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Summary

The response to antipsychotic treatment in schizophrenia appears to vary, and as such it has been 

proposed that different subtypes of schizophrenia exist, defined by treatment-response. This has 

not been formally examined using meta-analysis. Randomised controlled trials comparing placebo 

and antipsychotics in acute treatment of schizophrenia listed in PubMed, EMBASE and PsycINFO 

from inception until November 30, 2018 were examined. Relative variability of symptomatic 

improvement in antipsychotic-treated individuals compared to placebo-treated individuals was 

quantified using coefficient of variation ratio (CVR). Mean difference in symptom change was 
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quantified using Hedges’ g. In addition, individual patient data from two clinical trials was 

examined in terms of both the distribution of total symptom change, and the variability of 

individual symptoms and symptom factors. 11,006 articles were identified. 66 met inclusion 

criteria, reporting on 17,202 patients. Compared with placebo, antipsychotic-treated patients 

demonstrated greater total symptom improvement (g=0.47, p<0.001) and reduced variability in 

symptomatic improvement for total (CVR=0.86, p<0.001), positive (CVR=0.89, p<0.001), and 

negative symptoms (CVR=0.86, p=0.001). Lower variability in antipsychotic-response was 

associated with studies published earlier (z=3.98, p<0.001), younger patients (z=3.07, p=0.002), 

higher dose treatments (z=-2.62, p=0.009), and greater mean-difference in symptom-change 

(z=-5.70, p<0.001). In the individual patient dataset (N=522 patients), antipsychotic treated 

patients did not show significantly increased variability for any individual symptom, and there was 

no evidence of a bimodal distribution of response. Compared to placebo, antipsychotic treatment 

shows greater improvement and lower variability of change in total, positive and negative 

symptoms. This is contrary to the hypothesis that there is a subtype of antipsychotic non-

responsive schizophrenia. Instead our findings, provide evidence for a relatively homogeneous 

effect of antipsychotic treatment in improving symptoms of schizophrenia.

Introduction

Schizophrenia is a leading cause of global disease burden.1 The main treatments are 

antipsychotic drugs, which are all dopamine receptor blockers.2,3 Meta-analyses of double-

blind randomised placebo controlled trials (RCT) have found a significantly greater mean 

improvement in symptoms in patients treated with antipsychotics compared to those treated 

with placebo, with medium to large standardised mean differences (SMD).2

Response to antipsychotic treatment, is, however, heterogeneous, and whilst some patients 

show marked improvements, others appear to show little change with first-line (non-

clozapine) antipsychotic treatment.4,5 Indeed, in around one third of patients, their illness 

shows a clinically insignificant response to first-line(non-clozapine) antipsychotic drugs,6,7 

which has been termed treatment resistant schizophrenia.8 This may be explained by the 

hypothesis that there are at least two biological subtypes of schizophrenia, one characterised 

by striatal hyperdopaminergia and a good response to antipsychotic drugs, and a second 

subtype with a different underlying neurobiological basis that does not respond to 

antipsychotic treatment.9,10 A key prediction of this hypothesis is that first-line (non-

clozapine) antipsychotics will have significant benefit only in some patients, who will show 

improvement beyond non-specific effects seen with a placebo, whereas, in the subtype of 

non-responsive schizophrenia, drug treatment is non-specific and any symptom change will 

be similar to that seen in the placebo group. This will lead to greater change in symptoms in 

the antipsychotic treatment group which includes both the specific effects of treatment and 

non-specific effects, whereas in the placebo group, which assesses non-specific effects 

alone, symptom change will be more uniform. This is shown in figure 1. Thus, in the context 

of a RCT, the subtype hypothesis predicts greater variability in response in the antipsychotic 

treatment group compared to the placebo group.
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Determining if there is greater variability in symptom change with active treatment is 

important as it implies some patients are receiving ineffective treatment, and the need for 

personalised medicine. The variation in response seen in clinical practice is often taken as 

support for the subtype hypothesis, however it is important to note that much of this 

variation can result from within individual variability, in which case the appearance of 

subtypes may be illusory.11 This is an issue across medicine, but to our knowledge this has 

not previously been addressed in a systematic synthesis of RCT results.

Advances in meta-analytic techniques mean that, in addition to calculating summary SMDs, 

it is now possible to integrate information from multiple studies in order to quantify the 

magnitude of difference in variability between two treatments.12–14 We applied this 

approach to test the prediction that there is greater variability in treatment-response in 

patients receiving antipsychotics compared to those receiving placebo in all suitable RCTS 

comparing these interventions in schizophrenia. We also conducted sensitivity analyses and 

meta regressions to investigate potential moderating factors. We hypothesised that trials 

specifically excluding patients thought to be resistant would have lower variability in the 

antipsychotic arm, and trials specifically excluding placebo responders would have lower 

variability in the placebo arm. We also performed meta regressions examining the effect of 

publication year, size of mean difference, dose, length of study, baseline severity, age and 

gender.

In addition, we examined individual patient data from two randomised placebo controlled 

trials to determine if there is a bimodal distribution of response, as predicted by the sub-type 

hypothesis, and to determine if there are differences in variability between placebo and 

antipsychotic treated patients at the level of individual symptoms and symptom factors.

Methods

Search Strategy and Study Selection

We followed PRISMA guidelines (checklist available in supplementary materials), and 

registered the study on PROSPERO (CRD42018096693).15 We searched EMBASE, 

PsycInfo, and PubMed from inception until 1 May 2018, and checked references of included 

studies and previous reviews. Our search strategy was based on previously conducted 

systematic reviews,16 and full search terms are in supplementary information. In brief we 

searched for: (antipsychotic OR [generic/branded antipsychotic names]) AND placebo AND 

(schizo* OR psychot* or psychos*) AND (random* or clinic* trial). Screening and selection 

of studies was performed independently by four of the authors (A.M., H.P., T.P., & L.V.), 

with each study assessed by a minimum of two researchers. Disagreements were resolved 

via discussion with R.M.

Inclusion criteria consisted of: (1) randomised, double blind, placebo-controlled trials, (2) 

Monotherapy with antipsychotic medications licensed for the treatment of schizophrenia, (3) 

adults aged 18-65 with an acute exacerbation of schizophrenia or a related disorder 

(schizoaffective, schizophreniform and delusional disorders). Exclusion criteria included (1) 

grey literature (with the exception of clinical study reports), (2) relapse prevention studies 

with no acute treatment phase.
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Data Extraction and Processing

We extracted both the mean and variance (standard deviation, standard error, or confidence 

intervals) of symptom change for total, positive, and negative symptoms ratings from each 

study for the active treatment and placebo groups, as measured using the Positive and 

Negative Syndrome Scale,17 Brief Psychiatric Rating Scale,18 Scale for the Assessment of 

Negative Symptoms,19 and Scale for the Assessment of Positive Symptoms.20 In studies 

where there were multiple active arms then the number of patients in the placebo group was 

divided by the number of arms.21 Where information was missing, the study authors were 

contacted to request the missing information. We also extracted details of year of 

publication, baseline symptom severity, study duration, antipsychotic, antipsychotic dose in 

olanzapine equivalents,22,23 participant age, and participant gender. We also determined 

whether studies used a placebo lead-in period to exclude placebo responders, and whether 

studies attempted to enrich for responders by excluding patients previously found to be non-

responsive to antipsychotic treatment. The quality of included studies was rated using the 

Cochrane Risk of Bias Assessment Tool.21 Any discrepancies were resolved by consensus 

and discussion with the other authors.

Variability Outcome Measures

The relative variability between an antipsychotic treated group and a placebo treated group 

of patients can be quantified using the log variability ratio (VR):

VR = ln
σa
σp

= ln
Sa
Sp

+ 1
2(na − 1) − 1

2(np − 1)

Where σa and σp are the unbiased estimates of the population standard deviation for the 

change in symptoms score of the antipsychotic treated, and placebo treated groups 

respectively. Sa and Sp are the reported SDs, while na and np are the sample sizes.

In biological systems variance often scales with the mean.24 This can be adjusted for using 

the log coefficient of variation ratio (CVR) which adjusts the VR for mean differences 

between groups:

CVR = ln
σa/xa
σp/xp

= ln
Sa/xa
Sp/xp

+ 1
2(na − 1) − 1

2(np − 1)

Where xa and xp are the mean symptom scores for antipsychotic treated and placebo treated 

groups respectively. The use of CVR to quantify group differences in variability is possible 

only where data have a true zero point.12 This is not the case for raw change scores which 

can be positive or negative, and we therefore converted values of mean change to a ratio 

scale (see supplementary information). f

A CVR above 1 indicates greater variability in the antipsychotic arm, while a value below 1 

indicates greater variability in the placebo arm. We present CVR as our primary analysis, as 

otherwise any differences in variability may primarily reflect differences in mean, although 

the VR results are presented as a secondary analysis.
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In addition to the variability measures calculated above we also calculated the standardised 

mean difference (Hedges’ g) between placebo and antipsychotic treated groups using a 

random effects model.

Individual Patient Data

Response in clinical trials is generally reported as change in total symptom severity or 

change in sub-domains such as positive symptoms. However, it is possible that 

antipsychotics have a variable effect on one or two specific symptoms which is obscured in 

the summary scores. To address this, we have conducted analyses at the symptom level using 

individual patient data. These complement the meta-analytic approach described above in a 

number of ways. First, it allows us to test the effect of treatment on the variability of 

response in individual symptoms, rather than at the level of sub-domains or total scores. 

Second, it allows for sensitivity analyses including only patients that have clearly received 

adequate antipsychotic treatment. Third, it allows assessment of the modal distribution of 

data, which is another method to detect the presence of subgroups.

We obtained individual patient data from two previously reported trials.25,26 We first 

examined whether individual symptoms might show variability differences that were 

obscured when solely looking at combined symptoms score. We used the individual 

symptom item ratings, and, in case variability was due to specific symptom factors, also 

used the Marder symptom domains, which is a widely used factor analysis of symptoms in 

schizophrenia.27 Symptom change was calculated using the last observation carried forward 

was calculated for each arm of each trial. The CVR for each arm was then calculated and 

entered into a random effects meta-analysis as described above. We also performed this 

analysis restricting to patients that had received at least four weeks of antipsychotic 

treatment.

We also examine whether there was any evidence of bimodality in the distribution of change 

scores that might suggest subgroups of responders and non-responder were present. After 

pooling antipsychotic arms within each clinical trial Hartigan’s Dip Test of Unimodality was 

used to test whether these distributions followed a unimodal distribution or whether there 

was evidence of bimodality.14,28

Statistical Analysis

All statistical analyses were carried out in the statistical programming language R (version 

3.5.1), primarily using the “metafor” package (version 2.0.0).29 The correlation coefficient 

between studies’ mean and SD, and between moderating factors was weighted by study size 

with the “weights” package (version 1.0), while plots were generated using “ggplot2” 

(version 2.2.1). For the primary analysis of total symptoms a univariate random effects 

model was employed. However, a multivariate meta analytic model was used to compare 

CVR for positive and negative symptoms (see supplementary methods) because this 

accounts for the correlation between measures.

Sensitivity analyses were performed for studies that had use a placebo lead-in to exclude 

placebo responders, and studies that had attempted to exclude resistant patients. This was 

accomplished by performing the meta-analysis separately in e.g. the set of studies using a 
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placebo lead-in and the set of studies that did not use a run in; the summary effect sizes 

calculated in these two subgroups were then compared in a Wald type test to assess 

significance. The effect sizes for different antipsychotics were also compared using the same 

approach.

Meta-regressions were performed to determine whether year of publication, magnitude of 

standardised mean difference, dose, length of study, baseline severity, age or gender 

moderated antipsychotic-placebo differences in CVR. Correlations between potential 

moderating factors was examined using correlation coefficients weighted by study size. 

Moderators that were found to be significant in the bivariate meta-regressions were then put 

into a single meta-regression model to see if they remained significant when taken into 

account simultaneously. The results of a meta-regression only allow one to see how the 

moderating factor is related to CVR – that is the ratio of antipsychotic and placebo 

variability, the results do not allow one to determine the effect within individual arms. 

Therefore, in order to determine whether the moderators primarily acted on antipsychotic or 

placebo arms, we examined the relationship between moderator and mean standardised 

variability in each placebo and active treatment arms separately (see supplementary 

information for further details regarding this variability measure):

Single arm mean standardised variability = ln σa/xa = ln Sa/xa + 1
2(na − 1)

Publication bias was assess by visual inspection of funnel plots and the use of Egger’s 

regression test.30 I 2 values were calculate to quantify between-study inconsistency.

Results

Study Selection

The search identified 11,006 articles, 66 of which met criteria for the meta-analysis (eFigure 

1 and eTable1). The meta-analysis included data on 11,978 patients treated with 

antipsychotics and 5,224 treated with placebo. There were a total of 153 separate 

antipsychotic treatment arms and 66 placebo arms. Average age was 38.9 years, average 

duration of illness was 13.7 years, and males constituted 69% of trial participants.

Variability Differences between Antipsychotic and Placebo

There was a positive relationship between mean change in total symptoms and standard 

deviation of change (weighted rp = 0.47, p<0.001, figure 2), indicating mean-scaling of 

variability. However, CVR, our primary outcome measure, adjusts for mean-scaling.12

We found significantly reduced variability in the antipsychotic treated groups compared to 

placebo treated groups (CVR = 0.88, 95% CI 0.86-0.90, p<0.001, Figure 3). This result was 

present when different antipsychotics were examined individually, with all antipsychotics 

showing reduced variability numerically, and this reaching statistical significance for 

clozapine, amisulpride, haloperidol, sertindole, aripiprazole, quetiapine, ziprasidone, 

risperidone, olanzapine, lurasidone and paliperidone (Figure 3). When not accounting for 
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mean, variability was also reduced in antipsychotic treated groups although this was not 

statistically significant (VR = 0.98, 95% CI 0.95-1.00, p=0.06).

Egger’s test did not suggest the possibility of publication bias (z=-1.67, p=0.10), although a 

trim and fill analysis suggested the presence of two missing studies (eFigure 2a). Repeating 

the analyses incorporating the putative missing estimates did not, however, make a 

significant change to the results (CVR = 0.88, 95% CI 0.86-0.90, p<0.001). I 2 was 0.01% 

indicating low levels of between-study inconsistency.

A multivariate analysis examining positive and negative symptoms showed that variability 

was significantly reduced in antipsychotic arms for both positive (CVR=0.89, 95%CI 

0.87-0.91, p<0.001) and negative (CVR= 0.86, 95% CI 0.84-0.89, p<0.001) symptoms. A 

comparison of effect sizes demonstrated that this difference between CVR for positive and 

negative symptoms was not significant (z=1.78, p=0.08).

Individual Patient Data

Individual patient data were available for 434 antipsychotic treated, and 88 placebo treated 

patients. One of these trials,26 showed overall relatively high variability in the antipsychotic 

arm (CVR=1.18), whereas the other,25 was close to the median CVR for all trials 

(CVR=0.89). For all symptoms and symptom dimensions, variability was either significantly 

greater in the placebo arm or no different from the antipsychotic arm (Figure 5A). We also 

performed the same analyses but considered only participants who had remained in the trial 

per protocol for at least four weeks, CVR remained lower in the antipsychotic treated arm in 

this analysis (see efigure 3).

In addition, we examined whether there was any evidence of a bimodal distribution in terms 

of antipsychotic response (Figure 5b). In both trials, there was no evidence for bimodality 

when change in total symptoms following treatment was examined, in either the 

antipsychotic treated or placebo arms (Marder and Meibach trial25: antipsychotic arm 

p=0.78, placebo arm p=0.25; Chouinard et al26 trial: antipsychotic arm p=0.99, placebo arm 

p=0.67).

Efficacy Differences between Antipsychotic and Placebo

Antipsychotics showed greater improvements in symptoms than placebo (g=0.47, 95%CI 

0.42-0.51, p<0.001, eFigure 4). Egger’s test suggested the possibility of publication bias 

(z=2.6647, p=0.008) and a trim and fill analysis suggested the presence of three missing 

studies (eFigure 2b). Including these putatively missing studies did not markedly change the 

results (g=0.46, 95% CI 0.41-0.50, p<0.001).

Sensitivity Analyses

When examining study quality, only eleven studies were classified as low risk in all domains 

of the Cochrane risk of bias tool. A sensitivity analysis examining only these studies showed 

significantly reduced variability in improvement in the antipsychotic relative to placebo 

group, consistent with our findings in the total dataset (CVR = 0.86, 95% CI 0.78-0.93, 

p<0.001).
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We examined whether excluding placebo responders had an effect on CVR. Studies in which 

placebo responders were excluded, surprisingly showed numerically greater variability in the 

placebo arm (CVR = 0.85, 95%CI 0.81-0.90, p<0.001), than those that did not (CVR = 0.89, 

95%CI 0.86-0.91, p<0.001). The difference between these effect sizes, however, was not 

statistically significant (z=-1.26, p=0.18).

We also investigated whether excluding individuals who were potentially treatment resistant 

affected CVR. Although the two sets of studies contained patients with symptoms of similar 

severity (t-test PANSS total p=0.95), this is not unexpected given that entry criteria specify 

that symptoms must be above a certain threshold, and as such resistance is defined on the 

basis of previous non-response. Studies that specified treatment resistance as an exclusion 

criteria had a lower variability in the antipsychotic arm (CVR=0.84, 95%CI 0.79-0.9, 

p<0.001) than those that did not (g=0.88, 95%CI 0.85-0.9, p<0.001). However, these 

differences were not significant (z=1.26, p=0.21).

We also compared CVR between different antipsychotics. Amisulpride showed significantly 

lower variability of symptom response than all other antipsychotic drugs apart from 

clozapine (see efigure 5). Clozapine and haloperidol also showed significantly lower 

variability of symptom response than a number of other antipsychotics (see eFigure 5). 

There were no other significant differences between drugs.

Meta-regression

We found that there was a negative relationship between the standardised mean difference 

calculated for a trial and its CVR (z=-5.70, p<0.001, Figure 4A). This indicates that trials 

demonstrating greater antipsychotic efficacy were associated with lower variability in the 

antipsychotic relative to placebo group. Further analysis of the individual trial arms showed 

placebo variability was not significantly associated with SMD (z=1.02, p=0.31), but there 

was a significant relationship between greater SMD and reduced antipsychotic variability 

(z=-2.70, p=0.01, Figure 4B).

A meta-regression of year of publication found that CVR was lower in older studies (z=3.98, 

p<0.001), indicating that it was these studies that showed the greatest difference in 

variability between antipsychotic and placebo arms (Figure 4B). Both placebo (z=-11.58, 

p<0.001) and antipsychotic (z=-7.70, p<0.001) variability has decreased with time, but this 

has occurred at a faster rate in placebo arms (Figure 4B).

The meta-regression for age was also significant (z=3.07, p=0.002), indicating that studies 

with younger patients showed lower variability in the antipsychotic relative to placebo arms 

than studies with older patients. Here placebo variability decreased with increasing age 

(z=-2.79, p<0.005), at a faster rate than antipsychotic variability (z=-0.00, p=0.68) (Figure 

4C).

The meta-regression for duration of illness was significant (z=2.7, p=0.006), indicating that 

studies including patients with a shorter duration of illness displayed lower variability in the 

antipsychotic relative to placebo arms than studies with older patients. Here placebo 
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variability remained relatively constant (z=0.07, p=0.95), while antipsychotic variability 

increased with duration of illness(z=2.6, p=0.009).

A meta-regression examining the effect of dose found that it was studies using higher doses 

that showed the lowest variability with antipsychotic relative to placebo treatment (z=-2.62, 

p=0.009). When the individual arms were examined, neither were independently significant 

(placebo z=0.79, p=0.43; antipsychotic z=-0.41, p=0.68) (Figure 4D).

Baseline symptom severity (PANSS z=-1.14, p=0.25; BPRS z=0.19, p=0.85), participant 

gender composition (z=-1.50, p=0.13), and study duration (z=0.12, p=0.91) did not did not 

display significant relationships with CVR.

A number of the variables found to be significant moderating factors in the meta regressions 

showed a degree of collinearity. Significant correlations were observed for year of 

publication and age (weighted rp=0.37, p<0.001), year of publication and dose (weighted 

rp=-0.20, p=0.01), age and dose (weighted rp=-0.18, p=0.03), dose and standardised mean 

difference (weighted rp=0.27, p=0.002), and age and duration of illness (weighted rp=0.67, 

p<0.001). In a meta-regression including all the statistically significant moderating factors, 

year of publication (z=2.49, p=0.01), SMD (z=-3.64, p<0.001) remained significant, but 

dose (z=-0.41, p=0.68), age (z=0.55, p=0.58), and duration of illness (z=1.93, p=0.053) were 

no longer significant.

Discussion

Our main finding is that antipsychotic treatment results in an overall greater and more 

homogenous improvement in symptoms compared to that seen with placebo. These findings 

extend previous meta-analyses of antipsychotic efficacy by showing, to our knowledge for 

the time, that antipsychotic response in schizophrenia is not only greater but also more 

uniform than placebo response. In addition, we found evidence that compared to placebo, 

antipsychotic-related improvement is more homogenous in studies where antipsychotics 

showed greater efficacy, in older studies, in younger patients, in those with a shorter duration 

of illness, and in studies employing higher doses. We were able to adjust for the fact that 

variability scales with mean by using CVR, a measure that accounts for this. Our meta-

analytic findings were consistent with our results obtained using individual patient data, in 

which there was also no evidence of response subtypes. Our findings regarding efficacy were 

consistent with previous studies, and any discrepancies are due to the fact we could only 

include studies reporting measures of variance, leading to some studies that did not report 

this being excluded.

These findings are not consistent with our hypothesis that greater variability would exist 

with antipsychotic treatment due to subtypes of schizophrenia showing different response 

profiles. Furthermore, we show that this is the case for all antipsychotics, and all symptom 

domains examined; none of which showed greater variability in the antipsychotic arm. In 

fact, our findings suggest that heterogeneity of response is greater in placebo treated 

individuals. This lack of support for a subtype phenomenon is in keeping with recent 

suggestions that an emphasis on attempting to identify subtypes of treatment responsive 
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individuals may be misguided.11 The fact that we did not find evidence for subtypes must be 

reconciled with the fact that it is clear clinically that a proportion of patients do not respond 

to treatment. However, a range in the magnitude of response is the norm for many medical 

treatments.31,32 This may be due to intraindividual variability and measurement noise, and 

as such it does not in itself imply that subtypes exist. To fully address the question of 

subtypes, future work will require markedly different trial designs such as repeated N-of-1 

studies.33,34

A prediction of our non-dopaminergic sub-type hypothesis is that a selective D2 blocker 

such as amisulpride would show greater variability in treatment response than drugs with 

actions at a range of receptors such as olanzapine.35,36 However, in fact we found lower 

variability of symptom response with amisulpride treatment than all other first-line drugs. 

This is thus further evidence against the sub-type hypothesis. However, caution must be 

taken when drawing inferences from these between-drug comparisons because they were 

based on indirect comparisons. It would be useful to test this further in head-to-head 

comparisons between amisulpride and broad action drug such as olanzapine.

While no symptoms showed greater variability in the antipsychotic compared to placebo 

arm, there was a suggestion that the observed effect regarding reduced variance in those 

treated with antipsychotics may be slightly stronger for negative symptoms. This did not, 

however, reach statistical significance.

We found that variability of both placebo and antipsychotic arms has decreased with time, 

but that this has occurred at a faster rate in placebo arms(figure 4D). It has previously been 

demonstrated that the magnitude of placebo response in antipsychotic trials has increased 

with time.37,38 Taken together with our findings, this suggests that trials are increasingly 

including individuals who show a relatively homogenous high placebo response. This could 

be partially due to the fact that more recent trials tend to include older patients and use lower 

doses, both factors that we also demonstrated are associated with a more homogeneous 

placebo response compared to antipsychotics. Our findings are relevant when considering 

recruitment for clinical trials. Previous meta-analyses examining mean differences show that 

placebo lead-in periods do not improve the ability of trials to detect drug-placebo 

differences,37 and we extend these findings by showing that placebo lead-in does not reduce 

variability placebo-treatment differences either. Thus placebo lead-in phases do not seem to 

be effective.

The placebo effect is a well-recognised phenomenon across medicine, and significant 

advances have been made in determining mechanisms underlying the effect.39,40 Individual 

studies have previously demonstrated that there is significant heterogeneity in the magnitude 

of placebo response between individuals, and it has been suggested that subtypes of high and 

low placebo responders exist.41,42 Variability in the placebo group could also reflect 

heterogeneity in the natural course of the illness, which our findings suggest treatment 

ameliorates through reducing symptoms. Thus, there could be fluctuations in natural course 

as well as sub-types of high and low placebo responders contributing to our placebo 

findings. Placebo effects are often understood to refer to the response specifically 

engendered by aspects of treatment other than the direct pharmacological effects of the 
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active comparator treatment, as opposed to phenomena such as regression to the mean. We 

are unable to directly distinguish between these aspects, although given that regression to the 

mean effects should be equal for both placebo and antipsychotic arms it is reasonable to 

conclude that the observed differences in variability refer to the more stringent definition of 

‘placebo effect’.

Our study has some limitations. Despite contacting authors, we were unable to obtain 

variability data for a high proportion of older trials, and as such our findings are mostly 

based on RCTs of second-generation antipsychotics. However, given the lack of a 

pharmacological basis for the distinction between first and second generation drugs,3 and the 

fact that our finding was present when looking separately at either selective D2 blockers 

such as amisulpride, or those drugs with a wider spectrum of activity such as olanzapine, 

suggests that our findings are relevant for antipsychotics in general. Although one would 

expect publication bias to be less of an issue for our variability analyses given variability is 

not an outcome focused upon in RCTs, nevertheless the possibility still exists given the 

association we observed between CVR and SMD. Our analysis indicated the possibility of 

some publication bias with a small number of putatively missing studies. However, adjusting 

for this with a trim and fill analysis did not change the direction of results.

The trials generally used intention-to-treat analyses, which, as they include patients who 

may have discontinued drug treatment immediately after randomisation, could under-

estimate the effect of treatment and possibly reduced variability. However, our additional 

analyses in the individual patient datasets restricted to patients that completed their allocated 

treatment indicated that antipsychotic treatment was still associated with reduced variability, 

indicating that this does not explain our variability findings. Another possibility is that the 

uniformity of response observed in the antipsychotic arm is an artefact of trial inclusion 

criteria which might be designed with the aim of recruiting individuals likely to respond to 

antipsychotics. However this is not supported by the sensitivity analyses excluding trials that 

specifically attempted to enrich for treatment responders. This showed that trials without this 

form of selection still showed significantly less variability in antipsychotic arms compared 

to placebo arms. Theoretically our meta-analytic results could show a multimodal 

distribution despite reduced variance. However, our analysis of the individual patient data 

did not show a multimodal distribution of response, indicating that this is unlikely. It is 

important to recognise, however, that while our findings are not consistent with our initial 

hypothesis that treatment subtypes exist, they cannot exclude the possibility that there is a 

subtype of schizophrenia that does not enter clinical trials. Relevant to this, it should be 

noted that, although shorter duration of illness was associated with reduced variability, none 

of the trials included were of first episode patients, and the mean duration of illness was 13.7 

years. As such, it could be the case that first episode patients are qualitatively different and 

this warrants testing in future clinical trials. This is a potential limitation of clinical trial 

design relevant for efficacy analyses as well. It is should also be recognised that our findings 

are specific to treatment response, and so do not exclude the existence of sub-types of 

schizophrenia linked to factors other than treatment response.
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In summary, we found antipsychotics were efficacious with moderate-large effect sizes 

and showed a more homogeneous response to treatment in those receiving antipsychotics 

compared to those receiving placebo. These findings indicate a relatively uniform effect 

of antipsychotic treatment that exceeds non-specific effects seen with placebo treatment. 

This suggests that antipsychotic effects are relevant to patients with schizophrenia in 

general rather than any subtype of patient.
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Figure 1. 
Placebo and an active treatment are administered in a randomized controlled trial. Over the 

course of the trial the individuals receiving the active treatment show both a larger response, 

and more variability in their response. This implies that the active treatment is more effective 

in some individuals and less effective in others, whereas the placebo is associated with a 

more uniform response across individuals.
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Figure 2. 
A significant correlation exists between mean change in symptoms and the standard 

deviation of change (weighted rp=0.45, p<0.001). The shaded area represents the 95% 

confidence interval, and the size of the dots is proportional to study size.
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Figure 3. 
Forest plot showing the coefficient of variation ratio (CVR) for change in total PANSS score 

for placebo-controlled trials of antipsychotic treatment. CVR was significantly lower in 

antipsychotic treated individuals relative to placebo, indicating lower variability in symptom 

change in this group compared to the placebo group after accounting for differences in the 

mean change in symptoms. N=Number of participants, Trials = number of trials
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Figure 4. 
Figures to the left illustrate meta-regressions exploring the influence of trial characteristics 

on the coefficient of variation ration (CVR) for change in total symptoms. Figures to the 

right study the same trial characteristics but examine placebo and antipsychotic arms 

separately.

(A) Trials that show greater antipsychotic efficacy (greater mean symptom improvement 

with antipsychotic relative to placebo) show lower variability in antipsychotic treatment 

response relative to placebo (z=-5.7, p<0.001)
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(B) Trials showing greater efficacy show reduced variability in antipsychotic treated arms 

(z=-2.7, p=0.01), but no significant relationship is apparent with regard to placebo variability 

(z=1.0, p=0.3).

(C) Older trials show lower variability in antipsychotic treatment response relative to 

placebo (z=4.0, p<0.001)

(D) Both placebo (z=-11.6, p<0.001) and antipsychotic (z=-7.7, p<0.001) arms show 

reduced variability in more recent trials.

(E) Trials with younger participants show lower variability in antipsychotic treatment 

response relative to placebo (z=3.1, p=0.002)

(F) Younger patients show greater variability in the placebo arm(z=2.79, p=0.005), while 

there is minimal effect on the antipsychotic arm(z=0.0, p=0.7).

(G) Trials using higher antipsychotic doses show lower variability in antipsychotic treatment 

response relative to placebo (z=-2.62, p=0.009)

(H) Neither antipsychotic (z=-0.4, p=0.68) nor placebo arms (z=0.79, p=0.43) independently 

show a significant relationship with dose.
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Figure 5. 
Individual patient data findings

(A) Showing the relative variability in response for each symptom rating item on the PANSS 

scale for two clinical trials combined. A coefficient of variability ratio CVR of less than 1 

means that variability is reduced in the antipsychotic treated relative to the placebo arm. For 

both individual symptoms (shown in red), and summary symptom domains (shown in green) 

there is no evidence of increased variability in those treated with antipsychotics relative to 

placebo treatment. The CVR for total symptoms was significantly lower in the antipsychotic 

treated relative to the treated arm (p=0.01).
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(B) Kernel density plots illustrating the distribution of symptom change in Chouniard et al 

(above) and Marder and Meibach (below) clinical trials. As can be seen in the figures, in 

both trials there was no evidence of significant bimodality in change in total symptoms 

following treatment (all p-values >0.2).
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