohol use than adolescents in the control condition (Table 1).

Of the 2493 adolescents, 757 participated in the cost
questionnaire at T1 (response rate 30.36%). Of these 757,
another 27 participants (3.6%) were excluded from analysis
based on having provided unrealistic answers to the cost
questions. An additional 40 were excluded from analysis because

JMed Internet Res 2016 | vol. 18 | iss. 4| €93 | p.6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

they did not answer the cost questions at T1, resulting in 690
participants to be analyzed at baseline. Of these, 387 were in
theintervention condition and 303 werein the control condition.
Here, adolescentsin the intervention condition were more often
female, had a higher educational level, more often indicated
being religious, and had a lower weekly alcohol use than
participants in the control condition did (Table 1).

Table 1. Baseline characteristics and differencesat TO and at T1.

Drost et al

For the T1 sample, results of thelinear regression analyses show
that weekly alcohol use was dependent on gender, age and
educational level (R’=.146). For hinge drinking occasions, a
significant proportion of the variance could be explained by age
and educational level (R°=.136).

Variable Total (N=2493) Intervention Control (n=955) Baseline difference (TO) Follow-up difference (T1)
(n=1538)
tue X1 P tess X1 P
Age (15-19 years), mean 163 (1.2) 16.0 (1.1) 16.7 (1.2) 15.08 <001 178 .08
(SD)
Gender, n (%) 45.6 <.001 16.5 <.001
Male 1295 (51.95) 717 (46.62) 578 (60.5)
Female 1198 (48.05) 821 (53.38) 377 (39.5)
Educational level, n (%) 734  <.001 6.7 .006
High 1483 (59.49) 1017 (66.12) 466 (48.8)
Low 1010 (40.51) 521 (33.88) 489 (51.2)
Religion, n (%) 10.0  .002 154 <001
No religion 1465 (58.76) 866 (56.31) 599 (62.7)
Religion 1028 (41.24) 672 (43.69) 356 (37.3)
Catholic 593 (23.79) 397 (25.81) 196 (20.5)
Protestant 174 (6.98) 130 (8.45) 44.(4.6)
Muslim 150 (6.02) 75 (4.88) 75(7.9)
Other 111 (4.45) 70 (4.55) 41 (4.3)
Ethnicity, n (%) 12 .27 0.0 51
Dutch 2225 (89.25) 1381 (89.79) 844 (88.4)
Non-Dutch 268 (10.75) 157 (10.21) 111 (11.6)
Antillean 5 (0.20) 3(0.20) 2(0.2)
Belgian 10 (0.40) 5(0.33) 5(0.5)
German 13(0.52) 10 (0.65) 3(0.3)
Surinamese 26 (1.04) 18 (1.17) 8(0.8)
Moroccan 35(1.40) 15 (0.98) 20(2.1)
Turkish 48(1.93) 21(1.37) 27 (2.8)
Other 131 (5.25) 85 (5.53) 46 (4.8)
Alcohol use, n (%)
Never drinkers 664 (26.63) 459 (29.84) 205 (21.5) 212 <.001 07 .39
Binge drinkers 1271 (50.98) 724 (47.07) 547 (57.3) 245 <001 36 .06
Binge drinking occa- 2.2(4.0) 20(4.2 2.4 (3.8) 251 .01 118 .24
sions, mean (SD)
Weekly alcohol use, 3.9(8.8) 32(8.1) 5.0 (9.6) 4.96 <001 217 .03

mean (SD)
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Figure 2. Flowchart describing the dropout of participants.
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Costs

Table 2 shows that the total health care costs per adolescent
werelower intheintervention group (€85.65) than in the control
group (€124.49). This difference can largely be explained by
the difference in costs for reported hospital stays. However,
costs of ICBs (€162.68) and substance use (€36.30) were higher
intheintervention group thanin the control group (€112.61 and
€24.64, respectively). The difference in mean costs for court
proceedings is noticeable and explains much of the difference

http://www.jmir.org/2016/4/e93/
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in ICB-related costs. Large differences in specific costs were
caused by outliers in either the intervention or the CAU arm.
As indicated previously, sensitivity analyses were conducted
without these outliers. When the intervention costs were
included both from the health care and societal perspective,
costswere higher in theintervention group. Thezscorefor each
cost category was positive and higher than the reference value
of 1.96 [44], indicating that costs were skewed and tailed to the
right (Table 2).
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Table 2. Mean and bootstrapped median costs per adolescent measured at T1 covering a4-month period between TO and T1 (€, 2014) and z scores per

cost category.
Skewness (z
Type of costs Intervention group (€) Control group (€) score)b
Mean (SD) Median (62)2 Mean (SD) Median (62)2
Intervention costs 53.00 (0.00) 53.00 (0.00)
Health care costs
General practitioner 25.42 (3.39) 25.22 (11.49) 23.84 (4.36) 23.50 (11.49) 73.44
Emergency care 10.16 (3.14) 10.06 (9.86) 8.08 (3.74) 7.65 (13.99) 97.98
Hospital stays 27.22 (12.38) 26.88 (135.26) 67.90 (58.94) 66.98 (3473.92) 258.45
Ambulance rides 7.34 (2.95) 6.74 (8.70) 9.37 (6.18) 8.64 (38.19) 174.83
Mental health care 16.07 (6.37) 15.59 (40.58) 14.16 (5.72) 13.78 (32.7) 115.83
Total health care costs 85.65 (20.62) 84.89 (425.18) 124.49 (67.91)  120.38 (4611.76) 229.86
Total health care perspective 139.16 (20.77)  138.04 (431.39) 12745 (68.64)  122.12 (4711.45) 229.09
Educational sector costs
School absentesism 51.88 (7.13) 51.44 (50.84) 66.77 (11.03) 65.74 (121.66) 76.31
Attendance officer 0.03 (0.03) 0.04 (0.00) 2.53 (2.16) 2.40 (4.67) 272.90
Total educational sector costs 51.52 (7.16) 51.17 (51.27) 69.30 (11.35) 68.37 (128.82) 74.60
Labor and social security costs
Work absenteeism 9.67 (3.49) 9.20 (12.18) 6.03 (1.41) 6.01 (1.99) 140.85
Total labor and social security costs 9.63 (3.39) 9.30 (11.49) 6.09 (1.40) 6.01 (1.96) 140.85
Household and leisure costs
Failureto perform household activities  8.58 (3.01) 8.31 (9.06) 10.92 (3.39) 10.74 (11.49) 98.06
Failure to perform other activities 25.77 (13.20) 24.67 (174.24) 8.17 (1.60) 8.02 (2.56) 182.19
Youth and family center 0.00 (0.00) 0.00 (0.00) 0.33(0.34) 0.33(0.12) 282.45
Family care 1.26 (1.27) 1.49 (1.61) 0.18 (0.18) 0.19 (0.03) 270.73
Total household and |eisure costs 35.38 (14.80) 33.55 (219.04) 19.23 (4.21) 18.81 (17.72) 163.43
Criminal justice system costs
Police services 4.68 (2.61) 4.45 (6.81) 6.67 (2.50) 6.47 (6.25) 126.44
Youth police services 1.58(1.72) 1.91 (2.96) 0.28 (0.20) 0.28 (0.04) 277.89
Court proceedings 55.10 (34.45) 50.92 (1186.80) 9.95 (7.39) 10.15 (54.61) 197.40
Child protection services 0.29 (0.31) 0.36 (0.10) 0.68 (0.72) 0.72 (0.52) 227.11
Child health protection services 3.13(3.73) 4.06 (13.91) 0.46 (0.45) 0.48 (0.20) 277.12
Total criminal justice system costs 66.32 (38.43) 61.51 (1476.86) 18.77 (9.79) 17.40 (95.84) 182.55
Total intersectoral costs 162.68 (41.85)  158.61 (1751.42) 112.61(18.83)  111.26 (354.57) 124.84
Substance use costs
Cigarettes 30.68 (6.25) 30.46 (39.06) 18.82 (3.94) 18.82 (15.52) 48.86
Soft drugs 4.30 (1.95) 4.00 (3.80) 5.44 (3.01) 5.12 (9.06) 153.72
Hard drugs 1.15 (1.08) 1.32 (1.17) 0.20 (0.11) 0.19 (0.01) 275.97
Total costs of substance use 36.30 (7.58) 36.09 (57.46) 24.64 (5.85) 24.30 (34.22) 61.42
Total societal perspective 336.45(53.31)  331.41(2841.96) 26352 (70.70)  255.75 (4998.49) 135.60

@The presented median cost isthe 5ot percentile of 1000 bootstrap replications.
b The z score for each cost category is positive and higher than the reference value of 1.96 [44)] indicating that costs were skewed and tailed to the right.
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Incremental Costs

Table 3 shows costs per condition. Note that these meansdlightly
differ from the costs presented in Table 2, for costsin Table 2
are bootstrapped means, whereas costs in Table 3 are means
drawn from raw data. For both perspectives, costs were higher

Drost et al

in the intervention condition. The incremental costs (ie, the
differencein mean costs per adol escent between theintervention
and control condition) varied per perspective, namely €13.76
from the health care perspective and €74.03 from the societal
perspective.

Table 3. Summary statistics for the base case sensitivity cost-effectiveness bootstrap analyses.

Perspective® and condition Costs (€)° Effect® ICER®  NE NW (inferior)  SW SW (dominant)
Base case analyses

Weekly alcohol use

Health care

Control (n=303) 125.32 -151

Intervention (n=387) 139.08 -0.78 40 55% 10% 6% 30%
Societal

Control (n=303) 262.68 -151

Intervention (n=387) 336.71 -0.78 62 60% 14% 3% 23%
Binge drinking occasions

Health care

Control (n=303) 125.32 -0.33

Intervention (n=387) 139.08 0.16 79 60% 4% 2% 34%
Societal

Control (n=303) 262.68 -0.33

Intervention (n=387) 336.71 0.16 144 69% 5% 1% 25%
Sensitivity analyses excluding out-

liers

Weekly alcohol use

Health care

Control (n=302) 59.47 -1.55

Intervention (n=387) 139.08 -0.78 72 82% 17% 0% 1%
Societal

Control (n=302) 193.85 -1.55

Intervention (n=384) 269.19 —0.66 67 80% 12% 1% 7%
Bingedrinking occasions

Health care

Control (n=302) 59.47 -0.33

Intervention (n=387) 139.08 0.16 140 93% 6% 0% 1%
Societal

Control (n=302) 193.85 -0.33

Intervention (n=384) 269.19 0.21 124 87% 4% 0% 9%

aBootstrap analyses were conducted from two perspectives: the health care perspective and the societal perspective.
b Mean costs per adolescent at 2014 prices.
€ Reduction in per week alcohol use or binge drinking occasions between TO and T1, with negative valuesindicating an increase at T1 compared to TO.
4 The presented ICER isthe 5ot percentile of 5000 bootstrap replications of the ICER.

Incremental Effects
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in reducing the weekly use of acohol and number of binge
drinking occasions. At T1, adolescentsin the control condition

Table 3 showsthe effects per condition. In comparison withthe  drank amean 1.51 glasses of alcohol per week more than at TO.
control condition, the intervention was incrementally effective

In the intervention condition, there was an increase of 0.78
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glasses, resulting in a mean incremental effect of 0.73 glasses
per week. Furthermore, in the control condition, there was an
increase of 0.33 binge drinking occasions. In the intervention
condition, there was a decrease of 0.16, resulting in a mean
incremental effect of 0.49 binge drinking occasions per 30 days.
For both outcome measures, this did not change with
perspective; a change of perspective within the base case
scenario stipulated only a change in costs.

Incremental Cost-Effectiveness Ratios

From both perspectives, the mean costs were higher for the
i ntervention condition in comparison with the control condition.
Since the intervention was more effective than CAU on both
outcome measures, this resulted in positive ICERs (Table 3).
However, ICERs differed for both perspectives, namely €40
and €79 from the health care perspective, and €62 and €144
from the societal perspective per incremental reduction of one
glass of alcohol per week and binge drinking occasion per 30
days, respectively.

The cost-effectiveness planes (Figures 3 and 4, |eft side) show
differencesin distributions of the 5000 simulated | CERs across
the four quadrants between the CEASs carried out from the two
perspectives. Corresponding with the median | CERs presented
in Table 3, the mgjority of smulated ICERSs for all base case
analyses are located in the NE quadrant. However, the
distribution of the simulated | CERs among the quadrants differs
between the perspectives. Notable is the shift of the cloud of
| CERs toward the SE quadrant in the analysis carried out from
the health care perspective (ie, 30% for weekly alcohol use and
34% for binge drinking occasions) in comparison to the analyses
carried out from the societal perspective (ie, 23% and 25%,
respectively).

The preceding percentages equal the probabilities of the
intervention being cost-effective at a WTP max of €0 in the
CEACs (Figures 3 and 4, right side). These results show that

http://www.jmir.org/2016/4/e93/
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for low WTPthresholdsthe probability of theintervention being
cost-effective over the control intervention is higher from a
health care perspective than it is from the societal perspective.
For all base case analyses, the vast majority of simulated
incremental effects were in the NE quadrant; therefore, these
probabilities increase to approximately 80% when the WTP
max increases. The probabilities of the intervention being
cost-effective do not differ much between the two perspectives
for WTP thresholds greater than €500 (Figures 3 and 4, right
side).

Sensitivity and Subgroup Analyses

The results of the sensitivity analyses (ie, excluding cost
outliers) attest to the robustness of the base case analyses (Table
3). From the societal perspective, ICERs were close to similar.
From the health care perspective, ICERSs increased and were
higher than those of the societal perspective. However, as for
the base case analyses, the probability of theintervention being
cost-effective remained dependent on the WTP max. Theresults
of the analyses conducted from asocietal perspective minusthe
costs of drugs and cigarette use were similar to the results of
the analyses conducted in which these costs were included
(Figures 3 and 4).

Subgroup analyses showed, from both the health care and the
societal perspective, and for both outcome measures, that the
intervention was cost-effective for the older adolescents and
those at a lower educational level (Tables 4 and 5). From a
health care perspective, it was found to be cost-effective for the
male and nonreligious adolescent subgroups as well. The
intervention was not cost-effective for those with a non-Dutch
ethnicity or for female adolescents for the weekly acohol use
outcome measure. For all other subgroups, |CERswere positive,
meaning the intervention was cost-effective depending on the
WTP max. The corresponding cost-effectiveness planes and
CEACsof all subgroup analyses can be obtained in Multimedia
Appendices 2 and 3.

JMed Internet Res 2016 | vol. 18 |iss. 4 | €93 | p.11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Drost et a

Figure 3. Cogt-effectiveness planes (left side) and corresponding CEACs (right side) of the economic evaluations based on the weekly alcohol use
outcome measure, which were conducted from the health care perspective (upper), societal perspective including drugs and cigarette use (middle), and
societal perspective excluding drugs and cigarette use (lower).
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Figure4. Cost-effectiveness planes (Ieft side) and corresponding CEACSs (right side) of the economi ¢ eval uations based on the binge drinking occasions
outcome measure, which were conducted from the health care perspective (upper), societal perspective including drugs and cigarette use (middle), and
societal perspective excluding drugs and cigarette use (lower).
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Table4. Summary statistics for the subgroup sensitivity cost-effectiveness bootstrap analyses based on the weekly alcohol use outcome measure.

NW (inferi-
Perspective® and condition Costs (€)°  Effect®  ICERY NE or) SwW SE (dominant)
Gender subgroups
Male
Health care
Control (n=162) 193.96 -2.19
Intervention (n=147) 164.53 -0.80 Dominant 43% 2% 3% 52%
Societal
Control (n=162) 337.21 -2.19
Intervention (n=147) 352.43 -0.80 21 56% 3% 2% 39%
Female
Health care
Control (n=141) 46.46 -0.73
Intervention (n=240) 123.48 -0.77 Inferior 48% 52% 0% 0%
Societal
Control (n=141) 177.04 -0.73
Intervention (n=240) 327.09 -0.77 Inferior 46% 52% 1% 1%
Age subgroups
Younger adolescents (15-16 years)
Health care
Control (n=200) 50.05 -1.24
Intervention (n=281) 145.79 -0.73 108 80% 20% 0% 0%
Societal
Control (n=200) 177.07 -1.24
Intervention (n=281) 334.90 -0.73 149 77% 20% 0% 3%
Older adolescents (217 years)
Health care
Control (n=103) 271.48 -2.03
Intervention (n=106) 121.27 -0.92 Dominant 28% 5% 11% 56%
Societal
Control (n=103) 428.90 -2.03
Intervention (n=106) 341.53 -0.92 Dominant 32% 7% 10% 51%
Educational level subgroups
Low
Health care
Control (n=98) 263.02 -2.20
Intervention (n=91) 117.35 -0.60 Dominant 31% 4% 7% 58%
Societal
Control (n=98) 435.78 -2.20
Intervention (n=91) 282.38 -0.60 Dominant 26% 1% 8% 63%
High
Health care
Control (n=205) 59.50 -1.18
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NW (inferi-
Perspective® and condition Costs (€)°  Effect®  ICERY NE or) sSwW SE (dominant)
Intervention (n=296) 145.76 -0.83 102 73% 26% 0% 1%
Societal
Control (n=205) 179.93 -1.18
Intervention (n=296) 353.42 -0.83 172 70% 28% 0% 1%
Religion subgroups
Religion
Health care
Control (n=97) 46.91 -2.05
Intervention (n=181) 148.11 -0.71 66 92% 8% 0% 0%
Societal
Control (n=97) 155.80 -2.05
Intervention (n=181) 336.35 -0.71 110 90% 9% 0% 1%
Noreligion
Health care
Control (n=206) 162.24 -1.25
Intervention (n=206) 131.13 -0.84 Dominant 37% 14% 13% 3%
Societal
Control (n=206) 313.00 -1.25
Intervention (n=206) 337.04 -0.84 5 42% 19% 8% 31%
Ethnicity subgroups
Dutch
Health care
Control (n=278) 128.83 -1.65
Intervention (n=356) 136.90 -0.84 36 53% 8% 5% 34%
Societal
Control (n=278) 262.96 -1.65
Intervention (n=356) 334.67 -0.84 57 60% 11% 3% 26%
Other
Health care
Control (n=25) 86.35 0.08
Intervention (n=31) 164.09 -0.10 Inferior 32% 51% 4% 13%
Societal
Control (n=25) 259.53 0.08
Intervention (n=31) 360.20 -0.10 Inferior 23% 49% 7% 21%

8Bootstrap analyses were conducted from two perspectives: the health care perspective and the societal perspective.
b Costs per adolescent at 2014 prices.
¢ Reduction in per week alcohol use between T0 and T1, with negative values indicating an increase at T1 compared to TO.

4 The presented ICER is the 50t percentile of 5000 bootstrap replications of the ICER.When an ICER is negative, then it is labeled as being either
“dominant” (suggesting that the intervention is both more effective and less costly than CAU) or “inferior” (suggesting that the intervention is both less
effective and more costly than CAU).
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Table5. Summary statistics for the subgroup sensitivity cost-effectiveness bootstrap analyses based on the binge drinking occasions outcome measure.

NW (inferi-
Perspective® and condition Costs (€)°  Effect®  ICERY NE or) SwW SE (dominant)
Gender subgroups
Male
Health care
Control (n=162) 193.96 -0.57
Intervention (n=147) 164.53 0.08 Dominant  44% 1% 1% 54%
Societal
Control (n=162) 337.21 -0.57
Intervention (n=147) 352.43 0.08 46 57% 1% 1% 42%
Female
Health care
Control (n=141) 46.46 -0.04
Intervention (n=240) 123.48 021 179 81% 19% 0% 0%
Societal
Control (n=141) 177.04 -0.04
Intervention (n=240) 327.09 0.21 291 78% 19% 0% 2%
Age subgroups
Younger adolescents (15-16 years)
Health care
Control (n=200) 50.05 -0.26
Intervention (n=281) 145.79 0.13 276 71% 29% 0% 0%
Societal
Control (n=200) 177.07 -0.26
Intervention (n=281) 334.90 0.13 343 68% 29% 1% 2%
Older adolescents (217 years)
Health care
Control (n=103) 271.48 -0.45
Intervention (n=106) 121.27 0.94 Dominant  31% 0% 0% 68%
Societal
Control (n=103) 428.90 -0.45
Intervention (n=106) 341.53 0.94 Dominant  39% 0% 0% 60%
Educational level subgroups
Low
Health care
Control (n=98) 263.02 -0.53
Intervention (n=91) 117.35 1.04 Dominant  35% 0% 0% 64%
Societal
Control (n=98) 435.78 -0.53
Intervention (n=91) 282.38 1.04 Dominant  30% 0% 0% 70%
High
Health care
Control (n=205) 59.50 -0.23
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NW (inferi-
Perspective® and condition Costs (€)°  Effect®  ICERY NE or) SwW SE (dominant)
Intervention (n=296) 145.76 -0.10 231 69% 30% 0% 1%
Societal
Control (n=205) 179.93 -0.23
Intervention (n=296) 353.42 -0.10 435 69% 29% 0% 1%
Religion subgroups
Religion
Health care
Control (n=97) 46.91 -0.34
Intervention (n=181) 148.11 0.32 148 96% 4% 0% 0%
Societal
Control (n=97) 155.80 -0.34
Intervention (n=181) 336.35 0.32 256 95% 4% 0% 1%
Noreligion
Health care
Control (n=206) 162.24 -0.32
Intervention (n=206) 131.13 0.02 Dominant  43% 7% 6% 45%
Societal
Control (n=206) 313.00 -0.32
Intervention (n=206) 337.04 0.02 47 50% 8% 4% 37%
Ethnicity subgroups
Dutch
Health care
Control (n=278) 128.83 -0.36
Intervention (n=356) 136.90 0.18 71 59% 3% 2% 3%
Societal
Control (n=278) 262.96 -0.36
Intervention (n=356) 334.67 0.18 139 69% 4% 1% 26%
Other
Health care
Control (n=25) 86.35 0.00
Intervention (n=31) 164.09 0.03 Inferior 36% 48% 3% 13%
Societal
Control (n=25) 259.53 0.00
Intervention (n=31) 360.20 0.03 Inferior 24% 48% 4% 24%

8Bootstrap analyses were conducted from two perspectives: the health care perspective and the societal perspective.
b Costs per adolescent at 2014 prices.
¢ Reduction in per week alcohol use between T0 and T1, with negative values indicating an increase at T1 compared to TO.

4 The presented ICER is the 50t percentile of 5000 bootstrap replications of the ICER.When an ICER is negative, then it is labeled as being either
“dominant” (suggesting that the intervention is both more effective and less costly than CAU) or “inferior” (suggesting that the intervention is both less
effective and more costly than CAU).

http://www.jmir.org/2016/4/€93/ JMed Internet Res 2016 | vol. 18 | iss. 4 | €93 | p.17
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Discussion

Principal Results

To the best of our knowledge, this was the first
cost-effectiveness analysis of a Web-based intervention
conducted from both the health care and societal perspective
that also incorporated the possible impact of ICBs on the
cost-effectiveness results. From both ahealth care and a societal
perspective, our study showstheintervention wasincrementally
more effective and more costly than CAU. This counts for both
the analyses in which the weekly alcohol use outcome measure
was incorporated and the analyses based on the binge drinking
0Ccasions outcome measure.

Although the intervention was incrementally effective in
targeting weekly acohol use, there was an increase in the
number of glasses of alcohol between TO and T1 in both arms
of thetrial. This can be explained based on the estimation that
approximately one-third of the study sample had his or her
birthday during this 4-month period between TO and T1, of
which some reached the legal drinking age of 18 years.
Furthermore, all adolescentsin the sample aged 4 months, which
increased the chance of them starting to drink or drink more.
This is also true for the younger Dutch adolescents because
many start drinking beforethelegal drinking age [45]. However,
contrary to weekly alcohol use, the number of binge drinking
occasions did not increase in the intervention arm; a small
decrease of a mean 0.16 hinge drinking occasions was noticed
compared to an increase of a mean 0.33 in the CAU arm.
Therefore, relative to the overall alcohol intake and compared
to CAU, it can tentatively be concluded that adolescentsin the
intervention arm became less irresponsible about drinking.

Our research aso shows that the inclusion of ICBs in the
economic evaluation impacted the cost-effectiveness results of
the analysis, especialy for certain subgroups. From a health
care perspective, the intervention is cost-effective for the male,
lower education, older adolescent, and nonreligious subgroups.
However, from a societal perspective (which includes ICBs),
the intervention is clearly cost-effective only for the lower
education and older adolescent subgroups.

Theinferiority of the intervention for certain subgroups could,
among other reasons, partly be explained based on the finding
that the baseline consumption for these subgroups wasrelatively
low compared to that of their counterparts. For example, the
baseline mean weekly acohol use in the female subgroup was
1.49 glasses (SD 3.57) compared to weekly mean 4.18 glasses
(SD 8.42) in the male subgroup. In so far as the following can
be concluded based on an analysis of the smallest subgroup
(n=56), this also goes for the non-Dutch subgroup (mean 2.16,
SD 5.00 glasses and mean 1.21, SD 2.44 binge drinking
occasions) versus the Dutch subgroup (mean 2.74, SD 6.48
glasses and mean 1.64, SD 2.77 binge drinking occasions). In
these subgroups, there was less effect to be gained.
Consequently, this could be related to the possibility of these
adol escents not identifying themselves as being part of thetarget
group of, and being affected by, the intervention.
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Strengthsand Limitations

Some of the strengths of thisstudy areitsrelatively large sample
size and its randomized design. The cluster randomization at
the school level minimized the risk of contamination between
the study conditions. Furthermore, the large heterogenic study
sample was a good representation of the Dutch adolescent
school-going population and allowed for subgroup analyses on
multiple background variables.

The use of a societal perspective along with a heath care
perspective was a major strength of this study. The societal
perspective is argued to be dominant over other perspectives
[46-48]. This is because of, but not restricted to, health
economics foundations in welfare economics, which means
that an economic evaluation should include the impact of an
intervention on the whole society [46]. However, not only the
choice of perspective, but also the way this was implemented
inthe study design, can be considered amajor strength. Because
the study population consisted of school-going adolescents,
limiting the societal perspective to including merely labor
productivity costswould not have properly reflected thisimpact.
For this study, the results show that labor productivity costs
make up just a small part of the total costs of ICBs (Table 2).
By including costs within the educational sector and criminal
justice system, we managed to provide a better reflection of the
economic impact of thisintervention on society.

Apart from these strengths, the findings of this study need to
be placed in the context of the study’s limitations. First, both
at TOand T1, the composition of adolescentsintheintervention
condition was significantly different from that of the control
condition for various characteristics, including gender,
educational level, and religion. This might have been caused
by (1) the cluster RCT design instead of randomization at the
individual level and/or (2) the large dropout before the baseline
assessment within the control condition in comparison with the
intervention condition. Although the results of the regression
analysis showed arelationship between some of the background
variables and the outcome measures, uncertainty around the
| CERs that were calculated in the base case analyses was dealt
with through various strategies. The sensitivity analyses attest
to therobustness of thefindings. Furthermore, the heterogeneity
of the sample was addressed extensively by calculating ICERS
and conducting bootstrap analyses for all subgroups based on
all background variables.

Second, the follow-up period of this CEA (ie, 4 months) might
beregarded as short. Costsand (health) benefitsthat fall beyond
these 4 months were not assessed. Future studies, including
additional follow-up measures and cost-effectiveness modeling,
could be interesting. Other studies have shown that the
cumulative cost savings in the life span of health promotion
interventions for adol escents could be high [49].

Third, the authors decided not to further modify the original
dataset by imputation and restricted the analysis to complete
cases. A missing completely at random anaysis (MCAR) in
SPSS version 20 based on the N=2493 sample that started at
baseline showed 71% to 72% per cost variable at TL1.
Furthermore, the missing values were not at random (P<.001).
Although this was expected considering the large dropout
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between TO and T1, the same goes for the n=757 sample that
started follow-up (P<.001). Given the nonnormality of cost
variables, the nonrandomness of missing values, and the large
dropout as is common in many Web-based interventions
[19,50-55], it was concluded that additional imputation would
have manipulated the original dataset too much. This counts
for both the basic imputation methods, such as expectation
maximization and last observation carried forward, as well as
for the more advanced methods, such as Markov chain Monte
Carlo technique with predictive mean matching [56]. As for
imputation strategies, the chosen strategy might have led to
biased results. Nevertheless, the alternative of replacing more
than 70% of the values, which would have been needed in this
study, would have increased the risk of atype Il error [51].
Imputation would have resulted in an increased chance of
underestimating the intervention's effectiveness and an
unrealistic representation of costs.

Fourth, measurements were based on self-reports, which could
have |ed to an underestimation of service use, alcohol use, and
use of other goodsin comparison with daily diaries[24,57]. As
for any measurement based on recalling services or goods used,
thisis because of forgetting [17]. However, in this study, recall
periods were kept short. For example, respondents were asked
for their alcohol use in the previous week and not in a typical
week. Furthermore, the recall period for the cost measurement
guestions was only 4 months. In addition, because the groups
were randomized, this underestimation is likely to be equally
distributed among theintervention and control group. Therefore,
itisunlikely that the ICERs were affected.

Finally, within the setting of this study, respondents were free
to fill in the answers themselves during the measurements. As
mentioned earlier, limits needed to be set to exclude respondents
who provided unredlistic answers. The choice made by the
authorsto exclude whole cases might have affected the outcomes
of the analysis. However, this choice isjustifiable based on the
finding that the vast mgjority of unrealistic answers were not
even close to the limits set by the authors and were far higher
than the credible range. For example, there were seven
respondents who claimed to have spent more than 200 nights
in a hospital bed in the previous 4 months, of which three said
to have spent more than 200,000. The 27 adolescentsat T1 who
filled in unrealistic answers (only 3.6% of the n=757 sample
that started follow-up) had amean 2.9 unrealistic answers. Based
on the data, it was clear that the vast majority of these 27
adolescents did this deliberately and systematically. Although
the outcome of the analyses might have been affected by the
limits that were set by the authors, these limits were carefully
considered, discussed, and decided apriori to the analyses. This
was done to minimize the chance of biased results. Furthermore,
the impact of cost outliers on the outcomes of the base case
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analyses has been covered in sensitivity analysesin which cost
outliers were excluded.

Recommendations

Computer-tail ored feedback can be a cost-effective way to target
alcohol use and binge drinking among adolescents. In the
Netherlands, despite the Dutch government’s change of policy
to reduce the minimum legal drinking age, 33.4% of Dutch
adolescents were drinkers in 2014 [45]. This is because in
practice drinking rules are set not only by Dutch law, but also
by parents or caregivers and alcoholic beverages can easily be
obtained via family and friends. Therefore, effective and
cost-effective interventions targeting adolescent drinking
behavior are still very much needed. The high dissemination
capabilities of the Alcoholic Alert intervention, combined with
itssolid basisin the I-Change model and low intervention costs
could make it an interesting investment for reducing alcohol
use among adolescents.

Because the cost-effectiveness for the whole sample is
dependent on the WTP max per effect, it is difficult to make
strong recommendations on whether the intervention should be
implemented from an economic point of view. Contrary to the
generic outcome measure quality-adjusted life year (QALY)
[58,59], and asis common for the majority of specific outcome
measures, no guidelines are available that provide a reference
cost-effectiveness threshold for reducing the consumption of
alcohol. However, the CEACs provide decision supportive
infformation because these provide cost-effectiveness
probabilities for awide range of hypothetical thresholds for all
analyses. These also show that, from both the health care and
the societal perspective, the intervention is cost-effective for
older adolescents and for those at a lower educationa level,
regardless of which threshold is set. From a health economic
viewpoint, it is recommended that these specific groups be
targeted. When adopting a health care perspective, the same
goes for the male and nonreligious adolescent subgroups.

In general, policy makers should be aware of the impact of the
perspective chosen for the analysis on its outcomes. Omitting
ICBs could negatively affect the reliability and informative
value of analysesthat are conducted from asocietal perspective.
Therefore, it is recommended that researchers should carefully
make apriori considerationson the coststo beincluded because
leaving out important costs could lead to biased results [60].
Finally, as in this study, high attrition rates could affect the
outcomes of CEASs. High attrition rates are common in eHealth
interventions [61,62]. It is recommended that more research
should be conducted on adherence to eHealth interventions and
that these interventions be implemented in practice, thus
increasing their effectiveness, cost-effectiveness, and impact
on public health.

Acknowledgments

Thisstudy was funded by ZonMW, the Netherlands Organisation for Health Research and Devel opment (grant numbers: 200120006
and 200400010). Intervention development, data collection and analysis took place at Maastricht University. The game was
developed in collaboration with Goal 043. The authors want to thank Claire Schoren, Kim Eijmael, and Mathieu van Adrichem

for their contributions in developing the intervention.

http://www.jmir.org/2016/4/e93/

JMed Internet Res 2016 | vol. 18 | iss. 4| €93 | p.19
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Drost et a

Authors Contributions

AJ, LM, and HV were in charge of the intervention design and data collection. RD, AP, DR, and SE provided advice on data
collection and were in charge of conducting the economic analysis. All authors were involved in all stages of the development,
analysis, and writing of the manuscript.

Conflictsof I nterest

Hein de Vriesisscientific director of Vision2Health, acompany that licenses evidence-based innovative computer-tailored health
communication tools. No other authors reported any conflicts of interest.

Multimedia Appendix 1
Additional File1 List of limits of realistic answers to the questionsin the cost questionnairesat TO and T1.

[PDF File (Adobe PDF File), 35KB - jmir_v18i4e93 appl.pdf ]

Multimedia Appendix 2

Additional File 2 Cost-effectiveness planes (left side) and corresponding CEACs (right side) of the economic eval uations based
on the weekly alcohol use outcome measure, which were conducted from the health care perspective (upper), societal perspective
including drugs and cigarette use (middle) and societal perspective excluding drugs and cigarette use (below) for the subgroups:
male/female, younger/older, lower education/higher education, religious/non-religious, and Dutch/non-Dutch.

[PDE File (Adobe PDE File), 13KB - jmir_v18i4e93_app2.pdf ]

Multimedia Appendix 3

Additional File 3 Cost-effectiveness planes (left side) and corresponding CEACs (right side) of the economic eval uations based
on binge drinking occasi ons outcome measure, which were conducted from the health care perspective (upper), societal perspective
including drugs and cigarette use (middl€e) and societal perspective excluding drugs and cigarette use (below) for the subgroups:
male/female, younger/older, lower education/higher education, religious/non-religious, and Dutch/non-Dutch.

[PDE File (Adobe PDF File), 13KB - jmir_v18i4€93_app3.pdf ]

References

1. RehmJ, Taylor B, Room R. Global burden of disease from alcohal, illicit drugs and tobacco. Drug Alcohol Rev 2006
Nov;25(6):503-513. [doi: 10.1080/09595230600944453] [Medline: 17132570]

2. Ezzati M, Lopez A, Rodgers A, Murray C. World Health Organization. 2004. Comparative quantification of health risks:
global and regional burden of diseases attributabl e to selected major risks URL: http://www.who.int/healthinfo/
global_burden_disease/cralen/ [accessed 2016-04-05] [WebCite Cache ID 6gXdY QLrZz]

3. Smit F, Lokkerbol J, Riper H, Majo MC, Boon B, Blankers M. Modeling the cost-effectiveness of health care systems for
alcohol use disorders: how implementation of eHealth interventions improves cost-effectiveness. JMed Internet Res
2011;13(3):e56 [FREE Full text] [doi: 10.2196/jmir.1694] [Medline: 21840836]

4.  World Health Organization. 2014. Global status report on alcohol and health URL: http://www.who.int/substance abuse/
publications/global_alcohol_report/en/ [accessed 2016-04-05] [WebCite Cache ID 6gXdf8yca]

5. Mohapatra S, Patra J, Popova S, Duhig A, Rehm J. Social cost of heavy drinking and alcohol dependence in high-income
countries. Int J Public Health 2010 Jun;55(3):149-157. [doi: 10.1007/s00038-009-0108-9] [Medline: 20024666]

6. RehmJ, Mathers C, Popova S, Thavorncharoensap M, Teerawattananon Y, Patra J. Global burden of disease and injury
and economic cost attributable to alcohol use and alcohol-use disorders. Lancet 2009 Jun 27;373(9682):2223-2233. [doi:
10.1016/S0140-6736(09)60746-7] [Medline: 19560604]

7.  Smit F, Cuijpers P, Oostenbrink J, Batelaan N, de GR, Beekman A. Costs of hine common mental disorders: implications
for curative and preventive psychiatry. J Ment Health Policy Econ 2006 Dec;9(4):193-200. [Medline: 17200596]

8.  World Health Organization. 2002. World report on violence and health URL : http://www.who.int/violence injury_prevention/
violence/world_report/en/ [accessed 2016-04-05] [WebCite Cache ID 6gXdisqW6]

9.  Youth Violence and Alcohol. Geneva: World Health Organization; 2006. URL: http://www.who.int/
violence injury_prevention/violence/world report/factsheets/fs youth.pdf [accessed 2016-04-05] [WebCite Cache ID

69X dmk4u8]
10. Chiauzzi E, Green TC, Lord S, Thum C, Goldstein M. My student body: ahigh-risk drinking prevention web sitefor college

students. JAm Coll Health 2005;53(6):263-274 [ FREE Full text] [doi: 10.3200/JACH.53.6.263-274] [Medline: 15900990]

11. Kypri K, Saunders JB, Williams SM, McGee RO, Langley JD, Cashell-Smith ML, et al. Web-based screening and brief
intervention for hazardous drinking: a double-blind randomized controlled trial. Addiction 2004 Nov;99(11):1410-1417.
[doi: 10.1111/].1360-0443.2004.00847.X] [Medline: 15500594]

http://www.jmir.org/2016/4/€93/ JMed Internet Res 2016 | vol. 18 | iss. 4 | €93 | p.20
(page number not for citation purposes)

RenderX


http://www.jmir.org/article/downloadSuppFile/5223/32042
http://www.jmir.org/article/downloadSuppFile/5223/32042
http://www.jmir.org/article/downloadSuppFile/5223/32044
http://www.jmir.org/article/downloadSuppFile/5223/32044
http://www.jmir.org/article/downloadSuppFile/5223/32046
http://www.jmir.org/article/downloadSuppFile/5223/32046
http://dx.doi.org/10.1080/09595230600944453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17132570&dopt=Abstract
http://www.who.int/healthinfo/global_burden_disease/cra/en/
http://www.who.int/healthinfo/global_burden_disease/cra/en/
http://www.webcitation.org/6gXdYQLrz
http://www.jmir.org/2011/3/e56/
http://dx.doi.org/10.2196/jmir.1694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21840836&dopt=Abstract
http://www.who.int/substance_abuse/publications/global_alcohol_report/en/
http://www.who.int/substance_abuse/publications/global_alcohol_report/en/
http://www.webcitation.org/6gXdf8yc4
http://dx.doi.org/10.1007/s00038-009-0108-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20024666&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(09)60746-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19560604&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17200596&dopt=Abstract
http://www.who.int/violence_injury_prevention/violence/world_report/en/
http://www.who.int/violence_injury_prevention/violence/world_report/en/
http://www.webcitation.org/6gXdisqW6
http://www.who.int/violence_injury_prevention/violence/world_report/factsheets/fs_youth.pdf
http://www.who.int/violence_injury_prevention/violence/world_report/factsheets/fs_youth.pdf
http://www.webcitation.org/6gXdmk4u8
http://www.webcitation.org/6gXdmk4u8
http://europepmc.org/abstract/MED/15900990
http://dx.doi.org/10.3200/JACH.53.6.263-274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15900990&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2004.00847.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15500594&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Drost et a

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

LustriaML, Cortese J, Noar SM, Glueckauf RL. Computer-tailored health interventions delivered over the Web: review
and analysis of key components. Patient Educ Couns 2009 Feb;74(2):156-173. [doi: 10.1016/j.pec.2008.08.023] [Medline:
18947966]

Matano RA, Koopman C, Wanat SF, Winzelberg AJ, Whitsell SD, Westrup D, et al. A pilot study of an interactive web
sitein the workplace for reducing alcohol consumption. J Subst Abuse Treat 2007 Jan;32(1):71-80. [doi:
10.1016/].jsat.2006.05.020] [Medline: 17175400]

Riper H, Kramer J, Smit F, Conijn B, Schippers G, Cuijpers P. Web-based self-help for problem drinkers: a pragmatic
randomized trial. Addiction 2008 Feb;103(2):218-227. [doi: 10.1111/j.1360-0443.2007.02063.x] [Medline: 18199300]
van der Wulp NY, Hoving C, Eijmael K, Candel MJ, van Dalen W, De Vries H. Reducing a cohol use during pregnancy
viahealth counseling by midwives and internet-based computer-tail ored feedback: acluster randomized trial. JMed I nternet
Res 2014;16(12):e274 [FREE Full text] [doi: 10.2196/jmir.3493] [Medline: 25486675]

de VriesH, Brug J. Computer-tailored interventions motivating people to adopt health promoting behaviours: introduction
to a new approach. Patient Educ Couns 1999 Feb;36(2):99-105. [Medline: 10223015]

Lemmens P, Tan ES, Knibbe RA. Measuring quantity and frequency of drinking in ageneral population survey: acomparison
of five indices. J Stud Alcohol 1992 Sep;53(5):476-486. [Medline: 1405641]

van Keulen HM, Mesters |, Brug J, Ausems M, Campbell M, Resnicow K, et al. Vitalum study design: RCT evaluating
the efficacy of tailored print communication and tel ephone motivational interviewing on multiple health behaviors. BMC
Public Health 2008;8:216 [FREE Full text] [doi: 10.1186/1471-2458-8-216] [Medline: 18565222]

Smit ES, Evers SM, de Vries H, Hoving C. Cost-effectiveness and cost-utility of Internet-based computer tailoring for
smoking cessation. J Med Internet Res 2013;15(3):e57 [FREE Full text] [doi: 10.2196/jmir.2059] [Medline: 23491820]
Kreuter MW, Wray RJ. Tailored and targeted health communication: strategies for enhancing information relevance. Am
JHealth Behav 2003 Dec;27 Suppl 3:5227-S232. [Medline: 14672383]

Schulz DN, Smit ES, Stanczyk NE, Kremers SP, de VriesH, Evers SM. Economic evaluation of a web-based tailored
lifestyle intervention for adults: findings regarding cost-effectiveness and cost-utility from arandomized controlled trial.
JMed Internet Res 2014;16(3):€91 [FREE Full text] [doi: 10.2196/jmir.3159] [Medline: 24650860]

Internet World Stats. 2014. Internet users in the world URL: http://www.internetworl dstats.com/stats.htm [accessed
2016-12-09] [WebCite Cache ID 6¢c7pfXiGN]

Eurostat. 2015. Internet use statistics - individuals URL: http://ec.europa.eu/eurostat/stati stics-expl ained/index.php/
Internet_use statistics -_individuals [accessed 2015-10-08] [WebCite Cache ID 6¢8381G2c]

Jander A, Crutzen R, Mercken L, Candel M, de Vries H. Effects of aweb-based computer-tailored game to reduce binge
drinking among dutch adolescents: a cluster randomized controlled trial. JMed Internet Res 2016;18(2):e29 [FREE Full
text] [doi: 10.2196/jmir.4708] [Medline: 26842694]

Voogt CV, Kleinjan M, Poelen EA, Lemmers LA, Engels RC. The effectiveness of aweb-based brief alcohol intervention
in reducing heavy drinking among adol escents aged 15-20 years with alow educational background: a two-arm parallel
group cluster randomized controlled trial. BM C Public Health 2013;13:694 [ FREE Full text] [doi: 10.1186/1471-2458-13-694)]
[Medline: 23895403]

Suijkerbuijk A, Van Gils P, De Wit G. Bilthoven: National Ingtitute for Public Health and the Environment. 2014. De
kosteneffectiviteit van interventies gericht op verslaving aan alcohol en middelen URL: http://www.rivm.nl/
dsresource?objectid=rivmp:251950& type=org& disposition=inline& ns nc=1 [WebCite Cache]

BlankersM, Nabitz U, Smit F, Koeter MW, Schippers GM. Economic evaluation of internet-based interventions for harmful
alcohol use aongside a pragmatic randomized controlled trial. JMed Internet Res 2012;14(5):e134 [FREE Full text] [doi:
10.2196/jmir.2052] [Medline: 23103771]

Ingels JB, Corso PS, Kogan SM, Brody GH. Cost-effectiveness of the strong African American families-teen program:
1-year follow-up. Drug Alcohol Depend 2013 Dec 1;133(2):556-561 [ FREE Full text] [doi: 10.1016/j.drugal cdep.2013.07.036]
[Medline: 23998376]

Nelson JP. Binge drinking and alcohol prices: a systematic review of age-related results from econometric studies, natural
experiments and field studies. Health Econ Rev 2015;5:6 [FREE Full text] [doi: 10.1186/s13561-014-0040-4] [Medline:
25853004]

Drost RM, Paulus AT, Ruwaard D, Evers SM. Inter-sectoral costs and benefits of mental health prevention: towards a new
classification scheme. J Ment Health Policy Econ 2013 Dec;16(4):179-186. [Medline: 24526586]

Jander A, Crutzen R, Mercken L, de Vries H. A Web-based computer-tailored game to reduce binge drinking among 16
to 18 year old Dutch adolescents: development and study protocol. BMC Public Health 2014;14:1054 [FREE Full text]
[doi: 10.1186/1471-2458-14-1054] [Medline: 25301695]

Wechdler H, Dowdall GW, Davenport A, Rimm EB. A gender-specific measure of binge drinking among college students.
Am JPublic Health 1995 Jul;85(7):982-985. [Medline: 7604925]

deVriesH, Mudde A, Leijs |, Charlton A, Vartiainen E, Buijs G, et a. The European Smoking Prevention Framework
Approach (EFSA): an example of integral prevention. Health Educ Res 2003 Oct; 18(5):611-626 [FREE Full text] [Medline:
14572020]

http://www.jmir.org/2016/4/€93/ JMed Internet Res 2016 | vol. 18 | iss. 4| €93 | p.21

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.pec.2008.08.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18947966&dopt=Abstract
http://dx.doi.org/10.1016/j.jsat.2006.05.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17175400&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2007.02063.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18199300&dopt=Abstract
http://www.jmir.org/2014/12/e274/
http://dx.doi.org/10.2196/jmir.3493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25486675&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10223015&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1405641&dopt=Abstract
http://www.biomedcentral.com/1471-2458/8/216
http://dx.doi.org/10.1186/1471-2458-8-216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18565222&dopt=Abstract
http://www.jmir.org/2013/3/e57/
http://dx.doi.org/10.2196/jmir.2059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23491820&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14672383&dopt=Abstract
http://www.jmir.org/2014/3/e91/
http://dx.doi.org/10.2196/jmir.3159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24650860&dopt=Abstract
http://www.internetworldstats.com/stats.htm
http://www.webcitation.org/6c7pfXiGN
http://ec.europa.eu/eurostat/statistics-explained/index.php/Internet_use_statistics_-_individuals
http://ec.europa.eu/eurostat/statistics-explained/index.php/Internet_use_statistics_-_individuals
http://www.webcitation.org/6c838lG2c
http://www.jmir.org/2016/2/e29/
http://www.jmir.org/2016/2/e29/
http://dx.doi.org/10.2196/jmir.4708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26842694&dopt=Abstract
http://www.biomedcentral.com/1471-2458/13/694
http://dx.doi.org/10.1186/1471-2458-13-694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23895403&dopt=Abstract
http://www.rivm.nl/dsresource?objectid=rivmp:251950&type=org&disposition=inline&ns_nc=1
http://www.rivm.nl/dsresource?objectid=rivmp:251950&type=org&disposition=inline&ns_nc=1
http://www.webcitation.org/query?url=http%3A%2F%2Fwww.rivm.nl%2Fdsresource%3Fobjectid%3Drivmp%3A251950%26type%3Dorg%26disposition%3Dinline%26ns_nc%3D1&refdoi=10.2196%2Fjmir.5223
http://www.jmir.org/2012/5/e134/
http://dx.doi.org/10.2196/jmir.2052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23103771&dopt=Abstract
http://europepmc.org/abstract/MED/23998376
http://dx.doi.org/10.1016/j.drugalcdep.2013.07.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23998376&dopt=Abstract
http://europepmc.org/abstract/MED/25853004
http://dx.doi.org/10.1186/s13561-014-0040-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25853004&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24526586&dopt=Abstract
http://www.biomedcentral.com/1471-2458/14/1054
http://dx.doi.org/10.1186/1471-2458-14-1054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25301695&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7604925&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=14572020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14572020&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Drost et a

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

Johannesson M. Avoiding double-counting in pharmacoeconomic studies. Pharmacoeconomics 1997 May;11(5):385-388.
[Medline: 10168027]

Centraal Bureau voor de Statistiek. 2014. Statline URL: http://statline.cbs.nl/statweb/ [accessed 2016-05-06] [WebCite
Cache ID 6c7pY gjVK]

Arkes H, Blumer C. The psychology of sunk cost. Organ Behav Hum Dec 1985 Feb;35(1):124-140. [doi:
10.1016/0749-5978(85)90049-4]

Hakkaart-van RL, Tan S, Bouwmans C. Methoden en referentieprijzen voor economische eval uatiesin de gezondheidszorg.
Diemen: College voor Zorgverzekeringen; 2011. Handleiding voor kostenonderzoek URL: http://www.
zorginstituutnederl and.nl/binari es/content/documents/zinl -www/documenten/publicati es/overige-publicaties/

1007-handl eiding-voor-kostenonderzoek/1007-handl ei ding-voor-kostenonder zoek/Handl eiding+voor+kostenonderzoek.
pdf [accessed 2015-10-09] [WebCite Cache ID 6c93WUA4s]|

Drost RM, Paulus AT, Ruwaard D, Evers SM. Maastricht University. 2014. Handleiding intersectoral e kosten en baten van
(preventieve) interventies: Classificatie, identificatie en kostprijzen URL: http://www.maastrichtuniversity.nl/web/

fil e?2uui d=140bf 3cc-ale8-41ea-beb6-545663a93f62& owner=5b078ea8-4508-4eee-bb18-80a308782b25 [WebCite Cachel
Bouwmans CA, Schawo SJ, Jansen DE, Vermeulen KM, Reijneveld SA, Hakkaart-van Roijen L. iIMTA Questionnaire
Intensive Youth Care. 2012. URL: https.//www.bmg.eur.nl/fileadmin/A SSET S/bmg/Onderzoek/

Onderzoeksrapporten_ Working_Papers/2012.06_-_Handleiding_Vragenlijst_Intensieve Jeugdzorg.pdf [accessed
2016-11-20] [WebCite Cache ID 6c7gepCdu]

Cloin M, Kamphuis C, Schols M, Tiessen-Raaphorst A, Verbeek D. The Hague: Sociaal Cultureel Planbureau. 2011.
Nederland in een dag: Tijdsbesteding in Nederland vergeleken met diein vijftien andere Europese landen URL : http://www.
scp.nl/Publicaties/Alle publicaties/Publicaties 2011/Nederland in_een_dag [accessed 2016-04-05] [WebCite Cache ID
60X egax6C]

Jellinek. Hoevedl kosten drugs? URL : https://www.jellinek.nl/vrasg-antwoord/hoeveel -kosten-drugs/ [accessed 2015-10-08]
[WebCite Cache ID 6c7pQEam8]

Killip S, Mahfoud Z, Pearce K. What isan intracluster correlation coefficient? Crucial conceptsfor primary careresearchers.
Ann Fam Med 2004;2(3):204-208 [FREE Full text] [Medline: 15209195]

Drummond M, O'Brien B, Stoddart G, Torrance G. Methods for the Economic Evaluation of Health Care Programmes.
New York: Oxford University Press; 2005.

Cramer D, Howitt D. The Sage Dictionary of Statistics: A Practical Resource for Studentsin the Socia Sciences. London:
SAGE; 2004.

Centraal Bureau voor de Statistiek. 2015. L eefstijl en (preventief) gezondheidsonderzoek; persoonskenmerken URL : http:/
[statline.cbs.nl/Statweb/publication/?DM=SL NL & PA=83021NED& D1=11-16& D2=a& D3=0& D4=1& VW=T [accessed
2016-08-20] [WebCite Cache ID 6c7pHUsSH]

Byford S, Raftery J. Perspectives in economic evaluation. BMJ 1998 May 16;316(7143):1529-1530 [FREE Full text]
[Medline: 9582152]

Jonsson B. Ten arguments for a societal perspective in the economic evaluation of medical innovations. Eur J Health Econ
2009 Oct;10(4):357-359. [doi: 10.1007/s10198-009-0173-2] [Medline: 19618224]

Knies S, SeverensJL, Ament AJ, Evers SM. Thetransferability of valuing lost productivity acrossjurisdictions. differences
between national pharmacoeconomic guidelines. Value Health 2010 Aug;13(5):519-527. [doi:
10.1111/j.1524-4733.2010.00699.x] [Medline: 20712601]

Ahmad S. Closing the youth access gap: the projected health benefits and cost savings of anational policy to raise the legal
smoking age to 21 in the United States. Health Policy 2005 Dec;75(1):74-84. [doi: 10.1016/j.healthpol .2005.02.004]
[Medline: 16298230]

Blankers M, Koeter MW, Schippers GM. Missing data approaches in eHealth research: simulation study and atutorial for
nonmathematically inclined researchers. JMed Internet Res 2010;12(5):e54 [FREE Full text] [doi: 10.2196/jmir.1448]
[Medline: 21169167]

Eysenbach G. Thelaw of attrition. JMed Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

McKay HG, Danaher BG, Seeley JR, Lichtenstein E, Gau JM. Comparing two web-based smoking cessation programs:
randomized controlled trial. JMed Internet Res 2008;10(5):e40 [FREE Full text] [doi: 10.2196/jmir.993] [Medline:
19017582]

Shahab L, McEwen A. Online support for smoking cessation: a systematic review of the literature. Addiction 2009
Nov;104(11):1792-1804. [doi: 10.1111/].1360-0443.2009.02710.x] [Medline: 19832783]

Webb TL. Commentary on Shahab & McEwen (2009): Understanding and preventing attrition in online smoking cessation
interventions: asdlf-regulatory perspective. Addiction 2009 Nov;104(11):1805-1806. [doi: 10.1111/j.1360-0443.2009.02751.X]
[Medline: 19832784]

West R, Hajek P, Stead L, Stapleton J. Outcome criteriain smoking cessation trials: proposal for a common standard.
Addiction 2005 Mar;100(3):299-303. [doi: 10.1111/j.1360-0443.2004.00995.x] [Medline: 15733243]

Acock A. Working with missing values. JMarriage Fam 2005 Nov;67(4):1012-1028. [doi: 10.1111/].1741-3737.2005.00191..x]

http://www.jmir.org/2016/4/€93/ JMed Internet Res 2016 | vol. 18 | iss. 4 | €93 | p.22

RenderX

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10168027&dopt=Abstract
http://statline.cbs.nl/statweb/
http://www.webcitation.org/6c7pYgjVK
http://www.webcitation.org/6c7pYgjVK
http://dx.doi.org/10.1016/0749-5978(85)90049-4
http://www.zorginstituutnederland.nl/binaries/content/documents/zinl-www/documenten/publicaties/overige-publicaties/1007-handleiding-voor-kostenonderzoek/1007-handleiding-voor-kostenonderzoek/Handleiding+voor+kostenonderzoek.pdf
http://www.zorginstituutnederland.nl/binaries/content/documents/zinl-www/documenten/publicaties/overige-publicaties/1007-handleiding-voor-kostenonderzoek/1007-handleiding-voor-kostenonderzoek/Handleiding+voor+kostenonderzoek.pdf
http://www.zorginstituutnederland.nl/binaries/content/documents/zinl-www/documenten/publicaties/overige-publicaties/1007-handleiding-voor-kostenonderzoek/1007-handleiding-voor-kostenonderzoek/Handleiding+voor+kostenonderzoek.pdf
http://www.zorginstituutnederland.nl/binaries/content/documents/zinl-www/documenten/publicaties/overige-publicaties/1007-handleiding-voor-kostenonderzoek/1007-handleiding-voor-kostenonderzoek/Handleiding+voor+kostenonderzoek.pdf
http://www.webcitation.org/6c93WU4sJ
http://www.maastrichtuniversity.nl/web/file?uuid=140bf3cc-a0e8-41ea-be66-545663a93f62&owner=5b078ea8-4508-4eee-bb18-80a308782b25
http://www.maastrichtuniversity.nl/web/file?uuid=140bf3cc-a0e8-41ea-be66-545663a93f62&owner=5b078ea8-4508-4eee-bb18-80a308782b25
http://www.webcitation.org/query?url=http%3A%2F%2Fwww.maastrichtuniversity.nl%2Fweb%2Ffile%3Fuuid%3D140bf3cc-a0e8-41ea-be66-545663a93f62%26owner%3D5b078ea8-4508-4eee-bb18-80a308782b25&refdoi=10.2196%2Fjmir.5223
https://www.bmg.eur.nl/fileadmin/ASSETS/bmg/Onderzoek/Onderzoeksrapporten___Working_Papers/2012.06_-_Handleiding_Vragenlijst_Intensieve_Jeugdzorg.pdf
https://www.bmg.eur.nl/fileadmin/ASSETS/bmg/Onderzoek/Onderzoeksrapporten___Working_Papers/2012.06_-_Handleiding_Vragenlijst_Intensieve_Jeugdzorg.pdf
http://www.webcitation.org/6c7qepCdu
http://www.scp.nl/Publicaties/Alle_publicaties/Publicaties_2011/Nederland_in_een_dag
http://www.scp.nl/Publicaties/Alle_publicaties/Publicaties_2011/Nederland_in_een_dag
http://www.webcitation.org/6gXeqax6C
http://www.webcitation.org/6gXeqax6C
https://www.jellinek.nl/vraag-antwoord/hoeveel-kosten-drugs/
http://www.webcitation.org/6c7pQEam8
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=15209195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15209195&dopt=Abstract
http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=83021NED&D1=11-16&D2=a&D3=0&D4=l&VW=T
http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=83021NED&D1=11-16&D2=a&D3=0&D4=l&VW=T
http://www.webcitation.org/6c7pHUss6
http://europepmc.org/abstract/MED/9582152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9582152&dopt=Abstract
http://dx.doi.org/10.1007/s10198-009-0173-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19618224&dopt=Abstract
http://dx.doi.org/10.1111/j.1524-4733.2010.00699.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20712601&dopt=Abstract
http://dx.doi.org/10.1016/j.healthpol.2005.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16298230&dopt=Abstract
http://www.jmir.org/2010/5/e54/
http://dx.doi.org/10.2196/jmir.1448
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21169167&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://www.jmir.org/2008/5/e40/
http://dx.doi.org/10.2196/jmir.993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19017582&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2009.02710.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19832783&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2009.02751.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19832784&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2004.00995.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15733243&dopt=Abstract
http://dx.doi.org/10.1111/j.1741-3737.2005.00191.x
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Drost et a

57.

58.

59.

60.

61.

62.

Sobell LC, Cellucci T, Nirenberg TD, Sobell MB. Do quantity-frequency data underestimate drinking-related health risks?
Am JPublic Health 1982 Aug;72(8):823-828. [Medline: 7091478]

Devlin N, Parkin D. Does NICE have a cost-effectiveness threshold and what other factorsinfluenceits decisions? A binary
choice analysis. Health Econ 2004 May;13(5):437-452. [doi: 10.1002/hec.864] [Medline: 15127424]

Neumann PJ, Cohen JT, Weinstein MC. Updating cost-effectiveness--the curious resilience of the $50,000-per-QALY
threshold. N Engl J Med 2014 Aug 28;371(9):796-797. [doi: 10.1056/NEJMp1405158] [Medline: 25162885]

Evers SM, Hiligsmann M, Adarkwah CC. Risk of biasin trial-based economic evaluations: identification of sources and
bias-reducing strategies. Psychol Health 2015 Jan;30(1):52-71. [doi: 10.1080/08870446.2014.953532] [Medline: 25141273]
deVriesH, Logister M, Krekels G, Klaasse F, Servranckx V, van Osch L. Internet based computer tailored feedback on
sunscreen use. JMed Internet Res 2012;14(2):e48 [FREE Full text] [doi: 10.2196/jmir.1902] [Medline: 22547528]

Kohl LF, Crutzen R, de Vries NK. Online prevention aimed at lifestyle behaviors: a systematic review of reviews. JMed
Internet Res 2013;15(7):e146 [FREE Full text] [doi: 10.2196/jmir.2665] [Medline: 23859884]

Abbreviations

CAU: care asusua

CEA: cost-effectiveness analysis

CEAC: cost-effectiveness acceptability curve
I CB: intersectoral costs and benefit

I CC: intracluster correlation coefficient

I CER: incremental cost-effectivenessratio
MCAR: missing completely at random
NE: northeast quadrant

NW: northwest quadrant

RCT: randomized controlled trial

SE: southeast quadrant

SW: southwest quadrant

WTP max: maximum willingness to pay

Edited by G Eysenbach; submitted 09.10.15; peer-reviewed by F Vannieuwenborg, U Frick; comments to author 12.11.15; revised
version received 23.12.15; accepted 07.01.16; published 21.04.16

Please cite as:

Drost RMWA, Paulus ATG, Jander AF, Mercken L, de VriesH, Ruwaard D, Evers SMAA

AWeb-Based Computer-Tailored Alcohol Prevention Programfor Adolescents: Cost-Effectiveness and Intersectoral Costs and Benefits
J Med Internet Res 2016;18(4):€93

URL: http://mwww.jmir.org/2016/4/€93/

doi:10.2196/jmir.5223
PMID:

©Ruben MWA Drost, Aggie TG Paulus, Astrid F Jander, Liesbeth Mercken, Hein de Vries, Dirk Ruwaard, SilviaMAA Evers.
Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 21.04.2016. Thisisan open-accessarticle
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses’by/2.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal
of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

http://www.jmir.org/2016/4/€93/ JMed Internet Res 2016 | vol. 18 | iss. 4 | €93 | p.23

RenderX

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7091478&dopt=Abstract
http://dx.doi.org/10.1002/hec.864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15127424&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp1405158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25162885&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2014.953532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25141273&dopt=Abstract
http://www.jmir.org/2012/2/e48/
http://dx.doi.org/10.2196/jmir.1902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22547528&dopt=Abstract
http://www.jmir.org/2013/7/e146/
http://dx.doi.org/10.2196/jmir.2665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23859884&dopt=Abstract
http://www.jmir.org/2016/4/e93/
http://dx.doi.org/10.2196/jmir.5223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

