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Objective: Following 2 decades of research on cognitive 
behavioral therapy for psychosis (CBTp), it is relevant to 
consider at which point the evidence base is considered 
sufficient. We completed a cumulative meta-analysis to 
assess the sufficiency and stability of the evidence base 
for hallucinations and delusions.Method: We updated the 
systematic search from our previous meta-analytic review 
from August 2013 until December 2019. We identified 20 
new randomized controlled trials (RCTs) resulting in in-
clusion of 35 RCTs comparing CBTp with treatment-as-
usual (TAU) or active controls (AC). We analyzed data 
from participants with psychosis (N = 2407) over 75 con-
ventional meta-analytic comparisons. We completed cu-
mulative meta-analyses (including fail-safe ratios) for key 
comparisons. Publication bias, heterogeneity, and risk of 
bias were examined.Results: Cumulative meta-analyses 
demonstrated sufficiency and stability of evidence for 
hallucinations and delusions. The fail-safe ratio demon-
strated that the evidence base was sufficient in 2016 for 
hallucinations and 2015 for delusions. In conventional 
meta-analyses, CBTp was superior for hallucinations 
(g = 0.34, P < .01) and delusions (g = 0.37, P < .01) when 
compared with any control. Compared with TAU, CBTp 
demonstrated superiority for hallucinations (g  =  0.34, 
P < .01) and delusions (g  =  0.37, P < .01). Compared 
with AC, CBT was superior for hallucinations (g = 0.34, 
P < .01), but not for delusions although this comparison 
was underpowered. Sensitivity analyses for case formu-
lation, primary outcome focus, and risk of bias demon-
strated increases in effect magnitude for hallucinations.C
onclusions: The evidence base for the effect of CBTp on 

hallucinations and delusions demonstrates sufficiency and 
stability across comparisons, suggesting limited value of 
new trials evaluating generic CBTp.

Key words:  schizophrenia/randomized controlled trials/ 
psychological intervention/positive symptoms/systematic 
review

Introduction

It is now approximately 20 years since the evidence base 
for cognitive behavioral therapy for psychosis (CBTp) 
began to accumulate and, as randomized controlled 
trials (RCTs) continue to proliferate, it is relevant to 
consider at which point the evidence base is considered 
sufficient. Our previous meta-analytic review demon-
strated the efficacy of  individually tailored, case formu-
lation–based CBTp in reducing hallucinations (Hedge’s 
g  =  0.44, P < .005) and delusions (g  =  0.36, P < .05) 
when RCTs were focused on specific symptom reduc-
tion.1 These findings were broadly in line with existing 
meta-analytic results for positive symptoms.2,3 We con-
cluded that CBTp was an efficacious intervention for 
hallucinations and delusions, although the lower mag-
nitude of  effect for delusions and the absence of  a sig-
nificant effect compared with active treatments led us to 
conclude that delusions may be less amenable to change 
via CBTp than hallucinations.

Roughly, 6 years have elapsed since our previous re-
view. During this time, a number of  new RCTs have 
been published in this research field. These include 
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trials employing the typical implementation of  indi-
vidually case-formulated CBTp in Western mental 
health care systems as were prevalent in the former re-
view alongside a range of  trials in new settings and/
or employing new styles of  intervention, eg, culturally 
adapted CBTp in Pakistan4 or virtual-reality-based 
CBTp.5 There remains well-documented controversy6 
over the effectiveness and implementation of  CBTp; 
both the UK National Institute for Health and Care 
Excellence7 and the British Psychological Society 
Understanding Psychosis and Schizophrenia report8 rec-
ommend CBTp, whereas the Cochrane Collaboration 
maintain that meta-analytic results are neither clear 
nor robust enough to recommend CBTp over standard 
care.9 Recent literature addressing this controversy ar-
gues the importance of  attending to methodological 
issues including blinding, inclusion criteria and pre-
specification of  methods.6

Cumulative meta-analysis is a technique allowing es-
timation of both the sufficiency and stability of meta-
analytic evidence. This technique was first notably 
applied to treatment trials for myocardial infarction.10 
The method has since been applied as a means of sta-
tistically estimating the point at which there is sufficient 
evidence to conclude that an intervention is efficacious 
while also estimating the stability of the effect size over 
time.11,12 In light of the further accumulation of trials, 
we concluded that the application of cumulative meta-
analysis to the CBTp field is warranted.

We first aimed to update our 2014 review to assimi-
late the new body of research and therefore provide an 
up-to-date estimation of the impact of CBTp upon hal-
lucinations and delusions. We also employed cumulative 
meta-analysis to comment on the sufficiency of the ex-
isting evidence base in demonstrating efficacy and the 
stability of the evidence over time. A secondary objective 
was to provide a range of sensitivity analyses to allow 
more specific estimation of effects under prespecified 
conditions such as individually tailored case formulation, 
primary outcome focus, blinded RCTs, and RCTs with 
minimal risk of bias.

Methods

We provide a systematic review including both conven-
tional and cumulative meta-analyses based on PRISMA 
guidelines.13 A protocol for this review was registered at 
the Open Science Framework (https://osf.io/nwxbz/).

Systematic Search

Our previous meta-analytic review in this area completed 
a systematic search on August 3, 2013.1 We repeated the 
systematic search from this date until December 11, 2019 
across the same 3 databases included in 2013 (PubMed, 
Embase, and PsychInfo). We considered reference lists of 

published reviews alongside our accumulation of newly 
published trials via automatic update notifications and 
expert knowledge via professional networks. We entered 
a relevant range of text variations of the following key 
search terms via while utilizing Boolean operators, MeSH 
terms, and exploded terms and limit setting based on spe-
cific options within each database: (1) cognitive behavioral 
therapy, (2) auditory hallucinations OR delusions, and (3) 
RCTs. Exemplary search strings are included in supplemen-
tary materials.

Inclusion/Exclusion Criteria

We included (1) RCTs comparing (2) cognitive behav-
ioral therapy with (3) treatment-as-usual (TAU) or 
an active control condition (eg, supportive counseling 
or psychoeducation) for (4) patients diagnosed with 
schizophrenia-spectrum disorders which (5) assessed 
hallucinations and/or delusions as post-treatment 
outcome. Schizophrenia-spectrum disorders included 
schizophrenia, schizoaffective disorder, delusional dis-
order, brief  psychotic disorder or psychosis not other-
wise specified. We included only studies published in 
peer-reviewed journals. Conference abstracts were ex-
cluded. We also excluded trials that (1) focused on a 
primary diagnosis of  alcohol or substance use depend-
ency; (2) included ultra-high risk patients or focused 
on prevention of  psychosis; and (3) replaced the core 
of  CBT (ie, identifying and challenging of  maladaptive 
beliefs) with alternative psychological interventions, eg, 
social skill training or mindfulness. We utilized the def-
inition of  CBTp applied in our previous meta-analytic 
research.1

Study Selection

The PRISMA diagram (figure 1) depicts the study selec-
tion process. Two authors (D.T.  and M.v.d.G.) utilized 
the Rayyan (rayyan.qcri.org) web application to facilitate 
the study selection process. Abstracts were first screened 
for duplicates then relevance before a sample of full text 
PDFs were checked against the inclusion and exclusion 
criteria. Conflicts in inclusion were resolved via discus-
sion. We attempted to contact the authors of one RCT 
due to PSYRATS subscales being unavailable in the man-
uscript but received no response.14

Data Extraction

Two authors (D.T. and S.B.) independently completed the 
data extraction for new trials included since 2013. The 
data from trials included in the 2013 review were also 
checked for consistency by both authors, and any incon-
sistencies were investigated and corrected. Spreadsheets 
utilized in the previous meta-analyses were adapted and 
updated for use in the current review. We contacted one 
author for unavailable data although on closer inspection 

https://osf.io/nwxbz/
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of the manuscript, the intervention in this trial did not 
meet inclusion criteria. Data were extracted on study 
characteristics (year of publication, country, sample 
characteristics, format [individual or group], duration, 
application of case formulation, primary vs. secondary 
focus and intervention style) and post-treatment outcome 
data.

Outcome Measures

Although a considerable proportion of meta-analytic 
research on cognitive behavioral therapy for psychosis 
(CBTp) has focused on its effect in reducing the posi-
tive or negative symptoms of psychosis,2,3,15 there has 
been less focus on the more specific, discrete outcomes 
of hallucinations and delusions. It has been suggested 
that diagnostically based tools such as the Positive and 
Negative Syndromes Scale (PANSS)16 provide less com-
prehensive measurement of psychotic symptomatology 
than symptom-specific outcome measures such as the 
Psychotic Symptoms Rating Scales (PSYRATS).17,18 
Our primary outcomes were therefore hallucinations 
and delusions. We extracted all outcome measures that 
reported hallucinations or delusions as independent 
scales or subscales. We did not include outcome meas-
ures that subsumed items on hallucinations or delusions 

in broader subcategories such as positive symptoms (eg, 
the PANSS). In instances where 2 hallucinations or 2 
delusions scales were reported, data from both were ex-
tracted, and an average pooled effect size was calculated. 
All scales included were continuous outcomes.

Risk of Bias Assessment

To account for risk of bias among the included RCTs, we 
applied an adapted version of the Cochrane Risk of Bias 
tool. The final 2 items of the tool (selective outcome re-
porting and other sources of bias) were omitted due to 
limited evidence regarding their impact on validity for 
meta-analytic comparisons.19 Utilization of the 4 key 
areas of bias (namely sequence generation, allocation con-
cealment, blinding of assessors, and incomplete outcome 
data) provided the opportunity for clear sensitivity ana-
lyses as applied in previous meta-analytic reviews.2,20 Risk 
of bias was assessed independently by 2 authors (D.T. and 
M.v.d.G.). Conflicts were resolved via discussion. Risk of 
bias items were rated low risk (0) or high risk (1), contrib-
uting to a total score of 0–4 for each RCT. Items that were 
unclear in the published manuscripts were rated conserv-
atively as high risk. Due to an alternative method of risk 
of bias assessment being employed in the earlier review, 
risk of bias was assessed over the whole sample of RCTs.

After removal of duplicates:  259
abstracts

184 articles excluded after 
screening title and abstracts

Excluded:  55

Non-relevant outcome measures (12)
Non-relevant intervention (20)
Secondary analyses of RCTs (3) 
Non-relevant patient population  (3)
Non-relevant study design e.g. quasi-
experimental studies (7)
Duplicates  (4)
Conference abstract only (6)

20 new CBTp articles included from 
2013-2018 systematic search

305 references identi�ed by literature search
2013-2018:

PubMed:  130

PsychInfo:  74

Embase:  101

75 publications retrieved for full-
text PDF screening

Articles identi�ed from automatic 
noti�cations and expert knowledge

15 CBTp RCTs included from previous 
meta-analysis (van der Gaag et al, 2014)

35 CBTp RCTs included in 49 meta-
analytic comparisons in current 
review

Fig. 1. Flowchart of inclusion of studies.
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Meta-analyses

Our strategy for analysis was to move gradually from in-
clusive comparisons to more exclusive sensitivity analyses 
for a number of criteria based on (1) relevant study char-
acteristics and (2) risk of bias. These sensitivity analyses 
were designed to provide information relevant to our 
aforementioned research objectives, namely our focus 
on individually tailored, case formulation–driven CBT 
with hallucinations and delusions as primary outcome. 
We therefore first analyzed all eligible RCTs each for hal-
lucinations and delusions. We then completed sensitivity 
analyses examining TAU only, active controls only, case 
formulation only, and primary outcomes only. When 
study availability allowed sufficient number of RCTs for 
comparison, we also included smaller categories including 
group CBT only, secondary outcomes only, self-help CBT 
only, and virtual-reality CBT (VR-CBT) only. We note 
that the minimum number of RCTs required for adequate 
meta-analytic comparisons is suggested as approximately 
5.21 Comparisons we reported in this section, which fell 
below this 5 RCTs, were therefore provided only for indic-
ative information regarding current best estimates. When 
possible, based on RCT availability, we also performed 
sensitivity analyses including only RCTs with low risk of 
bias (one of more items scored on the risk of bias tool) 
and no known risk of bias (no items scored on the risk of 
bias tool).

All meta-analytic comparisons were completed using 
the Comprehensive Meta-analysis (CMA) version 3.3.070 
computer software package. CMA provides an aggre-
gated effect size estimating the pooled mean difference 
between treatment and control groups at post-treatment 
using Hedge’s g, which is an estimate of the standard-
ized mean difference between study groups. Hedge’s g is 
recognized as providing a more accurate effect estimation 
in small samples than alternative methods for continuous 
measures such as Cohen’s d. We utilized the .05 alpha level 
for all comparisons with 95% confidence intervals (CIs) 
provided. We also employed a random-effects model in 
all comparisons due to the expectation of between-study 
variance.

Cumulative Meta-analysis

To assess the sufficiency and stability of meta-analytic 
evidence for CBTp for hallucinations and delusions, we 
completed cumulative meta-analyses for each outcome. 
The cumulative meta-analysis function in CMA was 
utilized. RCTs were listed by year of publication, and a 
pooled effect size in Hedge’s g was calculated for the point 
at which each new study was chronologically added to the 
evidence base. The cumulative forest plots (supplemen-
tary figures  5–9) provide a visual representation of the 
stability of evidence as the RCT evidence based has ac-
cumulated. We also followed Muellerleile and Mullen’s11 
recommendations for calculating the fail-safe ratio from 

Rosenthal’s22 standard to estimate the sufficiency of the 
evidence base as each RCT was added. The fail-safe ratio 
provides an estimate of sufficiency of evidence when the 
ratio surpasses a value of 1.0.

Publication Bias, Heterogeneity, and Power

We utilized the Q statistic and the I2 statistic to assess het-
erogeneity. We examined publication bias to estimate the 
potential impact of unpublished RCTs. We applied power 
calculations to estimate the number of RCTs required 
for adequate power in each comparison.23 Full informa-
tion for these procedures is provided in supplementary 
materials.

Results

Study Selection

After the automated removal of duplicates, the updated 
search resulted in 305 new citations being retrieved for ab-
stract screening, of which 184 were excluded and 75 full-text 
PDFs were retrieved. Following careful matching of exclu-
sion and inclusion criteria, 20 new studies published since the 
previous meta-analysis were included meaning a total of 35 
RCTs were included in this meta-analytic review. The total 
amount of participants measured at post-treatment was 
N = 2407, which included 1205 patients who received CBT 
and 1202 patients who received TAU or an active control. 
We analyzed their data over 75 meta-analytic comparisons.

Selected study characteristics are provided in table 1. 
Twenty-eight RCTs (80%) applied individually tailored 
case formulation, whereas 9 studies (26%) did not. Thirty-
one RCTs (89%) targeted hallucinations and/or delusions 
as primary outcome, whereas 6 (17%) targeted these out-
comes as secondary. Twenty-nine RCTs utilized TAU as 
the comparison condition, 6 RCTs compared CBT with 
active controls or other psychological interventions, 
whereas 2 RCTs included both. Active control treatments 
included supportive counseling,24–29 psychoeducation,30 
befriending,17 and virtual-reality exposure.31 Only one 
RCT explicitly excluded participants taking antipsychotic 
medication from the CBTp treatment group,32 therefore 
indicating that CBTp was broadly provided as adjunctive 
to standard care.

Risk of bias varied among RCTs although the majority 
(24 RCTs; 67%) achieved the best possible risk of bias 
score on the adapted Cochrane tool. A  further 8 RCTs 
(23%) scored one risk of bias item, whereas 2 RCTs (6%) 
scored 2 items, 2 RCTs (6%) scored 3 items, and 1 RCT 
(3%) scored 4 items, indicating the highest possible score 
on the tool. Risk of bias assessment scores are provided 
in tabular form in supplementary materials.

Effect of CBT on Hallucinations

Table 2 provides an overview of all meta-analytic results 
of the effect of CBTp on hallucinations. Supplementary 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
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Table 2. Effect Sizes of CBTp for Auditory Hallucinations

N g 95% CI Z Q-Value I2 (%)

Main comparison with all eligible RCTs
 Any risk of bias score included 28 0.34** 0.20, 0.49 4.63 52.83** 49
 High risk of bias (>1)a 26 0.34** 0.19, 0.49 4.43 51.12** 51
 Lowest risk of bias (0)b 19 0.40** 0.22, 0.58 4.40 41.49** 59
CBTp vs TAU
 Any risk of bias score included 22 0.35** 0.18, 0.52 4.00 45.94** 54
 High risk of bias (>1)a 20 0.34** 0.17, 0.52 3.77 44.24** 58
 Lowest risk of bias (0)b 14 0.41** 0.19, 0.63 3.65 36.90** 65
CBTp vs active intervention
 Any risk of bias score included 8 0.34** 0.15, 0.53 3.58 7.03 0
 High risk of bias (>1)a 8 0.34** 0.15, 0.53 3.58 7.03 0
 Lowest risk of bias (0)b 5 0.42** 0.20, 0.64 3.70 4.15 4
CBTp with hallucinations as primary outcomec

 Any risk of bias score included 23 0.40** 0.24, 0.56 4.90 40.42* 46
 High risk of bias (>1)a 21 0.40** 0.23, 0.57 4.66 38.84** 49
 Lowest risk of bias (0)b 14 0.51** 0.32, 0.70 5.22 25.67* 49
CBTp with individualized case formulationd

 Any risk of bias score included 21 0.41** 0.25, 0.57 5.03 39.86* 50
 High risk of bias (>1)a 20 0.42** 0.26, 0.59 5.02 39.44* 52
 Lowest risk of bias (0)b 15 0.45** 0.25, 0.65 4.47 39.98** 62
CBTp with individualized CF + primary outcomec,d

 Any risk of bias score included 16 0.51** 0.34, 0.68 5.99 23.15* 35
 High risk of bias (>1)a 15 0.53** 0.36, 0.70 6.01 22.24 37
 Lowest risk of bias (0)b 11 0.59** 0.39, 0.80 5.73 18.64* 46
Blinded RCTs onlye

 All eligible CBTp RCTs 24 0.36** 0.20, 0.51 4.48 49.10** 53
 Case formulation only 19 0.43** 0.26, 0.61 4.95 39.17** 54
 Case formulation + primary outcomec,d 14 0.55** 0.37, 0.73 5.99 21.36 39
Additional analyses
 Group CBTp 4 0.11 −0.18, 0.41 0.76 3.15 5
 Hallucinations as secondary outcome 5 0.05 −0.15, 0.24 0.46 3.87 0
 Virtual-reality CBTp 2 0.56** 0.22, 0.89 3.27 0.75 0
 Self-help CBTp 3 0.47 −0.42, 1.37 1.03 9.26** 78
After removal of 2 outliers
 Any risk of bias score included 26 0.27** 0.15, 0.40 4.37 34.35 27
 High risk of bias (>1)a 24 0.27** 0.14, 0.39 4.16 32.52 29
 Lowest risk of bias (0)b 16 0.31** 0.16, 0.46 4.05 24.21 39
 Case formulation only 19 0.32** 0.19, 0.45 4.91 23.01 22
 Case formulation + primary outcomec,d 14 0.41** 0.29, 0.54 6.56 9.64 0
 Case formulation, primary outcome + RoBa–c 9 0.44** 0.31, 0.58 6.46 6.11 0
Excluding RCTs with high ratio nonschizophrenia spectrum
 Any risk of bias score included 26 0.32** 0.17, 0.47 4.23 49.46** 50
 Lowest risk of bias (0)b 16 0.38** 0.19, 0.57 3.92 38.78** 61
 Case formulation + primary outcomec,d 16 0.47** 0.30, 0.64 5.28 24.99 40
 Case formulation, primary outcome + RoBa–c 10 0.58** 0.37, 0.79 5.35 17.58* 49

Note: All comparisons were using random model. Risk of bias scores refer to assessment using adapted version of the Cochrane Risk of 
Bias tool (0–4). CBTp, cognitive behavioral therapy for psychosis; CF, case formulation; CI, confidence interval; g, Hedges’s g; n/a, not 
applicable; RCT, randomized controlled trial; RoB, risk of bias; TAU, treatment-as-usual.
Sensitivity analysis exclusions were as follows:
aRisk of bias score greater than 1 excluded: McLeod et al (2007); Peters et al (2010).
bRisk of bias score greater than 0 excluded: Cather et al (2005); Durham et al (2003); Gottlieb et al (2017); Krakvik et al (2013); Leff  et al 
(2013); McLeod et al (2007). Peters et al (2010); Trouwer et al (2004); Wykes et al (2005).
cHallucinations as primary outcome only: Birchwood et al (2014); Garety et al (2008); Haddock et al (2009); Tarrier et al (2014); Trouwer 
et al (2004).
dCase formulation only: Freeman et al (2015); Gottlieb et al (2017); Hazell et al (2017); McLeod et al (2007); Penn et al (2009); Wykes 
et al (2005).
eNonblinded RCTs excluded: Krakvik et al (2013); McLeod et al (2007); Peters et al (2010).
*P < .05. **P < .01.
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figures 3 and 4 provide a forest plot with all eligible RCTs 
included. When analyzing this broad sample of all 28 el-
igible RCTs for hallucinations, results demonstrated su-
periority of CBT over controls (g = 0.34, P < .01). When 
including only RCTs with the lowest possible risk of 
bias scores (n = 19), we observed a marginal but statis-
tically nonsignificant increase in the magnitude of effect 
(g = 0.40, P < .01). Similarly, when including all RCTs 
comparing CBT against TAU, there was a significant ef-
fect favoring CBT (g = 0.35, P < .01), which had a mar-
ginal, nonsignificant increase when including only those 
RCTs with the lowest assessed risk (n = 14; g = 0.41, P 
< .01). The same pattern was observed when comparing 
CBT with active controls; CBT demonstrated superiority 
when all eligible RCTs were included (g = 0.34, P < .01), 
while including only the lowest risk RCTs resulted in a 
small and statistically nonsignificant increase in effect 
magnitude (n = 5; g = 0.42, P < .01).

We observed the same pattern when including only 
RCTs with hallucinations as the primary outcome target. 
When including all such RCTs, CBT demonstrated supe-
riority over control (g = 0.40, P < .02) and increased when 
including only the lowest risk RCTs (n = 14; g = 0.51, P 
< .02). Similarly, when analyzing the impact of CBT with 
individually tailored case formulation vs controls we ob-
served a significant effect when all eligible RCTs were in-
cluded (g = 0.41, P < .01), and when including only the 
lowest risk RCTs (n = 15; g = 0.45, p < .01).

When including only blinded RCTs, CBT was superior 
to any control (g = 0.36, P < .01), when including only 
blinded case formulation RCTs (n  =  19; g  =  0.43, P < 
.01) and when limiting to RCTs, which applied blinded 
case formulation and hallucinations as primary outcome 
(n = 14; g = 0.55, P < .01).

When performing the most stringent comparison—
namely including only RCTs, which utilized case formu-
lation alongside targeting hallucinations as the primary 
outcome—we again observed the same pattern of 
increasing magnitude with bias reduction. The effect sizes 
demonstrated superiority for CBT when including all eli-
gible RCTs (g = 0.51, P < .01) and the lowest bias risk RCTs 
(n = 11; g = 0.59, P < .05; see supplementary figure 5).

Effect of CBT on Delusions

Table 3 provides the results from all meta-analytic com-
parisons of CBT for delusions, whereas supplementary 
figure 4 provides a forest plot for all eligible RCTs. When 
including all eligible RCTs, CBT demonstrated superi-
ority over controls (g = 0.37, P < .01). There was a mar-
ginal, nonsignificant reduction in the magnitude of this 
effect when including only the lowest risk RCTs (g = 0.34, 
P < .01). When including only comparisons against 
TAU, CBT demonstrated superiority against TAU when 
including all eligible RCTs (g = 0.36, P < .01), while a 
similar pattern of a small reduction of magnitude was 

present with the least risky RCTs (g  =  0.32, P < .01). 
When comparing CBT with active controls, CBT did not 
demonstrate significant superiority when including all el-
igible RCTs (g = 0.23, P = .16) and when including only 
the lowest risk RCTs (g = 0.30, P = .28).

A similar pattern was present when including only 
RCTs with delusions as the primary outcome target; the 
magnitude of the significant effect in favor of CBT was 
highest when all eligible RCTs were included (g = 0.38, 
P < .01) and when including only the lowest risk RCTs 
(g = 0.34, P < .01). When including only RCTs with in-
dividually tailored case formulation, the effect size was 
consistent for the all eligible RCT comparison (g = 0.37, 
P < .01) and when including only the lowest risk RCTs 
(g = 0.37, P < .01).

When only blinded trials were included, CBT was su-
perior to any control (g = 0.31, P < .01), which was con-
sistent when limiting to case formulation RCTs (g = 0.35, 
P < .01) and RCTs with case formulation and delusions 
as primary outcome (g = 0.34, P < .01).

A similar pattern was observed in the most stringent 
comparison, which included only RCTs applying indi-
vidualized case formulation with delusions as the primary 
outcome target. The effect favoring CBT was of highest 
magnitude when all eligible RCTs were included (g = 0.38, 
P < .01), whereas the effect was marginally lower when ex-
cluding RCTs with a high risk of bias (g = 0.37, P < .01) 
and RCTs with the lowest risk of bias (g = 0.37, P < .01).

Heterogeneity

There was a significant degree of heterogeneity present in 
the majority of comparisons. For hallucinations, the de-
gree of significant heterogeneity ranged from 37% to 65%, 
indicating the existence of heterogeneity primarily within 
the moderate range across comparisons. Heterogeneity 
was lower in comparisons including RCTs, which utilized 
individualized case formulation and also targeted hallu-
cinations as primary outcome focus. Heterogeneity in the 
delusions comparisons was overall higher, ranging from 
39% to 75% and therefore indicating moderate to high 
heterogeneity. The sensitivity analyses for case formula-
tion and primary outcome in the delusions category did 
not display a pattern of lower heterogeneity.

Publication Bias

The examination of funnel plots identified the possibility 
of unpublished negative studies across both symptom 
domains. For hallucinations, when all eligible RCTs 
were included, there was an estimation that 4 unpub-
lished negative trials may exist. Duval and Tweedie’s54 
trim and fill procedure provided an adjusted effect size 
by removing 5 RCTs. This procedure reduced the magni-
tude of the effect favoring CBT, but the effect remained 
significant (g  =  0.24, 95% CI: 0.15–0.33). Egger’s55 test 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
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of the intercept was not significant, whereas the classic 
fail-safe N estimate that 291 unpublished studies would 
have to exist to bring the P-value above the alpha level of 
.05. For delusions, the funnel plot estimated the existence 
of 8 unpublished trials. The trim and fill procedure pro-
vided an adjusted effect removing 7 RCTs, which again 
remained significant although had reduced magnitude 
(g = 0.18, 95% CI: 0.09–0.26). Egger’s test of the intercept 

was significant on this comparison, whereas the classic 
fail-safe N suggested that it would require 335 missing 
studies to bring the P-value to above the .05 alpha level.

Post Hoc Investigation of Outliers

We identified significant heterogeneity across a high 
proportion of  comparisons for auditory hallucinations 

Table 3. Effect Sizes of CBTp for Delusions

N g 95% CI Z Q-Value I2 (%)

Main comparison with all eligible RCTs
 Any risk of bias score included 27 0.37** 0.23, 0.52 4.95 54.54** 53
 High risk of bias (>1)a 25 0.36** 0.20, 0.10 4.64 53.34** 55
 Lowest risk of bias (0)b 18 0.34** 0.17, 0.50 4.02 39.33** 57
CBTp vs TAU
 Any risk of bias score included 22 0.36** 0.20, 0.52 4.34 48.96** 57
 High risk of bias (>1)a 21 0.35** 0.18, 0.51 4.15 46.85** 57
 Lowest risk of bias (0)b 16 0.32** 0.15, 0.49 3.64 34.42** 56
CBTp vs active intervention
 Any risk of bias score included 7 0.23 −0.19, 0.55 1.41 12.51 52
 High risk of bias (>1)a 6 0.20 −0.45, 0.55 1.14 11.76 57
 Lowest risk of bias (0)b 3 0.30 −0.25, 0.85 1.07 7.85* 75
CBTp with delusions as primary outcomec

 Any risk of bias score included 23 0.38** 0.22, 0.54 4.56 47.94** 54
 High risk of bias (>1)a 21 0.36** 0.19, 0.53 4.21 45.83** 56
 Lowest risk of bias (0)b 14 0.34** 0.15, 0.52 3.51 32.01** 59
CBTp with individualized case formulationd

 Any risk of bias score included 21 0.37** 0.20, 0.54 4.33 49.43** 60
 High risk of bias (>1)a 20 0.37** 0.20, 0.54 4.19 49.10** 61
 Lowest risk of bias (0)b 16 0.37** 0.19, 0.55 4.00 38.09** 61
CBTp with individualized CF + primary outcomec,d

 Any risk of bias score included 17 0.38** 0.19, 0.57 3.86 41.93** 62
 High risk of bias (>1)a 16 0.37** 0.18, 0.57 3.70 41.60** 64
 Lowest risk of bias (0)b 12 0.37** 0.67, 0.58 3.48 30.68** 64
Blinded RCTs onlye

 All eligible CBTp RCTs 22 0.31** 0.16, 0.47 3.96 46.77** 55
 Case formulation only 19 0.35** 0.17, 0.52 3.90 45.44** 60
 Case formulation + primary outcomec,d 15 0.34** 0.14, 0.54 3.37 38.11** 63
Additional analyses
 Group CBTp 2 0.35 −0.02, 0.72 1.84 0.74 0
 Delusions as secondary outcome 4 0.36 −0.06, 0.78 1.69 7,15 58
 Virtual-reality CBTp 2 0.56** 0.24, 0.89 3.36 0.86 0
After removal of 1 outlier
 Any risk of bias score included 26 0.32** 0.19, 0.46 4.71 41.30* 39
 High risk of bias (>1)a 24 0.31** 0.17, 0.44 4.41 38.72* 41
 Lowest risk of bias (0)b 17 0.26** 0.13, 0.40 3.81 23.96 33
 Case formulation only 20 0.31** 0.16, 0.47 4.07 34.90* 46
 Case formulation + primary outcomec,d 16 0.31** 0.14, 0.498 3.59 27.72* 46
 Case formulation, primary outcome + RoBa–c 11 0.28** 0.11, 0.45 3.26 15.99 37

Note: All comparisons were using random model. Risk of bias scores refer to assessment using adapted version of the Cochrane Risk of 
Bias tool (0–4). CBTp, cognitive behavioral therapy for psychosis; CF, case formulation; CI, confidence interval; g, Hedges’s g; n/a, not 
applicable; RCT, randomized controlled trial; RoB, risk of bias; TAU, treatment-as-usual.
Sensitivity analysis exclusions were as follows:
aRisk of bias score greater than 1 excluded: Foster et al (2010); O’Connor et al (2007).
bRisk of bias score greater than 0 excluded: Cather et al (2005); Durham et al (2003); Freeman et al (2016); Gottlieb et al (2017); Krakvik 
et al (2013); Foster et al (2010); O’Connor et al (2017); Waller et al (2015).
cHallucinations as primary outcome only: Freeman et al (2014); Garety et al (2008); Haddock et al (2009); Tarrier et al (2014).
dCase formulation only: Foster et al (2010); Freeman et al (2015); Gottlieb et al (2017); Penn et al (2009); Waller et al (2015).
eNonblinded RCTs excluded: Foster et al (2010); Freeman et al (2016); Krakvik et al (2013); O’Connor et al (2007); Waller et al (2015).
*P < .05. **P < .01.
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that was not observed in the previous review. We there-
fore examined forest plots to identify primary studies 
as potential outliers contributing to high heterogeneity. 
Examination of  supplementary figure 3 suggested that 
the trial by Habib et al47 was a significant outlier be-
cause its 95% CI did not overlap with that of  the pooled 
effect size. The effect from one RCT by Naeem et al49 
was also identified as a potential outlier. We therefore 
assessed heterogeneity when excluding both outliers 
in an exploratory sensitivity analysis. Excluding both 
RCTs reduced the heterogeneity in the comparison in-
cluding all eligible RCTs below the alpha .05 level to 
I = 27% (Q = 33.35, P = .10). Heterogeneity was grad-
ually reduced in subsequent sensitivity analyses and 
was observed as 0% in the most stringent and homoge-
nous group of  RCTs (case formulation, hallucinations 
as primary outcome, and minimal bias risk). We also 
investigated the possible impact of  the outliers on the 
magnitude of  effects. We observed nonsignificant re-
duction in the effect magnitude across categories al-
though the pattern of  marginally increasing magnitude 
following stricter sensitivity analyses was maintained. 
Results from outlier exclusion for hallucinations are 
reported in table 2.

Similar examination of CIs in supplementary figure 4 
identified the effect size from the Naeem et al46 trial in de-
lusions as an outlier. We therefore completed the same set 
of sensitivity analyses when excluding this RCT. Results 
demonstrated that heterogeneity was broadly reduced; in 
some comparisons to the extent that heterogeneity was 
no longer significant. There were also marginal and sta-
tistically insignificant reductions in the effect size. Results 
from outlier exclusion for delusions are reported in table 3.

Post Hoc Sensitivity Analyses

The length of treatment varied considerably between 
RCTs; the shortest treatment was a single session of 
VR-CBTp (Freeman et  al, 2016), whereas the longest 
CBTp treatments lasted 9 months. To investigate the im-
pact of this variation, we completed 2 further post hoc 
analyses: first, a sensitivity analysis excluding the shortest 
treatment in the delusions comparison and second a 
meta-regression investigating the impact of treatment 
length on effects for both hallucinations and delusions. 
The results of the sensitivity analyses are reported in ta-
bles  2 and 3. Removal of the shortest RCT resulted in 
only marginal changes to effect sizes. The meta-analysis 
showed that the number of CBTp session participants 
received did not have a significant impact on the effect 
for hallucinations (P = .88) or delusions (P = .63). These 
findings were consistent when controlling for risk of bias.

We also conducted a sensitivity analyses when removing 
2 RCTs with a higher proportion of participants with 
psychosis diagnosed with nonschizophrenia-spectrum 
disorders.38,39 Results of these sensitivity analyses are 

presented in table 2 and show only marginal changes to 
effect sizes.

Post Hoc Case Formulation Head-to-Head Comparison

We completed a direct comparison of the RCTs including 
CBTp case formulation vs those without. In the delusions 
analysis, CBTp demonstrated significant effects of sim-
ilar magnitude for case formulation trials (g = 0.38, P < 
.01) and noncase formulation trials (g = 0.35, P < .05). In 
the hallucinations analysis, CBTp demonstrated a signif-
icant effect for case formulation trials (g = 0.40, P < .5), 
but not for noncase formulation trials (g = 0.10, P = .51).

Cumulative Meta-analysis

Figure 2 depicts the cumulative forest plots for both the 
CBTp for hallucinations and delusions comparisons 
when including all eligible RCTs. This figure demon-
strates the stability of the effect size over time. Table 4 
(Supplementary materials) provides fail-safe ratio cal-
culations for all 4 cumulative meta-analyses; namely the 
main analysis comparisons for both hallucinations and 
delusions when including all eligible RCTs alongside the 
most stringent sensitivity analysis when including only 
RCTs that scored zero on the risk of bias assessment, 
utilized individualized case formulation and had primary 
outcome focus. More extensive figures for all cumulative 
meta-analyses including all relevant data are available in 
supplementary figures 6–9.

For hallucinations, the 1.0 level of the fail-safe ratio 
demonstrating sufficiency was surpassed in 2016, which 
was consistent in the sensitivity analysis. For delusions, 
the 1.0 level was surpassed in 2015 for the main analysis 
and in 2017 for the sensitivity analysis. Cumulative forest 
plots for each of the remaining 3 comparisons are in-
cluded in supplementary materials and demonstrate sta-
bility of the effect size.

Discussion

Cumulative Meta-analysis: Sufficient and Stable

This cumulative meta-analysis allowed us to demonstrate 
that the existing evidence base for the effect of CBTp on 
hallucinations and delusions is both statistically stable 
and sufficient according to Muellerleile and Mullen’s11 
guidelines. A  notable demonstration of the stability of 
the evidence base is that the addition of a large trial with 
a null finding53 had only a marginal impact on the ef-
fect size (g = 0.358 to g = 0.351 for hallucinations and 
g = 0.383 to g = 0.363 for delusions). The evidence base 
for hallucinations has been sufficient since 2016, after 
which another 6 RCTs were added. Similarly, our review 
suggests sufficiency of evidence for delusions from 2015 
after which point 6 RCTs have also contributed data. 
Our findings suggest that further RCTs repeatedly testing 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa045#supplementary-data
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CBTp are unlikely to have a significant impact on the 
magnitude or significance of treatment effects or to alter 
our conclusions in any substantive way, although we note 
that in conventional meta-analysis CBTp did not dem-
onstrate superiority for delusions compared with active 
controls in the context of low power.

Conventional Meta-analysis

The conventional meta-analytic comparisons in this re-
view provided broadly similar results to our earlier review1 
despite adding 19 RCTs published during the 6  years 
elapsed since the previous systematic search. There were 
however notable differences in some comparisons. For 
hallucinations, when including only RCTs utilizing both 
case formulation and primary outcome focus, the effect 
size increased to g = 0.6 when controlling for risk of bias. 
However, after removing 2 outliers, this effect shrank to 
g = 0.44, which is consistent with our 2014 review. We ob-
served a broadly consistent pattern across comparisons 
for hallucinations; when risk of bias was minimized and 
when including only case formulation and primary out-
come focus, the magnitude of effects increased margin-
ally but not significantly. Effects remained in the range of 
g = 0.3 to g = 0.6. The facility to examine risk of bias in 
this specific form of sensitivity analysis was not included 
in the previous review; therefore, this finding, alongside 
the broad consistency of results in the hallucinations do-
main, further suggests robust evidence of the impact of 
targeted, formulation-driven CBTp for hallucinations.

The effects of CBTp on delusions were of similar mag-
nitude to those for auditory hallucinations when including 
all eligible trials, although did not display the pattern of 
marginally increasing magnitude when excluding RCTs 

with a higher risk of bias. Effect sizes in delusions com-
parisons remained in the region of g = 0.32–0.38 for all 
main comparisons with the exception of the nonsignificant 
comparisons against active treatments. It should be noted 
that this category was comparatively underpowered and 
that the sensitivity analysis that included only RCTs with 
the lowest bias risk provided a significant effect of a sim-
ilar magnitude (g = 0.3, P < .05). Despite the finding that 
CBTp was not superior to active control treatments for 
delusions, because CBTp for delusions was demonstrated 
as meta-analytically effective overall, while the active 
control conditions have no meta-analytical evidence, we 
suggest that CBTp for delusions continues to be recom-
mended until evidence for other treatments emerges.

Our head-to-head comparison of case formulation–
driven CBTp compared with that without also suggests that 
case formulation–driven CBTp is more effective in reducing 
hallucinations, whereas no difference was evident in the 
effects for delusions. We note that there were significantly 
more RCTs in the case formulation arm and therefore lower 
power in the noncase formulation arm, although the lower 
effect magnitude for nonformulation-based CBTp for hallu-
cinations is still indicative of potential inferiority. We note a 
recent secondary analysis57 of one RCT included in our re-
view,32 which failed to find a significant effect of case formu-
lation on outcome. This study also reported a nonsignificant 
trend of poorer treatment outcome for case formulation 
participants. Our findings are on a meta-analytic level in-
dicative that case formulation is more beneficial for hallu-
cinations, although definitive comment awaits more RCTs 
becoming available in the noncase formulation arm. Because 
many novel CBTp applications adhere less to the traditional 
formulation-based treatment approach, further pooling and 
comparison of this developing dichotomy is warranted.

Fig. 2. Cumulative meta-analysis forest plots for CBTp for (a) hallucinations and (b) delusions, all eligible RCTs.
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Limitations

A notable limitation in this meta-analytic review was sig-
nificant heterogeneity across a high proportion of the 
comparisons. Significant heterogeneity was present only 
in comparisons for delusions in the previous 2014 re-
view; no hallucinations comparison in the original review 
demonstrated significant heterogeneity. Post hoc investi-
gation established that heterogeneity introduced to the 
hallucinations comparisons was largely attributable to 2 
outliers, one of which adapted CBTp for application in 
other cultural settings,47 while the other applied group-
based self-help CBTp.49 Similarly, another RCT of cul-
turally adapted CBTp contributed to heterogeneity in the 
delusions comparisons.58 Our earlier review conceptual-
ized case formulation–driven CBTp RCTs as “apples” in 
comparison to “oranges”; a broader and more inclusive 
sample of RCTs applying CBTp principles in alternative 
style. We may therefore consider the newer, less homog-
enous CBTp trials and interventions again as such “or-
anges.” The development of such novel approaches and 
application across wider settings is of importance in the 
CBTp field; therefore, we expect further such heteroge-
neity in future reviews. We also acknowledge that a number 
of comparisons in our review—namely those examining 
novel interventions and those comparing CBTp to active 
interventions—were underpowered. Low power there-
fore means that there exists potential for Type 2 error in 
missing effects that do exist. We also acknowledge the 
limitation of our narrow focus relying only on pre–post 
change, meaning that we cannot report on enduring ef-
fects at longer-term follow-up. Our focus on the specific 
hallucination and delusion outcomes also meant that 
other important outcomes such as relapse, functioning, 
or level of distress were not considered, while focusing 
on schizophrenia-spectrum diagnoses also excludes many 
experiencing psychosis as a symptom of other diagnoses 
such as bipolar disorder and substance use disorders.59,60

Future Research

Our cumulative meta-analysis suggests that there is little value 
in researchers repeatedly testing conventional, formulation-
driven CBTp in further RCTs; because the evidence base has 
demonstrated sufficiency, resources may better be directed 
toward novel approaches. The question of whether CBTp 
“works” is no longer central, while previous disputes appear 
to have been settled.6 Further development of RCTs exam-
ining novel approaches such as culturally adapted CBTp 
and VR-CBTp will allow clearer conclusion on their efficacy 
via increased power in meta-analysis including only these 
interventions. We also note that RCTs examining novel ap-
proaches typically provide briefer interventions, although 
our post hoc analysis did not suggest a significant impact 
of treatment duration on outcome. Our results also suggest 
that there may be limited value in “collecting” further con-
ventional meta-analyses, which Murray58 notably compared 

with the hobbyist pursuit of postage stamps. There is how-
ever the possibility that individual-participant data meta-
analysis techniques may be applied by combining the original 
databases of CBTp RCTs to provide more precise estimation 
of effects and the examination of moderating variables (eg, 
demographic or clinical characteristics) on specific halluci-
nation and delusion outcomes. Due to the identification of 
potential publication bias, we also encourage any researchers 
contributing to the “file drawer problem” to publish any rel-
evant trials, which are not yet available in the public sphere 
for meta-analytic comparison. Future research may also 
focus further on the intricacies of the relationship between 
CBTp and antipsychotics; despite the demonstrated suffi-
ciency of evidence for CBTp, it remains to date investigated 
primarily as an adjunctive treatment.61 Finally, although 
interesting findings such as the pattern of increasing effect 
magnitude when primary outcome focus or case formulation 
are applied, definitive comment on the effectiveness of spe-
cific CBTp components awaits detailed dismantling studies. 
There may therefore be opportunity to apply the developing 
factorial design principles of intervention optimization re-
search to the psychosis field.62

Conclusions

This meta-analytic review further demonstrates the effi-
cacy of CBTp for auditory hallucinations and delusions 
and suggests that the evidence base is now both sufficient 
and stable. The robust performance of the effect on hallu-
cinations in sensitivity analyses supports the notion that 
CBTp is particularly effective in this domain, whereas 
heterogeneity and potential publication bias are issues 
that should be carefully examined in future reviews as 
further research becomes available for inclusion.

Supplementary Material

Supplementary data are found at Schizophrenia Bulletin 
online.
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