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Abstract
Background
Although there is evidence for the effectiveness of interventions for psychosis among ultra-

high-risk (UHR) groups, health economic evaluations are lacking. This study aimed to deter-

mine the cost effectiveness and cost–utility of cognitive–behavioural therapy (CBT) to prevent 

first-episode psychosis.

Method 
The Dutch Early Detection and Intervention Evaluation study was a randomized controlled 

trial of 196 UHR patients with an 18-month follow-up. All participants were treated with 

routine care (RC) for non-psychotic disorders. The experimental group (n = 95) received 

add-on CBT to prevent first-episode psychosis. We report the intervention, medical and 

travel costs, as well as costs arising from loss of productivity. Treatment response was 

defined as psychosis-free survival and quality-adjusted life years (QALYs) gained.

Results
In the cost-effectiveness analysis, the proportion of averted psychoses was significantly 

higher in the CBT condition (89.5% v. 76.2%). CBT showed a 63.7% probability of being 

more cost effective, because it was less costly than RC by US$844 (£551) per prevented 

psychosis. In the cost–utility analysis, QALY health gains were slightly higher for CBT than 

for RC (0.60 v. 0.57) and the CBT intervention had a 52.3% probability of being the supe-

rior treatment because, for equal or better QALY gains, the costs of CBT were lower than 

those of RC.

Discussion
Add-on preventive CBT for UHR resulted in a significant reduction in the incidence of first 

psychosis. QALY gains show little difference between the two conditions. The CBT interven-

tion proved to be cost saving.
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Introduction 
Schizophrenia is among the world’s leading causes of disability (1,2) and is associated with 

substantial health-related and economic costs (3). The main driver of treatment costs is hospital-

ization. Although hospitalization costs vary from setting to setting, these have been reported to 

be 77% of total treatment costs, whereas unemployment is the main driver of indirect costs (4). 

In most patients, a first episode of psychosis is preceded by a prodromal period. In the 

last decades this so-called ultra-high-risk (UHR) state can be detected. The UHR state is 

characterized by subclinical psychotic symptoms and/or a genetic predisposition and, most 

importantly, by functional decline and social withdrawal (5,6). Because 31.5% [95% confi-

dence interval (CI) 23.8–35.0%] of people at UHR have been found to develop first-episode 

psychosis within 3 years (7), this allows us to apply targeted prevention of a first episode of 

psychosis. Prevention may help to maintain quality of life, reduce the risk of onset and reduce 

the downstream costs of intensive treatment and productivity losses. In line with recent 

studies (8–11), we demonstrated the feasibility of such a preventive approach showing that 

cognitive–behavioral therapy (CBT) had a favorable effect on reducing the risk of a transition 

from UHR to frank psychosis by about 50% (12). 

Until now, health economic evaluations in this field were either based on decision modeling 

(13–15) or were based on a small sample (16). 

The current study was designed to evaluate whether adding CBT to routine care (RC) for 

UHR patients is effective in reducing the risk of first-episode psychosis and improving quality 

of life in the population in a cost-effective way. To that end, a trial-based (12) cost-effective-

ness analysis (CEA; with prevented onset of psychosis as outcome) and cost–utility analysis 

[CUA; with quality-adjusted life years (QALYs) as outcome] were conducted in the out-patient 

mental healthcare setting in the Netherlands, comparing add-on CBT with RC alone. QALYs 

are a generic and standardized metric that capture improvements in quality of life and play 

an important role in health economic evaluations, because QALYs can be compared across 

various illnesses and disorders. This adds to the generalizability of CUA. 

Method 
Design and participants 
The Dutch Early Detection and Intervention Evaluation (EDIE-NL) (17) study is a multi-center 

trial, in which add-on CBT was compared with RC alone. The study was approved by the 

Medical Ethics Committee for mental health service research and registered at Current 

Controlled Trials (ISRCTN21353122). The authors assert that all procedures contributing to 
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this work comply with the ethical standards of the relevant national and institutional commit-

tees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. 

Participants were recruited by four treatment centers offering services at 12 different loca-

tions in the Netherlands between February 2008 and February 2010. To be included, 

participants had to meet the following criteria: (a) age 14–35 years; (b) UHR status according 

to the Comprehensive Assessment of At-Risk Mental States (5,6); and (c) a decline in social 

functioning by a score of 50 or less on the Social and Occupational Functioning Assessment 

Scale (SOFAS) (18), and/ or a reduction by 30% on the SOFAS for at least 1 month in the 

past year. The exclusion criteria were: (a) current or previous use of antipsychotic medication 

with a cumulative dose of ≥15 mg haloperidol equivalents; (b) severe learning impairment; 

(c) problems due to a somatic condition; (d) insufficient competence in the Dutch language; 

(e) history of psychosis; and (f) aggression towards healthcare professionals. 

After providing informed consent, 201 participants agreed to participate (Fig. 1). Five partici-

pants were removed from the analyses because two were already psychotic at baseline and 

three disclosed a history of psychosis. Thus, the final sample consisted of 196 participants: 

101 in the control condition and 95 in the experimental condition. 

Interventions 
Patients in both conditions were treated with RC provided for the non-psychotic Axis 1 

or Axis 2 disorders that they were seeking treatment for. RC was given according to the 

evidence-based clinical Dutch (19) and the NICE (20) guidelines for non-psychotic Axis 1 or 

Axis 2 disorders. Guidelines for anxiety disorders, depression, post-traumatic stress disorder, 

eating disorders, attention-deficit/hyperactive disorder, personality disorders, autism spec-

trum disorders, somatoform disorders, etc. were applied if indicated. 

The experimental group received RC plus add-on individual CBT aiming at the prevention of 

a first psychosis (12). The CBT intervention consisted of the more generic protocol by French 

& Morrison (2004) (21) enriched with education on dopamine supersensitivity, the effects of 

dopaminergic supersensitivity on perception and reasoning, and a metacognitive awareness 

training (22). CBT consisted of a maximum of 26 sessions; the mean (and median) number 

of sessions was 10 (95% CI 8–12), partly caused by early completers, dropouts or early tran-

sitions. The therapists were all experienced in CBT for psychosis and had work experience 

between 1 and 26 years. 

Outcome measures 
Transitions to psychosis 
We conducted a CEA with the primary clinical outcome of interest, i.e. the costs per averted 

transition to psychosis, calculated as the proportion of participants that did not develop 

first-episode psychosis within 18 months as assessed with the CAARMS (5,6). The CAARMS is 
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Figure 1. Flowchart of the participants in the Dutch Early Detection and Intervention Evaluation  

(EDIE-NL) study.

Enrollment 

864 interviewed with 
a cut-o� ≥ 18 

302 with an ultra-high risk 

201 included in this study and randomized 

Allocation 
98 in experimental condition: 
  
78 had allocated intervention 
8 withdrew consent at start 
4 no show at therapy 
1 moved away 
7 too far away for intervention

103 in control condition: 

88 had allocated intervention 
7 withdrew consent at start 
6 no show at therapy 
2 moved away 

Follow-up 

Analysis 

15 Lost to follow-up: 
13 withdrew consent 
2 moved away

12 Lost to follow-up: 
10 withdrew consent 
2 moved away

95 included in analysis

3 excluded from analysis: 
1 dissimulated psychosis 
2 had history of psychosis  

101 included in analysis 

2 excluded from analysis: 
1 dissimulated psychosis 
1 had history of psychosis  

5705 screened with  
Prodromal Questionnaire 

373 did not meet 
ultra-high risk criteria:

104 had psychosis 
8 had history of psychosis  
16 used antipsychotic medication 
50 had too high scores on SOFAS 
7 too much aggression 
3 outside age range 
1 died 

57 refused to participate 
22 no contact was made 
22 other reasons 
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a semi-structured interview used to rate the intensity and frequency of subclinical symptoms 

and discriminate between psychosis, UHR or neither. The CAARMS was repeatedly adminis-

tered at 0, 2, 4, 6, 9, 12, 15 and 18 months to detect transition to psychosis in a precise way. 

In case of a CAARMS transition to psychosis the Dutch version of the Schedules for Clinical 

Assessment in Neuropsychiatry (SCAN-2.1) (23) was used to diagnose participants. 

Health-related quality of life 
As indicated, the CEA was conducted with the costs per averted psychosis. In addition, we 

conducted a CUA with effectiveness expressed as QALYs, based on the EuroQol, three-level 

version (EQ-5D-3L) (24). The EQ-5D-3L is a self-report questionnaire consisting of five 

dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression) each 

with three levels: no problems, some problems and extreme problems. The digits for the 

five dimensions can be combined in a five-digit number describing the respondent’s health 

state. A state ‘11111’, for example, indicates no problems on any of the five dimensions. A total 

of 35 = 243 possible health states are defined in this way. For each of these health states a 

utility score can be obtained, which is anchored between 0 (death) and 1 (full health). This 

study used the UK tariff to value health states, which was estimated using the time trade-off 

method in a sample of 3395 respondents from the general UK population (25). QALYs were 

computed as the amount of time spent in a health state weighted by the corresponding 

utility ‘U’. In the present study we had three time intervals (0–6 months, 6–12 months, and 

12–18 months) between the measurements and applied the mean area under the curve 

method (26) as: QALY = (t2 − t1) × (U1 + U2)/ 2+(t3 −t2)×(U2 +U3)/2+(t4 −t3)×(U3 +U4)/2, 

where the time interval, between the measurement points t, is 6 months (i.e. 0.5 of a year). 

The cumulative QALY gains thus computed for all participants allowed comparison across 

conditions in terms of average changes in health-related quality of life. 

Other measures 
The SOFAS (18) was used to assess overall functioning in a single score (0–100). Depres-

sion was assessed with the Beck Depression Inventory-II (BDI-II) (27) and with the Calgary 

Depression Scale (CDS) (28). To assess the participants’ subjective appraisal of their illness, 

the revised Personal Beliefs About Illness Questionnaire (PBIQ-R) (29) was used. Social 

anxiety was measured with the Social Interaction Anxiety Scale (30) and quality of life with 

the Manchester Short Assessment of Quality of Life (31).

Resource use and costing 
The present study included: (1) intervention costs, (2) direct medical costs (other than the 

intervention), (3) participants’ travel costs, and (4) costs stemming from lower productivity 

over 18 months. 
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The sample included adolescents and young adults who made their first appearance in the 

healthcare system, i.e. without a significant history of healthcare use; therefore, no baseline 

cost data were collected. Research assistants collected cost data at both 6 and 18 months, 

using the Trimbos Institute and Institute of Medical Technology Assessment Questionnaire 

for Costs associated with Psychiatric Illness (32), which is the most widely used health service 

receipt interview in the Netherlands. The interview consisted of questions on the number 

of contacts with healthcare providers. A retrospective cost interview is a valid and reliable 

method for quantifying costs in trial-based economic evaluations in healthcare (33), but we 

cross-checked outcomes using patient files in about 90% of the cases. 

Direct medical costs 
Direct medical costs were calculated by multiplying health service units (e.g. sessions, visits, 

hospital days) with their standard full economic cost price (online Supplementary Table S1). 

To these we added the costs of antipsychotic medication according to the Dutch Health Care 

Insurance Board (34), calculated as the cost price per standard daily dose as reported in the 

Pharmaceutical Compass (35), plus 6% value added tax (not deductible by patients), multi-

plied by the number of prescription days, plus the pharmacist’s dispensing costs of US$7.67 

per monthly prescription (36). 

The therapists recorded the number of CBT sessions that were provided in the experimental 

period. The costs of the intervention were calculated by multiplying the number of sessions 

by the standard full economic cost prices for a session with a psychologist or psychiatrist 

(online Supplementary Table S1). 

Travel costs 
Travel costs arose when participants travelled to health services. Travel costs were computed 

as the average distance to a health service (7 km) multiplied by the costs per km (US$0.25) 

(36), as most participants used public transport. 

Productivity costs 
Research assistants monitored changes in the participants’ work status at baseline, and at 6, 

12 and 18 months, using the SOFAS (18). Productivity losses in paid work were calculated 

according to the human capital approach (37) reflecting changes in the (contractual) number 

of hours worked per week and adjusting these for work loss days arising from sick leave 

over the full period of 18 months. Thus, economic losses (or gains, i.e. increase in working 

hours after, for example, sick leave) owing to changes in working hours were calculated for 

the three different time periods, i.e. from baseline to 6 months follow-up, from 6 to 12 

months, and from 12 to 18 months follow-up, and the cumulative productivity costs were 

again calculated using the area under the curve method (26) using age- and gender-specific 
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hourly productivity costs (36) (online Supplementary Table S2). 

Costs were originally expressed in Euro for the reference year 2009 on a per-participant 

basis for the period of 18 months. The costs were then converted to US dollars using the 

purchasing power parities (PPP) from the Organization for Economic Co-operation and 

Development (2014) (38), thus taking into account both the exchange rate and the differ-

ential buying power across countries. For the reference year 2009, US$1.00 was equated 

to NL€0.841026. Key outcomes are also reported in pound sterling, £, where US$1.00 is 

equated with £0.653432 for the year 2009. 

Analysis 
Statistical analysis 
The data were analyzed in agreement with the intention-to-treat principle. Missing data were 

imputed using the expectation maximization (EM) algorithm as implemented in SPSS 20.0.0 

(USA). Missing cost data were imputed by condition, referral strategy, age, CDS, gender, and 

transition to psychosis as predictor variables. 

In the main analysis, missing clinical outcome on the CAARMS at 18 months (n = 27) was 

imputed using EM with baseline age, gender, ethnicity (Dutch or non-Dutch), baseline CAARMS 

distress positive symptoms and BDI scores as predictors. Missing QALYs (at 18 months, CBT 

21.1% v. RC 14.9%) were estimated using EM with condition and baseline SOFAS, PBIQ-R, 

BDI-II and QALYs as predictor variables. All EM predictor variables were identified as signif-

icant predictors of the imputed variable by multivariate regression analyses. 

Testing differential effectiveness 
Differences between the conditions in terms of the transition rates to psychosis were esti-

mated under a linear probability model. Incremental effects with regard to QALY health 

gains were tested in a regression model. These analyses were conducted with STATA 12.1 

(USA) using robust standard errors that were based on the first-order Taylor-series linear-

ization method, because the trial was conducted as a multi-site trial. 

Analysis of cost–utility and cost effectiveness 
In the present study, two incremental cost-effectiveness ratios (ICERs) were determined: 

the cost per averted psychosis, and the cost per QALY gained. These were calculated as 

(C1 − C0) /(E1 − E0), where C is the average per-participant cost, E is the effect and 

subscripts 1 and 0 refer to the CBT and RC condition, respectively. 

To handle stochastic uncertainty in the cost and effect data, non-parametric bootstraps 

were conducted in Microsoft Excel to simulate 2500 ICERs (39–41). The simulated ICERs 

can be presented as a scatter over a cost-effectiveness plane, with differences in costs on 

the vertical axis and differences in effects on the horizontal axis. If the ICER appears in the 
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northwest (NW) quadrant of the plane, less effect is obtained for additional costs; this is the 

worst possible outcome and CBT is then unacceptable from a cost-effectiveness perspective 

while RC remains the treatment of choice. If the ICER appears in the southeast (SE) quadrant, 

more health gains are obtained for fewer costs; the intervention is then preferred over stan-

dard care. In the other two quadrants, greater (or lesser) effectiveness has to be weighted 

against higher (or lower) costs. 

Sensitivity analyses 
The robustness of the results was assessed in sensitivity analyses. The main CEA was based 

on EM imputation and was reanalyzed under last observation carried forward (LOCF) impu-

tation. Both analyses were conducted from the healthcare perspective to which productivity 

losses were alternately included or excluded. In addition, both EM and LOCF imputation 

were used for the CUA. Furthermore, because the time-frame of this study exceeded 1 year, 

discount rates were used to calculate the net present value of all costs and effects in the 

EM-based cost-effectiveness and cost–utility analyses. In accordance with the pertinent Dutch 

guideline, effects were discounted by 1.5% while costs were discounted by 2.25% (36). In 

addition, we conducted sensitivity analyses to vary the add-on CBT intervention costs by 10, 

15 and 20% higher or lower costs. 

Results 
Sample characteristics 
Table 1 shows that there were no statistically significant differences between the two condi-

tions, indicating that randomization had resulted in comparable groups. 

Resource use 
We compared 90% of the self-reports with the electronic patient files and found an overes-

timation of service use in 5% of the cases, which was then corrected; 10% of the electronic 

patient dossiers were not available for inspection. 

Incremental costs 
Table 2 presents the mean costs after EM imputation in both conditions over the 18-month 

period. The larger share of the total costs was attributable to direct medical costs. Overall, the 

CBT condition generated lower costs than the RC condition: i.e. the difference between US$8851 

and 8007 = a cost reduction of US$844 (or a cost saving of £551) per prevented psychosis. 

Thus the intervention costs were more than compensated for by cost savings elsewhere. 
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Table 1.  Baseline Demographic and Clinical Characteristics of the Study Participants for 

   Both Conditions (n=196)

Add-on CBT

(n=95)

RC

(n=101)

Demographic characteristics

Mean age, years (SD) 22.7 (5.6) 22.6 (5.4)

Gender: male, n (%) 48 (50.50) 49 (48.50)

Current marital status and living situ ation, n (%)

Single 70 (73.7) 76 (75.2)

Partner 21 (22.1) 22 (21.8)

Divorced 4 (4.2) 3 (3.0)

Employment status, n (%)

Paid/unpaid work 47 (49.5) 48 (47.5)

School 29 (30.5) 29 (28.7)

Unemployment/otherwise 19 (20) 24 (23.8)

Clinical characteristics

Mean BDI-II depression (95% CI) 20.78 (18.36-23.19) 22.41 (19.85-24.97)

Mean CDS depression (95% CI) 5.80 (4.81-6.78) 6.36 (5.42-7.30)

Mean SIAS anxiety (95% CI) 31.01 (27.64-34.38) 32.18 (28.76-35.60)

Mean PBIQ-R dysfunctional beliefs (95% CI) 73.04 (69.93-76.16) 75.11 (71.60-78.62)

Mean CAARMS positive symptoms, mean (95% CI) 10.24 (9.63-10.85) 10.27 (9.76-10.77)

Mean CAARMS negative symptoms (95% CI) 6.91 (6.23-7.58) 7.35 (6.63-8.07)

Mean CAARMS distress (95% CI) 173.06 (157.87-188.26) 170.95 (156.10-185.80)

Mean SOFAS social functioning (95% CI) 46.43 (45.46-47.40) 45.64 (44.63-46.66)

Mean MANSA quality of life (95% CI) 51.88 (49.33-54.43) 51.57 (49.01-54.14)

Mean EQ-5D health-related quality of life (95% CI) 0.53 (0.4604-0.5961) 0.51 (0.45-0.58)

Note: BDI-II, Beck Depression Inventory II; CAARMS, Comprehensive Assessment of At-Risk Mental States; 

CBT, cognitive behavioral therapy; CDS, Calgary Depression Scale; CI, confidence interval; MANSA, Manchester 

Short Assessment of Quality of Life; PBIQ-R, Personal Beliefs About Illness Questionnaire Revised; RC, routine 

care; SD, standard deviation; SIAS, Social Interaction Anxiety Scale; SOFAS, Social and Occupational Functioning 

Assessment Scale; MANSA, Manchester Short Assessment of Quality of Life.
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Incremental effects 
Averted transitions to psychosis 
In the add-on CBT condition, 10.5% of the participants made the transition from UHR status 

to psychosis during 18 months (5.3% at 6 months, at the end of experimental period). In the 

condition that received RC alone, 23.8% of the participants made the transition during 18 

months (13.9% made the transition at 6 months). 

The risk difference was 0.238 − 0.105 = 0.133, favoring the intervention over RC and was 

statistically significant (b = 0.132, robust S.E.b = 0.045, z = 2.92, p = 0.004). This is equivalent 

to a number needed to be treated of 1/0.133 = 7.52, or eight people (rounded). 

QALYs 
The QALY score was 0.60 (95% CI 0.55–0.65) for CBT compared with 0.57 (95% CI 0.52–0.63) 

over 18 months in the condition that received RC alone. The difference in QALY gains between 

the conditions was therefore 0.60 – 0.57 = 0.03, favoring the CBT condition, but only very 

slightly. The QALYs at each measurement moment are presented in Supplementary Table S3. 

Table 2.  Estimated Per-participant Costs (in 2009 US$) by Condition 

   (after Expectation Maximisation Imputation)

Costs from baseline 
to 6 months 

Costs from 
6 to 18 months

Cumulative costs 
(0 to 18 months) 

Add-on 
CBT

Routine 
care

Add-on 
CBT

Routine 
care

Add-on 
CBT

Routine 
care

Add-on
intervention

2022.53
(1556.78)

N/A N/A N/A 2022.53
(1556.78)

N/A

Service use 2107.25
(4895.10)

3324.12
(8328.97)

3722.51
(6748.90)

6181.05
(9746.42)

5829.76
(10093.17)

9505.17
(16187.02)

Antipsychotic 
medication

0.43
(3.07)

1.28
(5.78)

2.77
(13.85)

3.83
(13.85)

3.20
(15.12)

5.11
(15.17)

Travel costsa 101.91
(90.28)

61.65
(124.57)

77.60
(101.89)

123.42
(151.40)

179.51
(163.05)

185.07
(244.46)

Productivity 
costsb

-152.79
(3446.54)

94.72
(2348.65)

125.23
(2733.40)

-938.21
(3813.06)

-27.56
(3936.82)

-843.49
(3947.99)

Total costs 4079.33
(6684.12)

3481.77
(8826.77)

3928.11
(6999.23)

5370.09
(10617.11)

8007.44
(11225.57)

8851.86
(17179.70)

Note: Data are given as mean (standard deviation). CBT, cognitive behavioural therapy; N/A, not applicable. a 

Travel costs in the CBT condition included travel costs for the add-on intervention, i.e. 33.11 (SD=25.49). b A 

gain in productivity is indicated with a negative value; loss of productivity is indicated with a positive value.
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Incremental costs per prevented psychosis 
The incremental costs were –US$844 (savings) and the incremental effect was 0.13 (a larger 

fraction of averted psychoses in the CBT condition). This represents a situation that health 

economists refer to as ‘dominant’ (i.e. the new intervention dominates the RC condition from 

a cost-effectiveness perspective). 

The ICER is subject to stochastic uncertainty. Including all costs, and while basing the anal-

ysis on EM imputation, the intervention is associated with 63.7% of the 2500 simulated ICERs 

appearing in the superior SE quadrant (Table 3), indicating a likelihood of about 64% that 

more psychoses are averted for fewer costs by the CBT intervention relative to RC alone. 

The northeast (NE) quadrant contained 34.9% of the simulated ICERs, the NW quadrant 

0.5%, and the final 0.9% was located in the southwest (SW) quadrant. In the add-on CBT 

group, 9.3% of the simulated ICERs fell below the threshold of US$20 000. Fig. 2 shows the 

scatterplot of 2500 simulated ICERs on the ICER plane. 

FIGURE 2. Scatterplot of simulated incremental cost-effectiveness ratios (n=2500) on the cost-effective-

ness plane: add-on cognitive behavioral therapy versus routine care alone (under expectation maximiza-

tion imputation) 

Note: ICER, incremental cost-effectiveness ratio; RC, routine care; CBT, cognitive behavioral therapy; NE, north-

east quadrant; SE, southeast quadrant; NW, northwest quadrant; SW, southwest quadrant.

-12.000

-10.000

-8.000

-6.000

-4.000

-2.000

0

2.000

4.000

6.000

8.000

-0,10              -0,05                 -                     0,05                 0,10                  0,15                 0,20                0,25                   0,30                0,35

NE: more e�ective and 
more expensive
34.9%

NW: less e�ective and
more expensive
0.5%

SW: less e�ective 
and less expensive
0.9%

SE: more e�ective and 
less expensive
63.7%

Ad
di

tio
na

l c
os

ts
 (

U
S$

)

Additional e�ects



101

6.

Table 3. Results of the main and sensitivity analyses

Incre-
mental 
costs, US$

Incremental 
effects

ICER, 
US$ 
(mean) 

ICER, US$ 
(bootstrapped 
median)

ICERs in SE 
quadrant 
(%)

Cost-effectiveness analyses

Main analysis: all costs included (EM)a -844 0.13 PP -6,380 -6,831b 63.7

All costs included (LOCF)a -844 0.11 PP -7,502 -6,374b 60.1

Direct medical costs analysis (EM) -1,660 0.13 PP -12,544 -11,749b 75.4

Direct medical costs analysis (LOCF) -1,660 0.11 PP -14,751 -13,306b 74.8

Main analysis (EM) with discountinga -825 0.13 PP -6,364 -6,039b 63.0

Direct medical costs analysis (EM) 
with discounting

-1,623 0.13 PP -12,512 -11,285b 75.7

CBT intervention 
costs +10% (EM)a

-642 0.13 PP -4,852 -3,681b 57.8

CBT intervention 
costs +15% (EM)a

-541 0.13 PP -4,088 -3,752b 57.1

CBT intervention 
costs +20% (EM)a

-440 0.13 PP -3,324 -2,026b 53.9

CBT intervention 
costs -10% (EM)a

-1,047 0.13 PP -7,908 -7,178b 66.4

CBT intervention 
costs -15% (EM)a

-1,148 0.13 PP -8,672 -7,800b 67.0

CBT Intervention 
costs -20% (EM)a

-1,249 0.13 PP -9,436 -8,094b 67.9

 Cost-utility analyses

All costs included (EM)a -844 0.03 QALYs -25,858 -15,951b 52.3

All costs included (LOCF)a -844 0.04 QALYs -19,291 -15,162b 54.5

Direct medical costs analysis (EM) -1,660 0.03 QALYs -50,843 -24,160b 60.9

Direct medical costs analysis (LOCF) -1,660 0.04 QALYs -37,931 -20,820b 63.7

All costs included (EM) with 
discountinga

-825 0.03 QALYs -25,972 -16,842b 51.1

Direct medical costs analysis (EM) 
with discounting

-1,623 0.03 QALYs -51,066 -28,548b 62.2

Note: CBT, cognitive behavioral therapy; ICER, incremental cost-effectiveness ratio; EM, expectation Maximi-

zation; LOCF, last observation carried forward; QALYs, quality-adjusted life years; PP, prevented psychosis.>> 
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<< a All costs included analysis and the main analysis, include the following costs: intervention costs, direct 

medical costs (other than the intervention), participants’ travel costs, and costs stemming from lesser produc-

tivity over 18 months. b Dominant, i.e. falling in the southeast-quadrant of the ICER plane.

Incremental costs per QALY 
As noted, the incremental costs were −US$844 (savings) and the QALY difference was 0.03. 

Therefore, the intervention must be regarded as the better choice (or ‘dominant’) relative to 

RC, because the intervention generated similar or more QALY health gains for fewer costs. 

From this point on, we take a probabilistic medical decision-making approach to decide if 

add-on CBT offers good value for money. 

Of the 2500 simulated ICERs, 52.3% fell into the SE quadrant, indicating a likelihood of 52% 

that more QALYs were generated for fewer costs by the intervention relative to RC. The NE 

quadrant contained 26.2% of the simulated ICERs, the inferior NW quadrant 10.3%, with the 

final 11.2% located in the SW quadrant. These data suggest a higher than 50% probability 

that the intervention is dominant. In the add-on CBT group, 26.2% of the simulated ICERs 

fell below the threshold of US$20 000. 

Sensitivity analyses 
Costs per prevented psychosis 
Sensitivity analyses were conducted by repeating the main CEA analysis under LOCF imputa-

tion, and with only direct medical costs included under (1) EM and (2) LOCF imputation. For 

costs per prevented psychosis, the results were robust and consistent with the main analyses, 

the discounted costs and effects, and for varied CBT intervention costs, implying that CBT 

dominated RC in all these scenarios (Table 3). 

Costs per QALY 
Sensitivity analyses were also conducted by repeating the main CUA analysis under LOCF 

imputation, and with only direct medical costs included under (1) EM and (2) LOCF imputa-

tion and, finally, both EM-based analyses were repeated with discounting. Again, sensitivity 

analyses attested to the robustness of our findings: CBT remained cost saving (Table 3).
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Discussion 
Main findings 
To our knowledge, this is the first trial-based CEA of a preventive psychological intervention 

in psychosis. Previous studies were modeling studies (13,14) suggesting that early interven-

tion may be cost saving, but were less firmly rooted in empirical data. In line with recent 

meta-analytic evidence showing that preventing psychosis in UHR groups is a feasible option 

(8–11), the present study demonstrates that add-on CBT for UHR is clinically effective. 

In the CBT condition only 10.5% made the transition from UHR status to psychosis over 18 

months, compared with 23.8% in the RC condition. In addition, the CEA showed that the 

intervention had a 63.7% likelihood of being the superior option, because it was associated 

with cost savings of US$844 (£551) per averted psychosis while much reducing the risk of 

a first onset of psychosis. Furthermore, the CUA demonstrated that the add-on CBT inter-

vention had a 52.3% probability of being the superior option, and the costs of the interven-

tion were US$844 (£551) lower than those of RC. Various sensitivity analyses attested to the 

robustness of these findings. 

Costs of identifying UHR patients 
In the present study, patients at UHR of psychosis were already involved with mental health-

care services; therefore the additional costs are mainly screening costs. The Prodromal 

Questionnaire (PQ-16) (42) is an online screener used to preselect patients for the CAARMS 

interview in mental healthcare. 

The costs of identifying UHR patients were not factored into the operating costs of offering 

the intervention because these costs are the same in both conditions. Nevertheless, these 

costs are interesting in their own right. For example, in a catchment area of 600.000 inhabi-

tants, one part-time assessor could identify about 100 UHR patients (aged 16-35 years) per 

year. Finding one UHR patient costs about US$724 (£473) (additional calculations are avail-

able from the first author H.K.I.). 

Importance of these findings for clinical practice 
Many Western countries are confronted with declining resources in healthcare, and economic 

evaluations are becoming increasingly important to inform decision makers about the cost 

effectiveness of an intervention. The present study suggests that CBT for people at UHR is 

effective and cost saving and could therefore become a recommended practice for treating 

UHR patients. Furthermore, because the intervention was developed in clinical practice, it is 

ready for widespread implementation in RC. 

An important issue is whether an averted psychosis is a prevented psychosis or merely a 
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delay in transition. A recent meta-analysis showed that the 2- to 4-year follow-up still had 

a risk reduction of 37%. In some cases an averted psychosis was a delay, whereas in others 

psychosis may have been prevented (11). In addition, in a recent long-term follow-up study, 

no transitions from UHR status to psychosis were found at 10-year follow-up, while 86% 

of the transitions to psychosis took place in the first 5 years (43), suggesting that the risk 

of developing a psychosis is confined to a critical period and is not a lifelong threat. This 

may imply that 5-year monitoring, and offering booster sessions when subclinical symptoms 

worsen, may help reshape the landscape of psychotic disorders, with fewer patients who 

progress into a chronic and disabling condition. This is unlikely to put additional pressure on 

the already stretched healthcare budgets, as the need and economic costs for hospital-based 

services will be reduced. 

The results of this study are in accordance with other studies, whether based on trials or 

simulations. All conclude that preventing a first episode of psychosis in people at UHR saves 

more than the costs of the intervention (13–16).

 

Limitations 
Some limitations of our study need to be considered when interpreting the findings. First, 

healthcare uptake was identified by a retrospective health service receipt interview, which 

could have introduced recall bias. However, we compared 90% of the self-reports with the 

electronic patient files and found an overestimation of service use in 5% of the cases, which 

was then corrected. Because 10% of the electronic patient dossiers were not available for 

inspection, we had to rely on the reported healthcare uptake. 

Second, some dropout occurred and missing endpoints had to be replaced by their most 

likely value. This may have contributed to uncertainty in our outcomes. Therefore, we used 

two different imputation strategies and conducted various sensitivity analyses. 

Third, because the trial was conducted in the Netherlands the results may not be generaliz-

able to other settings or countries with a different healthcare system. Therefore, our cost-ef-

fectiveness study is perhaps best seen as a ‘proof of principle’ in need of replication in other 

demographic and epidemiological settings. 

Finally, it is unknown how the cost effectiveness of the two interventions will be affected after 

a follow-up period exceeding 18 months. However, such data will become available when 

we have finished our 4-year follow-up study. 

Implications 
The present study not only shows clinical effectiveness but also reduced healthcare costs 

of a preventive intervention for people at UHR of developing first-episode psychosis, as 

compared with RC. Both the favorable clinical outcomes (corroborated meta-analysis) and 

the present economic case suggest that preventive CBT in help-seeking UHR patients could 
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be considered for future clinical guidelines. Psychotic disorders are extremely costly because 

(in many patients) they last a lifetime. Therefore, the screening and preventive treatment of 

those at UHR not only save costs in the short and medium term, but may also save health-

care costs in the long term. 
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Supplementary Material
Supplementary Table S1.  Per-Participant Service Use and costs (as at 2009, in US$) by 

      Condition (Before Expectation Maximization Imputation)

18 months Costs

Add-on cognitive 
behavioural therapy 
(n=95), Mean (SD)

Routine care (n=101), 

Mean (SD)

Unit price 
in US$

Psychiatrista (n=85), 4.2 (6.5) (n=91), 5.2 (10.5) 203.32

Clinical psychologista (n=91), 7.4 (10.9) (n=96), 11.5 (16.8) 203.32

Training or psycho-educationa (n=84), 3.3 (9.7) (n=90), 3.0 (7.8) 41.62

Community psychiatry nursea (n=85), 3.1 (7.8) (n=91), 2.8 (7.3) 77.29

Physiotherapista (n=84), 1.7 (6.5) (n=90), 2.7 (8.8) 42.80

Social workera (n=85), 0.5 (2.5) (n=91), 3.0 (7.3) 77.29

Day-care, mental health treatmentb (n=84), 0.3 (2.5) (n=90), 4.6 (19.3) 183.11

In-patient clinicb (n=93), 2.5 (22.0) (n=98), 3.9 (23.7) 275.85

Note: N, number of patients assessed; Mean, mean number of units of services used; SD, standard devia-

tion.  acontact/session; bday

Supplementary Table S2.  Age-specific Hourly Labour Productivity Costs for Men and 

      Women

US$, 2009a

Age group (years) Men Women

15-19 11.47 10.42

20-24 21.11 20.43

25-29 28.76 28.08

30-34 35.25 32.75

35-39 40.46 34.78

Note: a Costs are indexed from the Collective Labor Agreement, 2008 

https://static.cambridge.org/resource/id/urn:cambridge.org:id:binary:20161006201120644-0781:S0033291714002530:S0033291714002530sup001.doc
https://static.cambridge.org/resource/id/urn:cambridge.org:id:binary:20161006201120644-0781:S0033291714002530:S0033291714002530sup001.doc
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Supplementary Table S3.  Average QALYs for both conditions over the 18-month 

      follow-up period (after Expectation Maximization Imputation)

QALY CBT (n=95) RC (n=101)

Baseline 0.5283 (min. -0.38, max. 1.00) 0.5122 (min. -0.48, max. 1.00)

6 months 0.5562 (min. -0.19, max. 1.00) 0.5605 (min. -0.32, max. 1.00)

12 months 0.6269 (min. -0.14, max. 1.00) 0.5780 (min. -0.43, max. 1.00)

18 months 0.7242 (min. -0.32, max. 1.00) 0.6342 (min. -0.26, max. 1.00)

Note: QALY, Quality-adjusted life years; CBT, Cognitive behavioural therapy; RC, Routine care.
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