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Study Objectives: To investigate cost-effectiveness of adolescent cognitive behavioral therapy for insomnia (CBTI) in group- and Internet-delivered formats,

from a societal perspective with a time horizon of 1y

Methods: Costs and effects data up to 1-y follow-up were obtained from a randomized controlled trial (RCT) comparing Internet CBTI to face-to-face group
CBTI. The study was conducted at the laboratory of the Research Institute of Child Development and Education at the University of Amsterdam, and the
academic youth mental health care center UvAMinds in Amsterdam. Sixty-two participants meeting Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision criteria for insomnia were randomized to face-to-face group CBTI (GT; n = 31, age = 15.6 y + 1.8, 71.0% girls) or individual
Internet CBTI (IT; n =31, age = 15.4 y + 1.5, 83.9% girls). The intervention consisted of six weekly sessions and a 2-mo follow up booster-session of CBTI,
consisting of psychoeducation, sleep hygiene, restriction of time in bed, stimulus control, cognitive therapy, and relaxation techniques. GT sessions were held
in groups of six to eight adolescents guided by two trained sleep therapists. IT consisted of individual Internet therapy with preprogrammed content similar to

GT, and guided by trained sleep therapists.

Results: Outcome measures were subjective sleep efficiency (SE) = 85%, and quality-adjusted life-years (QALY). Analyses were conducted from a societal
perspective. Incremental cost-effectiveness ratios (ICERs) were calculated using bootstrap sampling, and presented in cost-effectiveness planes. Primary
analysis showed costs over 1y were higher for GT but effects were similar for IT and GT. Bootstrapped ICERs demonstrated there is a high probability of IT
being cost-effective compared to GT. Secondary analyses confirmed robustness of results.

Conclusions: Internet CBTl is a cost-effective treatment compared to group CBTI for adolescents, although effects were largely similar for both formats.

Further studies in a clinical setting are warranted.
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Significance

of group- and Internet CBTI.

This is the first study to show that group- and Internet-delivered cognitive behavioral therapy for insomnia (CBTI) are equally effective in improving
adolescent sleep, but that costs are lower in Internet-CBTI. Considering both effects and costs simultaneously, Internet-CBTI was found cost-effective
compared to group-CBTI. These findings are important for policy makers and clinicians in light of the high economic burden and severe consequences
of adolescent insomnia for daily life, and they highlight possibilities to disseminate CBTI more broadly via the Internet to meet the shortage of sleep
therapist. Further research is recommended into effectiveness for specific subgroups (based on e.g. severity of insomnia, sex, age) and characteristics

INTRODUCTION

Insomnia disorder consists of difficulty initiating or main-
taining sleep or nonrestorative sleep, accompanied by signif-
icant negative daytime consequences, for at least 3 days per
week and at least 3 mo.! Reported prevalence of insomnia in
adolescents ranges from 7.8% up to 23.8%.>3 Although sleep
problems in children and adolescents are still severely under-
diagnosed,* insomnia is the most prevalent sleep disorder in
adolescents™® and is also most often diagnosed in this age
group in pediatric primary care centers.’ Insomnia has been
related to severe consequences for daily life, including anxiety
and depression,”® drug and alcohol abuse,”'® impaired aca-
demic performance,' problem behavior,'? and attention deficit/
hyperactivity disorder (ADHD)."

Over the past decade, a number of studies have been pub-
lished that investigated efficacy of cognitive behavioral
therapy for insomnia (CBTI) in adolescents.”*"'* From these
studies, there is growing support for the effectiveness of CBTI
for adolescents. However, because adolescents, more so than
adults, appear reluctant to seek psychological help,? effective,
low-threshold interventions need to become available that are
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highly accessible for this age group.” Internet therapy may fill
this treatment gap for adolescents,?>* especially since the last
few years mounting evidence has appeared of efficacy of pedi-
atric online cognitive behavioral treatments compared to face-
to-face treatment.”** Therapist-guided face-to-face CBTI is
regarded by many as the gold standard for insomnia treatment.
However, the two studies on CBTI for adolescents!>!'® showed
that individual guided Internet CBTI and face-to-face group
CBTI were both highly feasible and acceptable for adolescents,
with very low attrition rates. Moreover, there appeared no sig-
nificant differences between the two treatment modalities in
treating adolescents with Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-
TR) primary insomnia for both short- and long-term outcomes
for sleep and psychopathology up to 1 y. Considering the lack
of significant differences in outcomes and the acceptability
of both Internet and group CBTI, the question then remains
which form of treatment would be preferable in light of other
factors such as cost effectiveness.

Health care costs have risen dramatically in past decades
with governments attempting to control costs and/or search for
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cost savings. One potential relevant source of information is
cost-effectiveness studies. Cost-effectiveness studies compare
both effects and costs between two (or more) treatments. Usu-
ally, an incremental cost-effectiveness ratio (ICER) is calcu-
lated, which is expressed as the difference in costs between
treatments divided by the difference in effects. Next, bootstrap
analyses—in which estimated ICERs are derived from repeat-
edly drawing random samples from the original sample—can
be used to handle the uncertainty around the ICER.?® This ap-
proach results in a cost-effectiveness plane (cross) in which
the vertical axis represents the difference in costs and the
horizontal axis represents the difference in effect. There are
four main outcomes depending on the quadrant in which most
ICERs can be found: (1) the new treatment is dominant; i.e.,
the new treatment is more effective and less costly (south-east
quadrant), (2) the old treatment is dominant; i.e., the old treat-
ment is more effective and less costly (north-west quadrant),
(3) the new treatment is less effective as well as less costly
(south-west quadrant), and (4) the new treatment is more ef-
fective as well as more costly (north-east quadrant).”’ In this
latter case, the decision whether or not the new treatment is to
be implemented depends on the “willingness to pay,” which
represents the amount of money that people (society) should be
willing to pay for an extra unit of effect. One important limita-
tion, however, is that the willingness to pay is often unknown.
For example, how much money would people be willing to
pay for a unit increase in sleep efficiency? One solution for
this issue is to use quality-adjusted life-years (QALYs) as the
outcome (effect). QALYs represent an economic measure that
incorporates both the length of survival as well as the (subjec-
tive) quality of life in terms of functionality or health, and can
be assessed irrespective of type of disorder or disease. ICERs
can be calculated that now represent the cost per QALY. Two
important advantages of using QALYs (instead of another
measure of effect such as sleep efficacy) are (1) it allows com-
parisons between treatments across different domains, areas,
disorders and/or illnesses, and (2) there is a general agreement
about the willingness to pay per QALY? (i.e., 20,000 euro per
QALY in the Netherlands®).

Studies on costs related to insomnia and cost-effectiveness
of CBTI are scarce.®® Results from studies with adults have
shown that insomnia is associated with high direct and indirect
costs.’ ¥ To our knowledge, only a few studies have been pub-
lished regarding the cost-effectiveness of CBTI interventions.
In a review of cost-effectiveness analyses in insomnia treat-
ment Martin et al.** found no studies published between 1966
and 2002, but in the discussion the authors note that the high
economic burden of insomnia along with its impact on health-
related quality of life (HRQOL) suggest, but do not prove, that
treatment would be cost-effective. In a study comparing CBTI
delivered individually, in group therapy, or through brief tele-
phone consultations, Bastien et al.** concluded that because
all three methods of CBTI showed similar effectiveness, tele-
phone consultation represented a cost-effective alternative to
individual or group therapy. In that study, a statistical compar-
ison of costs and benefits between conditions was not applied
and therefore these findings are inconclusive. Scott et al.*
conducted a retrospective prevalence based cost-effectiveness

SLEEP, Vol. 39, No. 8, 2016

1572

analysis of insomnia treatment in New Zealand, and found a
net benefit of direct costs of $482 per treated patient and an in-
cremental net direct benefit per QALY gained when insomnia
was successfully treated of $3,072. The results in their study,
however, were based on cost estimates from international
studies and on retrospective ratings of HRQOL of insomnia
patients by two participating therapists. In a more comprehen-
sive cost-effectiveness analysis from a health care perspective
concerning psychoeducational CBTI workshops in the com-
munity, Bonin et al.¥” concluded there was a probability of 80%
of cost-effectiveness at a maximum willingness to pay £30,000
per QALY. At a willingness to pay the net cost of the interven-
tion of £150 per point improvement on the Insomnia Severity
Index,*® they found a 97% probability of cost-effectiveness.
This analysis, however, used only health-care service costs to
analyze differences between participants who did or did not
participate in the CBTI workshops, and furthermore, the work-
shops were compared to a waiting list condition, which was
likely to result in cost-effectiveness of the workshops, as cost
of illness of insomnia is high.** Finally, in a cost-effectiveness
analysis of treatment as usual (TAU) with or without addi-
tional CBTI for 37 patients with major depressive disorder and
comorbid insomnia, Watanabe et al.** found that with a will-
ingness to pay $40K more for one more QALY, TAU plus CBTI
would be cost effective with a probability of 90% compared to
TAU alone. Note that none of these studies was conducted with
adolescents, and none of these studies provided a complete
cost-effectiveness analysis of CBTI only, based on data from a
randomized clinical trial.

In contrast to the paucity of cost-effectiveness studies on
CBTIL, in the relatively young and growing field of behavioral
Internet interventions, a number of studies on cost-effective-
ness analyses have recently been published. In a review from
2009, Tate et al.** found eight studies that reported specific
economic indicators of Internet interventions, although most
of these studies lacked comprehensive analyses, and the au-
thors concluded that it is imperative for this emerging field
to capture and report cost effectiveness. Five years later in a
systematic review of Internet delivered treatments for mood
and anxiety disorders Arnberg et al.*! found five studies that
reported cost effectiveness but excluded three due to high risk
of bias. The authors concluded that the quality of evidence for
cost-effectiveness was low/very low. One study from that re-
view compared costs and effects between Internet and group
treatment for social anxiety disorder.” The Internet condition
showed a lower cost per patient of $1,422 and 19% greater im-
provement of outcomes at 6-mo follow-up. At a willingness
to pay $3,000 per additionally improved patient, there was a
probability of 90% that Internet treatment was cost effective
compared to group treatment. In a 4-y follow-up of that study,*
the authors found similar effectiveness of both treatments, and
only a very slight difference in cost effectiveness, indicating
that with a willingness to pay $0 the Internet treatment had a
probability of 62% of being more cost effective than the group
-treatment. This dropped to 22% if willingness to pay was in-
creased to $100,000. None of these studies on cost effectiveness
of Internet interventions reported on Internet CBTI in general,
or any psychological treatment for adolescents specifically.
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In summary, research indicates that CBTI in In-
ternet- and face-to-face group formats can be ef-
fective in the treatment of insomnia in adolescents,
and Internet-delivered CBTI could both lower the
threshold for adolescents to seek treatment, and
provide a cost-effective alternative for face-to-face
group therapy. However, research into cost-effec-
tiveness of CBTI for adolescents is lacking, and
additionally, there is a lack of cost-effectiveness
analyses of Internet interventions for adolescents.

In the current study we therefore investigated
cost-effectiveness of CBTI delivered through the In-
ternet (IT) compared to CBTI in face-to-face group
therapy (GT). Sixty-two adolescents were randomly
assigned to GT or IT. Societal costs, insomnia out-
comes, and HRQOL were measured at baseline, at
posttreatment, and 1-y follow-up. We hypothesized
that IT would be cost effective compared to GT.

METHODS

Study Design

This study was a prospective cost-effectiveness
analysis from a societal perspective with a time ho-
rizon of 1 y. In a parallel group, randomized design,
participants were assigned to GT or IT using simple
randomization, with an equal allocation ratio, by re-
ferring to a table of random numbers. The trial fol-
lowed CONSORT 2010 guidelines,* for reporting
parallel group randomized trials, recommendations
on measuring outcomes in insomnia trials,* and the

Table 1—Demographic characteristics of the participants.

Characteristic IT(n=31) GT (n=31)
Age (mean, SD) iny 15.4 (1.5) 15.6 (1.8)
Sex, n (%)

Female 26 (83.9) 22(71.0)
Male 5(16.1) 9(29.0)
Parent marital status, n (%)
Married or living together 28(90.3) 22 (71.0)
Single 0(0.0) 4(12.9)
Living apart together 2 (6.5) 3(9.7)
Other 1(3.2) 0(0.0)
Missing 0(0.0) 2(6.5)
Parent education, n (%)
High school or less 1(3.2) 0(0.0)
Some college 10 (32.3) 12 (38.7)
College graduate 9(29.0) 7(22.6)
Graduate school 10 (32.3) 10 (32.3)
Other 1(3.2) 0(0.0)
Missing 0(0.0) 2(6.5)
Parent occupational status, n (%)
Working 75-100% 18 (58.1) 11 (35.5)
Part time 11(35.5) 13 (41.9)
Other 2(6.5) 5(16.1)
Missing 0(0.0) 2 (6.5)
Parent nationality, n (%)
Dutch 31(100) 28(90.3)
Other 0(0.0) 1(3.2
Missing 0(0.0) 2(6.5
GT, group therapy; IT, internet therapy.

Dutch Guideline for Cost Research.*® This study was
part of a larger randomized controlled trial, which

was approved by the medical ethics committee of

the Academic Medical Centre in Amsterdam and registered
at http:/www.isrctn.com/ (ISRCTN33922163). The main out-
come study has been reported elsewhere.'®

Participants

The participants were recruited with newspaper articles, elec-
tronic newsletters, and leaflets that were spread among health-
care practitioners and secondary schools within a 50-km radius
from the research and treatment facilities. In total 478 partici-
pants were screened online, of who 342 left the study or were
excluded based on inclusion and exclusion criteria. Inclusion
criteria were (1) age between 12-19 y, (2) in secondary school
or after (i.e., further education or work), (3) living within trav-
eling distance, and (4) meeting the diagnostic criteria of the
DSM-IV-TR for primary insomnia. These criteria concern dif-
ficulties falling or staying asleep, or not feeling rested after
getting up, presence of these problems for at least 1 mo, and
clinically significant consequences for daily life.*” Exclusion
criteria were other sleep problems, other psychiatric problems
(including suicidal plans), physical problems that could inter-
fere with sleep, and drug or medication use (including mela-
tonin) that could affect sleep. Retrospective analysis of the
intake data of the participants revealed that all participants
also met the DSM-5 criteria for insomnia disorder, which
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include that the problems are present for at least 3 mo, and at
least 3 days per week.! Initially 39 participants participated in
IT, and 38 in GT. Due to a technical issue with the user set-
tings of the online cost questionnaires, the first 8 participants
from the IT condition and the first 7 from the group condi-
tion did not automatically receive the cost questionnaires and
therefore did not participate in any of the cost measurements.
Therefore, in the current study, 31 participants participated in
GT, and 31 participants participated in IT (see Figure 1 and
Table 1). The 31 participants in the IT condition who partici-
pated in this study did not differ in age (#(37) = 0.36, P = 0.724)
or sex (X?(1) =0.06, P = 0.800) from the 8 who did not partici-
pate. The 31 participants in the GT condition who took part in
this study did not differ in age (£(36) = 0.57, P = 0.571) or sex
(X?(1) = 0.51, P = 0.477) from the 7 who did not participate.
The participants who did not participate did not differ between
GT and IT in age (¢(13) = 1.06, P = 0.309) or sex (Fisher exact
test X?(1) = 1.76, P = 0.282).

Interventions

CBTI consists of a set of techniques that have been developed
for treatment of insomnia in adults. For the current study the
treatment protocol was adapted from CBTI for adults, with
age-appropriate exercises for adolescents, by the research
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Excluded (n = 342)

+ No response to invitation (n = 140)
Already in other treatment (n = 28)
Lack of motivation (n = 26)

Too young/old (n = 104)

Living too far away (n = 44)

[Enrollment] | Registered online (n= 478) |

A 4

* o o o

et al.'® provide a more detailed description of
both treatment modalities.

Measures
For comparisons of cost effectiveness we con-

‘ Face-to-face assessment (n = 136) |

ducted a primary analysis and several secondary

4| Excluded (n=20)

A 4

| Randomized (n = 116)

| + DSPD (n=12)

7| e No response to invitation (n = 4)

+ Lack of motivation (n = 4)

analyses to test robustness of the outcomes from
the primary analysis. Measures were obtained at
baseline, at posttreatment after the 6 w of treat-

l

] !

ment were completed but before the booster ses-

l sion (i.e. approximately 15 w after baseline), and

at 1-y follow-up (i.e., approximately 37 w after

Allocation Allocated to IT (n= 39) Allocated to GT (n= 38) Allocated to
+ Received allocated + Received allocated WL (n=39) posttreatment),
intervention of = 4 intervention of = 4 Not included
sessions (n= 39) sessions (n= 38) in study Outcome Assessment

l l

No measures (n = 8)'

No measures (n = 7)'

Baseline measures (n = 31) Baseline measures (n = 31)

2 mo follow-up measures (n
=28,90.3%)

2 mo follow-up measures (n
=29, 93.5%)

1-y follow-up measures
(n =25, 80.6%)

1-y follow-up measures (n
=24,77.4%)

! l

Analyzed (n=31) Analyzed (n=31)

Analysis

therapy; WL, waiting list.

Figure 1—Participant flow through the recruitment and research procedure. 'No
measures of 8 participants in IT and 7 in GT due to a technical issue with the cost-
questionnaires. DSPD, delayed sleep phase disorder; GT, group therapy; IT, Internet

As a proxy for recovery subjective sleep efficiency
(SE) from sleep logs was used. SE is regarded as
a reliable and valid outcome measure of insomnia
treatment, as it catches both the difficulty with ini-
tiating and maintaining sleep. A score of SE > 85%
is regarded as sufficient. The sleep log was based
on the consensus sleep diary*® and consisted of
eight questions concerning bedtime, time of lights
out, sleep onset latency (SOL), number and time of
wake after sleep onset (WASO), wakeup time, get-
up time, and subjective sleep quality. Participants
filled out the sleep logs within 1 h after getting
up, for 7 consecutive days at each measurement
occasion. Sleep logs could be filled out up to mid-
night the following day, at the latest, as retrospec-

team and an experienced sleep specialist. It contained sleep
hygiene, psychoeducation, restriction of time in bed, stim-
ulus control, cognitive therapy, and relaxation techniques, or-
dered over six weekly consultations in a similar fashion for
both IT and GT. After 2 mo there was a booster session with a
short overview of all exercises from the previous six sessions.
Participants who were assigned to GT came to a local mental
health care center for youth and their parents, where they
received 1.5-h sessions with two trained sleep psychothera-
pists in groups of six to eight participants. They received a
binder in which to save all leaflets and printed homework ex-
ercises, which they brought to all sessions. Participants in the
IT condition logged onto a personal login page of a website
where at a fixed day and time each week a session was made
available. Each participant in IT was guided by a personal
sleep-psychotherapist for the duration of the treatment. Be-
fore each session, except the first, participants in IT answered
questions on how well exercises went over the past week. Au-
tomated feedback related to the answers to these questions
was embedded in the pages for each consult. Furthermore,
for each session the personal therapist wrote a short personal-
ized feedback on data from the sleep logs that participants
filled out each day, and gave personal bedtimes-advice. This
feedback consisted of 352.0 words on average (standard de-
viation = 104.6). After the first session participants received
an invitation for a 15-min chat session with their therapist
that took place in the week after the second session. De Bruin
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tive data with a larger time span were considered
unreliable. SE consists of the percentage total sleep time (TST)
from the time spent in bed (TIB). TIB was calculated by the dif-
ference of “time of lights out” and “get-up time.” TST was TIB
minus SOL, minus time of WASO, and minus time between
“wake-up time” and “get-up time.”

To calculate QALY scores the quality of life (QOL) of the
participants was rated using the EuroQol-5D (EQ-5D*), which
has good psychometric properties.’*>? The questionnaire con-
tains five dimensions of HRQOL (i.e., mobility, self-care, usual
activities, pain/discomfort, anxiety/depression) for which the
participants rated whether they had no, some, or severe prob-
lems. A health state index (utility score) was calculated by at-
taching preference weights to each dimension.™ QALYs were
calculated by taking the average utility score from baseline
and posttreatment measures, and posttreatment and 1-y follow-
up measures, multiplying these averages by the fraction of
the year that the time between the measures represented, and
adding them. The time-horizon of the comparisons is 1 y and
therefore the maximum QALY is 1.

Cost Assessment

At each measurement occasion, parents filled out retrospec-
tive cost questionnaires that reported on resource usage over
the past 2 mo (e.g., doctors’ visits, use of medication, mental
health care visits, additional help at school/home, etc.). The
items of the cost questionnaire were based on the cost diary
used in other studies®** and adapted for use in this study. A
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family perspective was used, meaning all costs related to the
adolescent were taken into account, including direct and indi-
rect costs for health care usage such as doctor visits and medi-
cation use, and direct and indirect non-health care costs such
as informal care, parents’ loss of (non)paid work, traveling ex-
penses, and tutoring of the adolescent. Costs were calculated
by multiplying the resources used by the unit price of each
resource. Unit prices were obtained from the Dutch Guide-
line for Cost Research,* the Dutch Healthcare Authority, the
Dutch government, and the Centraal Plan Bureau (CPB) Neth-
erlands Bureau for Economics Policy Analysis. For the costs
of medications, information was retrieved from the Dutch
website of the “Pharmaceutical Compass” (and for a few over-
the-counter medications, an online drugstore was consulted;
Drogisterij.net™). Shadow prices were used if an official price
unit was not available and the friction cost method was used
to calculate productivity losses of parents.* All costs were in-
dexed at 2014 euro based on Dutch price-index values.’” See
Table 2 for an overview of unit prices.

Cost of Internet and Group CBTI

Costs of CBTI were calculated based on the hours spent by
therapists to apply the CBTI protocol. For both therapy mo-
dalities, therapists registered the hours spent to prepare and
deliver the consults, for administrative purposes, and for inter-
vision and supervision sessions.

Analyses

At posttreatment, measures were provided by 29 participants
from GT and by 28 participants from IT. At 1-y follow-up, 24
in GT and 25 in IT provided measures. There was 12% missing
data in our sample. The Little Missing Completely at Random
test was not significant (X?(1,128) = 1,070.79, P = 0.887), which
indicates that these data were missing completely at random.
Therefore, incomplete data were imputed at the item level
using SPSS 22.0 (IBM corporation, NY, USA) multiple impu-
tations.”® Chi-square tests were used to analyze differences of
proportions of participants with sleep efficiency (SE) > 85%.
To examine differences between IT and GT at baseline of mean
QALYs, Mann-Whitney U tests were used. Differences of soci-
etal costs and health care costs were examined with bootstrap
analyses (n = 1,000). Cost effectiveness was analyzed using
bootstrapped (n = 1,000) estimated ICERs. Bootstrap anal-
yses draws, with replacement, a number of samples from the
original data to estimate the sampling distribution and its 95%
confidence interval, and to quantify the uncertainty around the
costs and cost-effectiveness ratios.?® ICERs were expressed as
the cost per participant reaching SE > 85% (as a proxy for re-
covery), and as the cost per QALY. Cost-effectiveness planes
were used to represent the bootstrapped ICERs, with the ver-
tical line reflecting the difference in costs and the horizontal
line reflecting the difference in effect between conditions.
Cost-effectiveness acceptability curves were used to represent
the probability that the compared treatment (IT compared to
GT) is cost effective, with a range of willingness-to-pay ratios
that depict costs for one additional adolescent with SE > 85%,
or one additional QALY, in order for the treatment to become
cost effective.
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Table 2—Unit price of each resource (indexed at 2014 euros).

Resource Unit Price (2014 euros)

General practitioner

Visit 30.78 plc

Home-visit 47.26 plc

Telephone 15.39 plc
Polyclinic visit 141.79 plc
Mental health care

Primary psychologist 87.93 plc

Social worker 71.45plc

Psychiatrist 113.21 plc

Psychotherapist 84.64 plc
Paramedic care

Physiotherapist 39.57 plc

Other paramedic care 34.07 plc
Medication

Prescription 0.12-1.29 p/dose

Without prescription 0.22-0.82 p/dose
Indirect costs

School absenteeism 5.30 p/h

Tutoring 21.71ph

Loss of daily activities adolescent 5.30 p/h

Loss of paid work parents 32.12 p/h

Loss of daily activities parents 13.78 p/h
Travel expenses

Car/public transport 0.22 p/km

Parking costs 3.27 plo
Costs group therapy 467.75 total
Costs Internet therapy 396.62 total

All costs in 2014 euro. Index based on Dutch price index values.®’
plc, per contact; p/dose, per dose (tablet, drops, etc.); p/h, per hour;
p/km, per kilometer; p/o, per occasion.

Secondary Analyses

To test robustness of the primary analyses, several secondary
analyses were performed with alternative parameters to calcu-
late cost-effectiveness. First we used only health care-related
costs instead of societal costs. Second, instead of SE > 85%
we used the reliable change index (RCI) of SE* as measure
of effect. Third, we used as alternative effect measure the
RCI of SOL of the sleep logs, as a high SOL is often the pre-
dominant complaint of adolescents.®® Fourth, we used the in-
somnia scale from the Holland Sleep Disorder Questionnaire
(HSDQ*®) as effect measure. The insomnia scale of the HSDQ
(HSDQ1) consists of eight items, scored on a five-point rating
scale. Good psychometric properties have been demonstrated,
and a score above the cutoff of 3.167 on arange of 1 to 5 on the
insomnia scale is an indication of insomnia for adolescents.
Finally, we incorporated the ongoing costs of Internet CBTI
in the total societal costs for IT. We based the calculations of
ongoing costs on the actual costs that were incurred during
the 3 y that the participants in this study were treated with In-
ternet CBTI, divided by the total amount of participants who
were treated with Internet CBTI. These costs were hosting
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Table 3—Quality of life, sleep efficiency, societal and health care costs, and secondary measures at baseline, posttreatment, and at follow-up.
Category IT(n=31) GT (n=31) Difference (IT-GT) P
Primary analyses
Sleep efficiency = 85% X¥(1)
Baseline 36% 29% % 0.30 0.587
Posttreatment 87% 74% 13% 1.65 0.199
Follow-up 90% 94% -4% 0.22 0.641
Quality of life Mean (SD) Mean (SD) ue
Baseline 0.83(0.20) 0.86 (0.15) -0.03 469.0 0.867
Posttreatment 0.88 (0.16) 0.88 (0.17) 0.00 4455 0.603
Follow-up 0.93 (0.07) 0.91(0.13) 0.02 465.5 0.825
QALYs over 3 mo 0.25 (0.05) 0.25 (0.04) 0.00 452.0 0.680
QALY’s over 12 mo 0.89 (0.11) 0.89(0.12) 0.00 4755 0.943
Costs for CBTI? 396.62 467.75 -71.13
Societal costs®
Baseline 494.83 (879.25) 472.68 (678.33) 2215 4445 0.612
Posttreatment T47.76 (253.41) 877.42 (142.65) -129.66 126.0 <0.001
Follow-up 298.77 (579.75) 574.66 (1,487.92) -275.89 387.0 0.176
Total societal costs over 12 mo? 1,046.53 (696.03) 1,452.08 (1,491.26) -405.55 285.0 0.006
Secondary analyses
Health care costs®
Baseline 75.92 (150.36) 38.48 (76.64) 37.44 413.0 0.289
Posttreatment 650.66 (112.88) 799.83 (52.70) -149.17 29.0 <0.001
Follow-up 38.57 (79.69) 36.23 (71.32) 2.34 4155 0.331
Total health care costs over 12 mo? 689.23 (138.91) 836.06 (107.75) -146.83 118.0 <0.001
XA1)
RCIHSDQi® 45% 52% -7% 0.26 0.611
RCl sleep efficiency® 23% 48% 25% 4.51 0.034
RCI SOL® 58% 58% 0% 0.00 0.601
aCosts in euros. Costs in IT and GT at posttreatment include costs for CBTI. ®Reliable change index® for difference between baseline and 12 mo follow-up.
°Mann-Whitney U test. CBTI, cognitive behavioral therapy for insomnia; GT, group therapy; HSDQIi, Holland Sleep Disorder Questionnaire insomnia scale;
IT, Internet therapy; QALY, quality-adjusted life-years; RCI, reliable change index; SOL, sleep onset latency.

costs, costs for secure servers, and irregular maintenance
costs, which in total amounted to €295.50 per participant,
increasing the total costs of Internet CBTI to €692.12. The
“sunk costs” (i.e., the costs to have the Internet CBTI applica-
tion built) were not used in these additional cost calculations,
because from an economical perspective these costs will not
be repeated.*

RESULTS

Table 1 shows demographic characteristics of the participants.
There were no differences in age (¢(60) = —0.46, P = 0.650) or
sex (X?(1) = 1.48, P = 0.363) between these groups. No sig-
nificant differences were found between the groups at baseline
for proportions of participants with SE > 85% (X?(1) = 0.30,
P=0.587) and QOL (Mann-Whitney U test =469.00, Z=—0.17,
P = 0.867). Bootstrap analyses revealed that at baseline there
were no significant differences between IT and GT of total so-
cietal costs (mean incremental costs = €82, 95% CI = -€367
to €578) or health care costs (mean incremental costs = €65,
95% CI = €3 to €140). See Table 3 for the scores of SE > 85%,
QOL, QALY, societal costs, and health care costs at baseline,
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posttreatment, and 1-y follow-up, and secondary outcome
measures for the two conditions.

Primary Analyses of Cost-Effectiveness of Internet CBTI
Compared to Group CBTI

At 1-y follow-up, there was no significant difference in propor-
tions of participants in IT and GT who had SE > 85%, (90%
and 94% for IT and GT, respectively, X*(1) = 0.22, P = 0.641).
At 1-y follow-up there appeared no differences between IT and
GT for mean QALY (0.89 for both IT and GT, Mann-Whitney
U test =475.50, Z=—-0.07, P = 0.943). Although there were dif-
ferences between IT and GT of total societal and health care
costs at 1-y follow-up, mainly due to different CBTI costs of
€396.62 for IT compared to €467.75 for GT, bootstrap analyses
revealed that these differences were not significant.

Table 4 shows costs, effects, and ICERs for IT versus GT.
The ICER based on societal costs per adolescent with SE > 85%
demonstrated that costs are lower for IT, but effects are slightly
higher for GT, with one more participant in GT (4%) reaching
SE > 85%. The cost-effectiveness plane based on bootstrapped
ICERs for total societal costs and participants with SE > 85%

Cost-Effectiveness of CBTI in Adolescents—De Bruin et al.



Table 4—Effects, costs, and cost-effectiveness analyses for Internet CBTI (IT) versus group CBTI (GT).

% ICER falling into the four
quadrants of the cost-

Probability (%) that IT is
cost-effective at willingness

IT GT ICER effectiveness plane to pay of (€)
Cost Effect Cost Effect NE NW SW SE 0 5,000 10,000 20,000

Primary analysis

Recovery (SE 285%) 1,047 0.90 1,452 0.94 12,572 2 3 58 37 95 71 54 42

QALY 1,047 0.89 1,452 0.89 Dominant 2 4 44 50 95 91 86 76
Secondary analyses

Health care perspective 689  0.90 836 0.94 4,552 0 0 58 42 100 49 42 42

RClI sleep efficiency 1,047 0.23 1,452 048 1,571 0 4 95 2 97 8 4 2

RCl sleep onset latency 1,047 0.58 1,452 0.58 Dominant 3 2 43 52 95 75 63 56

HSDQi recovery 1,047 045 1,452 0.52 6,286 0 5 60 35 95 55 43 37

Including ongoing costs 1,342  0.90 1,452 0.94 3,412 " 29 37 24 61 47 40 35

GT, group therapy; HSDQI, Holland Sleep Disorder Questionnaire insomnia scale; ICER, incremental cost-effectiveness ratio; IT, Internet therapy;
NE, North-East (IT > effect and > costs than GT); NW, North-West (IT < effect and > cost than GT); QALY, quality-adjusted life-years; RCI, reliable change
index®® for difference between baseline and 12-mo follow-up; SE, sleep efficiency; SOL, sleep onset latency; SW, South-West (IT < effect and < costs than
GT); SE, South-East (IT > effect and < costs than GT); SE = 85%, sleep efficiency from sleep logs = 85% at 1-y follow-up.

showed most point estimates falling in the south side of the
plane (95%), indicating that overall there is a high probability
of IT being less costly than GT. The somewhat higher per-
centage of point estimates on the west side of the plane (61%)
indicates a slightly lower effect for IT.

The ICER based on societal costs and QALYs demonstrated
that IT dominates GT. The percentage of point estimates on the
south side of the plane (94%) indicate lower cost for IT com-
pared to GT, and the percentage on the east side of the plane
(52%) indicate similar effects for IT and GT (Figure 2).

The cost-effectiveness acceptability curves (Figure 3) show
that with a willingness to pay €0, the probability of IT to be
cost effective is 95% for both SE > 85%, and QALYs. If will-
ingness to pay would increase to €20,000, the probability of
cost-effectiveness of IT would decrease to 42% for SE > 85%,
and to 76% for QALYs.

Secondary Analyses

Analyses of ICERs from a health care perspective including
only health care costs, the RCI of SOL, and the RCI of the
HSDQi showed comparable results to the primary analyses
(i.e., effects being more or less the same for IT and GT, with
costs being lower in IT). See Table 4 for ICERs and probabili-
ties of cost-effectiveness of IT at different levels of willingness
to pay for these scenarios.

For two scenarios in the secondary analyses, the results were
somewhat different. First, using the RCI of SE as effect measure
showed a distinctly lower effect for IT (23% was meaningfully
improved in IT versus 48% in GT) at the same societal costs as
in the primary analysis (i.e., lower costs for IT). At willingness
to pay of €0, there is a 100% probability of cost-effectiveness
of IT compared to GT, but this decreases rapidly if willingness
to pay is increased, with a probability of cost-effectiveness for
IT of 2% if willingness to pay increased to €20,000. Second,
using the main outcome measure SE > 85% for effect, but in-
cluding ongoing costs for Internet CBTI, the difference of total
societal costs between IT and GT becomes much smaller and
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therefore the probability of IT being less costly is lower (60%
of point estimates on the south side of the cost-effectiveness
plane). The probability of IT being cost effective at a willing-
ness to pay of €0 decreases from 95% (IT without ongoing
costs) to 61% (IT including ongoing costs). The probability of
IT including ongoing costs being cost effective decreases to
35% if willingness to pay increases to €20,000.

DISCUSSION

This was the first study to compare cost-effectiveness of In-
ternet CBTI to group CBTI for adolescents. Although the ef-
fects were slightly better for group CBTI in most of the effect
measures used in the primary and secondary analyses, Internet
CBTI had considerably lower costs than group CBTI, mainly
due to lower costs for the treatment, and therefore had a high
chance of being cost effective. With a willingness to pay extra
for additional effect, the cost-effectiveness of IT compared to
GT decreased.

In this cost-effectiveness study we compared Internet CBTI
to traditional face-to-face group CBTI for adolescents, wherein
the face-to-face group CBTI acts as the TAU condition, or gold
standard, which is used to compare alternative treatments to in
cost-effectiveness studies. However, both delivery modalities
for CBTI in this study were completely novel treatments, fol-
lowing a similar protocol for CBTI. Because behavioral therapy
has been the first choice of treatment for insomnia for over a
decade,>% unfortunately there is a shortage of sleep therapists,
and in the Netherlands most people with insomnia complaints
consult their general practitioner.®* As a consequence, TAU for
adolescents with insomnia most likely consists of a form of
individual therapy with elements from CBTI and medication.
In this respect, it has to be noted that a large group of adoles-
cents do not receive any treatment, and because spontaneous
recovery from insomnia is not likely,” both types of delivery
modalities for CBTI used in the current study may be likely
candidates for cost-effective interventions compared to real
TAU. In the intake interviews most participants mentioned
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Figure 2—Cost-effectiveness planes of Internet cognitive behavioral
therapy for insomnia (CBTI) versus group CBTI for total societal costs
from baseline to 1-y follow-up, and effects on percentage of participants
with sleep efficiency = 85% as a proxy for recovery (top panel), and
quality-adjusted life-years (bottom panel).

they had consulted health care professionals before enrolling
in our study, and had received some advice on sleep hygiene
practices, or had used medication such as melatonin, or other
over-the-counter drugs, without resulting in the desired relief
from insomnia. This indicates that TAU for them had not been
effective. From the baseline measures there appeared to be a
societal cost over the course of the previous 2 mo, on average
€484. Extrapolated over 12 mo, this would indicate a socictal
cost of €2,904 per year for each adolescent with insufficient
treatment of insomnia. The total societal costs over 12 mo of
our groups amounted to €1,047 and €1,452, which are both well
below €2,904, and indicates that either treatment would be cost
effective compared to the TAU our participants received be-
fore enrolling in our study.

In six of the seven analyses we conducted, IT had a very
high probability, between 95% and 100%, to be cost effec-
tive compared to GT if willingness to pay would be €0. How-
ever, in all scenarios there was a slightly smaller effect for
IT, with the largest difference between IT and GT for the
RCI of SE, and the analyses showed that with an increasing
willingness to pay the probability of IT being cost effective
decreased. However, the reason for the large difference in
proportion of participants for the RCI of SE could be that the
participants in IT started out at baseline with a slightly better
SE, which left less room for improvement. This is further
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confirmed by the fact that almost the same proportions of
participants in both conditions reached SE > 85% (i.e., 90%
and 94% for IT and GT, respectively). Internet CBTI could
therefore function as the first choice of treatment delivery for
an adolescent in a stepped care model for insomnia,* with
group CBTI as an alternative or secondary choice. Moreover,
because the acceptability of Internet CBTI is high among
adolescents,'>?22* this could fill the gap that currently ex-
ists in demand for treatment. This is even more important
considering the negative consequences of insomnia and the
subsequent chronic sleep reduction it causes, such as higher
risk for other psychological and somatic disorders and their
related costs.”'*?"?° Further studies into cost effectiveness
of GT and CBTI for adolescents with more resistant types of
insomnia are warranted.

Cost-Effectiveness of CBTI in Adolescents—De Bruin et al.



In one of our secondary analyses we incorporated ongoing
costs for Internet CBTI to gain some perspective if Internet
CBTI would turn out to be more costly than traditionally
thought, which we based on actual costs incurred during this
study. The results from that analysis showed a probability of
IT being cost effective that was distinctly lower than without
ongoing costs included for IT (61% versus 95%). However,
these ongoing costs may have been overestimated, because
we treated only a limited amount of participants, whereas
in clinical practice the capacity of the Internet CBTI appli-
cation would allow for many more adolescents to be treated,
thus lowering the average ongoing cost per adolescent. Fur-
thermore, we calculated therapy costs based on actual time
spent by the therapists on the treatment. Ultimately the cost
of treatment would be fixed in a set fee per patient, which
has not been established for online CBTI in the Netherlands
yet, although for the purpose of calculating cost-effectiveness
based on actual cost differences it stands to reason to use ac-
tual time spent. However, we did not include sunk costs for
Internet CBTI. This type of cost in traditional face-to-face
therapy can for instance represent the costs for the facilities
where the treatment is delivered, and such costs will only be
incurred once. The sunk costs for a web application such as
our Internet CBTI application, however, would have to be pro-
vided more often as developments in Internet technology are
still occurring quickly, and regular updates for layout, tech-
nological innovations, and possibly even incorporating new
and additional therapeutic modules, could be needed to stay
current (e.g., use of social media, use of video conferencing,
use of mobile technology such as smartphones). There is no
research available about the maximum lifespan of e-health
applications, although for general websites it is usually esti-
mated between 3 and 5 y, and after that period technical and
design updates would be necessary. The area of Internet de-
livered psychological treatment is still in its early stages, and
effectiveness and cost-effectiveness studies have only started
to appear since roughly one decade. Further studies into the
lifespan of Internet treatments are needed, and which costs to
regard as ongoing costs and sunk costs.

From cost-of-illness studies with adults it is clear that in-
somnia is associated with very high societal costs.*'** Ac-
cording to Daley et al.’' the average annual per-person cost
(direct and indirect combined) was $5,010 for individuals with
insomnia syndrome, and $1,431 for individuals with symptoms
of insomnia, compared to $421 for good sleepers. Further-
more, insomnia is related to psychopathology®'""'* and there is
increasing evidence that insomnia can contribute to or cause
other mental disorders,®!'” which in turn impose an extra eco-
nomic burden on society. Insomnia in adolescents has been
shown to be highly chronic,’ so adolescents with untreated in-
somnia are likely to become adults with insomnia. In addition
to the effect that insomnia has on QOL, these considerations
of economic burden and related psychopathology underscore
the importance to identify insomnia as early as possible. The
high feasibility, accessibility, and largely similar effects of IT
compared to GT, and the high probability of IT being cost ef-
fective compared to GT at a willingness to pay of €0 that is
demonstrated in this study, all are arguments to disseminate
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CBTI for adolescents on a wide scale, which could be facili-
tated through the Internet.

For both modalities the treatment costs were relatively low.
Although in clinical practice there might be a reduced produc-
tivity, and thus higher CBTI treatment costs, due to the “selec-
tion bias” problem, which purports that the choice/quantity of
mental health care may be correlated with unobserved vari-
ables that lead to a bias in the estimate of the effect of care,®” or
due to poorer treatment planning as modeled in what is known
as the Little Law,® the intervention costs in this study are well
below the annual costs of $5,010 mentioned in cost of illness
studies for adults.”

Despite its merits, such as being the first cost-effectiveness
study on treatments for adolescents with insomnia, and to our
knowledge also the first study on cost effectiveness of an In-
ternet mental health intervention for adolescents, this study
has some limitations. First, the group CBTI that we used to
compare with IT was a novel treatment itself. TAU would
be the health care that adolescents would have received prior
to our study, which in some cases would have been Group-
CBTI, but in most cases would be use of over-the-counter
medication, and sleep hygiene advice from health care pro-
fessionals.®* Because we have not used data from TAU in our
study, the cost effectiveness of GT in comparison with TAU
was not established, although research on economic burden of
insomnia indicates a high probability of CBTI to be cost ef-
fective,** and as mentioned before, compared to the measure-
ments of costs before enrolling in our study, the large decrease
of costs after treatment indicates that both GT and IT would
be cost effective compared to TAU. The second limitation of
this study concerns the estimates of costs for Internet treat-
ment. As we described before, there are some uncertainties
about which costs to regard as ongoing and which are sunk
costs. The additional €295.50 for CBTI in our secondary
analyses might be overestimated if the number of treatments
with Internet CBTI increased. However, it could also be un-
derestimated if other costs such as regular technological and
design updates would be included. Ultimately, the costs of the
treatment should result in a fixed fee per patient, which would
inform policy makers on health care costs if CBTI were to
be disseminated on a wider scale. For these decisions a clear
insight into sunk costs, ongoing costs and per patient fees, es-
pecially for Internet CBTI, are needed. Further research into
this issue is warranted. A third limitation could be the sample
size of our study. Although we recruited a decent sample size
for this study, a technical complication somewhat reduced the
groups that we could include in the analysis. In comparison
with other cost-effectiveness studies our sample is modest
to average,®* but six of the seven analyses we conducted
showed a very high probability of IT to be cost effective com-
pared to GT, and therefore the results seem robust. A fourth
limitation of our study is that we conducted analyses based
on intent-to-treat, but not a per-protocol analysis, and there-
fore conclusions about noninferiority of the two treatment
modalities cannot be formulated. Although there appeared
to be no significant differences in effectiveness in our study,
further research into CBTI treatments based on noninferiority
analyses is warranted.
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