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Abstract
Background
This study aims to evaluate the long-term cost-effectiveness of add-on cognitive behavior 

therapy (CBT) for the prevention of psychosis for individuals at ultrahigh risk (UHR) of 

psychosis.

Method
The Dutch Early Detection and Intervention randomized controlled trial was used, comparing 

routine care (RC; n = 101) with routine care plus CBT for UHR (here called CBTuhr; n = 95). 

A cost-effectiveness analysis was conducted with treatment response (defined as proportion 

of averted transitions to psychosis) as an outcome and a cost-utility analysis with quality-ad-

justed life years (QALYs) gained as a secondary outcome.

Results
The proportion of averted transitions to psychosis was significantly higher in the CBTuhr 

condition (with a risk difference of 0.122; b = 1.324, SEb = 0.017, z = 7.99, P < 0.001). CBTuhr 

showed an 83% probability of being more effective and less costly than RC by −US$ 5777 

(savings) per participant. In addition, over the 4-year follow-up period, cumulative QALY 

health gains were marginally (but not significantly) higher in CBTuhr than for RC (2.63 vs. 

2.46) and the CBTuhr intervention had a 75% probability of being the superior treatment 

(more QALY gains at lower costs) and a 92% probability of being cost-effective compared 

with RC at the Dutch threshold value (US$ 24 560; €20 000 per QALY).

Conclusions
Add-on preventive CBTuhr had a high likelihood (83%) of resulting in more averted transi-

tions to psychosis and lower costs as compared with RC. In addition, the intervention had a 

high likelihood (75%) of resulting in more QALY gains and lower costs as compared to RC.
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Introduction
The economic costs of treating psychotic disorders are extremely high because (in many 

patients) they can last a lifetime (1). Therefore, advancing proactive care is important to both 

prevent and ameliorate long-term functional deficits. For this, identification of those most at 

risk of developing psychotic disorders is an essential step. The ultra-high risk (UHR) state is 

characterized by attenuated positive symptoms and/or a familial liability for psychotic disor-

ders and by increased social isolation and functional decline (2,3).

In line with recent findings (4–8), in the Dutch Early Detection Intervention and Evalua-

tion trial (EDIE-NL), we demonstrated the efficacy of cognitive behavior therapy (CBT) for 

UHR (CBTuhr) in preventing psychosis (9). Both our 18-month follow-up results (9) and our 

4-year follow-up results (10) demonstrated a favorable effect on reducing the incidence of 

psychosis by ±50% compared with routine care (RC) alone. 

However, it remains unknown whether investing in adjunct CBTuhr will yield savings in the 

longer term. This study presents a cost-effectiveness analysis (CEA) of transitions to psychosis 

averted over a 4-year time frame from mental health care system and societal perspectives. 

A secondary analysis based on quality-adjusted life year is also undertaken.

Methods
Details of the methodology are reported elsewhere (11). Here, we present the main features 

and focus on the economic aspects.

Design and Participants
The participants were assessed 4 years after inclusion, comparing CBTuhr with RC. The study 

was approved by the Medical Ethics Committee and registered at Current Controlled Trials 

(ISRCTN21353122). Inclusion criteria for EDIE-NL were: (a) age 14–35 years, (b) a family history 

of psychosis or Comprehensive Assessment of At-Risk Mental States (CAARMS) (2) scores in 

the range of the at-risk mental state (ARMS), and (c) impaired social functioning (a score on the 

Social and Occupational Functioning Assessment Scale [SOFAS] (12) of ≤54 or a reduction of 

30% on the SOFAS for the duration of at least 1 month in the past year). Exclusion criteria for 

EDIE-NL were: (a) presence of a current or past psychotic disorder, (b) insufficient command 

of the Dutch language, (c) severe learning impairment, and (d) current or previous use of anti-

psychotic medication with a cumulative dose of ≥15mg haloperidol equivalents. 

Participants were contacted 4 years after baseline assessment (between June 2012 and 

January 2014). The mean follow-up time was a little longer than 4 years (mean: 1520 days; 
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SD: 170.87). The interview consisted of assessments of psychopathology and took place at 

local outpatient services. If participants did not consent to a face-to-face interview, they were 

asked whether they would consent to a brief telephone assessment, such that a minimal set 

of clinical and functional outcome data could be collected.

Figure 1 presents the flow of the participants through the trial. Of the 201 patients included 

in the original trial, 5 participants were included incorrectly at baseline and were excluded 

from all further analyses. The final sample consisted of 196 participants: 101 in the RC condi-

tion and 95 in the CBTuhr condition. At the 18-month follow-up measurement, 140 partic-

ipants (71.4%) participated, and at 4 years, 113 patients (57.7%) had a complete follow-up 

assessment. Of the 83 dropouts, 9 (10.8%) had already transitioned to psychosis during the 

first 18 months of the study, and for 16 participants (19.3%), it could be verified that they 

were not diagnosed with a Diagnostic and Statistical Manual of Mental Disorders (DSM) 

psychotic disorder 4 years post-baseline. Verification was obtained by comparing the elec-

tronic patient files with their medical history.

Interventions
Participants in both treatment arms were treated with RC as provided for the nonpsychotic 

DSM-IV Axis 1 or Axis 2 disorders for which they were seeking treatment. RC was given 

according to the evidence-based clinical Dutch (13)  and the National Institute for Health and 

Care Excellence (14) guidelines. The experimental group received RC plus CBTuhr (15), with 

a maximum of 26 sessions in the first 6 months after inclusion (9), with the aim to prevent 

first-episode psychosis. The mean (and median) number of sessions was 10 (95% CI 8–12), 

partly caused by early completers, dropouts, or early transitions. The therapists were all 

experienced in CBT for psychosis and were trained in the use of the protocol during a day 

and supervised once a month in a group. For further information, see the Results section 

of the article (9).

Outcome Measures
Primary Outcome
The primary clinical outcome was the number of transitions to psychosis averted. This 

was calculated as the proportion of participants who did not develop a first-episode 

psychosis within 4 years post-baseline as assessed with the CAARMS (2,3). The CAARMS is 

a semi-structured interview used to rate the intensity and frequency of subclinical psychotic 

symptoms and discriminates between psychosis, UHR, or neither. The CAARMS was repeat-

edly administered at baseline and at 2, 4, 6, 9, 12, 15, 18, and 48 months to detect transition 

to psychosis. In the case of a transition to psychosis, according to the CAARMS, the Dutch 

version of the Schedules for Clinical Assessment in Neuropsychiatry (SCAN 2.1) (16) was used 

to diagnose participants. Details are reported elsewhere (11).
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Figure 1. Flowchart of the study participants in the 48-month follow-up

Patients enrolled in the original EDIE-NL trial 

 

     

      

 

Allocation

Analysis 

Follow-Up 

101 analysed (intention-to-treat) 

44 lost to four-year follow-up: 

8 withdrew consent at 18-month F-U 
16 withdrew consent at 48-month F-U 
20 could not be located 

57 included in follow-up analysis
(54 in-depth interviews, 
3 interviewed by phone) 

Control condition (RC) 

103 allocated, but 2 removed for 
violations against inclusion criteria (1 
dissimulated psychosis and 1 had a 
history of psychosis) 

101 in RC 

39 lost to four-year follow-up: 

7 withdrew consent at 18-month F-U 
19 withdrew consent at 48-month F-U 
13 could not be located 

56 included in analysis 
(54 in-depth interview, 
2 interviewed by telephone) 

Experimental condition (CBTuhr) 

98 allocated, but 3 removed for violations 
against inclusion criteria (1 dissimulated 
psychosis and 2 had history of psychosis) 

95 in CBTuhr

95 analysed (intention-to-treat) 
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Secondary Outcome
The secondary outcome was health-related quality of life, operationalized by quality-ad-

justed life years (QALYs), based on the EQ-5D 3-level version of the ‘EuroQoL’ group 

(EQ-5D-3L) (17). The EQ-5D-3L consists of 5 health state dimensions (mobility, self-care, 

usual activities, pain/discomfort, and anxiety/depression) on which the respondent has to rate 

his/her own health. Each dimension has 3 levels: no problems, some problems, and extreme 

problems; therefore, the EQ-5D-3L can describe as many as 35 = 243 distinct health states. 

We used the UK tariff to value health states (18). QALYs were computed as the amount of 

time spent in a health state weighted by the corresponding utility U. There are 4 time inter-

vals (0–6 months, 6–12 months, 12–18 months, and 18–48 months) between the measure-

ments, and we applied the mean area under the curve (AUC) method (19) as: QALY=(t2−

t1)×(U1=U2)/2+ (t3−t2)× (U2+U3)/2 +(t4−t3)×(U3+U4)/2+ (t5−t4)×(U4+U5)/2, where the first 

3 time intervals equal 6 months (i.e., 0.5 of a year) and the last interval equals 30 months 

(5×6 months). An advantage of the QALY is that it facilitates comparison with other interven-

tions in different diseases (20).

Other Measures
At 4-year follow-up, the SOFAS (12) was used to assess overall functioning. Symptoms were 

assessed with the Beck Depression Inventory II (BDI-II) (21), the Calgary Depression Scale (CDS) 

(22), and The Social Interaction Anxiety Scale (SIAS) (23). The Personal Beliefs About Illness 

Questionnaire (PBIQ-R) (24) assessed the appraisal of their illness, while the Manchester Short 

Assessment of Quality of Life (MANSA) (25) measured perceived quality of life.

Measures of Service Use and Costing
In the base case, costs are defined from the mental health care system perspective and 

encompass (a) intervention costs, (b) costs related to psychiatric health care uptake (Supple-

mentary Table S1) including the costs of medication, and (c) participants’ travel costs for 

obtaining health services. Costs were originally expressed in euro for the reference year 2014 

on a per-participant basis over the full period of 4 years. The costs were then converted to 

US dollars using the purchasing power parities from the Organization for Economic Co-op-

eration and Development, taking into account both the exchange rate and the differential 

buying power across countries. For the reference year 2014, US$1.00 equated NL€0.825046. 

The AUC method was applied for computing cumulative QALY gains and costs (19). 

The cost data were collected using the Trimbos Institute and Institute of Medical Technology 

Assessment Questionnaire for Costs associated with Psychiatric Illness (TiC-P) (26). Because 

the sample included adolescents and young adults who made their first appearance in the 

health care system (i.e., without a significant history of health care use), no baseline cost data 

were collected.
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Health service use was valued by multiplying the units of health service (e.g., visits, sessions, 

and hospital days) by their standard full economic cost price (Supplementary Table S1). To 

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

Insurance Board (27), calculated as the cost price per standard daily dose as reported in the 

Pharmaceutical Compass (27), multiplied by the number of prescription days, plus the phar-

macist’s dispensing costs of US$8.59 per monthly prescription (28). The costs of the inter-

vention were calculated by multiplying the number of sessions by the standard full economic 

cost prices for a session with a psychologist or psychiatrist (Supplementary Table S1). Direct 

nonmedical costs (i.e., the patient’s out-of-pocket costs) consisted of costs for traveling to 

the health services. Travel costs were computed as the average distance to a mental health 

service (7 km) multiplied by the costs per kilometer (US$0.28), as most participants used 

public transport (28).

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

analysis, missing data in cost and outcomes (transitions and QALY gains) at the 4-year 

follow-up were imputed using Little & Rubin’s expectation-maximization (EM) algorithm 

(29) (as implemented in SPSS 23.0.0) with predictors both of the outcome and the missing-

ness pattern. The first set of predictors are used to increase the precision of the imputed 

variable; the second to account for selective dropout and to meet the missing at random 

assumption underlying the EM algorithm. Condition (experimental vs. control) was also 

included as one of the predictors. Missing cost data (n = 83) were imputed with condition, 

age, years of education, psychopathology scores, transition psychosis (y/n), and health care 

costs as observed in the first 18 months. In the main analysis, missing clinical outcome on 

the CAARMS at 4-year follow-up (n = 58) was imputed with baseline age, gender, ethnicity 

(Dutch/non-Dutch origin), baseline CAARMS distress positive symptoms, and BDI scores as 

predictors. Missing QALYs (n = 83) were estimated with condition, gender, QALYs, psycho-

pathology total scores of the different time points as predictor variables. All predictor vari-

ables were identified as significant predictors of the imputed variable by (logistic) regres-

sion analyses.

Testing Differential Effectiveness
Differences between the treatment arms in 4-year 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 13.1 

using robust standard errors that were based on the first-order Taylor-series linearization 

method to account for clustering in the data. The study was conducted as a multisite trial.
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Economic Evaluation
The economic evaluation consisted of a CEA and a cost-utility analysis (CUA). For both anal-

yses, the incremental cost-effectiveness ratio (ICER) was 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 CBTuhr plus RC and the RC alone condition, respectively. The ICER represents the 

extra costs needed (or saved) per additionally averted transition to psychosis. The cost-

utility ratio does the same per additional QALY gained. To handle uncertainty in the cost 

and effect data, nonparametric bootstrapping was conducted in Microsoft Excel to simulate 

2500 ICERs (20,30,31). The simulated ICERs can be presented as a scatter over a cost-effec-

tiveness plane, with differences in costs on the vertical axis and differences in effects on the 

horizontal axis. If the ICER appears in the northwest (NW) quadrant of the plane, less effect 

is obtained for additional costs. If the ICER appears in the southeast (SE) quadrant, more 

health gains are obtained for fewer costs; the intervention is then preferred over standard 

care. The distribution of the simulated ICERs over the different quadrants can be used to 

determine the probability that the intervention is cost-effective or the probability that the 

intervention is both cost saving and more effective. The probability that the intervention is 

cost-effective for different willingness-to-pay threshold values is visualized using the cost-ef-

fectiveness acceptability curve (32).

Of note, this study was not powered to test differences between the treatment arms with 

regard to QALYs but was designed and powered to evaluate transitions to psychosis as the 

primary outcome. For this reason, the CEA is the main analysis, and the CUA is only added 

as a secondary analysis. The CUA is therefore restricted to reporting probabilistic outcomes 

within the medical decision-making framework, as is common when conducting health-eco-

nomic evaluations. This is done to inform decisions under uncertainty (33).

Sensitivity Analyses
In the main analysis, EM imputation was used to handle missing data. Due to the high attri-

tion rate, we repeated all analyses using last observation carried forward (LOCF) imputa-

tion, as this method is likely to result in wider CIs and is thus informative with regard to how 

probabilistic results are affected by such choices. In addition to the health care perspective 

adopted in the main analysis, outcomes were assessed using a societal perspective, thereby 

including the economic benefits (and losses) of increased (decreased) productivity. Produc-

tivity losses and gains in paid work were calculated according to the human capital approach 

(34) and reflected the changes in the number of hours worked per week. These were 

valued with the average age- and gender-specific hourly productivity costs (Supplementary 

Table S2) (28). The AUC method (19) was used to compute the economic losses (or gains) 

owing to changes in working hours over the full 4-year follow-up period. Furthermore, costs 

and effects were discounted at different rates (for the Dutch setting costs were discounted 
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with 4.0% and effects with 1.5% for the UK setting costs and effects were discounted both 

with 3.5% and 3.0% for the US setting).

Results
Sample Characteristics
There were no significant differences between the two treatment arms in sociodemographic 

and clinical characteristics (Table 1).

Outcomes
In the CBTuhr condition, 12.6% of the participants converted to psychosis over the 4-year 

follow-up period. In the RC condition, 24.8% made a transition over the 4-year follow-up. 

The risk difference was 0.248 − 0.126 = 0.122 (95%CI = 0.00–0.25), favoring CBTuhr over 

RC; this difference was significant (b = 1.324, SEb = 0.017, z = 7.99, P < 0.001). The average 

QALY health gains over the 4-year period were 2.628 (95% CI = 2.457–2.799) for CBTuhr 

compared with 2.464 (95% CI = 2.264–2.665) for the RC condition. The difference in QALY 

gains was 2.628 − 2.464 = 0.164, favoring CBTuhr. As expected, this difference was not 

significant (b = −9.318, robust SEb = 7.703, t = −1.21, P = 0.28).

Costs
Table 2 presents the mean costs in both treatment arms over the 4-year period. The larger 

share of the total costs was attributable to direct medical costs. Overall, the CBTuhr condi-

tion generated lower costs (US$19 121) than the RC condition (US$24 898), representing a 

(nonsignificant) cost reduction of US$5777 (savings: 95% CI = −16 952–4190) per participant.

The difference between CBTuhr and RC in intervention services received is partly explained 

by the lower psychosis conversion rate in the CBTuhr group and partly by a generally higher 

service use in RC. Patients with conversion: US$35 300 in RC vs US$23 600 in CBTuhr. 

Patients without conversion: US$21 700 in RC vs US$18 300 in CBTuhr. Moreover, the addi-

tional costs incurred after conversion in RC (+US$13 600) is higher than the additional costs 

incurred after conversion in CBTuhr (+US$5300).
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Table 1. Baseline Demographic and Clinical Characteristics of Study Participants for 

   Routine Care (RC) and Cognitive Behavioral Therapy for UHR (CBTuhr)

Demographic characteristics RC CBTuhr

Number 101 95

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

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

Current marital status and living situation, n (%)

Single 76 (75.2) 70 (73.7)

Partner 22 (21.8) 21 (22.1)

Divorced 3 (3.0) 4 (4.2)

Employment status, n (%)

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

School 29 (28.7) 29 (30.5)

Unemployment/otherwise 24 (23.8) 19 (20)

Clinical characteristics (95% CI)

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

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

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

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

Mean CAARMS positive symptoms 10.27 (9.76-10.77) 10.24 (9.63-10.85)

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

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

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

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

Mean EQ-5D health-related quality of life 0.51 (0.45-0.58) 0.53 (0.46-0.60)

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

CDS, Calgary Depression Scale; CI, confidence interval; EQ-5D, five-dimensions EuroQoL; PBIQ-R, MANSA, 

Manchester Short Assessment of Quality of Life; Personal Beliefs About Illness Questionnaire Revised; SD, 

standard deviation; SIAS, Social Interaction Anxiety Scale; SOFAS, Social and Occupational Functioning Assess-

ment Scale; UHR, Ultra-high risk.
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Table 2.  Estimated Per-participant Four-year Cumulative Costs (in 2014 US$) by 

   Condition (after Expectation Maximization Imputation)

RC (N=101) CBTuhr  (N=95)

Add-on intervention, US$ (SD) N.A. 2,266.10 (1,744.26)

Service use, US$ (SD) 24,452.73 (40,552.75) 16,506.54 (24,362.36)

Antipsychotic medication, US$ (SD) 48.28 (111.91) 35.86 (96.21)

Travel costs, US$ (SD) 397.46 (411.31) 312.85 (265.89)

Total costs, US$ (SD) 24,898.47 (40,936.54) 19,121.35 (24,507.61)

Note: Data are presented as mean (SD). EM, expectation-maximization; NA, not applicable; SD, standard devi-

ation. 

Economic Evaluation
From a health care perspective, the incremental costs were −US$5 777 (savings; 95% CI = 

−16 952 to 4190) and the incremental effect was 0.12 (a larger fraction of averted transi-

tions to psychosis in the CBTuhr condition). This represents a situation that health economists 

refer to as ‘dominant’, ie, the new intervention dominates the RC condition from a cost-ef-

fectiveness perspective. The ICER is subject to stochastic uncertainty. Including all psychi-

atric health care costs, the intervention is associated with 82.9% of the 2500 simulated ICERs 

appearing in the dominant SE quadrant (Table 3), indicating a likelihood of about 83% that 

more transitions to psychosis are averted for fewer costs by the CBTuhr intervention rela-

tive to RC alone. The northeast (NE) quadrant contained 13.6% of the simulated ICERs, the 

NW quadrant 0.7%, and the final 2.8% was located in the southwest (SW) quadrant. Figure 

2a depicts a scatterplot of 2500 simulated ICERs on the ICER plane. The ICER acceptability 

curve (figure 2c) for CBTuhr vs RC showed that with no willingness to pay (WTP) for one 

averted transition to psychosis, there is an 86% probability that CBTuhr results in positive net 

benefits compared with RC. The probability of positive net benefits increases slightly when 

the society is willing to pay more for an additional averted psychosis. With a WTP of US$10 

000 and US$20 000, CBTuhr has a probability of 90% and 92%, respectively, of resulting in 

positive net benefits compared with RC alone.

Furthermore, the QALY difference was 0.16 (95% CI = 0.14–0.46). Of the 2500 simulated 

ICERs (Figure 2b), 74.8% fell into the SE quadrant, indicating the likelihood that more QALYs 

were generated for fewer costs by the intervention relative to RC alone. The NE quad-

rant contained 10.8% of the simulated ICERs, the inferior NW quadrant 2.9%, with the final 

11.5% located in the SW quadrant. The ICER acceptability curve (figure 2d) showed that 
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even without any WTP for one extra QALY, there is an 86% (74.8% + 11.5%) probability 

that CBTuhr results in positive net benefits compared with RC. The probability increases 

slightly when society is willing to pay more for a QALY gained. At the Dutch WTP threshold 

value (US$ 24 560 or €20 000 per QALY) the intervention has a 92% probability of being 

cost-effective compared with RC.

Sensitivity Analysis
Sensitivity analyses were conducted by repeating the main analysis with LOCF imputa-

tion. This was repeated for both the CEA and the CUA and from both a health care system 

perspective and a societal perspective (Table 3). As expected, imputation with LOCF gener-

ally resulted in wider CIs, but this led to only modest changes in the probability of the 

intervention being both more effective and cost saving. The costs from a societal perspec-

tive were associated with wider CIs, as the amount of productivity varied strongly between 

participants. Alternative discount rates led to minor changes in costs (the change in incre-

mental costs was less than 2% for both the health care and societal perspective) and effects 

(the change in incremental effects was less than 4% for both the health care and societal 

perspective), thereby not altering our conclusions.

Figure 2. Scatterplots of the simulated incremental costs and effects (n=2500) on the cost-effectiveness 

plane: add-on cognitive behavior therapy vs routine care alone (under expectation-maximization imputa-

tion) for the primary analysis (2a) and the secondary analysis (2b). Cost-effectiveness acceptability curves 

for the primary analysis (2c) and the secondary analysis (2d).  >>
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Table 3. Results of the main and sensitivity analyses, based on 2,500 bootstrap 

   replications from the imputed sample data

Incremental 
Costs in US$  
(95% CI)

Incremental 
effects
(95% CI)

ICER in US$ 

(95% CI)

ICER in 
US$ (Boot-
strapped 
Median)

Percentage
ICERs in SE
Quadrant 
%

CEAs, prevented psychosis

Main analysis: 
healthcare 
perspective (EM)a

-5,777 
(-16,952 to 4,190)

0.12 
(0.00-0.25)

-62,689 
(-379,055 to 94,672) -43,109c 82.9

Healthcare 
perspective (LOCF)a

-6,952 
(-19,710 to 5,010)

0.09 
(-0.03-0.21)

-92,233 
(-1,000,000 to 334,820) -66,185c 80.5

Societal perspective 
(EM)b

-11,958  
(-31,387 to 7,540)

0.12 
(0.00-0.25) 

-136,169
(-951,707 to 135,822) -95,842 85.8

Societal 
perspective (LOCF)b

-10,407 
(-32,812 to 10,251)

0.09
(-0.03-0.20)

-136,794 
(-1,000,000 to 488,574) -102,718 77.6

CUAs, QALYs

Healthcare
perspective (EM)a

-5,777 
(-17,147 to 4,144)

0.16 
(-0.14-0.46)

-24,294 
(-344,814 to 352,652) -22,965c 74.8

Healthcare 
perspective (LOCF)a

-6,952 
(-19,582 to 5,366)

0.22 
(-0.13-0.58)

-31,010 
(-340,147 to 264,451) -23,467c 78.4

Societal 
perspective (EM)b

-11,958 
(-31,500 to 7,813)

0.16 
(-0.15-0.47)

-55,303 
(-697,310 to 691,684) -49,422 76.0

Societal 
perspective (LOCF)b

-10,407 
(-31,637 to 10,738)

0.22 
(-0.15-0.58)

-34,011 
(-445,590 to 432,282) -34,374 72.7

Note:  CBTuhr, cognitive behaviour therapy for ultra-high risk; CEA, cost-effectiveness analysis; CI, confidence 

interval; CUA, cost-utility analysis; EM, expectation-maximization; ICER, incremental cost-effectiveness ratio; 

LOCF, last observation carried forward; QALYs, quality-adjusted life years; SE, southeast. Some of the 95% 

confidence intervals have a lower bound of -1 million. This is caused when by a division by zero in the ICER 

ratio, which is mathematically undefined, and therefore conventionally capped at 1 million.
a The healthcare perspective included the following costs over 4 year: add-on CBTuhr intervention costs, 

direct medical costs (other than the CBTuhr intervention), and participants’ travel costs. b The societal perspec-

tive included the following costs over 4 year: add-on CBTuhr intervention costs, direct medical costs (other 

than the CBT intervention), participants’ travel costs, and costs stemming from lower productivity. c Dominant, 

i.e. falling in the southeast-quadrant of the ICER plane.
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Discussion
Main Findings
The cost-effectiveness analysis showed that CBTuhr had an 83% probability of being more 

effective and less costly than RC. Similarly, the CTU shows that CBTuhr had a 75% likelihood 

of being more effective and less costly than RC. Various sensitivity analyses attested to the 

robustness of these findings. Using the Dutch WTP threshold of US$24 560 (€20 000) per 

QALY, the probability is 92% that the intervention is cost-effective. Also from the societal 

perspective, there is a substantial likelihood (73% in the primary and 78% in the secondary 

analysis) that CBTuhr results in more effects at lower costs. The conclusions indicate that the 

results of the 18 months analysis (35) do not deteriorate when considering a period of 4 

years and guided some patients through a critical period with declining transition rates (36).

Costs of Identifying UHR Patients
As UHR patients were already involved with mental health care services, additional costs are 

mainly screening costs. The Prodromal Questionnaire 16 (37) is an online screener used to 

preselect patients for the CAARMS interview in the mental health care and takes 2min time. 

The costs of identifying the UHR patients and training staff (US$724) were not factored into 

the cost of intervention, because they are the same for both groups. For further information, 

see Ising et al. (35). Actual implementation of the intervention would, however, require an 

additional US$724 per identified patient, thereby lowering the observed cost reduction of 

US$5777 with US$724 per patient. This would decrease the probability of more effects at 

lower costs from 83% to 79% in the primary analysis and from 75% to 72% in the secondary 

analysis.

Clinical and Public Health Relevance
A recent meta-analysis (4) demonstrated that CBT could prevent transition to psychosis. 

Moreover, it is a bonus that the intervention is cost-effective and perhaps even cost saving 

(34), considering limited resources for health care. Until now, health economic evaluations in 

this field were either based on decision modeling (38–40) or were based on a small sample 

with a short-term follow-up (41). The present study supports the notion that CBTuhr is effec-

tive and probably cost saving in the long term.

In the present study, the highest risk of transition was present in the first 12 months 

after study inclusion; this temporal pattern of transition is comparable to the findings of a 

recent meta-analysis (36). At 4-year follow-up, only two more patients had transitioned to 

psychosis, suggesting that there is a critical period for transition, rather than a lifelong threat.

The main drivers of differences in costs between RC and CBTuhr were the costs arising 

from hospital admissions for psychosis (a difference of US$2000) and day care (a difference 
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of USS$1000). During the 4-year period, participants in RC were more often admitted to a 

psychiatric hospital (RC: 7 participants with a total of 15 admissions vs CBTuhr: 4 participants 

who had 5 admissions). The duration of the admission was 2.2 in RC and 2.3 in CBTuhr.

Besides the proportion of averted transitions to psychosis (9,35), the difference in QALYs 

showed a clinically relevant but statistically nonsignificant effect of the intervention on the 

lives of at-risk individuals and at least no deterioration in their health-related quality of life.

Limitations
Some limitations of the present study should be addressed. First, our study suffered from 

a high attrition rate. Comparing the participants who were retained with those who were 

lost to follow-up and using the 18-month follow-up data to describe both groups showed 

that those who were later lost to follow-up had less dysfunctional beliefs about their illness, 

fewer emotional disturbances, better quality of life, and lower symptom levels of general 

psychopathology (42), ie, those who were lost appeared to have a better prognosis. So costs 

might be slightly overestimated and savings slightly underestimated. The use of EM to handle 

missing data might have introduced some bias. In the sensitivity analyses, outcomes and costs 

were imputed using LOCF to replace missing observations. The results were comparable 

to the results based on EM imputation. Both imputation methods showed a firm probability 

that the intervention generates better effects at lower costs (80.5%–82.9% for the primary 

analysis and 74.8%–78.4% for the secondary analysis).

Second, the study was not powered to detect statistical differences in QALY gains between 

CBTuhr and RC, and the difference in QALY health gains was not significant across the treat-

ment arms. We therefore relied on a probabilistic decision-making approach. 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 disorders; this adds to the generalizability of the CUA. Moreover, QALY health gains 

were measured with the EuroQoL, which is known to be insensitive to change in mental 

health (43).

Third, all measures were based on self-report, which can be vulnerable to recall bias. 

However, Bouwmans et al found that the agreement between reported data on contacts 

with psychotherapists and long-term absence from work and registration data was around 

70%–75% (42). Furthermore, we cross-validated 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 files were not available for inspection, we 

had to rely on the self-reported health care uptake. A minor over-report of 0.5% (0.10×5%) 

is expected.

Fourth, costs for other medication than antipsychotic medication, e.g. antidepressants, were 

not measured.
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Fifth, no pre-baseline cost data were collected. Therefore, it was not possible to investigate 

whether conditions differed in terms of health care uptake at the start of the trial or whether 

pre-baseline costs were related to attrition.

Lastly, because the study was conducted in the Netherlands, the results may not be gener-

alizable to countries that have a different health care system.

Conclusion
This study adds to the evidence base with other studies that prevention of a first-episode 

of psychosis in individuals at UHR is clinically beneficial and probably saves costs (35,38–41).

The cost-effectiveness plane in this study at 48-month follow-up was further improved 

compared with the 18-month follow-up. This study showed that CBTuhr had an 83% likeli-

hood of resulting in a reduction of the transition to psychosis at a lower cost. There was a 

75% likelihood that the intervention resulted in more QALY gains at lower costs. Cost saving 

appeared probable for a majority of the study sample. Further confirmation is needed.
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Supplementary Material
Supplementary Table S1. Standard full economic and per-Participant Costs (in 2014 US$) 

      by Condition at 48-month follow-up 

      (before Expectation Maximization Imputation)

Condition (n) RC (101) CBTuhr (95)

Unit price in US$ Mean US$ (SD) Mean US$ (SD)

Psychiatrista/ Psychotherapistb 227.81 5294,42 (5,751.37) 6,335.49 (5,021.95)

Community psychiatry nursec 86.60 369.52 (745.60) 364.63 (806.22)

Physiotherapistc 47.96 222.23 (623.54) 125.71 (398.33)

Social workerc 86.59 301.79 (779.87) 67.45 (242.69)

Training or psycho-educationa 46.63 227.27 (759.01) 153.06 (437.53)

Day-care, mental health treatmentd 205.17 1,202.51 (5,379.27) 49.67 (484.13)

In-patient clinicd 309.08 5,569.45 (31,518.80) 2,583.21 (12,114.52)

Note: N, number of patients assessed; Mean, mean costs; SD, standard deviation. a contact/session of 15 

minutes; b contact/session of 45 minutes; c 30 minutes; dday

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

      Women

US$, 2014a

Age group (years) Men Women

15-19 12.85 11.68

20-24 23.65 22.89

25-29 32.22 31.46

30-34 39.50 36.69

35-39 45.33 38.97

a Costs are indexed from the Collective Labor Agreement, 2008 

https://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbw084#supplementary-data
https://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbw084#supplementary-data
https://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbw084#supplementary-data


131

7.

References
1.  Neil AL, Carr VJ, Mihalopoulos C, Mackinnon A, 

Morgan VA. Costs of psychosis in 2010: Find-

ings from the second Australian National Survey 

of Psychosis. Aust New Zeal J Psychiatry. 

2014;48(2):169–82. 

2.  Yung AR, Yuen HP, McGorry PD, Phillips LJ, 

Kelly D, Dell’Olio M, et al. Mapping the onset 

of psychosis: the Comprehensive Assessment 

of At-Risk Mental States. Aust N Z J Psychiatry. 

2005;39(11–12):964–71. 

3.  Yung AR, Nelson B, Stanford C, Simmons MB, 

Cosgrave EM, Killackey E, et al. Validation of 

“prodromal” criteria to detect individuals at 

ultra high risk of psychosis: 2 year follow-up. 

Schizophr Res. 2008;105(1–3):10–7. 

4.  van der Gaag M, Smit F, Bechdolf A, French P, 

Linszen DH, Yung AR, et al. Preventing a first 

episode of psychosis: meta-analysis of random-

ized controlled prevention trials of 12 month 

and longer-term follow-ups. Schizophr Res. 

2013;149(1–3):56–62. 

5.  Fusar-Poli P, Borgwardt S, Bechdolf A, Addington 

J, Riecher-Rössler A, Schultze-Lutter F, et al. 

The psychosis high-risk state: a comprehen-

sive state-of-the-art review. JAMA Psychiatry. 

2013;70(1):107–20. 

6.  Hutton P, Taylor PJ. Cognitive behavioural therapy 

for psychosis prevention: a systematic review and 

meta-analysis. Psychol Med. 2013;44(3):449–68. 

7.  Stafford MR, Jackson H, Mayo-Wilson E, Morrison 

AP, Kendall T. Early interventions to prevent 

psychosis: systematic review and meta-analysis. 

BMJ. 2013;346(jan18 1):f185–f185. 

8.  Thompson E, Millman ZB, Okuzawa N, Mittal V, 

DeVylder J, Skadberg T, et al. Evidence-based 

early interventions for individuals at clinical high 

risk for psychosis: a review of treatment compo-

nents. J Nerv Ment Dis. 2015;203(5):342–51. 

9.  van der Gaag M, Nieman DH, Rietdijk J, Dragt S, 

Ising HK, Klaassen RMC, et al. Cognitive behav-

ioral therapy for subjects at ultrahigh risk for 

developing psychosis: a randomized controlled 

clinical trial. Schizophr Bull. 2012;38(6):1180–8. 

10.  Ising HK, Kraan TC, Rietdijk J, Dragt S, Klaassen 

RMC, Boonstra N, et al. Four-Year Follow-up 

of Cognitive Behavioral Therapy in Persons at 

Ultra-High Risk for Developing Psychosis: The 

Dutch Early Detection Intervention Evaluation 

(EDIE-NL) Trial. Schizophr Bull. Oxford University 

Press; 2016;42(5):1243–52. 

11.  Rietdijk J, Dragt S, Klaassen R, Ising H, Nieman 

D, Wunderink L, et al. A single blind random-

ized controlled trial of cognitive behavioural 

therapy in a help-seeking population with an At 

Risk Mental State for psychosis: the Dutch Early 

Detection and Intervention Evaluation (EDIE-NL) 

trial. Trials. 2010;11:30. 

12.  Goldman HH, Skodol AE, Lave TR. Revising axis 

V for DSM-IV: a review of measures of social 

functioning. Am J Psychiatry. 1992;149(9):1148–56. 

13.  Landelijke Stuurgroep Multidisciplinaire Richtli-

jnontwikkeling in de GGZ. [Dutch Committee for 

the Development of Multidisciplinary Guidelines 

in Mental Health]. Utrecht; 2008. 

14.  National Institute for Health and Care Excellence. 

Psychosis and Schizophrenia in Children and 

Young People: Recognition and Management 

(CG155). London: National Institute for Health and 

Care Excellence; 2013. 

15.  Gaag M van der, Nieman D, Berg D van den. CBT 

for Those at Risk of a First Episode Psychosis: 

Evidence-based psychotherapy for people with 

an “At Risk Mental State.” Routledge; 2013. 240 p. 

16.  Rijnders CAT, van den Berg JFM, Hodiamont PPG, 

Nienhuis FJ, Furer JW, Mulder J, et al. Psychometric 

properties of the schedules for clinical assess-

ment in neuropsychiatry (SCAN-2.1). Soc Psychiatry 

Psychiatr Epidemiol. 2000;35(8):348–52. 

17.  Brooks R. EuroQol: the current state of play. 

Health Policy. 1996;37(1):53–72. 

18.  Dolan P. Modeling valuations for EuroQol health 

states. Med Care. 1997;35(11):1095–108. 



132

19.  Matthews JN, Altman DG, Campbell MJ, Royston 

P. Analysis of serial measurements in medical 

research. BMJ. 1990;300(6719):230–5. 

20. Drummond MF, Sculpher MJ, Torrance GW, 

O’Brien BJ, Stoddart GL. Methods for the 

Economic Evaluation of Health Care Programmes. 

Oxford University Press, USA; 2005. 400 p. 

21.  Beck A, Steer R, Brown G. Manual for Beck 

Depression Inventory-II. San Antonio, TX: 

Psychological Corporation; 1996. 

22.  Addington D, Addington J, Maticka-Tyndale E, 

Joyce J. Reliability and validity of a depression 

rating scale for schizophrenics. Schizophr Res. 

1992;6:201–8. 

23.  Mattick RP, Clarke JC. Development and valida-

tion of measures of social phobia scrutiny fear 

and social interaction anxiety. Behav Res Ther. 

1998;36(4):455–70. 

24.  Birchwood M, Jackson C, Brunet K, Holden J, 

Barton K. Personal beliefs about illness ques-

tionnaire-revised (PBIQ-R): reliability and valida-

tion in a first episode sample. Br J Clin Psychol. 

2012;51(4):448–58. 

25.  Priebe S, Huxley P, Knight S, Evans S. Application 

and results of the Manchester Short Assessment 

of Quality of Life (MANSA). Int J Soc Psychiatry. 

1999;45(1):7–12. 

26.  Hakkaart-van Rooijen L. Manual Trimbos/iMTA 

questionnaire for costs associated with psychi-

atric illness (in Dutch). Rotterdam, the Nether-

lands: Institute for Medical Technology Assess-

ment, Erasmus University; 2002. 

27. Zorginstituut Nederland. Dutch Health care Insur-

ance Board (in Dutch) [Internet]. 2014 [cited 2014 

Aug 14]. Available from: www.medicijnkosten.nl

28.  Hakkaart-van Rooijen L, Tan SS, Bouwmans CAM. 

Handleiding voor kostenonderzoek. Methoden 

en standaard kostprijzen voor economische eval-

uaties in de gezondheidszorg. Rotterdam: Insti-

tute for Medical Technology University Assess-

ment, Erasmus University; 2010. 

29.  Little RJA., Rubin DB. Statistical analysis with 

missing data. New York: John Wiley & Sons; 1987. 

30. Briggs A. Economic evaluation and clinical trials: 

size matters. BMJ. 2000 Dec 2;321(7273):1362–3. 

31.  Petrou S, Gray A. Economic evaluation alongside 

randomised controlled trials: design, conduct, 

analysis, and reporting. BMJ. 2011;342:d1548. 

32.  Van Hout BA, Al MJ, Gordon GS, Rutten FFH. 

Costs, effects and C/E-ratios alongside a clinical 

trial. Health Econ. Wiley Subscription Services, 

Inc., A Wiley Company; 1994;3(5):309–19. 

33.  Briggs A, Claxton K SM. Decision modelling 

for health economic evaluation. Oxford: Oxford 

University Press, England; 2006. 

34.  Rice DP, Cooper BS. The economic value of 

human life. Am J Public Health Nations Health. 

1967;57(11):1954–66. 

35.  Ising HK, Smit F, Veling W, Rietdijk J, Dragt 

S, Klaassen RMC, et al. Cost-effectiveness of 

preventing first-episode psychosis in ultra-high-

risk subjects: multi-centre randomized controlled 

trial. Psychol Med. 2015;45(7):1435–46. 

36.  Kempton MJ, Bonoldi I, Valmaggia L, McGuire 

P, Fusar-Poli P. Speed of Psychosis Progression 

in People at Ultra-High Clinical Risk: A Comple-

mentary Meta-analysis. JAMA psychiatry. Amer-

ican Medical Association; 2015;72(6):622–3. 

37. Ising HK, Veling W, Loewy RL, Rietveld MW, Riet-

dijk J, Dragt S, et al. The validity of the 16-item 

version of the Prodromal Questionnaire (PQ-16) 

to screen for ultra high risk of developing 

psychosis in the general help-seeking popula-

tion. Schizophr Bull. 2012;38(6):1288–96. 

38.  Valmaggia LR, McCrone P, Knapp M, Woolley JB, 

Broome MR, Tabraham P, et al. Economic impact 

of early intervention in people at high risk of 

psychosis. Psychol Med. 2009;39(10):1617–26. 

39.  Mihalopoulos C, Vos T, Pirkis J, Carter R. The 

Economic Analysis of Prevention in Mental Health 

Programs. Annu Rev Clin Psychol. 2011;7(1):169–

201. 

40. Valmaggia LR, McGuire PK, Fusar-Poli P, Howes 

O, McCrone P. Economic impact of early detec-

tion and early intervention of psychosis. Curr 

Pharm Des. 2012;18(4):592–5. 

41.  Phillips LJ, Cotton S, Mihalopoulos C, Shih S, Yung 

AR, Carter R, et al. Cost implications of specific 



133

7.

and non-specific treatment for young persons at 

ultra high risk of developing a first episode of 

psychosis. Early Interv Psychiatry. 2009;3(1):28–34. 

42.  Bouwmans C, De Jong K, Timman R, Zijlstra-Vl-

asveld M, Van der Feltz-Cornelis C, Tan S, et al. 

Feasibility, reliability and validity of a question-

naire on healthcare consumption and productivity 

loss in patients with a psychiatric disorder (TiC-P). 

BMC Health Serv Res. BioMed Central Ltd; 2013 

Jan 15;13(1):217. 

43.  de Willige G van, Wiersma D, Nienhuis FJ, 

Jenner JA. Changes in quality of life in chronic 

psychiatric patients: A comparison between 

EuroQol (EQ-5D) and WHOQoL. Qual Life Res. 

2005;14(2):441–51.


