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Introduction
 
Around 50 million people worldwide have dementia, and it is estimated that in 2050 
this number has tripled.1,2 Dementia is a syndrome of a combination of symptoms 
associated with cognitive decline. Decline in memory, thinking, problem-solving, 
and language make daily activities more difficult for the patients. 

There are many types of dementia, with Alzheimer dementia as the most common 
type. It contributes to two-thirds of dementia cases.3,4 Alzheimer dementia 
impacts the part of the brain that is associated with learning. Therefore, patients 
start having trouble remembering new information.5 Another well-known type of 
dementia is vascular dementia. This type causes a decline in skills and memory 
due to reduced blood flow to the brain, which leads to deprivation of oxygen 
and nutrients in the brain.6 Other types of dementia include Lewy body dementia 
with abnormal deposits of protein in the brain cells, and frontotemporal dementia 
characterized by nerve cell loss in the frontal and temporal lobes of the brain.6 

Neuropsychiatric symptoms and antipsychotics
When dementia progresses, 60% to 98% of patients develop neuropsychiatric 
symptoms (NPS) such as agitation or psychosis, especially in later stages of the 
disease.7–9 Other common NPS are depression, apathy, aggression, delusions, 
hallucinations, and sleep disturbances.7–9 These symptoms are not only distressing 
for patients but also for their families and caregivers.7,8 The prevalence of NPS 
depends on the severity and the type of dementia.10 

Some patients may have had another psychiatric disorder before being diagnosed 
with dementia, and some psychiatric disorders increase the risk of developing 
dementia later in life.11,12 The symptoms of these psychiatric disorders should not be 
confused with NPS caused by dementia. Also, NPS such as agitation and psychosis 
can occur as a result of underlying causes such as pain or delirium.13 

To treat agitation and psychosis associated with dementia itself, antipsychotics 
are widely prescribed.14 Even though guidelines recommend nonpharmacological 
interventions as the first treatment option for NPS.8,15 Before considering the use 
of antipsychotics, a thorough problem analysis should be undertaken and other 
treatments should have had an insufficient effect.15 
 
First-, and second-generation antipsychotics
There are two types of antipsychotics to choose from: first-generation or conventional 
antipsychotics, and second-generation or atypical antipsychotics.16 First-generation 
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antipsychotics were developed in the 1950s and are primarily used to treat psychosis 
(in particular in schizophrenia).17 They have also been effective in the treatment 
of other related psychotic disorders.17,18 Chlorpromazine was the first developed 
antipsychotic. Other frequently prescribed antipsychotics are perphenazine and 
haloperidol.18 These first-generation antipsychotics are associated with a high risk 
of side effects, such as extrapyramidal symptoms.17 

Second-generation antipsychotics were marketed in the 1980s and gained popularity 
due to an apparent lower risk of neurological side effects.17 However, later research 
showed that second-generation antipsychotics are associated with an increased 
risk of developing metabolic side effects and mortality.17,19 In general, aripiprazole, 
olanzapine, risperidone, and quetiapine are the most frequently prescribed atypical 
antipsychotics.18 
 
Randomized controlled trials
The efficacy of antipsychotics for dementia has been investigated in randomized 
controlled trials (RCTs). In RCTs, a new antipsychotic drug is usually compared to a 
placebo to see if it is safe and effective. In some cases, researchers perform a head-
to-head trial when they want to compare a new antipsychotic drug to an existing 
antipsychotic and investigate if the new antipsychotic performs better. Placebo-
controlled trials can be conducted with fewer patients than trials that compare 
antipsychotic drugs to each other. 

A few steps should be performed with extra attention, starting with the determination 
of a research question. This may seem like a small step, but it is important that the 
research question is clear and focused.20,21 For antipsychotic trials in patients with 
dementia this means that the target symptom(s) and the interventions should be 
defined in detail, and outcomes should be clinically relevant.20  

Besides defining the exact target population, it is also necessary to include a sufficient 
number of participants, i.e. a sample size that is large enough, to identify a clinically 
relevant treatment effect. Larger sample sizes provide a more precisely estimated 
effect, i.e. smaller confidence intervals,22 but are also more time consuming and cost 
more money. 
 
Trial methods
To yield valid results, RCTs should be conducted properly. An important step is the 
randomization procedure. In RCTs, treatment groups need to be comparable in 
order to yield an unbiased estimation of the treatment effect. To ensure that chance 
instead of patient characteristics determine treatment assignment, randomization 



11

1

is performed.23 The randomization procedure consists of two aspects, the random 
sequence generation and the concealment of allocation, that make the treatment 
a participants gets unpredictable and uncontrolable.23 Otherwise, if the persons 
enrolling participants know or are able to find out what the next allocation is, they 
might decide not to enroll a participant, postpone the enrollment, or change the 
allocation to the preferred treatment.

Currently, the preferred method to generate the random allocation sequence is a 
computerized random number generator. Restrictions on the random sequence 
generation that decrease unpredictability, such as use of blocked randomization 
with a small set block size, should be clearly stated by the authors of the trial.23 
Concealment of allocation can be done with opaque envelopes, and sequences only 
known by pharmacists or statisticians not involved in randomization for example. 
If both randomized sequence generation and allocation concealment are executed 
successfully, baseline differences between the control group and the intervention 
group are minimized in particular when the sample size is large. 

Blinding is a procedure that prevents people involved in the trial, such as study 
participants, caregivers, or outcome assessors, from knowing which intervention 
the participant received.23,24 Participants of a trial may report more favorable results 
on a subjective outcome, e.g. a symptom questionnaire, if they are aware they are 
receiving the active or new treatment. The same applies to unblinded caregivers, 
health care workers and research staff assessing outcomes.23 The investigators 
should therefore explicitly report the blinding status of all persons involved in 
outcome assessment, especially if these outcomes are more or less susceptible to 
measurement error.23

When designing a trial, recruiting a representative sample is also essential.25 RCTs may 
yield accurate estimates for the participants in the trial, but if they do not represent 
the defined study population well the trial might not yield valid information for that 
target population.25 For instance, if patients who belong to the target population 
but have an increased risk of side effects are not enrolled in the trial, the trial will 
not yield a risk of side effects that is valid for the entire target population. This is 
commonly called lack of generalizability.  
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Reviews of trials
Multiple individual RCTs can be included in a systematic review and their results 
pooled in a meta-analysis for the highest level of evidence.26,27 Combining several 
trials increases the chance of finding an effect (more statistical power), and the 
estimated intervention effect will be more precise.28 In addition, it might also settle 
controversies from conflicting results of studies.28 

Performing a systematic review or meta-analysis starts with a thorough literature 
search. The results of this search are used to select the appropriate studies. These 
studies are then assessed with a risk of bias tool. Researchers use these tools to assess 
the design and performance of individual elements of an RCT. It is recommended 
that two reviewers assess risk of bias independently, discuss discrepancies and 
reach a consensus about the final assessment.29 Completed assessments are used 
to determine the overall risk of bias of the individual study, considering all relevant 
sources of bias.29

However, a number of problems in these standardized methods for reviews need 
to be acknowledged. These errors can be divided into two main problems. The first 
problem is the clinical relevance of the enrolled population, the measured outcomes, 
and the reported effect size. Up to now, this has not received the attention it 
deserves in reviews of antipsychotics in dementia. 

The second problem is the subjective assessment of risk of bias despite the use 
of risk of bias tools and two independent assessors. The adequate application of 
commonly used risk of bias tools depends on the level of methodological knowledge 
of the reviewers. Some are known for high interrater variability, such as the Cochrane 
Collaboration risk of bias tool,30 and others are known for the limited number of 
items, such as the Jadad scale.31 The use of multiple terms for the same type of bias 
makes it difficult to rate the risk of bias properly too.32 
 
Research aims
In this thesis, I critically appraised the methods and results of antipsychotic drug 
trials for patients with dementia. First, the clinical relevance of treatment effects 
of antipsychotics in dementia was assessed. Next, the influence of bias on the 
estimated treatment effects was investigated.33 The aims of the different studies 
included in this thesis are explained below.
 
Part 1: Assessing clinical relevance of effects 
The work for this thesis started with a standard systematic review. At the time, a review 
of RCTs about the risk of mortality of conventional antipsychotics in dementia was 



13

1

not yet available. Only meta-analyses of cohort studies had been published. These 
cohort studies could be biased because none of the studies took severity of illness 
into account,34,35 even though patients with terminal illness often receive haloperidol 
to treat symptoms of delirium.36,37 Therefore, my colleagues and I, performed a meta-
analysis of trials to investigate whether conventional antipsychotics have an effect 
on the risk of mortality in elderly patients with dementia.

Next, we took a closer look at the patient population in terms of target symptom, 
intervention of interest, comparison intervention, and outcomes (PICO). In trials on 
the efficacy of antipsychotics for dementia, these have not always been defined 
clearly or applied consistently. For instance, some trials investigating the effect 
on agitation included only agitated patients, but others included patients with 
neuropsychiatric symptoms in general. If the effects from trials with different patient 
populations are pooled, the results may not be meaningful. In addition, even if all 
enrolled participants had agitation, some trials used agitation specific outcome 
scales, but others generic outcomes scales. The outcome scale did not always to fit 
the target symptom either. The same issues arose in trials that investigated the effect 
of antipsychotics on psychosis in dementia. Therefore, we investigated whether the 
definition of the study populations and the choice of outcome scale affected the 
pooled efficacy of antipsychotic trials in dementia. 

Older antipsychotic studies are often small. Studies based on small sample 
sizes may yield non-statistically significant results, but these results can still be 
clinically relevant. On the other hand, newer studies based on large sample sizes 
may yield statistically significant but clinically irrelevant treatment effects.38–40 
Large sample size fallacy occurs when such statistically significant results from 
large trials are interpreted as relevant for medical practice.41 Sample sizes of 
antipsychotic trials in dementia have increased over the years.19,42 We assessed 
the variation of the sample sizes, the size of the reported treatment effects and 
the association between study characteristics and sample size in these trials.  
 
Part 2: Quantifying bias in trials
Systematic errors in research methodology may result in biased treatment effect, 
i.e. the true effect of the treatment on the outcome of interest is under- or 
overestimated.33 In part two of this thesis bias in antipsychotic trials in dementia 
was studied. There are three types of bias commonly acknowledged in observational 
studies: selection bias, confounding and information bias. This categorization can be 
applied to trials as well.32 



Chapter 1. General introduction and outline of the thesis

14

In a trial, patient withdrawal i.e. deselection from a study can lead to incomplete 
outcome data. This is especially problematic when the withdrawal differs between 
treatment groups and these participants are omitted from reports or analyses.43 
To avoid this commonly acknowledged source of selection bias, the investigators 
should include information on all participants who underwent randomization in the 
groups to which they were originally allocated (intention-to-treat analysis).23 

Drop-out of eligible patient related to the investigated treatment can also occur 
before randomization during a so-called run-in period. To decrease drop-out and 
placebo response, and hence increase effect size and power, some RCTs include 
a run-in period.44,45 A run-in phase is performed between screening for eligibility 
and randomization, it takes a few days to months, and patients can receive a wash-
out of already used drugs, the investigated active drug, or placebo. However, 
efficiently executed run-in periods may lead to exclusion (deselection) of certain 
patients from randomization and thus limit the validity of trial results for the defined 
study population.45,46 This is a sources of selection bias that has not received much 
attention in the medical literature so far. We studied the effects of antipsychotics in 
trials with and without run-in. 

Confounding occurs when a factor that affects treatment and outcome is not 
adjusted for. This form of bias can be avoided with randomization as described above. 
Flawed randomization procedures can give rise to baseline imbalances. When my 
colleagues and I conducted the meta-analysis about mortality risk of conventional 
antipsychotics, it seemed that baseline imbalances were present in the individual 
trials. Therefore, we assessed the presence of baseline imbalances and investigated 
if these imbalances affected study results in antipsychotic trials for dementia. 

Finally, information bias can occur when knowledge of treatment status affects 
the measurement of the outcome. For example, when an active drug has specific 
side effects, treatment status can sometimes be guessed. Trials are susceptible to 
this type of bias when subjective rating scales are used. Objective outcomes, such 
as the use of rescue medication, may provide more valid results. We assessed the 
effectiveness and side effects of antipsychotics in neuropsychiatric patients with 
dementia, using subjective and objective measures of these outcomes. 
 
Thesis outline
This thesis presents six studies. First, part 1 presents three studies about the 
clinical relevance of the reported effects. Chapter 2 provides an assessment of the 
mortality risk of conventional antipsychotics in elderly patients with dementia in 
randomized controlled trials. In chapter 3 the pooled efficacy of antipsychotics 
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measured in patients with dementia and agitation or psychosis was assessed. We 
investigated whether a broad definition of population and outcome yielded different 
effects compared to a target-specific definition. Chapter 4 focuses on large sample 
size fallacy. The variation in sample size, size of treatment effect and general study 
characteristics related to sample size were investigated. 

Part 2 then reports three studies related to quantification of risk of bias. Chapter 5 
presents a study about the association of run-in periods with reported treatment 
effects in trials of antipsychotics in dementia. In chapter 6 the presence of baseline 
imbalances was assessed as well as the association of baseline imbalances with 
reduction of neuropsychiatric symptoms, the risk of extrapyramidal symptoms 
and risk of mortality. Chapter 7 describes the effectiveness and side effects of 
antipsychotics in terms of subjective and objective outcome measures. 

Finally, chapter 8 provides a general discussion, and a scientific summary can be 
found in the appendices. 
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Abstract
 
Background
Numerous observational studies have reported an increased risk of mortality for 
conventional antipsychotics in elderly patients, and for haloperidol in particular. 
Subsequently, health authorities have warned against use of conventional 
antipsychotics in dementia. Experimental evidence is lacking.

Objective
To assess the mortality risk of conventional antipsychotics in elderly patients with a 
meta-analysis of trials.

Methods
Original studies were identified in electronic databases, online trial registers, 
and hand searched references of published reviews. Two investigators found 28 
potentially eligible studies, and they selected 17 randomized placebo-controlled 
trials in elderly patients with dementia, delirium, or a high risk of delirium. Two 
investigators independently abstracted trial characteristics and deaths, and 3 
investigators assessed the risk of bias. Deaths were pooled with RevMan to obtain 
risk differences and risk ratios.

Results
Data of 17 trials with a total of 2387 participants were available. Thirty-two deaths 
occurred. The pooled risk difference of 0.1% was not statistically significant (95% 
confidence interval (CI) -1.0%-1.2%). The risk ratio was 1.07 (95% CI 0.54-2.13). 
Eleven of 17 trials tested haloperidol (n= 1799). The risk difference was 0.4% (95% 
CI 0.9%-1.6%), the risk ratio was 1.25 (95% CI 0.59-2.65).

Conclusions
This meta-analysis of placebo-controlled randomized trials does not show that 
conventional antipsychotics in general or haloperidol in particular increase the 
risk of mortality in elderly patients. It questions the observational findings and the 
warning based on these findings.
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Introduction

Haloperidol and other conventional antipsychotics are commonly used to reduce 
hallucinations, delusions, and aggression in elderly patients with dementia or 
delirium despite their well-known extrapyramidal and cardiac side effects.1 However, 
in 2005, a meta-analysis of randomized trials suggested that use of haloperidol in 
patients with dementia increased the risk of mortality compared with placebo (odds 
ratio 1.68; 95% confidence interval [CI] 0.72-3.92).2 

Multiple large cohort studies have since confirmed that conventional antipsychotics 
are associated with a higher risk of mortality than atypical antipsychotics and 
no use.3 The association was present in general elderly populations, residents of 
nursing homes, and in patients with and patients without dementia. In several 
studies, haloperidol in particular increased the risk of mortality.4,5 In 2008, the US 
Food and Drug Administration and the UK Commission for Drug Safety warned 
against use of conventional antipsychotics in elderly patients with dementia.6,7 
Health care professionals were advised to consider other, nonpharmacological, 
management options. The cohort studies that reported the mortality risk of 
conventional antipsychotics used extensive administrative databases incorporating 
sociodemographic data, medical diagnoses, and filed prescriptions.

Some studies applied advanced statistical techniques to adjust for confounders. Nev-
ertheless, results of observational studies may be biased, even if the studies are of high 
quality. One source of bias might be that none of the studies took severity of illness 
into account.8 This is a potentially strong confounder because haloperidol and chlor-
promazine are often used to treat the symptoms of delirium in terminally ill patients.9,10 
These 2 drugs accounted for more than half of the conventional antipsychotics used.8

Evidence from experimental data is scarce. Two meta-analyses of randomized 
controlled trials (RCTs) have reported the risk of various adverse effects of 
conventional antipsychotics in patients with dementia, but not the risk of mortality.1,11 
Moreover, the risk of mortality presented in the 2005 meta-analysis was based on 
an unplanned subanalysis of 2 trials.2 More trials that tested haloperidol and other 
conventional antipsychotics in patients with dementia have been published.1,11 
Information from trials in delirium may be valuable as well. Delirium, like dementia, 
is characterized by cognitive impairment and is indicative of frailty in an elderly 
patient. Many patients with delirium have a history of premorbid cognitive disorders 
or dementia, and patients with behavioral or psychological symptoms in dementia 
may have delirium.12,13 Also, the use of haloperidol to prevent delirium in frail elderly 
patients has been advocated in recent years, and tested in trials.14



Chapter 2.  The mortality risk of conventional antipsychotics

24

In general, the study period of trials is too short and the number of participants too 
small to detect infrequent adverse events such as deaths. However, the observational 
studies have suggested that deaths due to conventional antipsychotic use are rather 
common during the first 180 days of use (4.2%-7.3% of users),3 and the relative risk 
of dying is highest in the first month when compared with atypical antipsychotics.8 
Trials to test antipsychotics for neuropsychiatric symptoms of dementia usually last 
3 months or longer. The aim of this study was to perform a systematic review and 
meta-analysis of randomized trials to establish the mortality risk of conventional 
antipsychotics compared with placebo in elderly patients with dementia or delirium. 
We investigated (1) the conventional antipsychotics that were available in the study 
periods of the cohort studies (1994-2010), and (2) haloperidol, because this drug is 
the most popular conventional antipsychotic for psychosis and aggression related to 
dementia and delirium.

Methods

We set out to perform a systematic review and meta-analysis of RCTs using the 
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) 
method to rate the quality of the evidence.15

Setting and Participants
We included RCTs that tested the efficacy of a conventional antipsychotic compared 
with placebo in participants aged 65 years or older who had diagnosed dementia, or 
delirium, or were frail and at risk of delirium. We excluded RCTs among patients with 
schizophrenia, advanced cancer, or terminal illness, and studies with multiple drugs 
in an intervention arm.

Intervention
The following drugs were considered to be conventional antipsychotics16: 
chlorpromazine, chlorprothixene, droperidol, flupentixol, fluphenazine, haloperidol, 
levomepromazine, loxapine, mesoridazine, molindone, pericyazine, perphenazine, 
pimozide, prochlorperazine, thioridazine, thiothixene, trifluoperazine, and zuclopen-
thixol.

Outcome Measure
Primary outcome measure was the number of participants who died between the 
start and the end of the study. Deaths of participants after the end of the study were 
excluded from the analyses.
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Search Strategy
Two investigators performed the literature search and selected the studies (TAH, HJL). 
Three sources were used to identify studies: (1) electronic databases, (2) references 
of published systematic reviews and meta-analyses, and (3) trial registration Web 
sites. The electronic databases covered PubMed, CINAHL, and Embase. To search 
RCTs, the search strings [‘generic name conventional antipsychotic’ AND trial] and 
[dementia OR delirium] were used to find studies. Second, published systematic 
reviews and meta-analyses also were identified with PubMed, CINAHL, and 
Embase databases. The references in these systematic reviews were hand-searched. 
Title and abstract of potentially eligible studies were retrieved in PubMed. Third, 
RCTs were searched in the trial registries clinicaltrials.gov and controlled-trials.
com for all the conventional antipsychotics mentioned previously. There were no 
restrictions with respect to publication date, language, or duration of the study. 
If studies seemed potentially eligible given title and abstract, full articles of published 
studies and online protocols of unpublished studies were retrieved. These articles 
and protocols were reviewed for definitive eligibility.

Data Extraction
Two reviewers (TAH, HJL) independently extracted the following data from the 
included studies: setting, type of patients, treatment groups, number of randomized 
patients in each treatment group, mean dose and range of administered haloperidol, 
study period, dropouts per group, and number of deaths per group. When mortality 
rates or other data were not reported, the corresponding author was contacted by 
e-mail and asked to provide the missing information. Only data from the first part of 
crossover studies (before actual crossover) was included.

GRADE and Risk of Bias
We followed the GRADE recommendation to rate the quality of overall evidence 
according to 5 items: risk of bias, inconsistency, indirectness, imprecision, and other 
considerations.15 The items are to be graded as either “serious risk” or “no serious 
risk.”

Three reviewers (TAH, SUZ, HJL) independently assessed the risk of bias in the RCTs 
with the Cochrane Collaboration risk of bias assessment tool.17 This tool covers 6 
items: (1) random sequence generation; (2) allocation concealment; (3) blinding of 
participants, health care personnel, and outcome assessors; (4) incomplete outcome 
data addressed adequately; (5) absence of selective reporting; and (6) absence of 
other potential sources of bias such as commercial funding. The reviewers also 
assessed (7) absence of baseline differences between treatment groups, because lack 
of baseline differences is the goal of randomization (items 1 and 2). Characteristics 
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that predict risk of dying, such as age, sex, race, and history of (cerebro)vascular 
disease, were of particular interest to the aim of our study. The last item was (8) 
low overall dropout (<20%)18 and comparable dropout across treatment arms (<5% 
difference). Each item was scored as low, high, or unclear risk of bias. Disagreements 
were resolved by consensus.

Statistical Analyses
Results of the included RCTs were pooled to obtain an estimate of the risk of 
mortality compared with placebo of (1) all conventional antipsychotics tested in the 
included trials, and (2) haloperidol. We considered patients with dementia, delirium, 
or at risk of delirium homogeneous in terms of frailty.

Deaths in treatment groups testing different dosages of a drug within one trial 
were combined. A pooled risk difference (RD) was calculated with Review Manager 
(RevMan, Cochrane Collaboration, Cophenhagen, Denmark) version 5.3 software by 
one author, and reproduced by another in Stata (Stata Corp, College Station, TX). 
RevMan software also calculated heterogeneity, presented as I2. A fixed effects 
model was used because heterogeneity was found to be below 30%.19 P values and 
95% CIs were calculated around the risk estimates.Hoofdstuk 2 – figuur 1 
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Barton 1966 (cross-over study only) 
Tewfik 1970 (cross-over study only) 
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Van der Burg 2006 (eligible but data not available) 
Lamy 2013 (study not yet completed) 
 
 
 
 
 

17 RCTs included in this meta-analysis  

Figure 1. Flow diagram of the literature search.
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Using the data of all trials and haloperidol trials, 5 subanalyses were performed 
in which pooled RDs were calculated for (1) RCTs in participants with dementia, 
(2) RCTs in participants at risk of delirium, (3) RCTs with no baseline differences, 
(4) RCTs with adequate blinding, and (5) RCTs with low overall dropout and 
comparable dropout across treatment groups. We did not study the effect of items 
4 to 6 of the Cochrane assessment tool because these items, although indicative 
for the quality of a trial, relate to efficacy outcomes instead of mortality risk. 
In addition, risk ratios (RRs) were calculated in RevMan to enable comparison with 
the results of previous studies. Because of zero events in most intervention groups, 
we used the overall unweighted number of events and participants randomized 
to a conventional antipsychotic or placebo. Also, a hazard ratio was calculated in 
Stata to take into account that trial duration varied between dementia and delirium-
prevention trials, and exposure duration was shorter than trial duration in delirium-
prevention trials. Person-days were calculated by multiplying the number of patients 
with the exposure duration in days. Patients who died or dropped out during the study 
were considered to have contributed person-days during half of the exposure period. 
Finally, we used RevMan software to create a funnel plot, and GRADEpro software 
version 3.6 (McMaster University, Hamilton, Canada) to make an evidence profile 
that presents the quality of the evidence.

Results
 
We identified 362 potentially relevant RCTs in the electronic databases, and checked 
77 references of systematic reviews and meta-analyses (see Figure 1). After screening 
titles and abstracts, full text articles or online protocols of 28 RCTs were retrieved. 
Finally, 17 RCTs met inclusion criteria.20-36 Data of one additional eligible, unpublished 
RCT found on a trial registration website was not provided by the corresponding authors 
(NCT00250237). We reran the search in June 2014, and found no additional studies. 
Conventional antipsychotics were compared with placebo in 17 RCTs that included 
2387 participants.20-36 Table 1 presents the study characteristics of these trials. 
They were published between 1962 and 2012. Fourteen studies were performed in 
patients with Alzheimer or vascular dementia. The follow-up periods varied between 
2.5 and 16.0 weeks. The other 3 studies were delirium-prevention trials in elderly 
patients who had undergone noncardiac surgery. These trials had 5 to 14 days of 
follow-up. We did not find a placebo-controlled trial that tested the efficacy of 
conventional antipsychotics to reduce psychotic symptoms of current delirium.

We assessed the risk of bias in the 17 RCTs (Table 2). In 14 studies, the random 
sequence generation or allocation concealment was not (adequately) described. 
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Twelve RCTs did not provide baseline characteristics per treatment group, or showed 
possible baseline differences in the risk of dying. Blinding procedures were unclear in 
9 RCTs. Eleven trials had a high overall dropout rate (>20%) or incomparable dropout 
rates between treatment arms (>5%).

Five articles specifically mentioned the mortality rates of the treatment 
groups.20,26,32,35,36 For one RCT, the rates were retrieved from a previously published 
systematic review.2,29 Eleven RCTs did not mention the number of deaths, but 3 
authors provided the information on request.27,31,33 In 3 other studies, the number of 
deaths in the groups was likely to be zero because no dropouts were reported.21,22,25 
For the 5 remaining trials, the number of deaths was assumed to be zero because 
deaths were not reported despite elaborate information on other adverse 
effects.23,27,31,33,34

A total of 32 deaths occurred in the 17 RCTs: 17 in the active treatment groups, 
and 15 in the placebo groups. The (rounded) mortality rate was 1.4% for the active 
treatment groups and 1.3% for the placebo groups. The RD of 0.1% was not 
statistically significant (95% CI -1.0%-1.2%; P= .84). Figure 2 presents the forest 
plot for the pooled analysis of all trials. Heterogeneity of the included trials in these 
analyses was low (I2= 0%). Apart from one of the smaller trials, which had a relatively 
high rate of deaths in the placebo group,26 the mortality risks were not substantially 
different between studies. The RD was 0.3% (95% CI -0.01-0.01; P= .61) when we 
excluded this trial from the analysis.

We repeated the meta-analysis for the 11 trials with one or more haloperidol groups 
(n= 1799). The RD was 0.4% and again not statistically significant (95% CI -0.9%-
1.6%; P= .57) (see Figure 1 in the appendix). Heterogeneity was low for this subset 
of trials (I2=  0%).

Table 3 shows the results of the sensitivity analyses. The point estimate was 
somewhat higher in the dementia trials (0.5%), but lower in delirium-prevention 
trials (-0.4%). The risks were also lower in trials with low risk because of baseline 
differences (0.0%), inadequate blinding (0.0%), or dropout (-0.6%). A similar pattern 
occurred for the haloperidol trials (see Table 1 in the appendix).

The RR for all conventional antipsychotics was 1.07 (95% CI 0.54-2.13), and the 
hazard ratio was 1.06 (95% CI 0.63-1.78). The RR for haloperidol was 1.25 (95% CI 
0.59-2.65), and the hazard ratio 1.21 (95% CI 0.66-2.22).
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Table 1. Characteristics of randomized placebo-controlled trials that tested conventional 
antipsychotics in elderly patients 
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Dementia trials
Hamilton, 
1962

27 Trifluopera-
zine

1 hospital, USA [4.0 – 8.0] 8 71.0 NA 4

Sugerman, 
1964

18 Haloperidol 1 hospital, USA [0.5 – 3.0] 6 71.5* 94.4 0

Rada, 
1976

42 Thiothixene 1 hospital, USA [6.0 – 15] 4 75.5 50.0 0

Barnes, 
1982 

53° Thioridazine
Loxapine

Nursing homes, 
USA

62.5
10.5

8 83.0 NA 9

Petrie, 
1982

61± Haloperidol
Loxapine

1 hospital, USA 4.6 [2.0 – 10]
21.9 [10 – 50]

8 72.7 50.8 39

Stotsky, 
1984

358 Thioridazine 5 hospitals/nursing 
homes, USA

[10 – 200] 4 76.2 54.8 0

Finkel, 
1995

35 Thiothixene 1 nursing home, 
USA

4.6 [0.25 – 18] 11 85.0 86.0 11

Auchus, 
1997

12 Haloperidol 1 out-patient 
center, USA

3.0 6 75.6 66.7 25

Devanand, 
1998

66 Haloperidol 1 memory clinic, 
USA

[0.5 – 3.0] 6 72.1 64.8 9

De Deyn, 
1999

229 Haloperidol 51 nursing homes, 
Europe/Canada

1.2 [0.5 – 4.0] 12 81.0* 56.0 53

Allain, 
2000

204 Haloper-
idol

116 hospitals/nurs-
ing homes, Europe

3.5 [2.0 – 6.0] 3 79.6 64.0 23

Teri, 
2000

70 Haloperidol 21 community 
centers, USA

1.8 [0.0 – 3.0] 16 75.6 54.7 36

Pollock,
2002

54 Perphenazine 1 nursing home, 
USA

6.5 2.5 79.7 66.6 56

Tariot, 
2006

193 Haloperidol 47 nursing 
homes, USA

1.9 [0.5 – 12] 10 83.2 73.0 54

Delirium prevention trials
Kaneko 
1999

78 Haloperidol 1 hospital, Japan 5.0 0.7† 72.8 35.9 3

Kalisvaart, 
2005

430 Haloperidol 1 hospital, 
Netherlands

1.5‡ 2 79.2 80.0 8

Wang, 
2012

457 Haloperidol 2 hospitals, China 1.7§ 1 74.2 36.9 0

NA: data not available; *Median; †5 days; ‡Medication was started at admission and 
continued until 3 days after surgery. A maximum delay of surgery of 72 hours was permitted; 
§Mean total dose administered in first twelve hours after entry into trial.
°Thiordazine: n=17, and loxapine: n=19; 
±Haloperidol: n=20, and loxapine: n=19;
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The quality of the overall evidence is summarized in a GRADE evidence profile 
(Table 4). We graded our confidence in the evidence provided by the review and 
meta-analysis of the included trials as high. Some risk of bias seemed present in 
the individual trials, but the sensitivity analyses among studies with low risk of bias 
(sensitivity analyses 3 to 5) showed that, if anything, the pooled RDs of 0.1% for all 
trials and 0.4% for haloperidol are overestimations of the true mortality risks. Also 
no inconsistency was observed. Precision was considered sufficient (see Discussion). 
One completed but unpublished study was identified, but the funnel plot did not 
indicate publication bias for all conventional antipsychotics (Figure 2 in the appendix) 
or for haloperidol (see Figure 3 in appendix).

Table 2. Risk of Bias
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Post hoc Analyses
Of one of the included delirium-prevention trials, we included deaths occurring in 
the study period of 7 days in our meta-analysis.36 The publication also provided 28-
day mortality rates: 2/229 for haloperidol versus 6/228 for placebo.36 When we 
used these rates in the meta-analysis of all trials, the pooled RD changed slightly 
from 0.1% (95% CI -1.0%-1.2%) to 0.0% (95% CI -1.0%-1.6%).

In addition, 2 trials tested thioridazine, which was discontinued worldwide because 
of concerns of cardiotoxicity and retinopathy 3 years before the warning against 
conventional antipsychotics. Excluding the thioridazine groups from the analysis did 
not change the pooled RD either (RD 0.1%; 95% CI -1.1%-1.4%; P= .84).

Table 3. Results of sensitivity analyses
Selected trials RCTs included RD, % 95% CI, % P-value
1.1 Dementia trials 20-30,32,33,35 0.5 -1.3-2.2 0.59
1.2 Delirium prevention trials 31,34,36 -0.4 -1.3-0.5 0.37
1.3 No baseline differences 27,28,30,33,34 0.0 -1.4-1.4 1.00
1.4 Adequate blinding 20,23,26,29,30,34-36 0.0 -1.5-1.5 0.96
1.5 Drop-out low and similar across 
groups

20,21,25,26,34,36 -0.6 -1.6-0.4 0.23

RD: risk difference

Figure 2. Forest plot of all trials. 
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Discussion
 
Our meta-analysis of 17 randomized trials in 2387 patients with dementia or at 
risk of delirium did not confirm that conventional antipsychotics or haloperidol 
in particular have a higher mortality rate than placebo. The RD was 0.1% for all 
conventional antipsychotics (95% CI -1.0%-1.2%), and 0.4% for haloperidol (95% CI 
-0.9%-1.6%) compared with placebo.

Many cohort studies have reported an association between conventional 
antipsychotics and an increased risk of mortality when compared with atypical 
antipsychotics or no use in elderly patients.3 The RD varied between 4.2% and 7.3% 
for the first 6 months of use, and the hazard ratio between 1.26 and 1.47. However, 
none of the studies adjusted for severity of illness.8 Therefore, terminal illness and 
comorbid delirium may have consistently confounded the observational findings. 
A strength of our study is that we provide a systematic review of randomized 
trials. The goal of randomization is to distribute baseline characteristics evenly 
among treatment groups. We found an RD of 0.1% and hazard ratio of 1.06 for all 
conventional antipsychotics. It is possible that study populations of the cohort studies 
and trials differed. The cohort studies involved any elderly patient who had received 
a conventional antipsychotic in hospital, a nursing home, or sometimes at home. 
The prevalence of cerebrovascular disease, heart failure, dementia, and depression 
was generally high. Many cohort studies excluded patients with schizophrenia. Trials 
on the other hand excluded patients who are terminally ill. They included patients 
treated for symptoms of dementia or for prevention of delirium after noncardiac 
surgery. These patient groups can be considered frail because of their age, cognitive 
impairment, somatic morbidity, and functional disability.

Table 4. GRADE evidence profile
Quality assessment No of patients Effect Quality Im-

portance
No of 
studies

Design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations

Conventional 
Antipsychotics 

Control Relative 
(95% CI)

Absolute

Conventional antipsychotics versus placebo
17 randomised 

trials
no serious 
risk of bias

no serious 
inconsistency

no serious 
indirectness

no serious 
imprecision

none¹ 17/1228  
(1.4%)

15/1159  
(1.3%)

RR 1.07 
(0.54 to 
2.13)

1 fewer per 1000 
(from 0.01 fewer 
to 0.01 more)

++++ 
HIGH

0% -
Haloperidol versus placebo
11 randomised 

trials
no serious 
risk of bias

no serious 
inconsistency

no serious 
indirectness

no serious 
imprecision

none¹ 15/900  
(1.7%)

12/899  
(1.3%)

RR 1.25 
(0.59 to 
2.65)

4 fewer per 1000 
(from 0.01 fewer 
to 0.02 more)

++++ 
HIGH

0% -
¹If anything, the risk estimate is an overestimation of the true risk.
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Discussion
 
Our meta-analysis of 17 randomized trials in 2387 patients with dementia or at 
risk of delirium did not confirm that conventional antipsychotics or haloperidol 
in particular have a higher mortality rate than placebo. The RD was 0.1% for all 
conventional antipsychotics (95% CI -1.0%-1.2%), and 0.4% for haloperidol (95% CI 
-0.9%-1.6%) compared with placebo.

Many cohort studies have reported an association between conventional 
antipsychotics and an increased risk of mortality when compared with atypical 
antipsychotics or no use in elderly patients.3 The RD varied between 4.2% and 7.3% 
for the first 6 months of use, and the hazard ratio between 1.26 and 1.47. However, 
none of the studies adjusted for severity of illness.8 Therefore, terminal illness and 
comorbid delirium may have consistently confounded the observational findings. 
A strength of our study is that we provide a systematic review of randomized 
trials. The goal of randomization is to distribute baseline characteristics evenly 
among treatment groups. We found an RD of 0.1% and hazard ratio of 1.06 for all 
conventional antipsychotics. It is possible that study populations of the cohort studies 
and trials differed. The cohort studies involved any elderly patient who had received 
a conventional antipsychotic in hospital, a nursing home, or sometimes at home. 
The prevalence of cerebrovascular disease, heart failure, dementia, and depression 
was generally high. Many cohort studies excluded patients with schizophrenia. Trials 
on the other hand excluded patients who are terminally ill. They included patients 
treated for symptoms of dementia or for prevention of delirium after noncardiac 
surgery. These patient groups can be considered frail because of their age, cognitive 
impairment, somatic morbidity, and functional disability.

Table 4. GRADE evidence profile
Quality assessment No of patients Effect Quality Im-

portance
No of 
studies

Design Risk of bias Inconsistency Indirectness Imprecision Other 
considerations

Conventional 
Antipsychotics 

Control Relative 
(95% CI)

Absolute

Conventional antipsychotics versus placebo
17 randomised 

trials
no serious 
risk of bias

no serious 
inconsistency

no serious 
indirectness

no serious 
imprecision

none¹ 17/1228  
(1.4%)

15/1159  
(1.3%)

RR 1.07 
(0.54 to 
2.13)

1 fewer per 1000 
(from 0.01 fewer 
to 0.01 more)

++++ 
HIGH

0% -
Haloperidol versus placebo
11 randomised 

trials
no serious 
risk of bias

no serious 
inconsistency

no serious 
indirectness

no serious 
imprecision

none¹ 15/900  
(1.7%)

12/899  
(1.3%)

RR 1.25 
(0.59 to 
2.65)

4 fewer per 1000 
(from 0.01 fewer 
to 0.02 more)

++++ 
HIGH

0% -
¹If anything, the risk estimate is an overestimation of the true risk.

One previous meta-analysis of trials reported a mortality risk of haloperidol in elderly 
patients.2 The main focus of this meta-analysis was to compare mortality rates of 
atypical antipsychotics with placebo in patients with dementia. An ad hoc analysis 
of 2 trials that had a third haloperidol group showed that the risk of mortality was 
higher for haloperidol than placebo (RR 2.07; 95% CI 0.78-5.51).2 We found an 
RR that was substantially lower (RR 1.25; 95% CI 0.59-2.65) based on 11 trials. 
The previous meta-analysis reported a mortality rate of 6.2% for haloperidol, and 
3.8% for placebo, whereas in our meta-analysis these rates were 1.7% and 1.3%, 
respectively. Not just the higher number of trials that we included may explain the 
disparate findings. The previous meta-analysis included data from a subgroup of 
trial participants with schizophrenia and other psychotic disorders not related to 
dementia. In this trial, the mortality rate of haloperidol versus placebo was higher 
among all participants (RR 2.3) than in the patients with Alzheimer dementia (RR 1.8).35 
Moreover, the previous meta-analysis was based on 2 RCTs with a high risk of 
bias owing to baseline differences among treatment groups and high dropout. For 
example, the haloperidol groups had higher proportions of men or persons with 
vascular dementia29,35 and these factors are predictive of death in patients with 
dementia.37 Our sensitivity analyses yielded lower risk estimates for trials with low 
risk of bias due to either baseline differences or dropout. That these trials were 
adequately blinded seems less important for an objective outcome, such as death.38

In general, the quality of the included trials seemed poor. Fifteen of 17 individual 
trials scored unclear or high risk of bias on 4 or more of the 8 quality items that 
we scored. Only 2, more recently published, trials scored low risk of bias on most 
items.34,36 Nine trials scored unclear risk because of inadequate blinding, probably 
because a relatively new requirement is that not only the patient and outcome 
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assessor are blinded (double-blind), but also the health care professionals attending 
to the patients. Way of blinding, for example through identical tablets of haloperidol 
and placebo, was often not specified in the older publications. However, publication 
date may not fully explain the overall poor study quality. Twelve of 17 trials scored 
an unclear or high risk of bias owing to baseline differences despite randomization, 
because for instance tables with baseline characteristics per groups were missing. 
Dropout rates were also high independent of publication date. Noteworthy is that 
investigators of one trial performed discontinuation visits to reduce bias due to 
dropout.30 Although the individual trials may not have been free of bias, as part of 
our GRADE rating, we rated the risk of bias in the overall evidence as “not serious.” 
This is related to the direction of the presumed bias.18 Our sensitivity analyses 
among studies with low risk of bias showed that, if anything, the pooled RD of 0.1% 
for conventional antipsychotics and RD of 0.4% for haloperidol are overestimations 
of the true mortality risks.

We rated the power of the meta-analyses and thereby precision of the results as 
sufficient. As mentioned previously, cohort studies have found an RD of at least 4.2% 
for conventional versus atypical antipsychotics in elderly populations.3 None of the 
cohort studies reported risk differences for haloperidol separately, but in general the 
RRs of haloperidol were higher for haloperidol than all conventional antipsychotics 
combined. A post hoc calculation showed that the power of our meta-analysis of 
all trials was 100% to detect an RD of 4.2% or higher, assuming a placebo rate of 
1.3% (as we found in our meta-analysis). Put differently, the total number of patients 
included in our meta-analysis (n= 2387 for all conventional antipsychotics, and 1799 
for haloperidol) exceeded the number needed for a single adequately powered trial 
given an alpha of 0.05, and beta of 0.2 (n= 1762).39,40 For the subgroup of patients 
with dementia, to which the warning against conventional antipsychotics refers, one 
cohort study reported a statistically significant mortality risk of 2.6%.3 The power of 
our analysis of dementia trials was 80.0% to detect an RD of at least 2.6%, assuming 
a placebo rate of 1.9%.

The power of our analyses was not sufficient to detect an RD of 1%. This is the 
mortality risk that Schneider et al.2 found for atypical antipsychotics versus placebo, 
and it led to a warning from health authorities against use of atypical antipsychotics 
in patient with dementia.41 It is, however, questionable whether an RD of 1% is 
considered clinically relevant in daily practice. In the years following the warning, 
use of atypical antipsychotics decreased only slightly from 18% to 17% in Canadian 
nursing home patients with dementia, and 14% to 11% in American outpatients with 
dementia, and increased again after the warning against conventional antipsychotics 
was issued.42,43 Perhaps clinicians, patients, and family do not consider a 1% increase 
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in risk of mortality clinically relevant. Patients with dementia already have a poor 
prognosis, especially when psychosis or aggression co-occurs. The opportunity of 
diminishing these symptoms with an antipsychotic and thereby increasing quality of 
life may outweigh the small increase in risk of dying.

The results of this meta-analysis refute the observational association between 
conventional antipsychotics in general, or haloperidol in particular. They do not 
confirm an increased mortality risk for conventional antipsychotics in elderly patients 
with dementia either. Except for one delirium-prevention trial, the trials that we 
used were available in 2008. Hence, our findings question the scientific support for 
the warning against conventional antipsychotics in patients with dementia that was 
based on the observational findings.
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Appendix

Study or Subgroup
1.7.1 Dementia
Allain2000
Auchus1997
DeDeyn1999
Devanand1998
Petrie1982
Sugerman1964
Tariot2006
Teri2000
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.92, df = 7 (P = 1.00); I² = 0%
Test for overall effect: Z = 0.98 (P = 0.33)

1.7.2 Delirium
Kalisvaart2005
Kaneko1999
Wang2012
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 1.21, df = 2 (P = 0.55); I² = 0%
Test for overall effect: Z = 0.90 (P = 0.37)

Total (95% CI)
Total events
Heterogeneity: Chi² = 4.40, df = 10 (P = 0.93); I² = 0%
Test for overall effect: Z = 0.56 (P = 0.57)
Test for subgroup differences: Chi² = 1.50, df = 1 (P = 0.22), I² = 33.5%

Events

2
0
6
0
0
0
7
0

15

0
0
0

0

15

Total

101
6

115
42
20
9

94
34

421

212
38

229
479

900

Events

1
0
5
0
0
0
4
0

10

0
0
2

2

12

Total

103
6

114
24
22
9

99
36

413

218
40

228
486

899

Weight

11.4%
0.7%

12.8%
3.4%
2.3%
1.0%

10.8%
3.9%

46.2%

24.0%
4.3%

25.5%
53.8%

100.0%

M-H, Fixed, 95% CI

0.01 [-0.02, 0.04]
0.00 [-0.27, 0.27]
0.01 [-0.05, 0.06]
0.00 [-0.06, 0.06]
0.00 [-0.09, 0.09]
0.00 [-0.19, 0.19]
0.03 [-0.03, 0.10]
0.00 [-0.05, 0.05]
0.01 [-0.01, 0.04]

0.00 [-0.01, 0.01]
0.00 [-0.05, 0.05]

-0.01 [-0.02, 0.01]
-0.00 [-0.01, 0.00]

0.00 [-0.01, 0.02]

Haloperidol Placebo Risk Difference Risk Difference
M-H, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours [haloperidol] Favours [placebo]

 
Figure 1. The mortality risk of haloperidol versus placebo

Table 1. Results of sensitivity analyses haloperidol trials only
Selected trials RCTs included RD, % 95% CI, % P-value
1.1 Dementia trials 21–23,25–27,30,31 1.3% [-1.3%;3.8%] 0.33
1.2 Delirium prevention trials 24,28,29 -0.4% [-1.3%;0.5%] 0.37
1.3 No baseline differences 23,26,28,31 0.0% [-1.4%;1.4%] 1.00
1.4 Adequate blinding 25,26,28–30 0.3% [-1.1%;1.7%] 0.66
1.5 Drop-out low and similar across 
groups

21,28,29 -0.4% [-1.4%;0.5%] 0.37

RD: risk difference
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eFigure 2 Funnel plot of 
all trials

 
eFigure 3 Funnel plot of 
haloperidol trials only
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Abstract

Objective
Postulating that efficacy of antipsychotics for agitation and psychosis in dementia 
is best estimated in trials among patients with these symptoms and with symptom-
specific outcomes, we investigated whether clinically broader definitions affected 
the pooled efficacy.

Study Design and Setting
Trials were searched in multiple databases and categorized according to patient 
population (agitated, psychotic, mixed) and outcome scale (agitation, psychosis, 
generic). Standardized mean differences with 95% confidence intervals were 
calculated for conventional and atypical antipsychotics separately. 

Results
Thirty trials met our inclusion criteria. Conventional antipsychotics might have a small 
effect in agitated patients on agitation scales (-0.44; -0.88, 0.01), and in psychotic 
patients on psychosis scales (-0.31; -0.61, -0.02). There was no effect on generic 
scales. Efficacy of atypical antipsychotics was not established in agitated patients 
on agitation scales (-0.15; -0.43, 0.13), and in psychotic patients on psychosis scales 
(-0.11; -0.20, -0.03), but was small in mixed patients on agitation scales (-0.29; 
-0.40, -0.18).

Conclusion
Pooled efficacy of antipsychotics for agitation and psychosis in dementia is biased 
when based on trials that included patients without these target symptoms, or on 
results measured with generic scales. This finding is important for reviewers and 
guideline developers who select trials for reviews.
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Introduction

Systematic reviews and guidelines are key information sources for clinicians who 
wish to practice evidence-based medicine. To ensure the validity of review results, 
reviewers usually adhere to internationally accepted methods, such as those described 
in the Cochrane Handbook and GRADE recommendations.1,2 Both methods advise 
to define the research question in terms of the Patients, Intervention of interest, 
Comparison intervention and Outcome (PICO) a-priori.3 Subsequently, only those 
trials that meet this PICO should be included in the review.

Whereas the definition of the intervention of interest and the comparison intervention 
seem straightforward, the patient population and outcome may deserve more 
attention. The Cochrane Handbook and GRADE recommendations emphasize that 
they need to be determined meticulously. Patients should be defined ‘sufficiently 
broad’ but ‘sufficiently narrow’ to include the most important characteristics.1 
If efficacy is pooled across different patient populations in which it cannot be 
expected to be similar, there is a risk that results of a review are not meaningful 
or even misleading.1,4 With respect to defining the outcome, it is advised to focus 
on outcomes that are likely to be clinically relevant, and to exclude those that are 
‘trivial or meaningless’.1 Pooled results based on irrelevant or intermediate outcomes 
might be deceptive, and may be a reason to rate down the quality of evidence.1,4

A problem with defining the patients and outcome appears to exist in reviews about 
the efficacy of antipsychotics for agitation and psychosis in dementia. Those reviews 
have included not only trials among patients with agitation or psychosis, but also 
trials among patients with neuropsychiatric symptoms (NPS) in general.5-8 NPS 
can consist of agitation and psychosis, but also of depression, anxiety, night-time 
behavior or appetite change. As a result, those reviews were based on patients who 
did not necessarily all have the target symptom agitation or psychosis. For example, 
they may have included also patients with only depression.

Furthermore, reviews on the efficacy of antipsychotics for agitation and psychosis 
in dementia have pooled results that were not exclusively based on agitation- and 
psychosis-specific outcome scales.5-8 Results based on generic outcome scales such 
as the Neuropsychiatric Inventory (NPI) and Behavioral Pathology in Alzheimer’s 
Disease Scale (BEHAVE-AD) were included as well.9,10 These scales cover not only 
agitation and psychosis, but also other NPS. Yet, a treatment effect established with a 
generic scale does not represent the effect on agitation or psychosis specifically, and 
may reflect a change in any other symptom profile. Such a change could therefore be 
regarded as less important or indirect to start with.
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Current guidelines are based on meta-analyses of trials among patients with any 
kind of NPS and include treatment effects measured with generic outcome scales. 
These guidelines support the use of antipsychotic drugs for severe agitation and 
for psychosis in dementia.11-15 Usually, they differentiate between conventional and 
atypical antipsychotics for their pharmacological properties, presumed mechanisms 
of effect, and side effect profiles. Some guidelines recommend the atypical 
antipsychotic risperdone as drug of first choice, or alternatively the conventional 
antipsychotic haloperidol.11, 13-15  

We postulate that the best estimate for efficacy of antipsychotics in patients 
with dementia and agitation, respectively psychosis, is assessed in patients with 
the target symptom (i.e. indication) and measured with a target-specific outcome 
scale. We investigated whether a broad definition of patients and outcome, differs 
clinically from a target-specific definition, for the pooled efficacy of antipsychotics 
for agitation and psychosis in dementia.

The aim of this study was to assess: 
1. the efficacy of conventional and atypical antipsychotics measured in patients 

with dementia and agitation or psychosis, and measured with agitation- or 
psychosis-specific outcome scales, 

2. the efficacy of antipsychotics in patients with dementia and any type of NPS, 
and measured with agitation- or psychosis-specific outcome scales; and

3. the efficacy of antipsychotics in patients with dementia and agitation or 
psychosis, measured with generic outcome scales for NPS.

Methods

Search
Two researchers (TAH and HJL) searched Pubmed, Embase, Cinahl, and the 
Cochrane Library through August 2017 for reported trials. In addition, references 
of systematic reviews and meta-analyses were hand-searched for relevant trials. For 
unpublished trials, we searched 17 trial registration websites and the databases of 
the Dutch Medicines Evaluation Board and the U.S. Food and Drug Administration. 
Search terms included individual generic drug names in the group N05A of the World 
Health Organization Anatomical Therapeutic Chemical classification , ‘dementia’, 
and ‘trial’.16  

We screened title and abstracts of the hits, followed by full text review of potentially 
eligible studies. We included trials that met the following criteria according to two 
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independent reviewers (CS, HJL): 1) a randomized trial, 2) testing efficacy of oral 
antipsychotics against placebo, 3) in patients with Alzheimer’s, vascular and/or 
mixed dementia, and 4) who had agitation, psychosis, or NPS in general. We used no 
restrictions with regard to duration, language or publication date.

Data extraction
A pair of reviewers (TAH, CS, or HJL) independently extracted the following 
descriptive data per trial: type of the antipsychotic drug, type of dementia, exclusion 
criteria with regard to psychiatric disorders including substance abuse, number of 
patients randomized per arm, setting, country, publication year, and trial duration.  
Based on the eligibility criteria of every trial, we (CS and HJL) categorized each 
trial into three types of patient populations: 1) dementia and (at least) agitation, 2) 
dementia and (at least) psychosis, or 3) dementia and any type of NPS.

We (CS and HJL) extracted the trial results in terms of the reduction in agitation, 
psychosis and generic NPS in the active treatment and placebo group independently, 
i.e. the mean change from baseline to end point with standard deviations (SDs) 
as measured with an agitation-specific (sub)scale, psychosis-specific (sub)scale, 
and generic scale respectively. For studies that used more than one scale for one 
outcome, we used the scale that was the reported primary outcome, and otherwise 
the most frequently used scale across trials. If no specific instrument for agitation 
or psychosis was used, we extracted the reported relevant subscale of the generic 
instrument (e.g. NPI-psychosis of the NPI). If only subscales of agitation- or psychosis-
specific scales (e.g. the subscale Physically Non-Aggressive Behavior of the Cohen-
Mansfield Agitation Inventory (CMAI)) were reported, we did not extract these data 
for risk of selective reporting. For trials with multiple atypical antipsychotic groups 
or groups with different doses, we calculated average changes and SDs for the 
combined groups.

We used the standard error, p-value, t-value or confidence interval (CI) to calculate 
missing SDs. If this information was missing as well, we imputed the SD with that 
from another trial or cohort study with the same patient population and outcome 
scale:17 we used the SDs of Tariot 2006 to impute the SD in the trials of Barnes 1982, 
Petrie 1982, and Devanand 1998, and the SDs of Finkel 1995 in the trial of Auchus 
1997.18-23 Discrepancies in study selection and data extraction were discussed until 
consensus was reached (CS and HJL).

Statistical analysis
For each combination of patients and outcome, we pooled trial results using standard 
meta-analysis. Because different scales were used for one outcome, we calculated 



Chapter 3. Efficacy of antipsychotics for agitation and psychosis

46

standardized mean differences (SMDs) with a 95% confidence intervals (CIs). Analyses 
for conventional and atypical antipsychotic trials were performed separately. We 
applied a fixed effects model when heterogeneity between the trials was low (I-squared 
below 40% and p-value of standard chi-square statistic above 0.05), and otherwise a 
random-effects model.24 All analyses were performed using Stata statistical software 
version 13.1.17 (StataCorp, College Station, Texas). We applied the traditional SMDs 
cut-offs to compare the pooled results: we interpreted -0.2 or lower as a negligible 
treatment effect, -0.2 to -0.5 as a small treatment effect (noticeably smaller than 
medium but not so small as to be trivial), -0.5 to -0.8 as a medium effect (likely to 
be visible to the naked eye of a careful observer), and above -0.8 as a large effect.25

Sensitivity analyses
We conducted three sensitivity analyses: (1) including only trials with haloperidol 
and risperidone, since they are the most frequently studied and used conventional 
respectively atypical antipsychotic drug; (2) including only trials among patients 
with agitation but without psychosis; (3) including only trials that did not require 
imputation of missing data.
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30 included in study 

1793 excluded based on title/abstract 
436 duplicates 
 
 
 
 
 

2273 potentially relevant references retrieved  
201 from Pubmed  
312 from Embase  
96 from Cinahl 
276 from Cochrane Library 
464 hand-searched 
924 from trial databases 

44 included for full text review 

24 used for meta-analyses 

14 excluded: 
2 not placebo-controlled: Ballard 2015; Holmes 2007 
1 intramuscular administration: Meehan 2002 
2 population with other types of dementia: Kurlan 2007; Rabey 
2007 
4 no reported presence of NPS: ILO-522 2002, Kennedy 2005, 
Ris-int-83 1997, ZIP-128-105 1993 
5 protocols or duplicate trials: Breder 2004, Schneider 2001, 
Schneider 2003, Schneider 2006, Zheng 2009 

6 no useable efficacy data:  
   3 no data at all: Rada 1976, Ris-bel-14 1997, Herz 2002 
   3 SDs missing and no imputation possible: Hamilton 1962, Sugerman 
1964,    Stotsky 1984 

Figure 1. Flow diagram of literature search and study selection
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Results
 
Our search strategy yielded 2363 hits, of which 44 underwent full text review.18-23, 26-

63  Thirty trials met the inclusion criteria.18-23, 26-48, 63  All trials were written in English. 
Six of these did not provide data that could be pooled, but we describe these results 
narratively as part of our review.28-31,34,63  Figure 1 presents our search including 
reasons for exclusion.

Table 1 summarizes the general study characteristics of the 30 trials. The trial 
populations consisted of patients with Alzheimer’s, vascular, or mixed dementia 
that resided in nursing homes, hospitals, or the community. The trials included 12 
to 652 patients, lasted 2.5 to 36 weeks, and were published between 1962 and 
2008. Eleven trials assessed conventional antipsychotics (haloperidol, thioridazine, 
thiothixene, trifluoperazine, loxapine, perphenazine), 16 atypical antipsychotics 
(risperidone, olanzapine, quetiapine, aripiprazole, tiapride), and three assessed both 
classes of drugs in a three-armed trial. 

In eight trials, the investigated patients had agitation, in nine trials psychosis, and 
in 13 any NPS. Patients with agitation had been defined as eligible for a trial if they 
had shown aggression, inappropriate verbal or motor activity, hostility, tension, 
uncooperativeness, excitement, or poor impulse control. Patients with psychosis 
had been included in a trial if they had had delusions, hallucinations, conceptual 
disorganization, suspiciousness, or unusual thought content. The category ‘any NPS’ 
encompassed trials that had included patients with any NPS. In 21 trials, eligibility 
had been determined with an assessment instrument, in the other nine trials with 
the clinical observation of the target symptom by a health care professional or 
caregiver. Many trials excluded patients with a history of psychiatric disorders such 
as schizophrenia and depression. For details, see Appendix A.

Outcomes had been measured with agitation-specific scales in 14 trials, with 
psychosis-specific scales in 13 trials and with generic scales that measure NPS in 
26 trials.

Table 1 presents the trials we included for each combination of patients and outcome 
scale. The number of trials that could be included in the meta-analyses varied. For 
example, in the meta-analysis on efficacy of conventional antipsychotics among 
patients with agitation and measured with agitation-specific outcomes, we included 
four trials.22,23,26,27  For conventional antipsychotics, five of six meta-analyses were based 
on one trial; the analysis in patients with agitation on agitation outcomes included four 
trials. For atypical antipsychotics, the meta-analyses were based on two to eight trials.
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Table 1. Study characteristics of antipsychotic trials for NPS in dementia
Publication Drug Eligibility criterion Setting Country N Duration,

weeks
Outcome
Agitation Psychosis Generic

Conventional antipsychotics
Patients with agitation
Finkel 1995 thiothixene CMAI NH USA 35 11 CMAI - -
Auchus 1997 haloperidol CMAI OUT USA 12 6 CMAI - -
Allain 2000a, c haloperidol MOSES NH/HOS Europe 204 3 MOSES I/A - -
Teri 2000c haloperidol clinically OUT USA 70 16 CMAI - BRSD

Patients with psychosis
Hamilton 1962 trifluoperazine clinically HOS USA 27 8 - - MACCb

Tariot 2006a haloperidol BPRS + NPI NH USA 193 10 - NPI-NH P BPRS

Patients with any NPS
Sugerman 1964 haloperidol clinically HOS USA 18 6 - - PSCb

Rada 1976 thiothixene clinically HOS USA 42 4 - - NRb

Barnes 1982 thioridazine, loxapine clinically NH USA 53 8 - - BPRS
Petrie 1982 loxapine clinically HOS USA 61 8 - - BPRS
Stotsky 1984 thioridazine clinically NH/HOS USA 358 4 HS Ab - HSb

Devanand 1998 haloperidol (SADS + BPRS) / BSSD OUT USA 66 6 - - BPRS
De Deyn 1999a haloperidol BEHAVE-AD NH Europe, Canada 229 12 BEHAVE-AD A BEHAVE-AD P BEHAVE-AD
Pollock 2002 perphenazine NRS NH USA 54 2.5 NRS Ab NRS Pb NRS

Atypical antipsychotics
Patients with agitation
Allain 2000a, c tiapride MOSES NH/HOS Europe 205 3 MOSES I/A - -
Herz 2002 risperidone, olanzapine CGS + ADAS/BPRS UNK USA 29 6 CMAIb - BPRSb

Brodaty 2003 risperidone CMAI NH Australasia 345 12 CMAIb - BEHAVE-AD
Ballard 2005 quetiapine CMAI + NPI NH UK 62 6 CMAI - -
Zhong 2007 quetiapine PANSS-EC NH USA 333 10 CMAI - NPI-NH

Patients with psychosis
Satterlee 1995 olanzapine BEHAVE-AD UNK UNK 238 8 - - BEHAVE-AD
De Deyn 2004 olanzapine clinically NH/HOS worldwide 652 10 - NPI-NH P NPI-NH
Deberdt 2005 risperidone, olanzapine NPI-NH NH/OUT USA 494 10 - NPI-NH P NPI
De Deyn 2005 aripiprazole NPI OUT USA 208 10 - NPI-NH P NPI
Mintzer 2006 risperidone BEHAVE-AD NH USA 473 8 - BEHAVE-AD P BEHAVE-AD
Tariot 2006a quetiapine BPRS NH USA 190 10 - NPI-NH P BPRS
Mintzer 2007 aripiprazole NPI-NH NH worldwide 487 10 - NPI-NH P NPI-NH
Streim 2008 aripiprazole NPI-NH NH USA 256 10 - NPI-NH P NPI-NH

Patients with any NPS
Ris-bel-14 1997 risperidone clinically UNK UNK 39 4 - - NRb

De Deyn 1999a risperidone BEHAVE-AD NH Europe, Canada 229 12 BEHAVE-AD A BEHAVE-AD P BEHAVE-AD
Katz 1999 risperidone BEHAVE-AD NH USA 625 12 BEHAVE-AD A BEHAVE-AD P BEHAVE-AD
Street 2000 olanzapine NPI-NH NH USA 206 6 NPI-NH A NPI-NH P NPI-NH
Sultzer 2008 risperidone, olanzapine, 

quetiapine
BPRS/NPI OUT USA 421 36 BPRS A BPRS P BPRS

Paleacu 2008 quetiapine NPI UNK Israel 40 6 NPI A NPI P NPI

a Trials that investigated both conventional and atypical antipsychotics.
b Although measured, no useable data
c Patients with psychosis excluded
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Table 1. Study characteristics of antipsychotic trials for NPS in dementia
Publication Drug Eligibility criterion Setting Country N Duration,

weeks
Outcome
Agitation Psychosis Generic

Conventional antipsychotics
Patients with agitation
Finkel 1995 thiothixene CMAI NH USA 35 11 CMAI - -
Auchus 1997 haloperidol CMAI OUT USA 12 6 CMAI - -
Allain 2000a, c haloperidol MOSES NH/HOS Europe 204 3 MOSES I/A - -
Teri 2000c haloperidol clinically OUT USA 70 16 CMAI - BRSD

Patients with psychosis
Hamilton 1962 trifluoperazine clinically HOS USA 27 8 - - MACCb

Tariot 2006a haloperidol BPRS + NPI NH USA 193 10 - NPI-NH P BPRS

Patients with any NPS
Sugerman 1964 haloperidol clinically HOS USA 18 6 - - PSCb

Rada 1976 thiothixene clinically HOS USA 42 4 - - NRb

Barnes 1982 thioridazine, loxapine clinically NH USA 53 8 - - BPRS
Petrie 1982 loxapine clinically HOS USA 61 8 - - BPRS
Stotsky 1984 thioridazine clinically NH/HOS USA 358 4 HS Ab - HSb

Devanand 1998 haloperidol (SADS + BPRS) / BSSD OUT USA 66 6 - - BPRS
De Deyn 1999a haloperidol BEHAVE-AD NH Europe, Canada 229 12 BEHAVE-AD A BEHAVE-AD P BEHAVE-AD
Pollock 2002 perphenazine NRS NH USA 54 2.5 NRS Ab NRS Pb NRS

Atypical antipsychotics
Patients with agitation
Allain 2000a, c tiapride MOSES NH/HOS Europe 205 3 MOSES I/A - -
Herz 2002 risperidone, olanzapine CGS + ADAS/BPRS UNK USA 29 6 CMAIb - BPRSb

Brodaty 2003 risperidone CMAI NH Australasia 345 12 CMAIb - BEHAVE-AD
Ballard 2005 quetiapine CMAI + NPI NH UK 62 6 CMAI - -
Zhong 2007 quetiapine PANSS-EC NH USA 333 10 CMAI - NPI-NH

Patients with psychosis
Satterlee 1995 olanzapine BEHAVE-AD UNK UNK 238 8 - - BEHAVE-AD
De Deyn 2004 olanzapine clinically NH/HOS worldwide 652 10 - NPI-NH P NPI-NH
Deberdt 2005 risperidone, olanzapine NPI-NH NH/OUT USA 494 10 - NPI-NH P NPI
De Deyn 2005 aripiprazole NPI OUT USA 208 10 - NPI-NH P NPI
Mintzer 2006 risperidone BEHAVE-AD NH USA 473 8 - BEHAVE-AD P BEHAVE-AD
Tariot 2006a quetiapine BPRS NH USA 190 10 - NPI-NH P BPRS
Mintzer 2007 aripiprazole NPI-NH NH worldwide 487 10 - NPI-NH P NPI-NH
Streim 2008 aripiprazole NPI-NH NH USA 256 10 - NPI-NH P NPI-NH

Patients with any NPS
Ris-bel-14 1997 risperidone clinically UNK UNK 39 4 - - NRb

De Deyn 1999a risperidone BEHAVE-AD NH Europe, Canada 229 12 BEHAVE-AD A BEHAVE-AD P BEHAVE-AD
Katz 1999 risperidone BEHAVE-AD NH USA 625 12 BEHAVE-AD A BEHAVE-AD P BEHAVE-AD
Street 2000 olanzapine NPI-NH NH USA 206 6 NPI-NH A NPI-NH P NPI-NH
Sultzer 2008 risperidone, olanzapine, 

quetiapine
BPRS/NPI OUT USA 421 36 BPRS A BPRS P BPRS

Paleacu 2008 quetiapine NPI UNK Israel 40 6 NPI A NPI P NPI

a Trials that investigated both conventional and atypical antipsychotics.
b Although measured, no useable data
c Patients with psychosis excluded
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A: agitation subscore; ADAS: Alzheimer’s Disease Assessment Scale;64 BEHAVE-AD: Behavior 
Pathology in Alzheimer’s Disease Rating Scale;10 BPRS: Brief Psychiatric Rating Scale;65  BRSD: 
Behavioral Rating Scale for Dementia;66 BSSD: Behavioral Syndromes Scale for Dementia;67 
CGS: abbreviation not written in full;34 CMAI: Cohen-Mansfield Agitation Inventory;68 HOS: 
hospitalized; HS: modified Hamilton Anxiety Scale (no reference reported); I/A: irritability/
aggressiveness subscale; MACC: Motility Affect Cooperation Communication behavioral 
adjustment scale;69 MOSES: Multidimensional Observation Scale for Elderly Subjects;70 
N: number of patients randomized; NH: nursing home; NPI: Neuropsychiatric Inventory;9 
NPI-NH: Neuropsychiatric Inventory – Nursing Home version;71 NR: used instrument 
was not reported; NRS: Neurobehavioral Rating Scale;72 OUT: outpatient; P: psychosis 
subscore; PANSS-EC: Positive and Negative Syndrome Scale - Excitement Component;73 
PSC: Psychiatric Symptom Checklist (no reference reported); SADS: Schedule for Affective 
Disorders and Schizophrenia;74 UNK: unknown

Table 2 summarizes the pooled efficacy of conventional antipsychotics and atypical 
antipsychotics by patients and outcome scale. Results of the six trials without 
poolable data are described narratively in the footnote; these generally confirmed 
the pooled results. The appendices B, C, and D present the forest plots.

Efficacy of conventional antipsychotics
Conventional antipsychotics had a small treatment effect in patients with agitation 
on agitation scales (SMD -0.44; 95% CI -0.88 to 0.01), and in patients with psychosis 
on psychosis scales (SMD -0.31; 95% CI -0.61 to -0.02). Both results included the 
possibility of a negligible and a large effect. In studies among patients with any kind 
of NPS, the effect was again small when assessed with agitation scales (SMD -0.28; 
95% CI -0.54 to -0.02) and psychosis scales (SMD -0.23; 95% CI -0.49 to 0.04), 
and confidence intervals were wide again. Among studies in which the effect was 
assessed with generic NPS scales, the point estimates did not indicate an effect in 
patients with agitation (SMD -0.00; 95% CI -0.47 to 0.47) or psychosis (SMD -0.04; 
95% CI -0.33 to 0.26). 

Efficacy of atypical antipsychotics
Atypical antipsychotics had a negligible effect with a wide confidence interval in 
patients with agitation measured with agitation outcome scales (SMD -0.15; 95% CI 
-0.43 to 0.13). The treatment effect in patients with psychosis on psychosis outcome 
scales was negligible as well (SMD -0.11; 95% CI -0.20 to -0.03). When assessed in 
patients with any NPS, a small treatment effect on agitation outcomes was found 
(SMD -0.29; 95% CI -0.40 to -0.18), and a negligible effect on psychosis outcomes 
(SMD -0.13; 95% CI -0.24 to -0.02). 
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Table 2. Efficacy of antipsychotic drugs according to patients and outcome
Outcomes
Agitation
SMD 
(95% CI)
n/N

Psychosis
SMD 
(95% CI)
n/N

Generic
SMD 
(95% CI)
n/N

Conventional antipsychotics 
Patients with agitation -0.44‡

(-0.88, 0.01)
4/4

NA -0.00
(-0.47, 0.47)
1/1

Patients with psychosis NA -0.31
(-0.61, -0.02)
1/1

-0.04
(-0.33, 0.25)
1/2a

Patients with any NPS -0.28
(-0.54, -0.02)
1/3b

-0.23
(-0.49, 0.03)
1/2c

NA

Atypical antipsychotics 
Patients with agitation -0.15§

( -0.43, 0.13)
3/5d

NA -0.22†
(-0.55, 0.11)
2/3e

Patients with psychosis NA -0.11
(-0.20, -0.03)
7/7

-0.10
(-0.19, -0.02)
8/8

Patients with any NPS -0.29
(-0.40, -0.18)
5/5

-0.13
(-0.24, -0.02)
5/5

NA

‡ random effects analysis; heterogeneity chi2 = 7.42, df = 3 (p = 0.060); I2 = 59.6%; Tau2 = 0.1121 
§ random effects analysis; heterogeneity chi2 = 4.42, df = 2 (p = 0.110); I2 = 54.7%; Tau2 = 0.0320 
† random effects analysis; heterogeneity chi2 = 3.92, df = 1 (p = 0.048); I2 = 74.5%; Tau2 = 0.0419 
n/N: number of trials included in the meta-analysis per number of trials that measured this 
specific outcome and specific patients, NPS: neuropsychiatric symptoms 
a: No data from one negative trial (n = 27).28 
b: Excluding one positive trial that reported 0.9 improvement in the intervention group 
versus 0.2 in the placebo group (p < 0.001)  on the agitation item of the modified Hamilton 
Anxiety Scale ranging from 1 to 5 (n = 358);31 and one negative trial that reported no 
significant difference between intervention and placebo (n = 54).33 
c: Excluding one negative trial that reported no significant difference between intervention 
and placebo (n =54).33 
d: Excluding two trials that reported only results of CMAI subscales: one positive trial that 
reported 7.5 point improvement on the CMAI aggression subscale in the intervention group 
versus 3.1 point in the placebo group (p < 0.001), and 7.3 point improvement on the CMAI 
non-aggression subscale in the intervention group versus 2.8 point improvement in the 
placebo group (p = 0.002) (n = 345 );35 and one trial that reported non-statistical difference 
on one CMAI item (n = 29).34 
e: Excluding one trial that reported only the results on some BPRS items (n = 29).34
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Table 3. Efficacy of haloperidol and risperidone according to patients and outcome
Outcomes
Agitation
SMD 
(95% CI)
n/N

Psychosis
SMD 
(95% CI)
n/N

Generic
SMD 
(95% CI)
n/N

Haloperidol 
Patients with agitation -0.30

[-0.53, -0.06]
3/3

NA -0.00
[-0.47, 0.47]
1/1

Patients with psychosis -0.31
[-0.61, -0.02]
1/1

-0.04
[-0.33, 0.26]
1/1

Patients with any NPS -0.28
[-0.54, -0.02]
1/1

-0.23
[-0.49, 0.04]
1/1

NA

Risperidone 
Patients with agitation -

-
0/2a

NA -0.38
[-0.61, -0.16]
1/2b

Patients with psychosis NA -0.05‡
[-0.30, 0.20]
2/2

0.06
[-0.10, 0.21]
2/2

Patients with any NPS -0.27
[-0.40, -0.14]
3/3

-0.18
[-0.31, -0.04]
3/3

NA

‡ random effects analysis; heterogeneity chi2  =2.55, df = 1 (p = 0.110) I2 =  60.8%; Tau2 = 0.0202  
n/N: number of trials included in the meta-analysis per number of trials that measured this 
specific outcome and specific patients, NPS: neuropsychiatric symptoms
a: Excluding two trials that reported only results of CMAI subscales or items: one positive trial 
that reported 7.5 point improvement on the CMAI aggression subscale in the intervention 
group versus 3.1 point in the placebo group (p < 0.001), and 7.3 point improvement on the 
CMAI non-aggression subscale in the intervention group versus 2.8 point improvement in the 
placebo group (p = 0.002) (n = 345 );35  and one trial that reported non-statistical difference 
on one CMAI item (n = 29).34

b: Excluding one trial that did not report the results on the BPRS (n = 29).34

 

In patients with agitation, measurements with generic NPS scales yielded a small 
effect with a wide confidence interval (SMD -0.22; 95% CI -0.55 to 0.11), and a 
negligible effect (SMD -0.11; 95% CI-0.19 to -0.02) in patients with psychosis. 

Sensitivity analyses
The sensitivity analyses for trials with haloperidol and risperidone showed results 
that were clinically similar to those from all conventional, respectively all atypical 
antipsychotics (see table 3). One exception was the meta-analysis of risperdone in 
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patients with agitation on agitation outcome scales, for which no data were available. 
The sensitivity analysis that included trials among patients with agitation and no 
psychosis, showed clinically similar results for conventional antipsychotics.26,27 For 
atypical antipsychotics however, including the additional trial yielded a small effect on 
agitation outcomes (SMD -0.39; 95% CI -0.67 to -0.11), in contrast to when this trial was 
excluded (SMD -0.15; 95% CI -0.43 to 0.13).26 The sensitivity analysis excluding trials 
with imputed data gave similar effect sizes to the analyses including these trials.19-21, 23

Discussion 

Our meta-epidemiological study shows that the effect of conventional antipsychotics 
on agitation and psychosis might be underestimated when assessed with generic 
outcome scales compared to symptom-specific scales. By contrast, efficacy of 
atypical antipsychotics on agitation is conceivably overestimated when assessed 
in patients with diverse NPS and with a generic outcome scale. This implies that 
the precise definition of patients and choice of outcome scales affects the reported 
pooled efficacy of antipsychotics on agitation and psychosis in dementia. It is 
important to consider the potential impact of an accurate definition of the target 
symptom when defining trial selection criteria for a review.

Efficacy of antipsychotics in other reviews
We found that conventional antipsychotics had a small but statistically not significant 
treatment effect on agitation in patients with dementia and agitation (SMD -0.44; 
95% CI -0.88 to 0.01), and a small treatment effect on psychosis in patients with 
dementia and psychosis (SMD -0.31; 95% CI -0.61 to -0.02). One prior review 
assessed the effect of conventional antipsychotics, that is haloperidol, on agitation 
in dementia.6 This review, that included two trials in patients with any NPS, reported 
a negligible effect on agitation (SMD -0.12; 95% CI -0.31 to 0.08), but a small effect 
on aggression (SMD -0.31; 95% CI-0.49 to -0.13).21,32 Including studies in patients 
with any NPS instead of with agitation specifically, might have diluted the effect of 
conventional antipsychotics on agitation. We found no published meta-analysis of 
conventional antipsychotics on psychosis outcomes to compare with our results.

For atypical antipsychotics, our meta-analysis yielded a negligible and statistically 
nonsignificant effect on agitation (SMD -0.15; 95% CI -0.43 to 0.13), and a 
negligible significant effect on psychosis (SMD -0.11; 95% CI -0.20 to -0.03). It is 
difficult to compare these findings with those from prior reviews that differentiated 
between individual antipsychotics and doses and partly reported weighted mean 
differences.7,8 Nevertheless, those reviews reported modest effects on aggression 
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(with or without agitation) and on psychosis. Around half of the trials included in 
those reviews had been performed in patients with any kind of NPS. Our results 
indicate that the reviews’ selection of trials among patients with diverse NPS might 
have led to overestimated efficacy of atypical antipsychotics.

Strengths and limitations
To the best of our knowledge, we are the first to study how the definition of patients 
and outcomes in reviews has affected the pooled efficacy of antipsychotics in 
dementia. We investigated conventional and atypical antipsychotics, and also the 
most widely used antipsychotics haloperidol and risperidone in particular. The main 
limitation of our study is the uncertainty around some point estimates due to the 
small number of trials or patients. This was especially the case for the meta-analyses 
of trials about conventional antipsychotics among patients with target symptoms 
and symptom-specific outcome scales. In some trials, outcomes of interest had been 
measured but not reported, or not reported in full.30,33-35,63 For instance, we chose not 
to include results measured with subscales or items if results on total scales were 
not available, because these results may have been biased by selective reporting.

Bias
We postulated that the best estimate for efficacy of antipsychotics for agitation 
and psychosis in dementia, is obtained from target-specific patients and outcomes. 
Differences between ‘target-specific’ and ‘non-target-specific’ results of meta-
analyses, indicate the presence of bias. Such bias can occur as a result of different 
interpretations on how to define the patients, or the outcome.

Bias due to the imprecise definition of patients
Efficacy of atypical antipsychotics on agitation appears to be higher when assessed 
among patients with any kind of NPS. There are a number of possible explanations 
for this finding. First, atypical antipsychotics may reduce other NPS that are related 
to agitation. Second, the efficacy of individual antipsychotics may differ. For instance, 
in the meta-analysis of agitation scales in trials among patients with agitation, the 
tiapride trial showed small efficacy for agitation, whereas the two quetiapine trials 
showed none (see forest plots in Appendix B.3).26,36,37 An unequal distribution of 
individual drugs between meta-analyses may therefore cause bias. Third, there 
might be an association between publication year and type of patients enrolled in 
the trials. The three trials in patients with diverse NPS and the highest reported 
efficacy were published in or before 2000.26,32,45,46 An unequal distribution of old and 
new trials might therefore also cause bias. Fourth, the aim to investigate efficacy on 
a broad range of NPS, and the reporting of results on items or subscales enholds the 
risk of positive findings by chance.
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Bias due to the imprecise definition of outcome scale
Efficacy might be underestimated for conventional antipsychotics on agitation and 
psychosis, and overestimated for atypical antipsychotics on agitation when assessed 
with generic outcome scales. This bias due to definition of the outcome may be 
caused by an effect of the drugs on neuropsychiatric side effects, such as sedation, 
if these are included in a generic scale. Sedation, which is linked to increased levels 
of apathy, might counterbalance a decrease of agitation on generic scales. Bias 
could also be caused by efficacy on other NPS, such as co-existing agitation in 
the treatment of psychosis, or treatment of underlying psychosis when reduction 
of agitation was aimed for. Although generic outcomes may be of added value to 
symptom-specific outcomes, it is crucial to specifically interpret those that are 
clinically relevant. Furthermore, trials that assessed but did not report symptom-
specific outcomes, need to be included in reviews because the missing outcomes 
can be considered a potential source of selective reporting.

Implications
Our study implies that trial selection criteria and extracted data should reflect 
a review’s PICO in detail including the target symptom and outcome for the 
treatment of interest. The Cochrane Handbook and GRADE instructions address 
that the definition of patients and outcome as part of the research question can be 
challenging.4 For the definition of the patients, there is evidently a balance between 
including sufficiently narrow, but not excluding relevant trials. Nevertheless, 
Cochrane describes a list of factors to consider for defining the patients, among 
which ‘What are the most important characteristics?’ Our results show that for 
efficacy of antipsychotics on agitation or psychosis in dementia, it is crucial that 
the target symptoms agitation, respectively psychosis, are considered an important 
characteristic for the PICO and selection of trials. Our results also demonstrate that 
it is important to interpret the pooled results on generic outcome scales with caution.

 
Conclusion
 
Our study shows that reviewers and guideline developers should define PICOs that 
represent the symptom of interest, and select trials accordingly. Trials among patients 
without these specific symptoms may give inaccurate estimates, as will trial results 
based on non-specific outcome scales. We conclude that the pooled efficacy of 
conventional and atypical antipsychotics is biased when based on trials that included 
patients without these target symptoms, and when generic outcome scales are used.
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Appendix

Appendix A. Exclusion criteria with regard to psychiatric disorders including substance abuse
Publication Exclusion criteria with regard to psychiatric disorders including 

substance abuse
Conventional antipsychotics
Patients with agitation
Finkel 1995 schizophrenia, major  depression
Auchus 1997 schizophrenia, schizoaffective disorder, DSM-III-R criteria for 

major depressive episode or manic episode
Allain 2000 psychiatric disorders such as psychosis, depression
Teri 2000 major psychiatric disorders, delirium, alcohol or drug abuse

Patients with psychosis
Hamilton 1962 not reported
Tariot 2006 concurrent other Axis I DSM–IV diagnosis

Patients with any NPS
Sugerman 1964 not reported
Rada 1976 epilepsy, schizophrenia, depressive pseudodementia, 

pseudosenility
Barnes 1982 schizophrenia
Petrie 1982 schizophrenia
Stotsky 1984 psychosis
Devanand 1998 drug or alcohol dependence
De Deyn 1999 psychiatric disorders
Pollock 2002 delirium, schizophrenia, bipolar disorder, major depressive 

disorder

Atypical antipsychotics
Patients with agitation
Allain 2000 psychiatric disorders such as psychosis, depression
Herz 2002 not reported
Brodaty 2003 major depression, psychiatric disorders that could have 

accounted for psychotic disturbances
Ballard 2005 not reported
Zhong 2007 schizophrenia, schizoaffective disorder, bipolar disorder, 

agitation not related to dementia

Patients with psychosis
Satterlee 1995 not reported
De Deyn 2004 primary mood disorder, other Axis I disorder e.g. schizophrenia, 

bipolar disorder, delusional disorder
Deberdt 2005 not reported
De Deyn 2005 Axis I DSM–IV diagnosis of delirium, amnesic disorders, bipolar 

disorder, schizophrenia, schizoaffective disorder; mood disorder 
with psychotic features; psychotic symptoms due to general 
medical condition or physiologic substance effects

Mintzer 2006 psychiatric disorders that produce psychotic symptoms; epilepsy
Tariot 2006 Axis I DSM–IV diagnosis

table continues
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Publication Exclusion criteria with regard to psychiatric disorders including 
substance abuse

Mintzer 2007 Axis I diagnosis of delirium, amnestic disorder, bipolar disorder, 
schizophrenia, schizoaffective disorder, mood disorder with 
psychotic features; major depressive episode with psychotic 
symptoms; seizure disorders, suicidal ideation or history

Streim 2008 Axis I diagnosis of delirium or schizophrenia; a schizoaffective, 
mood, bipolar, or amnestic disorder; continuous symptoms of 
psychosis before onset of dementia; major depression with 
symptoms of psychosis; at risk of suicide; substance use disorder 
according to DSM–IV criteria

Patients with any NPS
Ris-bel-14 1997 psychiatric diagnosis
De Deyn 1999 psychiatric disorders
Katz 1999 delirium or amnestic disorder, psychiatric diagnosis causing 

psychotic disturbances
Street 2000 Axis I DSM-IV disorder (e.g. schizophrenia, bipolar disorder, 

depression), non-dementia related psychosis
Sultzer 2008 schizophrenia, schizoaffective disorder, delusional disorder, 

mood disorder with psychotic features, delirium, in need of 
psychiatric admission, suicidal

Paleacu 2008 alcohol or drug abuse

DSM: Diagnostic and Statistical Manual of Mental Disorder
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Appendix B. Efficacy of conventional and atypical antipsychotics in patients with agitation on 
agitation outcomes, and in patients with psychosis on psychosis outcomes.

Conventional antipsychotics 
in patients with agitation on 
agitation outcomes

Conventional antipsychotics 
in patients with psychosis on 
psychosis outcomes

Atypical antipsychotics in 
patients with agitation on 
agitation outcomes

NOTE: Weights are from random effects analysis

Overall  (I-squared = 54.7%, p = 0.110)

ID

Zhong 2007

Study

Allain 2000-atyp

Ballard 2005

-0.15 (-0.43, 0.13)

SMD (95% CI)

-0.06 (-0.30, 0.18)

-0.39 (-0.66, -0.11)

0.13 (-0.39, 0.66)

100.00

Weight

42.37

%

38.36

19.27

-0.15 (-0.43, 0.13)

SMD (95% CI)

-0.06 (-0.30, 0.18)

-0.39 (-0.66, -0.11)

0.13 (-0.39, 0.66)

100.00

Weight

42.37

%

38.36

19.27

Favors drug  Favors placebo 
0-1 -.5 0 .5 1

Overall  (I-squared = 100.0%, p = .)

Tariot 2006-con

ID

Study

-0.31 (-0.61, -0.02)

-0.31 (-0.61, -0.02)

SMD (95% CI)

100.00

100.00

Weight

%

-0.31 (-0.61, -0.02)

-0.31 (-0.61, -0.02)

SMD (95% CI)

100.00

100.00

Weight

%

Favors drug  Favors placebo 
0-1 -.5 0 .5 1

NOTE: Weights are from random effects analysis

Overall  (I-squared = 59.6%, p = 0.060)

ID

Teri 2000

Auchus 1997

Study

Finkel 1995

Allain 2000-con

-0.44 (-0.88, 0.01)

SMD (95% CI)

-0.06 (-0.53, 0.40)

-0.15 (-1.28, 0.99)

-1.32 (-2.10, -0.53)

-0.39 (-0.67, -0.11)

100.00

Weight

30.47

11.56

%

19.03

38.94

-0.44 (-0.88, 0.01)

SMD (95% CI)

-0.06 (-0.53, 0.40)

-0.15 (-1.28, 0.99)

-1.32 (-2.10, -0.53)

-0.39 (-0.67, -0.11)

100.00

Weight

30.47

11.56

%

19.03

38.94

Favors drug  Favors placebo 
0-1 -.5 0 .5 1
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Atypical antipsychotics in 
patients with psychosis on 
psychosis outcomes

Appendix C. Efficacy of conventional antipsychotics when assessed within patients with any type 
of NPS, and with generic outcomes.

Conventional antipsychotics 
in patients with any type of 
NPS on agitation outcomes

Conventional antipsychotics 
in patients with any type of 
NPS on psychosis outcomes

Overall  (I-squared = 100.0%, p = .)

ID

De Deyn 1999-con

Study

-0.23 (-0.49, 0.03)

SMD (95% CI)

-0.23 (-0.49, 0.03)

100.00

Weight

100.00

%

-0.23 (-0.49, 0.03)

SMD (95% CI)

-0.23 (-0.49, 0.03)

100.00

Weight

100.00

%

Favors drug  Favors placebo 
0-1 -.5 0 .5 1

Overall  (I-squared = 100.0%, p = .)

ID

Study

De Deyn 1999-con

-0.28 (-0.54, -0.02)

SMD (95% CI)

-0.28 (-0.54, -0.02)

100.00

Weight

%

100.00

-0.28 (-0.54, -0.02)

SMD (95% CI)

-0.28 (-0.54, -0.02)

100.00

Weight

%

100.00

Favors drug  Favors placebo 
0-1 -.5 0 .5 1

Overall  (I-squared = 24.1%, p = 0.245)

ID

Study

Mintzer 2006

Streim 2008

Mintzer 2007

Deberdt 2005

De Deyn 2005

De Deyn 2004

Tariot 2006-atyp

-0.11 (-0.20, -0.03)

SMD (95% CI)

-0.17 (-0.36, 0.02)

0.02 (-0.23, 0.27)

-0.26 (-0.47, -0.05)

0.10 (-0.13, 0.33)

-0.19 (-0.47, 0.08)

-0.17 (-0.37, 0.02)

-0.00 (-0.30, 0.29)

100.00

Weight

%

19.62

11.87

16.71

14.02

9.64

19.62

8.52

-0.11 (-0.20, -0.03)

SMD (95% CI)

-0.17 (-0.36, 0.02)

0.02 (-0.23, 0.27)

-0.26 (-0.47, -0.05)

0.10 (-0.13, 0.33)

-0.19 (-0.47, 0.08)

-0.17 (-0.37, 0.02)

-0.00 (-0.30, 0.29)

100.00

Weight

%

19.62

11.87

16.71

14.02

9.64

19.62

8.52

Favors drug  Favors placebo 
0-1 -.5 0 .5 1
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Conventional antipsychotics 
in patients with agitation on 
generic outcomes

Conventional antipsychotics 
in patients with psychosis on 
generic outcomes

Appendix D. Efficacy of atypical antipsychotics when assessed within patients with any type of 
NPS, and with generic outcomes.

Atypical antipsychotics in 
patients with any type of 
NPS on agitation outcomes

Overall  (I-squared = 0.0%, p = 0.865)

ID

Paleacu 2008

De Deyn 1999-atyp

Study

Sultzer 2008

Katz 1999

Street 2000

-0.29 (-0.40, -0.18)

SMD (95% CI)

-0.24 (-0.86, 0.39)

-0.31 (-0.57, -0.05)

-0.20 (-0.41, 0.02)

-0.32 (-0.51, -0.14)

-0.39 (-0.72, -0.05)

100.00

Weight

3.27

18.62

%

27.97

38.78

11.35

-0.29 (-0.40, -0.18)

SMD (95% CI)

-0.24 (-0.86, 0.39)

-0.31 (-0.57, -0.05)

-0.20 (-0.41, 0.02)

-0.32 (-0.51, -0.14)

-0.39 (-0.72, -0.05)

100.00

Weight

3.27

18.62

%

27.97

38.78

11.35

Favors drug  Favors placebo 
0-1 -.5 0 .5 1

Overall  (I-squared = 100.0%, p = .)

ID

Tariot 2006-con

Study

-0.04 (-0.33, 0.25)

SMD (95% CI)

-0.04 (-0.33, 0.25)

100.00

Weight

100.00

%

-0.04 (-0.33, 0.25)

SMD (95% CI)

-0.04 (-0.33, 0.25)

100.00

Weight

100.00

%

Favors drug  Favors placebo 
0-1 -.5 0 .5 1

Overall  (I-squared = 100.0%, p = .)

ID

Teri 2000

Study

-0.00 (-0.47, 0.47)

SMD (95% CI)

-0.00 (-0.47, 0.47)

100.00

Weight

100.00

%

-0.00 (-0.47, 0.47)

SMD (95% CI)

-0.00 (-0.47, 0.47)

100.00

Weight

100.00

%

Favors drug  Favors placebo 
0-1 -.5 0 .5 1
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Atypical antipsychotics in 
patients with any type of 
NPS on psychosis outcomes

Atypical antipsychotics in 
patients with agitation on 
generic outcomes

Atypical antipsychotics in 
patients with psychosis on 
generic outcomes

Overall  (I-squared = 20.5%, p = 0.267)

De Deyn 2004

Satterlee 1995

Tariot 2006-atyp

Mintzer 2006

Mintzer 2007

De Deyn 2005

Streim 2008

Deberdt 2005

ID

Study

-0.10 (-0.19, -0.02)

-0.14 (-0.34, 0.05)

-0.05 (-0.32, 0.23)

-0.22 (-0.52, 0.07)

0.01 (-0.18, 0.21)

-0.16 (-0.37, 0.05)

-0.08 (-0.35, 0.20)

-0.36 (-0.61, -0.10)

0.07 (-0.16, 0.30)

SMD (95% CI)

100.00

17.90

8.91

7.72

17.94

15.29

8.82

10.65

12.78

Weight

%

-0.10 (-0.19, -0.02)

-0.14 (-0.34, 0.05)

-0.05 (-0.32, 0.23)

-0.22 (-0.52, 0.07)

0.01 (-0.18, 0.21)

-0.16 (-0.37, 0.05)

-0.08 (-0.35, 0.20)

-0.36 (-0.61, -0.10)

0.07 (-0.16, 0.30)

SMD (95% CI)

100.00

17.90

8.91

7.72

17.94

15.29

8.82

10.65

12.78

Weight

%

Favors drug  Favors placebo 
0-1 -.5 0 .5 1

NOTE: Weights are from random effects analysis

Overall  (I-squared = 74.5%, p = 0.048)

ID

Brodaty 2003

Zhong 2007

Study

-0.22 (-0.55, 0.11)

SMD (95% CI)

-0.38 (-0.61, -0.15)

-0.05 (-0.29, 0.19)

100.00

Weight

50.72

49.28

%

-0.22 (-0.55, 0.11)

SMD (95% CI)

-0.38 (-0.61, -0.15)

-0.05 (-0.29, 0.19)

100.00

Weight

50.72

49.28

%

Favors drug  Favors placebo 
0-1 -.5 0 .5 1

Overall  (I-squared = 0.0%, p = 0.593)

ID

Sultzer 2008

Katz 1999

Paleacu 2008

De Deyn 1999-atyp

Street 2000

Study

-0.13 (-0.24, -0.02)

SMD (95% CI)

-0.18 (-0.40, 0.03)

-0.16 (-0.34, 0.02)

0.29 (-0.33, 0.92)

-0.03 (-0.29, 0.23)

-0.17 (-0.50, 0.17)

100.00

Weight

27.81

38.84

3.24

18.73

11.38

%

-0.13 (-0.24, -0.02)

SMD (95% CI)

-0.18 (-0.40, 0.03)

-0.16 (-0.34, 0.02)

0.29 (-0.33, 0.92)

-0.03 (-0.29, 0.23)

-0.17 (-0.50, 0.17)

100.00

Weight

27.81

38.84

3.24

18.73

11.38

%

Favors drug  Favors placebo 
0-1 -.5 0 .5 1
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Abstract 

Background
Atypical antipsychotics for neuropsychiatric symptoms in dementia have been tested in 
much larger trials than the older conventional drugs. The advantage of larger sample sizes is 
that negative findings become less likely and the effect estimates more precise. However, 
as sample sizes increase, the trials also get more expensive and time consuming while 
exposing more patients to drugs with unknown safety profiles. Moreover, a large sample 
size might yield a statistically significant effect that is not necessarily clinically relevant.

Objective
To assess (1) the variation in sample size and sample size calculations of antipsychotic 
trials in dementia, (2) the size of reported treatment effects and related statistical 
significance, and (3) general study characteristics that might be related to sample size.

Study Design and Setting
We performed a meta-epidemiological study of randomized trials that tested 
antipsychotics for neuropsychiatric symptoms in dementia. The trials compared 
conventional or atypical antipsychotics with placebo or another antipsychotic. Two 
reviewers independently extracted sample size, sample size calculations, reported 
treatment effects with p-values, and general study characteristics (drug type, trial 
duration, type of funding). We calculated a reference sample size of 83 and 433 per 
study group for the placebo-controlled and head-to-head trials respectively.

Results
We identified 33 placebo-controlled trials, and 18 head-to-head trials. Only 14 (42%) 
and 2 (11%) respectively reported a sample size calculation. The average sample size 
per arm was 34 (range 6-179) in placebo-controlled trials testing conventional drugs, 
107 (8-237) in such trials testing atypical drugs, and 104 (95-115) in such trials 
testing both drug types; it was 31 (10-88) in head-to-head trials. Thirteen out of 18 
trials with sample sizes larger than required (72%) reported a statistically significant 
treatment effect, of which two (15%) were clinically relevant. None of the head-to-
head trials reported a statistically significant treatment effect, even though some 
suggested non-inferiority. In placebo-controlled trials of atypical drugs, longer trial 
duration (>6 weeks) and commercial funding were associated with higher sample size. 

Conclusion
Sample size calculations were poorly reported in antipsychotic trials for dementia. 
Placebo-controlled trials of atypical antipsychotics showed large sample size fallacy 
while head-to-head trials were massively underpowered. 
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Introduction

Over the years the sample sizes of antipsychotic trials in dementia have increased 
from as low as 18 in the 1960s to as high as 652 in the 1990s.1–3 The increase in 
sample sizes is generally viewed as a favourable development. Larger sample sizes 
provide more power to identify a treatment effect that is really present. In addition, 
the effect is estimated more precisely (smaller confidence intervals). Larger trials are 
also a natural consequence of head-to-head trials because the difference between 
two active drugs is generally expected to be small, and therefore, the required 
sample size needs to be relatively high. 

However, larger sample sizes also make trials expensive and time consuming.3 This 
can be barrier for non-commercial investigators to perform a trial. Moreover, it can be 
ethically questionable to ask more patients to participate, especially when the safety 
of the tested drug has not yet been established.4 Another disadvantage of (very) large 
sample size is that a difference in outcomes between the groups will become (very) 
statistically significant, no matter how small or clinically meaningless it is.5 If such results 
are nevertheless interpreted as clinically relevant, the ‘large sample size fallacy’ occurs.6

Sample size calculations for trials are based on four parameters if the response rate 
is the outcome. These are alpha, beta, the expected response rate in the active 
treatment groups, and the expected response rate in the comparison group (e.g. 
placebo).7 Alpha is the probability of identifying a treatment effect that is not really 
present, which is usually set at 5%. Beta is the risk of not identifying a treatment 
effect that is really present, and is usually set at 20%. Sample size calculations 
for trials with continuous outcomes, such as the reduction of neuropsychiatric 
symptoms (NPS), are based on alpha, beta, the expected (difference between) means 
in the active and comparison group, and the population variance around the mean. 
Furthermore, the expected number of participants dropping out should be taken 
into account when determining the final target sample size of a trial. 

A different expected treatment effect might explain why the sample sizes of 
antipsychotic trials increased over time. Perhaps, atypical antipsychotics were 
expected to be less effective than conventional antipsychotics, even before it was 
shown in systematic reviews that they did not affect psychotic symptoms compared 
to placebo.8,9 Alternatively, drop-out could have increased because recent trials 
lasted longer and participants have become more assertive.

On the other hand, general study characteristics, which are not directly related 
to sample size calculation might have contributed to the increase in trial sample 
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sizes over the years. Large sample size is generally considered a sign of high trial 
quality and this increases the probability of publication and citation.10 In addition, 
pharmaceutical companies will have more resources to fund larger trials than non-
commercial organizations. Therefore, the aim of this meta-epidemiological study was 
to assess (1) the variation in sample size and sample size calculations of antipsychotic 
trials in dementia, (2) the size of the reported treatment effects and related statistical 
significance, and (3) general study characteristics that might be related to sample size.
 

Methods

Search strategy
Two reviewers (TAH, HJL) used a list of conventional and atypical antipsychotics from 
the websites of the World Health Organization, Food and Drug Administration and 
Wikipedia to search the literature.11–13 First, we searched for studies in the electronic 
databases PubMed, Cinahl, Embase and Cochrane library with the string ‘generic 
name of atypical/conventional antipsychotic’ and trial and dementia (see appendix). 
We restricted the position of the drug name to title and abstract. Subsequently, 
we manually searched the references of published systematic reviews, which were 
identified with the same electronic databases. Titles and abstracts of potentially 
eligible studies were retrieved from PubMed. In addition, we sought trials in trial 
registration websites with the abovementioned search terms if possible; otherwise 
we used only the term dementia. These three searches were last re-run in June 2019. 
Finally, we had used the databases of the Dutch Medicines Evaluation Board and the 
FDA to find unpublished trials as part of a previous search performed in 2015.14 
 
Study selection
We screened the title and abstract of the hits. Full texts of potentially eligible published 
studies and online protocols for unpublished studies were retrieved. Two reviewers 
used the full texts to determine definitive eligibility (TAH, HJL). The selected trials had 
to have been randomized and double-blind. They should have tested the efficacy of 
antipsychotics on neuropsychiatric symptoms in persons diagnosed with Alzheimer 
or vascular dementia. The trial had to compare conventional or atypical antipsychotics 
with placebo or another antipsychotic (head-to-head trial). We excluded studies with 
multiple drugs in a single intervention arm, studies that were stopped early and thus 
did not reach the targeted sample size, and studies with a cross-over design as other 
than standard sample size calculations need to be applied for this design. There were 
no restrictions with respect to publication date, language and duration of the study.  
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Data extraction 
Two reviewers (TAH or SIMJ and HJL) independently extracted the following general 
study characteristics besides the sample size from the included studies: placebo-
controlled or head-to-head trial, type of dementia (Alzheimer’s disease, vascular 
dementia, mixed, unspecified), type of NPS (agitation, psychosis, diverse), setting 
(nursing home, hospital, outpatient clinic), active drug tested (conventional, atypical, 
or both), trial duration, type of funding (not-for-profit or commercial), and whether a 
sample size calculation was reported.

If the sample size calculation was reported, we extracted the input for sample size 
calculations: alpha, beta, expected treatment effects in the comparison groups 
(response rate, or mean symptom reduction with population variance at endpoint), 
and the expected drop-out rates. For trials that had been published in an abstract or 
online trial registration only, this data-extraction was considered inapplicable.

In addition, we extracted the reported treatment effects and related statistical 
significance. The primary outcome of trials that test antipsychotics for NPS in 
dementia is most often the difference in response rate or difference in reduction of 
target symptoms between the treatment groups. We extracted both for each trial 
with the related p-value. For the response rate, we extracted the number of patients 
with a clinically relevant improvement as defined by the authors. For reduction in 
symptoms, we extracted the difference in mean change from baseline to endpoint as 
measured with a symptom scale, such as the Cohen-Mansfield Agitation Inventory 
(CMAI) for agitation and Neuropsychiatric Inventory-Nursing Home (NPI-NH) for 
mixed symptoms. Initially, we also set out to extract standard deviations to calculate 
standardized mean differences, so that we could compare trial results. However, as 
many SDs turned out to be missing, we decided to extract the mean on the symptom 
scale at baseline as a reference instead (see data-analysis). 

The primary source of extracted data was the published main results article. If that 
was not available, then conference abstracts or online published results were used. 
We received the individual patient data of two trials,8,15 and additional meta-data of 
two others for use in another study.14,16,17 

Data analyses
First, we described the variation in sample sizes for the different types of trials 
by plotting the mean number of participants per comparison group against the 
publication year of the trial. We present these data for the conventional and atypical 
placebo-controlled trials and head-to head trials separately. 



Chapter 4. Large sample size fallacy

72

To assess the adequacy of the reported sample sizes, we calculated reference sample 
sizes for trials with the response rate as outcome. For the placebo-controlled trials, 
we used an alpha of 0.05, beta of 0.20, a treatment response rate in the antipsychotic 
group of 55% and in the placebo group of 30%, and an expected drop-out of 30%.18 
A treatment effect of 25% (NNT =4) and drop-out rate of 30% is in line with previous 
literature and the reported response rates in antipsychotic trials in dementia.8,19,20 
We used a conservative drop-out rate of 30% (it was 26% on average in the included 
trials), so that the reference sample size would not be an underestimation. The required 
sample size per study group was 58 without loss to drop-out, and 83 with loss.

For the head-to-head trials (no placebo group), we used a treatment effect of 55% 
for the drug of interest and 45% for the control antipsychotic drug, because a 10% 
difference seems the upper limit of no difference. The expected drop-out rate was set 
at 10%, which is in line with the average drop-out rate in the included head-to-head 
trials. The required sample size was 389 per group without loss, and 433 with loss. We 
used the ssi command in Stata version 15.0 to calculate the reference sample sizes.21

To calculate reference sample sizes based on the outcome mean symptom reduction, 
the minimal clinically important difference (MCID) is required. However, the MCID 
is not known for most symptom scales used in this field.22 The exception is the NPI, 
which was found to have an MCID of at least 8.0.23,24 Nine of the included placebo-
controlled trials in our study used this instrument, and we used the reported data to 
check our calculated reference sample size based on response rates. The reported 
mean reduction in symptoms was 19 (SD 14) for the placebo group (see appendix table 
1), and hence, assuming an MCID of 8.0, 27 (SD 16) for the antipsychotic group. We 
calculated a required sample size of 80 based on these data, and this finding confirms 
the reference sample size of 83 based on response rates. In addition, the MCID of 8.0 
reflects an SMD of 0.500 given the SD of 16 reported in the included trials. This is in 
line with the lower limit for a visible (medium) treatment effect suggested by Cohen.25 

The next step was to assess whether studies with larger sample size reported 
statistically significant treatment effects that were not clinically relevant (difference 
in response rate <25%; difference in symptom reduction < MCID or SMD <0.5), which 
would suggest the presence of large sample size fallacy. Treatment effects in terms 
of reported response rates can be compared between trials with varying sample 
sizes. However, it was not possible to use MCIDs or SMDs to compare reported 
reductions in symptoms across different symptoms scales. Therefore, we calculated 
the relative symptom reduction as the ratio of the difference in symptom reduction 
between the study groups relative to the baseline mean in the groups. This approach 
has been used before.26 Moreover, the MCID of 8.0 on the NPI and a mean baseline 
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of 39 (see appendix table 1) would translate into a relative symptom reduction of 
21%. Hence, a relative symptom reduction of >=20% seems appropriate.

Finally, we analysed the association between other general study characteristics 
and mean sample size per group. The characteristics were type of drug tested 
(category: conventional, atypical, or both), trial duration (<= 6 weeks, > 6 weeks), 
and type of funding (non-for-profit, commercial). We calculated mean sample sizes 
of comparison groups per category, and used the two-sample t-test to determine 
whether the means differed between the first (reference) category and other 
categories. The analyses were performed for the placebo-controlled and head-to-
head trials separately. All analyses were carried out with Stata version 15.0.21

 3 

Hoofdstuk 4 – figuur 1 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 RCTs unusable in current study (placebo-controlled unless mentioned otherwise):  
4 completed but no published data on sample size (or any other data): Auer 1996 
(haloperidol, thioridazine); Bamrah 1999 (Seroquel, haloperidol, no placebo); NCT00041678 
(aripiprazole); NCT00036114 (aripiprazole) 
2 ongoing: NCT03548584 (brexpiprazole), NCT03620981 (brexpiprazole) 
  
 
 
 

51 RCTs used in this study: 
33 placebo-controlled studies 
18 head-to-head studies 
 

642 hits excluded 
based on title/ abstract  
 
 

912 hits excluded 
based on title/ abstract 
 

758 hits included and 666 duplicate hits removed (the same hit, and multiple articles/ conference abstracts of the same RCT) 

92 RCTs included for full text review van 
Tessa + xx van aanv search 
 
 

36 RCTs excluded:  
Systematic review: Rabinowitz 2007  
Not randomized: Cahn 1973, Yang 2016 
Open label design: Martin-Cook 2005 
No parallel groups/ cross-over study: Bobon 1963, Barton 1966, Engstrand 1967, Norgard 
1967, Tewfik 1970, Tobin 1970, Goldstein 1974, Gottlieb 1988, Devanand 1989, Nygaard 
1994, Suh 2006, Hamuro 2007  
Multiple drugs in same arm: Meguro 2004  
Non-oral medication: Rappaport 2009, Meehan 2002 
Not in Alzheimer or vascular dementia: Hamilton 1962b, Altman 1973, Birkett 1972a, Birkett 
1972b, Lehman 1972, Harnryd 1974, Nygaard 1988, Zhang 1999, Kurlan 2007 
In dementia but without neuropsychiatric symptoms: Kennedy 2005 
Early terminated: Pfizer 1993, Jansen Ph 1997, Jansen Ph 2003, Novartis Ph 2002, Janssen 
Ph 2005; ACADIA Ph 2018; NCT02168920 (aripiprazole); 
 
 
 
 
 

57 RCTs eligible for this study 
 

1474 Potentially relevant hits 
retrieved through databases  
         98 Cinahl  
       595 Embase  
       376 Pubmed 
       405 Cochrane library 

606 references of systematic 
reviews and meta-analyses 
checked  

661 references checked on 17 
national trial registration 
websites 
 

27 from FDA, EMA, and 
(national) MEB database 
 

431 hits excluded 
based on title/ abstract 
 

25 hits excluded based 
on title/ abstract  
 
 

Figure 1. Flow diagram of literature and study selection
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Results 

Our search yielded 2768 potentially relevant hits (Figure 1). We obtained the reports 
of 92 studies for full text review. We considered 57 studies eligible but 6 had no 
useable data at the time of assessment. Hence, we used 51 studies in the current 
study.15–17,26–66 Online or other clinical trial reports of the following studies were 
used: NCT00287742, NCT01862640, NCT01922258, NCT02992132, ZIP-128-
105, RIS-BEL-14, RIS-INT-83. 

 
Figure 2. Scatter plot of sample size per arm over the years per treatment group.

 
Table 1 shows the general study characteristics. Eleven trials compared conventional 
antipsychotics to placebo and 19 trials atypical antipsychotics to placebo. Six of the 
latter 19 trials tested multiple doses of one atypical drug, so they had more than one 
drug group (range 2-4). Three placebo-controlled trials tested both conventional and 
atypical antipsychotics. Eighteen trials compared an antipsychotic drug with another 
antipsychotic drug. The studies were performed in outpatients, nursing homes or 
hospitals. The target symptom for treatment consisted of agitation, psychosis, or 
diverse neuropsychiatric symptoms. 
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Sample size variation and calculations
Figure 2 shows the mean number of participants per comparison group in each trial 
against publication year. The symbols indicate the type of drug tested (conventional, 
atypical, or both) and type of study (placebo-controlled or head-to-head). In the 
conventional antipsychotic placebo-controlled studies, the mean number per group 
was 34 patients (range 6-179), while those comparing atypical antipsychotics to 
placebo included on average 107 patients per group (range 8-237). The three trials 
that included both conventional and atypical antipsychotics and compared these 
to placebo included 104 patients per group (range 95-115). Head-to-head trials 
included a mean number of 31 patients per group (range 10-88). The increase in 
sample size over time seems to be related to type of drug tested.

We calculated a reference sample size of 83 patients per group for the placebo-
controlled trials and 433 patients for the head-to-head trials, as explained above. 
The group sample size was lower than the reference sample size in 10 placebo-
controlled trials of conventional antipsychotics (small sample size) and higher in 
one such trial (large sample size), whereas 5 of the 19 atypical antipsychotic trials 
and none of the 3 trials including both conventional and atypical antipsychotics 
had small sample sizes. At least 4 of the 5 atypical underpowered antipsychotic 
trials were investigator initiated, although one was performed with commercially 
acquired funds. All head-to-head trials had a small sample size that was lower than 
the reference sample size of 433.

Sixteen of 47 articles (excluding 2 abstracts and 2 reports on online trial registers) 
reported a sample size calculation (34%), which was often called a power analysis 
(table 1). Fourteen were placebo-controlled trials and two head-to-head trials (table 
2). Table 2 shows, which input for these sample size calculations was reported. There 
were only four studies that reported sufficient information.8,61,,67,68 Two studies 
reported an alpha that differed from 5% (2.5% and 7%). Eight studies reported a 
beta that differed from 20% and it varied between 1% and 15%. Except for the 
alpha of 2.5%, this input will yield higher sample sizes. Expected drop-out rates were 
reported in seven studies and varied between 10% and 30%. 

There were seven placebo-controlled trials that postulated an expected treatment 
effect in terms of symptom reduction, four of which reflected a relative symptom 
reduction below 20%. The expected differences in relation to baseline means (relative 
symptom reduction) were: 10%;61 11%;42 12%;59 14%;55 20%;67 31%;60 31%.68 For a 
head-to-head trial, the  expected relative risk reduction was 16%.27
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Table 1 Characteristics of randomized placebo-controlled and head-to-head trials of antipsychotics 
in patients with dementia 
Study Drug(s) studied Type of dementia Type of NPS

(at least)
Setting N, total 

randomized
Duration,
weeks

Sample size calculation 
reported 

Commercial funding (drug 
of sponsor)

Antipsychotic versus placebo (33)
Auchus and Cheryl Bissey-Black, 
1997

Haloperidol AD Agitation OUTP 12 6 - - (non-commercial)

Howanitz and Wisotzek, 2001 Olanzapine VAS Diverse NPS NR 16 6 - (abstract) NR

Sugerman et al., 1964 Haloperidol CBS Psychosis HOS 18 6 - + (haloperidol)
Herz et al., 2002° Risperidone, 

Olanzapine
AD Agitation NR 29 6 - (abstract) NR

Hamilton and Bennet, 1962 Trifluoperazine CBS Psychosis HOS 27 8 - NR
Finkel et al., 1995 Thiothixene NR Agitation NH 35 11 - + (thiothixene)
Barnes et al., 1982 Loxapine, 

Thioridazine
NR Diverse NPS NH 60 8 - + (loxapine)

Petrie et al., 1982 Loxapine, 
Haloperidol

NR Diverse NPS HOS 63 8 - + (loxapine)

Paleacu et al., 2008 Quetiapine AD Diverse NPS NR 40 6 + + (quetiapine)
Rada and Kellner, 1976 Thiothixene CBS Diverse NPS HOS 63 4 - NR
Devanand et al., 1998 Haloperidol AD Diverse NPS OUTP 66 6 - - (non-commercial)
Ballard et al., 2005 Quetiapine AD Agitation NH 62 6 + + (commercial)#
Pollock et al., 2002 Perphenazine AD, VAS and MIX Diverse NPS NH 54 2,5 - - (non-commercial)
Teri et al., 2000 Haloperidol AD Agitation HOS 70 16 + + (trazodone)
Street et al., 2000 Olanzapine AD Diverse NPS NH 206 6 + + (olanzapine)
Ballard et al., 2018 Pimavanserin AD Psychosis NH 181 12* + + (pimvaserin)
Tariot et al., 2006 Quetiapine, 

Haloperidol
AD Psychosis NH 284 10 + + (quetiapine)

Allain et al., 2000 Tiapride, 
Haloperidol

AD, VAS and MIX Agitation NH-HOS 306 3 + + (tiapride)

De Deyn et al., 2005 Aripiprazole AD Psychosis OUTP 208 10 - + (aripiprazole)
Zhong et al., 2007 Quetiapine AD and VAS Agitation NH 333 10 + + (quetiapine)
Schneider et al., 2006 Olanzapine, 

Quetiapine, 
Risperidone

AD Diverse NPS OUTP 421 12^ + + (olanzapine, quetiapine, 
risperidone)

De Deyn et al., 1999 Risperidone, 
Haloperidol

AD, VAS and MIX Diverse NPS NH 344 12 + + (risperidone)

Satterlee et al., 1995° Olanzapine AD Diverse NPS NR 238 8 - + (olanzapine)
Mintzer et al., 2007 Aripiprazole AD Psychosis NH 487 10 - + (aripiprazole)
Streim et al., 2008 Aripiprazole AD Psychosis NH 265 10 - + (aripiprazole)
De Deyn et al., 2004 Olanzapine AD Psychosis NH-HOS 652 10 + + (olanzapine)
Otsuka Ph, 2017a† Brexpiprazole AD Agitation NH 413 12 - (online) + (brexpiprazole)
Otsuka Ph, 2017b Brexpiprazole AD Agitation NH-OUTP 270 12 - (online) + (brexpiprazole)
Deberdt et al., 2005 Olanzapine, 

Risperidone
AD, VAS and MIX Psychosis NH-OUTP 494 10 - + (olanzapine)

Katz et al., 1999 Risperidone AD, VAS and MIX Diverse NPS NH 625 12 + + (risperidone)
Brodaty et al., 2003 Risperidone AD, VAS and MIX Aggression NH 345 12 + + (risperidone)
Stotsky, 1984 Thioridazine NR Diverse NPS NH-HOS 358 4 - NR
Mintzer et al., 2006 Risperidone AD Psychosis NH 473 8 + + (risperidone)

Head-to-head trials (18)
Vergara et al., 1980 Clomacran vs 

thioridazine
CBS Diverse NPS HOS 20 12 - + (clomacran)

Spagnolo et al., 1983 Clomacran, 
thioridazine

VAS Diverse NPS HOS 30 3 - NR
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Table 1 Characteristics of randomized placebo-controlled and head-to-head trials of antipsychotics 
in patients with dementia 
Study Drug(s) studied Type of dementia Type of NPS

(at least)
Setting N, total 

randomized
Duration,
weeks

Sample size calculation 
reported 

Commercial funding (drug 
of sponsor)

Antipsychotic versus placebo (33)
Auchus and Cheryl Bissey-Black, 
1997

Haloperidol AD Agitation OUTP 12 6 - - (non-commercial)

Howanitz and Wisotzek, 2001 Olanzapine VAS Diverse NPS NR 16 6 - (abstract) NR

Sugerman et al., 1964 Haloperidol CBS Psychosis HOS 18 6 - + (haloperidol)
Herz et al., 2002° Risperidone, 

Olanzapine
AD Agitation NR 29 6 - (abstract) NR

Hamilton and Bennet, 1962 Trifluoperazine CBS Psychosis HOS 27 8 - NR
Finkel et al., 1995 Thiothixene NR Agitation NH 35 11 - + (thiothixene)
Barnes et al., 1982 Loxapine, 

Thioridazine
NR Diverse NPS NH 60 8 - + (loxapine)

Petrie et al., 1982 Loxapine, 
Haloperidol

NR Diverse NPS HOS 63 8 - + (loxapine)

Paleacu et al., 2008 Quetiapine AD Diverse NPS NR 40 6 + + (quetiapine)
Rada and Kellner, 1976 Thiothixene CBS Diverse NPS HOS 63 4 - NR
Devanand et al., 1998 Haloperidol AD Diverse NPS OUTP 66 6 - - (non-commercial)
Ballard et al., 2005 Quetiapine AD Agitation NH 62 6 + + (commercial)#
Pollock et al., 2002 Perphenazine AD, VAS and MIX Diverse NPS NH 54 2,5 - - (non-commercial)
Teri et al., 2000 Haloperidol AD Agitation HOS 70 16 + + (trazodone)
Street et al., 2000 Olanzapine AD Diverse NPS NH 206 6 + + (olanzapine)
Ballard et al., 2018 Pimavanserin AD Psychosis NH 181 12* + + (pimvaserin)
Tariot et al., 2006 Quetiapine, 

Haloperidol
AD Psychosis NH 284 10 + + (quetiapine)

Allain et al., 2000 Tiapride, 
Haloperidol

AD, VAS and MIX Agitation NH-HOS 306 3 + + (tiapride)

De Deyn et al., 2005 Aripiprazole AD Psychosis OUTP 208 10 - + (aripiprazole)
Zhong et al., 2007 Quetiapine AD and VAS Agitation NH 333 10 + + (quetiapine)
Schneider et al., 2006 Olanzapine, 

Quetiapine, 
Risperidone

AD Diverse NPS OUTP 421 12^ + + (olanzapine, quetiapine, 
risperidone)

De Deyn et al., 1999 Risperidone, 
Haloperidol

AD, VAS and MIX Diverse NPS NH 344 12 + + (risperidone)

Satterlee et al., 1995° Olanzapine AD Diverse NPS NR 238 8 - + (olanzapine)
Mintzer et al., 2007 Aripiprazole AD Psychosis NH 487 10 - + (aripiprazole)
Streim et al., 2008 Aripiprazole AD Psychosis NH 265 10 - + (aripiprazole)
De Deyn et al., 2004 Olanzapine AD Psychosis NH-HOS 652 10 + + (olanzapine)
Otsuka Ph, 2017a† Brexpiprazole AD Agitation NH 413 12 - (online) + (brexpiprazole)
Otsuka Ph, 2017b Brexpiprazole AD Agitation NH-OUTP 270 12 - (online) + (brexpiprazole)
Deberdt et al., 2005 Olanzapine, 

Risperidone
AD, VAS and MIX Psychosis NH-OUTP 494 10 - + (olanzapine)

Katz et al., 1999 Risperidone AD, VAS and MIX Diverse NPS NH 625 12 + + (risperidone)
Brodaty et al., 2003 Risperidone AD, VAS and MIX Aggression NH 345 12 + + (risperidone)
Stotsky, 1984 Thioridazine NR Diverse NPS NH-HOS 358 4 - NR
Mintzer et al., 2006 Risperidone AD Psychosis NH 473 8 + + (risperidone)

Head-to-head trials (18)
Vergara et al., 1980 Clomacran vs 

thioridazine
CBS Diverse NPS HOS 20 12 - + (clomacran)

Spagnolo et al., 1983 Clomacran, 
thioridazine

VAS Diverse NPS HOS 30 3 - NR

table continues
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Study Drug(s) studied Type of dementia Type of NPS
(at least)

Setting N, total 
randomized

Duration,
weeks

Sample size calculation 
reported 

Commercial funding (drug 
of sponsor)

Fontaine et al., 2003 Etoperidone, 
thioridazine

NR Agitation NH 39 2 - + (olanzapine)

Carlyle et al., 1993 Olanzapine, 
risperidone

AD, VAS and MIX Aggression HOS 40 4 - NR

Gareri et al., 2004 Loxapine, 
haloperidol

AD, VAS and MIX Diverse NPS NR 60 8 - - (non-commercial)

Morris and Rickels, 1984 Risperidone, 
olanzapine, 
promazine

NR Diverse NPS NH 41 8 - + (loxapine)

Rosen, 1979 Loxapine, 
thioridazine

Organic cerebral 
disease#

Diverse NPS OUTP 56 6 - + (haloperidol)

Smith et al., 1974 Haloperidol, 
thioridazine

CBS Psychosis NH 46 6 - NR

Götestam et al., 1981 Haloperidol, 
thioridazine

(Pre)senile and VAS Diverse NPS HOS 47 8 - NR

Lovett et al., 1987 Cis(Z)-
clopenthixol, 
haloperidol

CBS Psychosis NH 54 6 - + (trifluoperazine)

Chan et al., 2001 Trifluoperazine, 
haloperidol

AD, VAS and MIX Diverse NPS OUTP-HOS 58 12 - + (risperidone)

Verhey et al., 2006 Risperidone, 
haloperidol

NR Agitation OUTP-NH 59 5 + NR

Ather et al., 1986 Olanzapine, 
haloperidol

NR Diverse NPS NR 68 4 - + (chlormethiazole)

Sheng et al., 2004 Chlormethiazole, 
thioridazine

AD and VAS Diverse NPS NR 60 8 - + (risperidone)

Rainer et al., 2007 Risperidone, 
haloperidol

AD, VAS, MIX, FTD Diverse NPS OUTP 68 8 + + (quetiapine)

Mulsant et al., 2004 Quetiapine, 
risperidone

AD, VAS and MIX Diverse NPS NH 86 6 - + (risperidone)

Sun et al., 2004 Risperidone, 
olanzapine

Not Lewy Body Diverse NPS HOS-OUTP 116 8 - + (risperidone)

Gutzmann et al., 1997 Risperidone, 
haloperidol

NR Restlessness HOS 176 4 - + (tiapride)

AD: Alzheimer’s disease; CBS: chronic brain syndrome; HOS: hospital; MIX: mixed dementia 
(Alzheimer/ Vascular); NH: nursing home; NPS: neuropsychiatric symptoms; OUTP: 
outpatients; Ph: Pharmaceutical company; NR: not reported; VAS: vascular dementia.
° abstract only; * reduction in NPI Psychosis items at 12 weeks was the original primary 
outcome (clinicaltrials.gov); ^ Discontinuation rate at week 36 was the primary outcome, but 
as it is incomparable to other trials, we used response rate and reduction of symptoms at 12 
weeks (see table 3); † results of 0.5mg group (n=20) were not reported; # the term senile brain 
disease was also used.
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Study Drug(s) studied Type of dementia Type of NPS
(at least)

Setting N, total 
randomized

Duration,
weeks

Sample size calculation 
reported 

Commercial funding (drug 
of sponsor)

Fontaine et al., 2003 Etoperidone, 
thioridazine

NR Agitation NH 39 2 - + (olanzapine)

Carlyle et al., 1993 Olanzapine, 
risperidone

AD, VAS and MIX Aggression HOS 40 4 - NR

Gareri et al., 2004 Loxapine, 
haloperidol

AD, VAS and MIX Diverse NPS NR 60 8 - - (non-commercial)

Morris and Rickels, 1984 Risperidone, 
olanzapine, 
promazine

NR Diverse NPS NH 41 8 - + (loxapine)

Rosen, 1979 Loxapine, 
thioridazine

Organic cerebral 
disease#

Diverse NPS OUTP 56 6 - + (haloperidol)

Smith et al., 1974 Haloperidol, 
thioridazine

CBS Psychosis NH 46 6 - NR

Götestam et al., 1981 Haloperidol, 
thioridazine

(Pre)senile and VAS Diverse NPS HOS 47 8 - NR

Lovett et al., 1987 Cis(Z)-
clopenthixol, 
haloperidol

CBS Psychosis NH 54 6 - + (trifluoperazine)

Chan et al., 2001 Trifluoperazine, 
haloperidol

AD, VAS and MIX Diverse NPS OUTP-HOS 58 12 - + (risperidone)

Verhey et al., 2006 Risperidone, 
haloperidol

NR Agitation OUTP-NH 59 5 + NR

Ather et al., 1986 Olanzapine, 
haloperidol

NR Diverse NPS NR 68 4 - + (chlormethiazole)

Sheng et al., 2004 Chlormethiazole, 
thioridazine

AD and VAS Diverse NPS NR 60 8 - + (risperidone)

Rainer et al., 2007 Risperidone, 
haloperidol

AD, VAS, MIX, FTD Diverse NPS OUTP 68 8 + + (quetiapine)

Mulsant et al., 2004 Quetiapine, 
risperidone

AD, VAS and MIX Diverse NPS NH 86 6 - + (risperidone)

Sun et al., 2004 Risperidone, 
olanzapine

Not Lewy Body Diverse NPS HOS-OUTP 116 8 - + (risperidone)

Gutzmann et al., 1997 Risperidone, 
haloperidol

NR Restlessness HOS 176 4 - + (tiapride)

AD: Alzheimer’s disease; CBS: chronic brain syndrome; HOS: hospital; MIX: mixed dementia 
(Alzheimer/ Vascular); NH: nursing home; NPS: neuropsychiatric symptoms; OUTP: 
outpatients; Ph: Pharmaceutical company; NR: not reported; VAS: vascular dementia.
° abstract only; * reduction in NPI Psychosis items at 12 weeks was the original primary 
outcome (clinicaltrials.gov); ^ Discontinuation rate at week 36 was the primary outcome, but 
as it is incomparable to other trials, we used response rate and reduction of symptoms at 12 
weeks (see table 3); † results of 0.5mg group (n=20) were not reported; # the term senile brain 
disease was also used.
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Reported treatment effects in relation to sample size
Table 3 presents the reported treatment effects in order of sample size per study 
group. A positive difference in response rate and negative difference in symptom 
reduction means that the investigated drug performed better than the control 
group. Six trials did not report what the effect of treatment on the primary outcome 
was: four studies were old, published between 1974-1983, but two were relatively 
new, published after 2000.26,32,34,45,58,65 Five placebo-controlled studies reported only 
p-values without effect sizes in the abstract.37,39,54,59,69

Thirteen of 18 overpowered trials (72%) versus seven of 15 underpowered placebo-
controlled trials (47%) yielded a statistically significant difference between the 
study groups in either response rate or symptom reduction. Two of 13 (15%) and 
four of seven (57%) of these treatment effects respectively were clinically relevant 
(difference in response rate >=25%, or relative symptom reduction >=20%). The 
statistically significant response rates were 10-22% and reported by studies with 
large sample sizes. The two studies with a difference in response rate of >=25%, 
which is the difference deemed clinically relevant,25 were underpowered and did not 
report a statistically significant result. In addition, large sample size trials reported 
statistically significant relative symptom reductions between 10% and 23%, and 
small sample size trials reported statistically significant relative symptom reductions 
varying between 17% and 55%. 

Many placebo-controlled trials had more than one intervention group, adding up to 
a total of 54 individual comparisons. Thirteen of the 33 overpowered comparisons 
(39%) from 18 trials yielded a statistically significant treatment effect on either 
response rate or symptom reduction, versus seven of the 21 underpowered 
comparisons (33%) from 15 trials. 

Five of 18 head-to-head trials reported a difference in response rate of 10%, the 
lower limit that we set for non-inferiority in our reference sample size calculation, 
and four a relative symptom reduction of 10%. Yet, none of these results were 
statistically significant. 

The reported treatment effect was lower than the expected treatment effect in the 
14 studies that presented an expected treatment effect in a sample size calculation, 
except in two studies.55,59 The reported drop-out rates varied between 6% and 37% 
(not shown), which was higher than the expected drop-out rate in most studies.
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Table 2 Input for sample size calculations*
Study Alpha, 

%
Beta, 
%

Response 
rate or mean 
symptom 
change in 
drug group

Response 
rate or mean 
symptom 
change 
in control 
group

Difference 
in rates or 
means (SD) 
between 
groups¶

Expected 
dropout, 
%

Placebo-controlled trials
Teri et al., 2000† 5 20 70% 30% 40% NR
Katz et al., 1999 5 20 50% 30% 20% NR
Street et al., 2000 5 20 NA NA -2.0 pts (NR) NR
Brodaty et al., 2003 5 20 NA NA -4.15 pts 

(NR)
30

De Deyn et al., 2004 5 15 NA NA -3.0 pts (NR) NR
Ballard et al., 2005 5 10 NA NA -6.0 pts (6) 25
Schneider et al., 2006 5 1^ 27%# 60%# -33%# NA#
Mintzer et al., 2006 5 5 45% 25% 20% 20
Zhong et al., 2007 2.5 20 NR NR NR 10
Paleacu et al., 2008 7 10 NR NR -25% pts 

(NR)
NR

Ballard et al., 2018 5 10 NA NA -3.0 pts (6) 20
De Deyn et al., 1999 5 20 NR NR 20% 20
Allain et al., 2000 5 20 55% 30% 25% NR
Tariot et al., 2006 5 10 NA NA -4.5 pts (9) NR
Head-to-head trials
Verhey et al., 2006 5 10$ -14 pts -2.8 pts < -11.2 pts 

(NR)
25

Rainer et al., 2007 5 20 NR NR NR NR

NA: not applicable; NR: not reported; pts: points (on instrument used to measure 
neuropsychiatric symptoms); 
*this table presents the 16 studies that reported a sample size calculation (‘power analysis’) 
were included in this table; ¶ a difference in means needs to be accompanied by the population 
variance to calculate a sample size; †except for Teri 2000, all calculations were based on the 
comparison of the atypical antipsychotic group versus placebo; ̂ beta was reported to be 20% 
for a difference in rates of -20%; #discontinuation (not response) was the outcome; $text also 
mentions 20%. 
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Table 3 Results of randomized trials in order of group sample size
Study Comparison groups N per 

group
Reported effect in 
terms of response 
rate

Reported effect in terms of symptom reduction

Definition/ 
measurement
(bold if primary 
outcome)

Difference 
between 
groups

p-value Symptom scale
(bold if primary outcome)

Difference between groups 
(baseline mean); relative 
symptom reduction

p-value

Antipsychotic versus placebo (33)
Auchus and Cheryl 
Bissey-Black, 1997

Haloperidol vs placebo 6 – 6 - - - CMAI -1.0 (35.2); 5% .82

Howanitz and Wisotzek, 
2001

Olanzapine vs placebo 8 – 8 - - - - - -

Sugerman et al., 1964 Haloperidol vs placebo 9 – 9 improvement 
on psychiatric 
observation

22% nr ‘symptom checklist’ -2.5 (nr); nr nr

Herz et al., 2002° Risperidone vs placebo
Olanzapine vs placebo

14 – 8
7 – 8

-
-

-
-

-
-

BPRS Excitement Nr (nr); nr
Nr (nr); nr

ns
.0001

Hamilton and Bennet, 
1962

Trifluoperazine vs placebo 18 – 9 improvement 
on psychiatric 
observation

22% nr MACC -0.7 (31.4); 2% ns

Finkel et al., 1995 Thiothixene vs placebo 17 – 18 >5 points on CMAI 51% nr CMAI -9.0 (30.5); 55% <.001
Barnes et al., 1982 Loxapine vs placebo

Thioridazine vs placebo
19 – 17
17 – 17

improvement on 
CGI

17%
12%

ns
ns

BPRS -2.9 (45.8); 6%
0.0 (45.8); 0%

ns
ns

Petrie et al., 1982 Loxapine vs placebo
Haloperidol vs placebo

19 – 22
20 – 22

>= moderate 
improvement on 
CGI

23%
26%

nr
nr

BPRS -9.5 (47.9); 20%
-9.3 (47.9); 19%

<.05
<.05

Paleacu et al., 2008 Quetiapine vs placebo 20 – 20 Improved on CGIC -5% ns NPI-NH -5.2 (41.0); 13% ns
Rada and Kellner, 1976 Thiothixene vs placebo 22 – 20 improved on global 

rating
4% ns BPRS Nr (nr;); nr ns

Devanand et al., 1998 Haloperidol 0.5-0.75mg vs 
placebo
Haloperidol 2-3mg vs placebo

21 – 24
21 – 24

>=25% reduction 
BPRS Psychosis 
items

0%
30%

nr
<0.06

BPRS Psychosis 0.0 (6.8); 0%
-1.2 (6.8); 18%

ns
<.03

Ballard et al., 2005 Quetiapine vs placebo 31 – 31 - - - CMAI 3.5 (57.7); 8% .30
Pollock et al., 2002 Perphenazine vs placebo 33 – 21 - - - NRS -4.9 (57.6); 9% .14
Teri et al., 2000 Haloperidol vs placebo 34 – 36 improvement on 

ADCS-CGIC$
1% 0.81 CMAI -1.3 (49.2*); 3% >.25

Street et al., 2000 Olanzapine 5mg vs placebo
Olanzapine 10mg vs placebo
Olanzapine 15mg vs placebo

56 – 47
50 – 47
53 – 47

-
-
-

-
-
-

-
-
-

NPI-NH Agitation + 
Psychosis

-3.9 (14.2); 27%
-2.4 (14.2); 17%
-1.2 (14.2); 8%

<.001
.006
.24

Ballard et al., 2018¶ Pimavanserin vs placebo 90 – 91 >=30% decrease on 
NPI-NH Psychosis 
items

nr nr NPI-NH Psychosis -0.5 (9.8); 5% .561

Tariot et al., 2006 Quetiapine vs placebo
Haloperidol vs placebo

91 – 99
94 – 99

>=30% decrease on 
BPRS

11%
7%

.265
nr

BPRS -2.3 (39.5); 6%
-0.4 (39.5); 1%

.217

.354
Allain et al., 2000 Tiapride vs placebo

Haloperidol vs placebo
102 – 103
101 – 103

>=25% decrease on 
MOSES irritability/ 
aggression items)

14%
20%

.04

.004
MOSES irritability/ 
aggression 

-1.9 (20.3); 9%
-2.1 (20.3); 10%

.009

.005

De Deyn et al., 2005 Aripiprazole vs placebo 106 – 102 improvement on 
CGI-I

8% .18 NPI Psychosis -1.03 (12.4); 8% .017
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Table 3 Results of randomized trials in order of group sample size
Study Comparison groups N per 

group
Reported effect in 
terms of response 
rate

Reported effect in terms of symptom reduction

Definition/ 
measurement
(bold if primary 
outcome)

Difference 
between 
groups

p-value Symptom scale
(bold if primary outcome)

Difference between groups 
(baseline mean); relative 
symptom reduction

p-value

Antipsychotic versus placebo (33)
Auchus and Cheryl 
Bissey-Black, 1997

Haloperidol vs placebo 6 – 6 - - - CMAI -1.0 (35.2); 5% .82

Howanitz and Wisotzek, 
2001

Olanzapine vs placebo 8 – 8 - - - - - -

Sugerman et al., 1964 Haloperidol vs placebo 9 – 9 improvement 
on psychiatric 
observation

22% nr ‘symptom checklist’ -2.5 (nr); nr nr

Herz et al., 2002° Risperidone vs placebo
Olanzapine vs placebo

14 – 8
7 – 8

-
-

-
-

-
-

BPRS Excitement Nr (nr); nr
Nr (nr); nr

ns
.0001

Hamilton and Bennet, 
1962

Trifluoperazine vs placebo 18 – 9 improvement 
on psychiatric 
observation

22% nr MACC -0.7 (31.4); 2% ns

Finkel et al., 1995 Thiothixene vs placebo 17 – 18 >5 points on CMAI 51% nr CMAI -9.0 (30.5); 55% <.001
Barnes et al., 1982 Loxapine vs placebo

Thioridazine vs placebo
19 – 17
17 – 17

improvement on 
CGI

17%
12%

ns
ns

BPRS -2.9 (45.8); 6%
0.0 (45.8); 0%

ns
ns

Petrie et al., 1982 Loxapine vs placebo
Haloperidol vs placebo

19 – 22
20 – 22

>= moderate 
improvement on 
CGI

23%
26%

nr
nr

BPRS -9.5 (47.9); 20%
-9.3 (47.9); 19%

<.05
<.05

Paleacu et al., 2008 Quetiapine vs placebo 20 – 20 Improved on CGIC -5% ns NPI-NH -5.2 (41.0); 13% ns
Rada and Kellner, 1976 Thiothixene vs placebo 22 – 20 improved on global 

rating
4% ns BPRS Nr (nr;); nr ns

Devanand et al., 1998 Haloperidol 0.5-0.75mg vs 
placebo
Haloperidol 2-3mg vs placebo

21 – 24
21 – 24

>=25% reduction 
BPRS Psychosis 
items

0%
30%

nr
<0.06

BPRS Psychosis 0.0 (6.8); 0%
-1.2 (6.8); 18%

ns
<.03

Ballard et al., 2005 Quetiapine vs placebo 31 – 31 - - - CMAI 3.5 (57.7); 8% .30
Pollock et al., 2002 Perphenazine vs placebo 33 – 21 - - - NRS -4.9 (57.6); 9% .14
Teri et al., 2000 Haloperidol vs placebo 34 – 36 improvement on 

ADCS-CGIC$
1% 0.81 CMAI -1.3 (49.2*); 3% >.25

Street et al., 2000 Olanzapine 5mg vs placebo
Olanzapine 10mg vs placebo
Olanzapine 15mg vs placebo

56 – 47
50 – 47
53 – 47

-
-
-

-
-
-

-
-
-

NPI-NH Agitation + 
Psychosis

-3.9 (14.2); 27%
-2.4 (14.2); 17%
-1.2 (14.2); 8%

<.001
.006
.24

Ballard et al., 2018¶ Pimavanserin vs placebo 90 – 91 >=30% decrease on 
NPI-NH Psychosis 
items

nr nr NPI-NH Psychosis -0.5 (9.8); 5% .561

Tariot et al., 2006 Quetiapine vs placebo
Haloperidol vs placebo

91 – 99
94 – 99

>=30% decrease on 
BPRS

11%
7%

.265
nr

BPRS -2.3 (39.5); 6%
-0.4 (39.5); 1%

.217

.354
Allain et al., 2000 Tiapride vs placebo

Haloperidol vs placebo
102 – 103
101 – 103

>=25% decrease on 
MOSES irritability/ 
aggression items)

14%
20%

.04

.004
MOSES irritability/ 
aggression 

-1.9 (20.3); 9%
-2.1 (20.3); 10%

.009

.005

De Deyn et al., 2005 Aripiprazole vs placebo 106 – 102 improvement on 
CGI-I

8% .18 NPI Psychosis -1.03 (12.4); 8% .017

table continues
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Study Comparison groups N per 
group

Reported effect in 
terms of response 
rate

Reported effect in terms of symptom reduction

Zhong et al., 2007 Quetiapine 100mg vs placebo
Quetiapine 200mg vs placebo

124 – 92
117 – 92

moderate & marked 
improvement on 
CGI-C

8%
22%

ns
.002

PANSS Excitement -0.8 (23.0); 3%
 -2.7 (23.0); 12%

.457

.014

Schneider et al., 2006 Olanzapine vs placebo
Quetiapine vs placebo
Risperidone vs placebo

100 – 142
94 – 142
85 – 142

improvement on 
CGIC†

11%
5%
8%

.05

.37

.21

NPI -5.0 (36.9); 14%
-7.6 (36.9); 21%
-7.4 (36.9); 20%

nr
nr
nr

De Deyn et al., 1999 Risperidone vs placebo
Haloperidol vs placebo

115 – 114
115 – 114

>=30% decrease on 
BEHAVE-AD

11%
8%

.13

.25
BEHAVE-AD
BEHAVE-AD

-2.4 (16.5); 15%
-1.3 (16.5); 8%

.05
nr

Satterlee et al., 1995° Olanzapine vs placebo 120 – 118 - - - BEHAVE-AD -0.4 (19.8); 2% ns
Mintzer et al., 2007 Aripiprazole 2mg vs placebo

Aripiprazole 5mg vs placebo
Aripiprazole 10mg vs placebo

118 – 121
122 – 121
126 – 121

>=50% decrease 
NPI-NH Psychosis

5%
13%
15%

Ns
ns
.019

NPI-NH Psychosis -0.5 (11.6); 4%
-1.2 (11.6); 10%
-1.8 (11.6); 16%

Ns
ns
.013

Streim et al., 2008 Aripiprazole vs placebo 131 – 125 >=50% decr NPI-
NH

18% .006 NPI-NH Psychosis +0.1 (10.6); 1% ns

De Deyn et al., 2004 Olanzapine 1mg vs placebo
Olanzapine 2.5mg vs placebo
Olanzapine 5mg vs placebo
Olanzapine 7.5mg vs placebo

129 – 129
134 – 129
125 – 129
132 – 129

- 
(CGI-C was 
administered)

-
-
-
-

-
-
-
-

NPI-NH Psychosis -1.0 (9.7); 10%
-0.8 (9.7); 8%
-0.6 (9.7); 6%
-1.2 (9.7); 12%

.171

.089

.274

.032
Otsuka Ph, 2017a^ Brexpiprazole 1mg vs placebo

Brexpiprazole 2mg vs placebo
137 – 136
140 – 136

- - - CMAI +0.2 (nr); nr
-3.8 (nr); nr

.902

.040
Otsuka Ph, 2017b Brexpiprazole vs placebo 133 – 137 - - - CMAI -2.4 (nr); nr .145
Deberdt et al., 2005 Olanzapine vs placebo

Risperidone vs placebo
204 – 94
196 – 94

>=30% decr NPI-
NH Psychosis

-4%
-3%

Ns
ns

NPI Psychosis -0.7 (11.3); 6%
-0.5 (11.3); 4%

0.421
0.585

Katz et al., 1999 Risperidone 0.5mg vs placebo
Risperidone 1mg vs placebo
Risperidone 2mg vs placebo

149 – 163
148 – 163
165 – 163

>= 50% reduction 
on BEHAVE-AD

nr 
12%
17% 

nr
.02
.002

BEHAVE-AD -1.2 (15.8); 8%
-2.2 (15.8); 14%
-3.3 (15.8); 21%

.13

.02
<.001

Brodaty et al., 2003 Risperidone vs placebo 173 – 172 improvement on 
CGI-I

22% <.001 CMAI aggression -4.4 (33.5); 23% <.001

Stotsky, 1984 Thioridazine vs placebo 183 – 175 - - - Modified HAS -4.3 (nr); nr <.001
Mintzer et al., 2006 Risperidone vs placebo 235 – 238 improvement on 

CGI-C
10% .019 BEHAVE-AD Psychosis -0.6 (7.9); 8% . 118

Head-to-head trials (18)
Vergara et al., 1980 Clomacran vs thioridazine 20 total Improvement on 

CGI
0% na VTSRS nr (nr); nr ns

Spagnolo et al., 1983 Etoperidone vs thioridazine 15 – 15 clinical judgement 0% nr SHGRS nr (nr); nr nr

Fontaine et al., 2003 Olanzapine vs risperidone 20 – 19 - (CGI-C was 
administered)

Nr ns NPI +8 (51.8); 15% ns

Carlyle et al., 1993 Loxapine vs haloperidol 20 – 20 Any decrease 
in weekly # of 
aggressive acts

15% nr weekly # of aggressive 
acts

-1.1 (6.9); 16% ns

Gareri et al., 2004 Risperidone vs promazine
Olanzapine vs promazine

20 – 20
20 – 20

>=50% decrease 
on NPI

5%
15%

nr
nr

-
-

-
-

Morris and Rickels, 1984 Loxapine vs thioridazine 21 – 20 global improvement nr nr BPRS +1.7 (63.6); 3% ns
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Study Comparison groups N per 
group

Reported effect in 
terms of response 
rate

Reported effect in terms of symptom reduction

Zhong et al., 2007 Quetiapine 100mg vs placebo
Quetiapine 200mg vs placebo

124 – 92
117 – 92

moderate & marked 
improvement on 
CGI-C

8%
22%

ns
.002

PANSS Excitement -0.8 (23.0); 3%
 -2.7 (23.0); 12%

.457

.014

Schneider et al., 2006 Olanzapine vs placebo
Quetiapine vs placebo
Risperidone vs placebo

100 – 142
94 – 142
85 – 142

improvement on 
CGIC†

11%
5%
8%

.05

.37

.21

NPI -5.0 (36.9); 14%
-7.6 (36.9); 21%
-7.4 (36.9); 20%

nr
nr
nr

De Deyn et al., 1999 Risperidone vs placebo
Haloperidol vs placebo

115 – 114
115 – 114

>=30% decrease on 
BEHAVE-AD

11%
8%

.13

.25
BEHAVE-AD
BEHAVE-AD

-2.4 (16.5); 15%
-1.3 (16.5); 8%

.05
nr

Satterlee et al., 1995° Olanzapine vs placebo 120 – 118 - - - BEHAVE-AD -0.4 (19.8); 2% ns
Mintzer et al., 2007 Aripiprazole 2mg vs placebo

Aripiprazole 5mg vs placebo
Aripiprazole 10mg vs placebo

118 – 121
122 – 121
126 – 121

>=50% decrease 
NPI-NH Psychosis

5%
13%
15%

Ns
ns
.019

NPI-NH Psychosis -0.5 (11.6); 4%
-1.2 (11.6); 10%
-1.8 (11.6); 16%

Ns
ns
.013

Streim et al., 2008 Aripiprazole vs placebo 131 – 125 >=50% decr NPI-
NH

18% .006 NPI-NH Psychosis +0.1 (10.6); 1% ns

De Deyn et al., 2004 Olanzapine 1mg vs placebo
Olanzapine 2.5mg vs placebo
Olanzapine 5mg vs placebo
Olanzapine 7.5mg vs placebo

129 – 129
134 – 129
125 – 129
132 – 129

- 
(CGI-C was 
administered)

-
-
-
-

-
-
-
-

NPI-NH Psychosis -1.0 (9.7); 10%
-0.8 (9.7); 8%
-0.6 (9.7); 6%
-1.2 (9.7); 12%

.171

.089

.274

.032
Otsuka Ph, 2017a^ Brexpiprazole 1mg vs placebo

Brexpiprazole 2mg vs placebo
137 – 136
140 – 136

- - - CMAI +0.2 (nr); nr
-3.8 (nr); nr

.902

.040
Otsuka Ph, 2017b Brexpiprazole vs placebo 133 – 137 - - - CMAI -2.4 (nr); nr .145
Deberdt et al., 2005 Olanzapine vs placebo

Risperidone vs placebo
204 – 94
196 – 94

>=30% decr NPI-
NH Psychosis

-4%
-3%

Ns
ns

NPI Psychosis -0.7 (11.3); 6%
-0.5 (11.3); 4%

0.421
0.585

Katz et al., 1999 Risperidone 0.5mg vs placebo
Risperidone 1mg vs placebo
Risperidone 2mg vs placebo

149 – 163
148 – 163
165 – 163

>= 50% reduction 
on BEHAVE-AD

nr 
12%
17% 

nr
.02
.002

BEHAVE-AD -1.2 (15.8); 8%
-2.2 (15.8); 14%
-3.3 (15.8); 21%

.13

.02
<.001

Brodaty et al., 2003 Risperidone vs placebo 173 – 172 improvement on 
CGI-I

22% <.001 CMAI aggression -4.4 (33.5); 23% <.001

Stotsky, 1984 Thioridazine vs placebo 183 – 175 - - - Modified HAS -4.3 (nr); nr <.001
Mintzer et al., 2006 Risperidone vs placebo 235 – 238 improvement on 

CGI-C
10% .019 BEHAVE-AD Psychosis -0.6 (7.9); 8% . 118

Head-to-head trials (18)
Vergara et al., 1980 Clomacran vs thioridazine 20 total Improvement on 

CGI
0% na VTSRS nr (nr); nr ns

Spagnolo et al., 1983 Etoperidone vs thioridazine 15 – 15 clinical judgement 0% nr SHGRS nr (nr); nr nr

Fontaine et al., 2003 Olanzapine vs risperidone 20 – 19 - (CGI-C was 
administered)

Nr ns NPI +8 (51.8); 15% ns

Carlyle et al., 1993 Loxapine vs haloperidol 20 – 20 Any decrease 
in weekly # of 
aggressive acts

15% nr weekly # of aggressive 
acts

-1.1 (6.9); 16% ns

Gareri et al., 2004 Risperidone vs promazine
Olanzapine vs promazine

20 – 20
20 – 20

>=50% decrease 
on NPI

5%
15%

nr
nr

-
-

-
-

Morris and Rickels, 1984 Loxapine vs thioridazine 21 – 20 global improvement nr nr BPRS +1.7 (63.6); 3% ns

table continues
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Study Comparison groups N per 
group

Reported effect in 
terms of response 
rate

Reported effect in terms of symptom reduction

Rosen, 1979 Haloperidol vs thioridazine 24 – 18 - - - Modified BPRS +0.1 (3.2); 3% ns

Smith et al., 1974 Haloperidol vs thioridazine 23 – 23 CGI 22% nr BPRS nr (nr); 11% .01

Götestam et al., 1981 Cis(Z)-clopenthixol vs 
haloperidol

25 – 22 improvement on 
CGI

-6% nr GCGRS -4.1 (26.9); 15% <.05

Lovett et al., 1987 Trifluoperazine vs haloperidol 26 – 28 improvement on 
CGI

18% ns BPRS -1.2 (50.4); 2% ns

Chan et al., 2001 Risperidone vs haloperidol 29 – 29 - - - CMAI +2.0 (47.7); 4% ns

Verhey et al., 2006 Olanzapine vs haloperidol 30 – 28 - (CGI was 
administered)

- - CMAI +6.5 (70); 9% 0.338

Ather et al., 1986 Chlormethiazole vs 
thioridazine

30 – 30 - - - CGBRS -1.9 (37.1); 5% nr 

Sheng et al., 2004 Risperidone vs haloperidol 30 – 30 improvement on 
CGI

10% >.05 BEHAVE-AD 0 (15); 0% >.05

Rainer et al., 2007 Quetiapine vs risperidone 36 – 32 improvement on 
CGI

-3.4% nr NPI +2.2 (57.9); 4% ns

Mulsant et al., 2004 Risperidone vs olanzapine 42 – 43 - - - NPI nr (nr); nr ns

Sun et al., 2004 Risperidone vs haloperidol 57 – 59 >=30% decrease on 
BEHAVE-AD

1% nr BEHAVE-AD +0.1 (17.5); 1% ns

Gutzmann et al., 1997 Tiapride vs melperone 88 – 87 improvement on 
CGI

1% .675 restlessness -1.4 (56.2); 2% ns

nr: not reported, ns: the effect was reported as not statistically significant but no 
p-value was given; ADCS-CGIC: Alzheimer’s Disease Cooperative Study Clinical 
Global Impression of Change; BEHAVE-AD: Behavioural pathology in Alzheimer’s 
disease scale; BPRS: Brief Psychiatric Rating Scale; CMAI: Cohen-Mansfield 
Agitation Inventory; CGBRS: Crichton Geriatric Behavioral Rating Scale; GCGRS: 
Gottfires-Cronholm Geriatric Rating Scale; MACC: Motility affect communication 
cooperation behavioral adjustment scale; NPI(-NH): Neuropsychiatric Inventory 
(-Nursing Home version); NRS: Neurobehavioral Rating Scale; PANSS: Positive and 
Negative Syndrome Scale; SHGRS: Stuard Hospital Geriatric Rating Scale; VTSRS: 
Verdun Target Symptom Rating Scale. 
°abstract only; *49.2 is the weighted mean of baseline mean of all studies with CMAI 
total; ¶reduction in NPI Psychosis at 12 weeks was originally the primary outcome 
(clinicaltrials.gov); †Discontinuation rate at week 36 is primary outcome of trial, 
but as it is incomparable to other trials, we used response rate and reduction of 
symptoms at 12 weeks; ^results of 0.5mg group (n=20) were not reported.
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Study Comparison groups N per 
group

Reported effect in 
terms of response 
rate

Reported effect in terms of symptom reduction

Rosen, 1979 Haloperidol vs thioridazine 24 – 18 - - - Modified BPRS +0.1 (3.2); 3% ns

Smith et al., 1974 Haloperidol vs thioridazine 23 – 23 CGI 22% nr BPRS nr (nr); 11% .01

Götestam et al., 1981 Cis(Z)-clopenthixol vs 
haloperidol

25 – 22 improvement on 
CGI

-6% nr GCGRS -4.1 (26.9); 15% <.05

Lovett et al., 1987 Trifluoperazine vs haloperidol 26 – 28 improvement on 
CGI

18% ns BPRS -1.2 (50.4); 2% ns

Chan et al., 2001 Risperidone vs haloperidol 29 – 29 - - - CMAI +2.0 (47.7); 4% ns

Verhey et al., 2006 Olanzapine vs haloperidol 30 – 28 - (CGI was 
administered)

- - CMAI +6.5 (70); 9% 0.338

Ather et al., 1986 Chlormethiazole vs 
thioridazine

30 – 30 - - - CGBRS -1.9 (37.1); 5% nr 

Sheng et al., 2004 Risperidone vs haloperidol 30 – 30 improvement on 
CGI

10% >.05 BEHAVE-AD 0 (15); 0% >.05

Rainer et al., 2007 Quetiapine vs risperidone 36 – 32 improvement on 
CGI

-3.4% nr NPI +2.2 (57.9); 4% ns

Mulsant et al., 2004 Risperidone vs olanzapine 42 – 43 - - - NPI nr (nr); nr ns

Sun et al., 2004 Risperidone vs haloperidol 57 – 59 >=30% decrease on 
BEHAVE-AD

1% nr BEHAVE-AD +0.1 (17.5); 1% ns

Gutzmann et al., 1997 Tiapride vs melperone 88 – 87 improvement on 
CGI

1% .675 restlessness -1.4 (56.2); 2% ns

nr: not reported, ns: the effect was reported as not statistically significant but no 
p-value was given; ADCS-CGIC: Alzheimer’s Disease Cooperative Study Clinical 
Global Impression of Change; BEHAVE-AD: Behavioural pathology in Alzheimer’s 
disease scale; BPRS: Brief Psychiatric Rating Scale; CMAI: Cohen-Mansfield 
Agitation Inventory; CGBRS: Crichton Geriatric Behavioral Rating Scale; GCGRS: 
Gottfires-Cronholm Geriatric Rating Scale; MACC: Motility affect communication 
cooperation behavioral adjustment scale; NPI(-NH): Neuropsychiatric Inventory 
(-Nursing Home version); NRS: Neurobehavioral Rating Scale; PANSS: Positive and 
Negative Syndrome Scale; SHGRS: Stuard Hospital Geriatric Rating Scale; VTSRS: 
Verdun Target Symptom Rating Scale. 
°abstract only; *49.2 is the weighted mean of baseline mean of all studies with CMAI 
total; ¶reduction in NPI Psychosis at 12 weeks was originally the primary outcome 
(clinicaltrials.gov); †Discontinuation rate at week 36 is primary outcome of trial, 
but as it is incomparable to other trials, we used response rate and reduction of 
symptoms at 12 weeks; ^results of 0.5mg group (n=20) were not reported.
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Table 4 Mean sample size by study characteristic
Study characteristic Placebo-controlled trials Head-to-head trials

n Mean (SD) n Mean (SD)
Type of 
drug

Conventional antipsychotic 
(ref)

11 34.4 (48.8) 9 22.3 (7.1)

Atypical antipsychotic 19 107.0 (60.5)^ 4 46.3 (29.5)^
Conventional and atypical 
antipsychotic

3 103.8 (94.7)^ 3 33.3 (14.4)

Trial 
duration

=<6 weeks (ref) 11 28.9 (4.4) 10 32.7 (21.0)
>6 weeks 22 109.2 (12.6)* 8 28.2 (14.2)

Type of 
funding

Non-commercial (ref) 7 18.1 (9.6) 5 21.6 (5.4)
Commercial 24 100.3 (57.5)* 13 34.2 (20.0)

^ p <0.05 compared to reference group; * p < .001 compared to reference group.

Study characteristics and sample size
Table 4 shows the mean sample size per comparison group by type of drug tested, trial 
duration, and type of funding. The mean sample size per study group was statistically 
significantly higher in placebo-controlled trials that tested an atypical antipsychotic 
drug (107.0) or both a conventional and an atypical drug (103.8) in comparison to 
placebo-controlled trials of conventional antipsychotics (34.4; p<.05). The mean 
sample size per study group was also statistically significantly higher in trials that lasted 
more than 6 weeks (109.2) compared to less than 6 weeks (28.9; p < .001), and that 
were commercially (100.3) versus non-commercially (18.1; p < .001) funded. Head-
to-head-trials that tested atypical drugs only had a significantly larger mean sample 
size (46.3) than trials that tested conventional drugs (22.3; p <.05). Trial duration and 
commercial funding did not seem to be related to the sample size of head-to-head trials. 

Discussion 

We assessed the presence of large sample size fallacy in 51 antipsychotic trials in 
dementia. Most placebo-controlled trials of conventional antipsychotics had small 
sample size, i.e. smaller than the calculated reference sample size, but most trials of 
atypical antipsychotics had large sample sizes. All head-to-head trials had very small 
sample sizes. Only one third of trials reported a sample size calculation. Thirteen of 18 
trials with large sample sizes (72%) reported a statistically significant treatment effect, 
of which two (15%) were clinically relevant. In contrast, seven of 15 placebo-controlled 
trials with small sample sizes (47%) yielded a statistically significant treatment effect, 
and four were clinically relevant (57%). None of the head-to-head trials reported a 
statistically significant treatment effect, even though some suggested non-inferiority.  
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Large sample size fallacy
Sample sizes need to be large enough to guarantee a minimum level of discriminative 
power to detect a real treatment effect. Moreover, precision of an estimate increases 
with sample size. Studies based on small sample size may yield a non-statistically 
significant but clinically relevant treatment effect. On the other hand, studies based 
on large sample size – larger than necessary – may yield statistically significant 
but clinically insignificant treatment effects.70,71 Large sample size fallacy occurs 
when such results are interpreted as relevant for medical practice.6,72 Nevertheless, 
pharmaceutical companies and academic scholars benefit from statistically 
significant treatment results being interpreted as clinically relevant.10 The emphasis 
on statistical significance was confirmed by six trials in our review that did not report 
effect sizes, and five trials that reported just p-values in the abstract. 

The sample sizes of trials testing atypical antipsychotics versus placebo, whether 
or not simultaneously with a conventional antipsychotic, were generally larger 
than necessary. These trials were commercially funded by the manufacturer of the 
atypical antipsychotic drugs. Only investigator-initiated trials were too small. The 
majority of large trials reported a statistically significant treatment effect, despite 
lack of clinical relevance, which confirms the presence of large sample size fallacy. 
The mean sample size was also higher when the study lasted longer than 6 weeks 
and was commercially funded, but this might be explained by the fact that placebo-
controlled trials of atypical antipsychotics were generally longer and often industry-
initiated. The chance of statistically significant findings was further enhanced by 
the use of multiple comparisons per study and multiple measurement scales per 
outcome in a number of the larger trials.

Many placebo-controlled trials of conventional antipsychotics had small sample sizes. 
Most were relatively old (published before 1990) and seemed to be investigator-
initiated. Some of these trials reported clinically relevant results, but most were 
not statistically significant. That small placebo-controlled trials yielded statistically 
significant and clinically relevant effects relatively often might reflect publication 
bias.

Head-to-head trials had sample sizes that were (much) smaller than required, and 
these studies yielded non-statistically significant results that sometimes suggested 
a substantial effect. Even if we had set the limit for non-inferiority at 15%, the 
required sample would have been a lot higher than the sample sizes of the included 
studies were (346 without loss, and 385 with loss). It is unclear why these trials were 
so clearly underpowered. Perhaps, industry has little to gain from properly testing 
their own product against that of competitors. Non-commercial funds might not 
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be interested in a trial with at least 2 x 433 patients to show that the tested drugs 
are non-inferior, even if patients might be quite willing to participate in a study that 
ensure treatment with an active drug.
 
Sample size requirements 
It is generally agreed that a trial protocol and report should report a sample size 
calculation.73 Nevertheless, only a third of trials in our review reported a sample size 
calculation and just three were complete. Although some trials can be considered 
old, most were published in the 1990s or later when it had become common to 
report trial methods in detail. Sample size calculations are often not (completely) 
reported in randomized trials in other fields of research was well.70,74 One review 
found that articles about newer randomized controlled trials included sample size 
calculations more often, and showed positive results more often (76%) than older 
studies (55%).75

Some studies in our review reported a lower alpha (2.5%) or beta (5%) than is 
usual in sample size calculations (5% and 20% respectively). In addition, the MCID 
proposed in the sample size calculations seemed rather small: difference in response 
rates <25% in 3/6 trials, and in relative risk reduction of <20% in 4/7 trials. The 
lower the alpha, beta and MCID, the higher the calculated sample size will be 
and hence the power to detect a statistically significant but not clinically relevant 
treatment effect. Moreover, even if the expected difference is equal to the MCID, a 
proportion of the patients will not have a clinically relevant effect on the individual 
level. On the other hand, the expected drop-out rate in the sample size calculations 
was mostly lower than the (mean) reported drop-out, and this would have led to 
a spuriously smaller calculated sample size. Real drop-out might have been high 
because trial duration was long on average. Most trials lasted more than a month, 
even though in clinical practice, antipsychotics usually show an effect within 2 
weeks, 4 at the most. It has been estimated that up to 64% of trials with continuous 
outcomes are underpowered or overpowered because of imprecise input.76 
 
Strengths and limitations
To our knowledge determinants of sample size in trials testing antipsychotics for 
neuropsychiatric symptoms in dementia have not been studied previously. Our 
study showed that sample size calculations in the reports of these trials were missing 
on a large scale as was the correct interpretation of effect size. A limitation of our 
study is its focus on antipsychotic trials in dementia, which might be perceived as 
a small field of research. In addition, the interpretation of our results is limited by 
the possible presence of multiple testing. Many trials used multiple comparisons of 
either different drugs, different dosages, multiple outcomes, and sometimes multiple 
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measurement instruments per outcome. Such multiple testing might reinforce the 
large sample size fallacy.

With our study, we do not want to suggest that large sample sizes should be 
avoided. It is important for clinical practice that study results are precise. Moreover, 
large sample sizes are very useful for identification of adverse effects. Small trials 
should not be avoided either, as long as they are published irrespective of results 
and available for pooling in meta-analyses. 

The implication of our study is that researchers need to be encouraged to report 
and consider effect sizes in line with p-values to avoid the large sample size fallacy. 
Journals should probably mention this in their author instructions.
 
Conclusion
Placebo-controlled trials that tested atypical antipsychotics showed large sample 
size fallacy. Placebo-controlled trials of conventional antipsychotics and head-to-
head trials had insufficient power to detect a real difference between the treatment 
groups. Sample size calculations in antipsychotic trials for dementia need to be 
reported adequately. 
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Appendix 
 
Search string
In title/ abstract
chlorpromazine OR levomepromazine OR promazine OR acepromazine OR 
triflupromazine OR cyamemazine OR chlorproethazine OR dixyrazine OR fluphenazine 
OR perphenazine OR  prochlorperazine OR thiopropazate OR trifluoperazine OR 
acetophenazine OR thioproperazine OR butaperazine OR perazine OR periciazine 
OR thioridazine OR mesoridazine OR pipotiazine OR haloperidol OR trifluperidol 
OR melperone OR moperone OR pipamperone OR bromperidol OR benperidol 
OR droperidol OR fluanisone OR oxypertine OR molindone OR sertindole OR 
ziprasidone OR lurasidone OR flupentixol OR clopenthixol OR chlorprothixene 
OR tiotixene OR zuclopenthixol OR fluspirilene OR pimozide OR penfluridol OR 
loxapine OR clozapine OR olanzapine OR quetiapine OR asenapine OR clotiapine OR 
sulpiride OR sultopride OR tiapride OR remoxipride OR amisulpride OR veralipride 
OR levosulpiride OR prothipendyl OR risperidone OR mosapramine OR zotepine 
OR aripiprazole OR paliperidone OR iloperidone OR cariprazine OR brexpiprazole 
OR pimavanserin 

AND 

Anywhere: trial 

AND 

Anywhere: dementia

Table 1. NPI-NH in included studies that used this instrument 
Study Baseline NPI-NH Change in placebo group
Street 2000 43 28
DeDeyn 2004 33 20
Deberdt 2005 42 22
DeDeyn 2005 40 19
Schneider 2006 37 9
Mintzer 2007 41 16
Zhong 2007 36 23
Paleacu 2008 41 19
Streim 2008 38 19
Mean 39 19
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Abstract 

Purpose
Run-in periods are used to identify placebo-responders and washout. Our aim was 
to assess the association of run-in periods with clinical outcomes of antipsychotics 
in dementia. 

Methods
We searched randomized placebo-controlled trials of conventional and atypical 
antipsychotics for neuropsychiatric symptoms (NPS) in dementia in electronic 
sources and references of selected articles. We extracted (1) presence of a run-in 
period, use of placebo/ investigated drug during run-in (versus washout only), and 
run-in duration (one week or more), and (2) reduction in NPS, number of participants 
with somnolence, extrapyramidal symptoms (EPS) and deaths per treatment group. 
We pooled clinical outcomes comparing antipsychotic and placebo groups in trials 
with and without run-in. 

Results
We identified 35 trials. Twenty-nine trials used run-in. The pooled standardized 
mean difference in reduction of NPS was -0.170 (95%CI: -0.227 to -0.112) in trials 
with, and -0.142 (95%CI: -0.331 to 0.047) in trials without run-in. The pooled odds 
ratio for somnolence was 2.8 (95%CI: 2.3 to 3.5) in trials with run-in and 3.5 (95%CI: 
1.2 to 10.7) in trials without run-in; for EPS these ORs were 1.8 (95%CI: 1.4 to 2.2) 
and 2.0 (95%CI: 1.3 to 3.1) respectively, and for mortality 1.4 (95%CI: 1.0 to 2.0) and 
1.6 (95%CI: 0.7 to 3.4). Use of placebo/investigated drug during run-in and run-in 
duration did not affect the estimates in a consistent way.

Conclusions
Use of run-in in trials might have led to overestimated efficacy and especially 
underestimated risks of side effects of antipsychotics compared to placebo for NPS 
in dementia.
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Introduction

Results of randomized controlled trials are important for regulatory and clinical 
decisions. Researchers have therefore sought to optimize treatment effects and 
identify patients that will benefit most from treatment. One way of enhancing trial design 
is using a run-in period between screening for eligibility and before randomization.1,2 
During this period of usually one to two weeks, drugs that the eligible patients already 
use are washed out. In some trials, the drugs are replaced by placebo to blind the 
participants for the change in treatment. Drug-naïve patients can also be given placebo, 
or the active drug of interest. Patients with high placebo response, poor compliance, low 
treatment response or intolerance for the drug can thus be identified.3,4 At the end of 
the run-in phase, the researchers select the participants that are definitively included in 
the study. It is assumed that a run-in period will decrease placebo response and dropout 
during the trial, and consequently increase the effect size and the power of a trial.5,6 

A small number of reviews have studied the effect that a run-in period can have on 
trial outcomes of psychopharmacological drugs. Antidepressants in children were 
15% more effective in trials with a run-in period than in trials without a run-in period 
and above the threshold for a small effect size (standardized mean difference 0.26 
versus 0.17 respectively; cut-off for small effect is 0.20).7 Another meta-analysis of 
antidepressant trials in depressed outpatients showed that a placebo run-in period 
was associated with higher efficacy and more power.8 On the other hand, run-in 
periods were not associated with greater efficacy in trials of antidepressants for major 
depression, benzodiazepines for anxiety, and naltrexon for alcohol addiction.9–13 

To our knowledge, the effect of a run-in period on efficacy and side effects of 
antipsychotics has not been investigated before. This is notable, because high 
placebo response rates, high dropout rates, and decreasing effectiveness over the 
years are a major problem in antipsychotic trials.14 An association between use 
of a run-in period and drug safety is not unlikely, because run-in periods can lead 
to exclusion of persons not tolerating the drugs and of noncompliant subjects.15 
Moreover, atypical antipsychotics have been marketed with the claim of a more 
favorable side effects profile compared to conventional antipsychotics, i.e. lower 
rates of somnolence and extrapyramidal symptoms (EPS).16 

Antipsychotics are often prescribed for neuropsychiatric symptoms in dementia. 
Trials that tested the efficacy of antipsychotics for this indication commonly used 
run-in periods. The aim of this study was to assess the association of run-in periods in 
trials of conventional and atypical antipsychotics in dementia with clinical outcomes 
and also dropout. 
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Methods
 
We performed a meta-epidemiological study. We wrote a research proposal for the 
sponsor in advance and it can be requested from the corresponding author.
 
Search strategy 
Four sources were used to identify trials. Two reviewers (TAH, HJL) first searched 
the electronic databases Cinahl, Embase, Pubmed, and Cochrane library with the 
strings [‘generic name atypical/conventional antipsychotic’ AND trial AND dementia 
(see appendix). We composed a list of all conventional and atypical antipsychotics 
from the websites of the World Health Organization, Food and Drug Administration 
and Wikipedia to enable this search.17–19 Secondly, we hand-searched the references 
of published systematic reviews, which were identified with the same electronic 
databases. Titles and abstracts of potentially eligible studies were retrieved in 
Pubmed. Thirdly, we sought RCTs in trial registration websites with the same 
keywords where possible. Finally, we searched the databases of the Dutch Medicines 
Evaluation Board and the FDA for unpublished trials of atypical antipsychotics.
 
Study selection
Randomized placebo-controlled trials that tested the efficacy of orally administered 
conventional or atypical antipsychotics for neuropsychiatric symptoms in 
dementia were included. If studies seemed potentially eligible given title and 
abstract, full articles were retrieved as well as online protocols of unpublished 
studies. Two reviewers (TAH, HJL) reviewed these articles for definitive eligibility. 
Studies with no information on the use of a run-in period, and with multiple 
drugs in one intervention arm were excluded. There were no restrictions with 
respect to publication date, language, flexible or fixed dosing of the active 
treatment, and duration of the study. The search was last rerun in June 2019. 
 
Data extraction 
Two reviewers (TAH, HJL) independently extracted data from the included 
trials. First, we extracted general study characteristics: publication year, type of 
antipsychotic groups, setting, type of neuropsychiatric symptoms for which the 
antipsychotics were tested, and total number of randomized patients. Next, we 
extracted characteristics of the run-in period: presence/ absence, replacement drug 
(no drug, placebo or active treatment), and duration, as well as the percentage of 
patients excluded at the end of the run-in phase.
 
We then extracted the clinical outcomes for the drug and placebo groups. Efficacy 
of antipsychotics in dementia can be measured with a generic instrument that covers 
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various neuropsychiatric symptoms (e.g. NPI, BEHAVE-AD), or an instrument for 
specific symptoms such as agitation (e.g. CMAI). We used the results measured with 
the instrument that matched the symptoms at enrollment. E.g. if patients had to have 
agitation to enter a trial, we used the result reported with an agitation scale. We 
extracted the mean change from baseline to end point. When multiple dosages or 
multiple drug groups were included in a trial, an average change was calculated. We 
also extracted the standard deviation (SD) of the difference between the groups in 
mean change. If the SD was not reported, it was calculated with the p-value, range, 
or confidence interval reported for the difference in mean change. Otherwise, the SD 
was imputed with the average of the reported SD of all trials with the same indication 
and instrument. For two trials that did not report the data we needed, we obtained 
the IPD and calculated the mean changes and SDs.20,21 In addition, we abstracted the 
number of patients with somnolence (sedation, drowsiness), and with EPS, and the 
number that died.

Finally, we extracted the total number of patients that dropped out (total drop-out), 
and the drop-out in the groups (selective drop-out). Run-in is often used to decrease 
drop-out and enhance power. Drop-out is also considered to represent the balance 
between efficacy and side-effects.20 
 
The published main results article of a trial was our primary source of information. 
When the article did not report the data that we needed, secondary publications, 
trial reports and meta-analyses published online by industry were our secondary 
source. We contacted the authors of eligible trials to provide missing data, or 
individual patient data, and received such data of four studies.20–23 The reviewers 
discussed differences in the extracted data until consensus was reached.  
 
Data analyses
First, we assessed the relationship between the presence of a run-in period with 
the four clinical outcomes and selective dropout. We performed meta-analyses to 
pool efficacy, and risk of somnolence, EPS and mortality of the antipsychotic versus 
placebo groups in trials with and without run-in periods. For efficacy in terms of 
reduction in NPS, we calculated standardized mean differences (SMDs) to take into 
account the use of different instruments in the trials. SMDs were calculated with a 
95% confidence interval (CI). For risk of somnolence, EPS, mortality, and selective 
dropout we calculated odds ratios (ORs) with 95% CIs. Heterogeneity, presented as 
I², was calculated for all meta-analyses. A fixed-effects model was applied when I² 
was below 40%, otherwise a random-effects model.24 
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Table 1. Randomized placebo-controlled trials of antipsychotics in dementia with neuropsychiatric 
symptoms related to dementia
Author, year Antipsychotic Setting Neuropsychiatric 

symptom
Run-in period (duration in weeks) Patients excluded 

after run-in, n (%)
Randomized 
patients, n 

Conventional antipsychotic trials (11)
Hamilton, 1962 Trifluoperazine Hospital Diverse No NA 27
Sugerman, 1964 Haloperidol Hospital Diverse No NA 18
Rada, 1976 Thiothixene Hospital Diverse Yes, with placebo (1) 0 (0) 42
Barnes, 1982 Thioridazine 

Loxapine
Nursing home Diverse Yes, with placebo (2) 7 (11.7) 53

Petrie, 1982 Haloperidol 
Loxapine

Hospital Diverse Yes, with placebo (2) 0 (0) 61

Stotsky, 1984 Thioridazine Nursing home & Hospital Diverse Yes, washout only (2) NR 358
Finkel, 1995 Thiothixene Nursing home Agitation Yes, washout only (1) 0 (0) 33
Auchus, 1997 Haloperidol Outpatients Agitation Yes, washout only (2) 0 (0) 12
Devanand, 1998 Haloperidol Outpatients Diverse Yes, with placebo (1) 5 (7.0) 66
Teri, 2000 Haloperidol Hospital Agitation Yes, washout only (2) 0 (0) 70
Pollock, 2002 Perphenazine Nursing home Diverse Yes, washout only (<1) NR 54
Atypical antipsychotic trials (21)
Satterlee, 1995 Olanzapine Nursing home Psychosis† Yes, washout only 51 (17.7) 238
Janssen Ph, 1997 Risperidone NR Diverse Yes, with placebo (1) NR 39
Katz, 1999 Risperidone Nursing home Diverse Yes, with placebo (1) 104 (14.3) 625
Street, 2000 Olanzapine Nursing home Diverse Yes, with placebo (2) 82 (28.5) 206
Brodaty, 2003 Risperidone Nursing home Aggression Yes, with placebo (1) 39 (10.2) 345
Janssen Ph, 2003 Risperidone Nursing home Psychosis Yes, with placebo (1) NR 18
De Deyn, 2004 Olanzapine Nursing home Psychosis Yes, with placebo (2) NR 652
Ballard, 2005 Quetiapine Nursing home Agitation No NA 62
De Deyn, 2005 Aripiprazole Outpatients Psychosis Yes, washout only (1) NR 208
Deberdt, 2005 Risperidone 

Olanzapine
Nursing home & 
Outpatients

Psychosis Yes, with placebo (2) NR 494

Janssen Ph, 2005 Risperidone NR Psychosis Yes, with risperidone (1) NR 33
Mintzer, 2006 Risperidone Nursing home Psychosis Yes, with placebo (1) 87 (15.5) 473
Schneider, 2006 Risperidone 

Olanzapine 
Quetiapine

Outpatients Diverse No NA 421

Mintzer, 2007 Aripiprazole Nursing home Psychosis Yes, washout only (1) NR 487
Zhong, 2007 Quetiapine Nursing home Agitation No NA 333
Paleacu, 2008 Quetiapine Not reported Diverse Yes, with quetiapine (2) NR 40
Streim, 2008 Aripiprazole Nursing home Psychosis Yes, washout only (1) NR 256
Otsuka Ph, 2017a Brexpiprazole Nursing home Agitation Yes, washout only (6) NR 413
Otsuka Ph, 2017b Brexpiprazole Nursing home & 

Outpatients
Agitation Yes, washout only (6) NR 270

ACADIA, 2018 Pimavanserin Nursing home & 
Outpatients

Agitation Yes, washout only (4) NR 111

Ballard, 2018 Pimavanserin Nursing home Psychosis Yes, washout only (3) 25 (12.1) 181
Trials with conventional and atypical antipsychotic drug group (3)
Allain, 2000 Tiapride 

Haloperidol
Nursing home & Hospital Agitation No NA 306

De Deyn, 1999 Risperidone 
Haloperidol

Nursing home Diverse Yes, with placebo (1) 27 (7.3) 344

Tariot, 2006 Quetiapine 
Haloperidol

Nursing home Psychosis Yes, washout only (1)‡ 123 (24.6) 284

NR: Not Reported; NA: Not Applicable; Ph: Pharmaceuticals; † reduction measured with 
generic instrument (in all other studies indication and outcome scale were congruent); ‡ at 
least 2 days.
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Table 1. Randomized placebo-controlled trials of antipsychotics in dementia with neuropsychiatric 
symptoms related to dementia
Author, year Antipsychotic Setting Neuropsychiatric 

symptom
Run-in period (duration in weeks) Patients excluded 

after run-in, n (%)
Randomized 
patients, n 

Conventional antipsychotic trials (11)
Hamilton, 1962 Trifluoperazine Hospital Diverse No NA 27
Sugerman, 1964 Haloperidol Hospital Diverse No NA 18
Rada, 1976 Thiothixene Hospital Diverse Yes, with placebo (1) 0 (0) 42
Barnes, 1982 Thioridazine 

Loxapine
Nursing home Diverse Yes, with placebo (2) 7 (11.7) 53

Petrie, 1982 Haloperidol 
Loxapine

Hospital Diverse Yes, with placebo (2) 0 (0) 61

Stotsky, 1984 Thioridazine Nursing home & Hospital Diverse Yes, washout only (2) NR 358
Finkel, 1995 Thiothixene Nursing home Agitation Yes, washout only (1) 0 (0) 33
Auchus, 1997 Haloperidol Outpatients Agitation Yes, washout only (2) 0 (0) 12
Devanand, 1998 Haloperidol Outpatients Diverse Yes, with placebo (1) 5 (7.0) 66
Teri, 2000 Haloperidol Hospital Agitation Yes, washout only (2) 0 (0) 70
Pollock, 2002 Perphenazine Nursing home Diverse Yes, washout only (<1) NR 54
Atypical antipsychotic trials (21)
Satterlee, 1995 Olanzapine Nursing home Psychosis† Yes, washout only 51 (17.7) 238
Janssen Ph, 1997 Risperidone NR Diverse Yes, with placebo (1) NR 39
Katz, 1999 Risperidone Nursing home Diverse Yes, with placebo (1) 104 (14.3) 625
Street, 2000 Olanzapine Nursing home Diverse Yes, with placebo (2) 82 (28.5) 206
Brodaty, 2003 Risperidone Nursing home Aggression Yes, with placebo (1) 39 (10.2) 345
Janssen Ph, 2003 Risperidone Nursing home Psychosis Yes, with placebo (1) NR 18
De Deyn, 2004 Olanzapine Nursing home Psychosis Yes, with placebo (2) NR 652
Ballard, 2005 Quetiapine Nursing home Agitation No NA 62
De Deyn, 2005 Aripiprazole Outpatients Psychosis Yes, washout only (1) NR 208
Deberdt, 2005 Risperidone 

Olanzapine
Nursing home & 
Outpatients

Psychosis Yes, with placebo (2) NR 494

Janssen Ph, 2005 Risperidone NR Psychosis Yes, with risperidone (1) NR 33
Mintzer, 2006 Risperidone Nursing home Psychosis Yes, with placebo (1) 87 (15.5) 473
Schneider, 2006 Risperidone 

Olanzapine 
Quetiapine

Outpatients Diverse No NA 421

Mintzer, 2007 Aripiprazole Nursing home Psychosis Yes, washout only (1) NR 487
Zhong, 2007 Quetiapine Nursing home Agitation No NA 333
Paleacu, 2008 Quetiapine Not reported Diverse Yes, with quetiapine (2) NR 40
Streim, 2008 Aripiprazole Nursing home Psychosis Yes, washout only (1) NR 256
Otsuka Ph, 2017a Brexpiprazole Nursing home Agitation Yes, washout only (6) NR 413
Otsuka Ph, 2017b Brexpiprazole Nursing home & 

Outpatients
Agitation Yes, washout only (6) NR 270

ACADIA, 2018 Pimavanserin Nursing home & 
Outpatients

Agitation Yes, washout only (4) NR 111

Ballard, 2018 Pimavanserin Nursing home Psychosis Yes, washout only (3) 25 (12.1) 181
Trials with conventional and atypical antipsychotic drug group (3)
Allain, 2000 Tiapride 

Haloperidol
Nursing home & Hospital Agitation No NA 306

De Deyn, 1999 Risperidone 
Haloperidol

Nursing home Diverse Yes, with placebo (1) 27 (7.3) 344

Tariot, 2006 Quetiapine 
Haloperidol

Nursing home Psychosis Yes, washout only (1)‡ 123 (24.6) 284

NR: Not Reported; NA: Not Applicable; Ph: Pharmaceuticals; † reduction measured with 
generic instrument (in all other studies indication and outcome scale were congruent); ‡ at 
least 2 days.
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We then investigated the relationship of the characteristics of the run-in periods 
with the clinical outcomes and selective dropout. The outcomes of trials that had 
run-in periods with and without a placebo were pooled (we did not find trials with 
active drugs in the run-in period). We also pooled outcomes of trials with a run-
in period up to one week versus those with a longer run-in period (8 to 14 days). 
Finally, we tested the association between run-in characteristics and total drop-out 
with meta-regression.

We ran the above analyses for all antipsychotics combined first, and then for the 
conventional antipsychotics and atypical antipsychotics separately. We wanted 
to perform an a-priori sensitivity-analysis for atypical antipsychotics without 
quetiapine, because its efficacy and side-effect profile is considered to differ. A 
post-hoc analysis was run in which trials that had tested both an atypical drug and 
haloperidol were excluded from the analysis. All analyses were performed with Stata 
statistical software version 15.0.25
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642 hits 
excluded 
based on 
title/ abstract  
 
 

940 hits excluded 
based on title/ abstract 
 

712 hits included and 647 duplicate hits removed (the same hit, and multiple articles/ conference abstracts of the same RCT) 

65 RCTs included for 
full text review  
 
 

20 RCTs excluded:  
Systematic review: Rabinowitz 2007  
Not randomized: Cahn 1973 
No placebo group: Ather 1986, Bamrah 1999, Birkett 1972, Martin-Cook 2005, Engstrand 
1967, Spagnolo 1983, Sheng 2004, Sun 2004 
No parallel groups/ cross-over data only: Barton 1966, Devanand 1989, Tewfik 1970 
Multiple drugs in same arm: Meguro 2004  
Non-oral medication: Rappaport 2009, Meehan 2002 
Not in Alzheimer or vascular dementia: Lehman 1972, Hamilton 1962b, Kurlan 2007 
In dementia but without neuropsychiatric symptoms: Kennedy 2005 
 

45 RCTs eligible for 
this study 
 

4 no information on run-in: Pfizer Ph 1993, Howanitz 2001, Herz 2002, Novartis Ph 2002  
4 no published/ available data on any outcome: Auer 1996 (haloperidol, thioridazine), 
NCT02168920 (aripiprazole), NCT00041678 (aripiprazole), NCT00036114 (aripiprazole) 
2 ongoing: NCT03548584 (brexpiprazole), NCT03620981 (brexpiprazole) 
  
 

35 RCTs used in this 
study 
 

1474 Potentially relevant hits 
retrieved through databases  
         98 Cinahl  
       595 Embase  
       376 Pubmed 
       405 Cochrane library 

606 references of 
systematic reviews and 
meta-analyses checked  

661 references 
checked on 17 
national trial 
registration websites 
 

27 from FDA, EMA, 
and (national) MEB 
database 
 

449 hits 
excluded based 
on title/ abstract 
 

25 hits 
excluded 
based on 
title/ abstract  
 
 

Figure 1. Flow diagram of literature search and study selection.
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Table 2. Use of run-in periods and clinical outcomes of antipsychotics versus placebo in randomized 
trials

Efficacy Somnolence EPS Mortality
SMD (95% CI) N OR (95% CI) N OR (95% 

CI)
N OR (95% 

CI)
N

Conventional and atypical antipsychotics
No run-in -0.142 

(-0.331; 0.047) a
4 3.5 

(1.2; 10.7) a
4 2.0 

(1.3; 3.1)
5 1.6 

(0.7; 3.4)
6

With run-in -0.170 
(-0.227; -0.112)

25 2.8 
(2.3; 3.5)

16 1.8 
(1.4; 2.2)

14 1.4 
(1.0; 2.0)

28

 - washout only -0.146
(-0.267; -0.024) a

12 2.6 
(1.4; 4.9) a

8 1.7 
(1.1; 2.7)

5 1.2 
(0.7; 2.1)

14

 - with placebo/ 
drug

-0.190 
(-0.267; -0.112)

13 2.7 
(2.1; 3.6)

8 1.8 
(1.4; 2.4)

9 1.5 
(1.0; 2.4)

14

 - duration =< 1 
week

-0.214 
(-0.289; -0.138)

13 3.0 
(2.1; 4.5) a

9 1.8 
(1.4; 2.4)

10 1.4 
(0.9; 2.0)

14

 - duration > 1 week -0.108 
(-0.197; -0.019)

12 2.5 
(1.7; 3.9)

7 1.8 
(0.8; 4.1) a

4 1.5 
(0.7; 3.0)

13

Conventional antipsychotics
No run-in -0.389 

(-0.669; -0.110)
1 4.3 

(0.2; 110.2) a
2 2.7 

(1.4; 5.1)
2 1.4 

(0.3; 6.9)
3

With run-in -0.345 
(-0.492; -0.199)

9 5.4 
(3.2; 9.3)

4 3.0 
(1.9; 4.8)

4 1.2 
(0.6; 2.3)

11

Atypical antipsychotics
No run-in -0.133

(-0.266; 0.001)
4 2.8 

(0.9; 8.3) a
3 1.6 

(0.7; 3.6) a
4 1.6 

(0.7; 3.8)
4

With run-in -0.141 
(-0.202; -0.081)

18 2.6 
(2.1; 3.3)

14 1.6 
(1.2; 2.0)

12 1.4 
(1.0; 2.1)

19

EPS: extrapyramidal symptoms; SMD: standardized mean difference; OR: odds ratio 
a random effects model was used.

Table 3. Use of run-in periods and dropout in antipsychotic trials in dementia
Selective dropouta Total dropout
OR (95% CI) N Beta (95% CI) N

Conventional and atypical antipsychotics
No run-in 1.0 (0.7; 1.3) 5 ref
With run-in 1.0 (0.9; 1.2) 26 0.3 (-15.1; 15.7) 33
 - washout only 0.9 (0.7; 1.1) 13 ref
 - with placebo/ drug 1.2 (1.0; 1.4) 13 -4.7 (-14.9; 5.5) 27
 - duration =< 1 week 0.9 (0.8; 1.1) 14 ref
 - duration > 1 week 1.2 (1.0; 1.5) 12 -5.0 (-14.7; 4.6) 26

Conventional antipsychotics
No run-in 1.4 (0.7; 2.8) 2 ref
With run-in 1.0 (0.7; 1.3) 9 16.0 (-7.5; 39.6) 13
Atypical antipsychotics
No run-in 0.9 (0.5; 1.7)b 4 ref
With run-in 1.0 (0.9; 1.2) 19 -7.7 (-25.1; 9.7) 23

OR: odds ratio, adrug group versus placebo, brandom effects model was used
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Results

Our search yielded 2768 potentially relevant RCTs (Figure 1). We obtained the 
reports of 65 RCTs for full text review. We identified 45 eligible RCTs, but four 
did not report whether a run-in period was used, four did not report any of the 
outcomes of interest, and two were ongoing. We used the other 35 studies in the 
current study.20–23,26–56 

Table 1 presents the general study characteristics. Twenty-nine of the 35 studies 
had a run-in period: 9 of 11 conventional antipsychotic trials, 18 of 21 atypical 
antipsychotic trials, and 2 of 3 trials with both antipsychotics. Fourteen studies used 
placebo during the run-in period, two trials the investigated drug, and 19 studies 
no placebo or active treatment (washout only). The duration of the run-in periods 
varied between 2 days and 6 weeks. The percentage of patients excluded at the end 
of the run-in period varied from 0 to 29%. In five of seven relatively old conventional 
antipsychotic trials the percentage was 0%, while in the atypical trials it was at least 7%.  
 
Run-in and clinical outcome
The analysis of efficacy encompassed 29 of 35 studies (table 2). The reduction in 
NPS in the drug versus placebo groups was somewhat higher in trials with a run-in 
period (SMD -0.170; 95% CI: -0.227 to -0.112) than in trials without a run-in period 
(SMD -0.142; 95%CI: -0.331 to 0.047). Efficacy was somewhat higher when placebo 
or active drug was used (SMD -0.190; 95% CI: -0.267 to - 0.112), and when run-in 
lasted 1 week at most (SMD -0.214; 95% CI: -0.289 to -0.138). 

The number of participants with somnolence during the study period was reported 
in 20 of 35 studies. The pooled risk for somnolence was lower when a run-in 
period was present (OR 2.8; 95%CI: 2.3 to 3.5) versus when it was absent (OR 3.5; 
95%CI 1.2 to 10.7). Use of placebo or active drug did not seem to affect the risk of 
somnolence further. The risk was lower for trials with a run-in period of one week at 
most (OR 2.5; 95%CI 1.7 to 3.9). 

Nineteen of 35 studies reported the number of participants with EPS in the treatment 
groups. The risk of EPS in trials with a run-in period was slightly lower (OR 1.8; 
95%CI: 1.4 to 2.2) than in trials without a run-in period (OR 2.0; 95%CI: 1.3 to 3.1). 
Use of placebo or duration of run-in did not seem to reduce the risk of EPS further. 
Data of all but one trial could be used for the analysis of mortality risk. The risk of 
mortality was 1.6 (95%CI 0.7 to 3.4) and 1.4 (95%CI 1.0 to 2.0) in trials without and 
with run-in respectively. The risk was slightly lower when no placebo was used, but 
run-in duration did not seem to affect it.
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The sub-analyses in trials of atypical antipsychotics only yielded similar results for 
use of run-in versus no run-in on all outcomes (table 2). In trials of conventional 
antipsychotics, however, efficacy seemed lower and risk of somnolence and EPS 
higher in trials with run-in compared to trials without run-in, but the number of trials 
without run-in was 3 at most and confidence intervals were large. 
 
Run-in and drop-out
Thirty-one of 35 studies reported dropout rates for the antipsychotic and placebo 
groups (table 3). The number of participants that dropped out was 1519 of 4963 in 
the antipsychotic groups (30.6%) and 783 of 2747 in the placebo groups (28.5%). 
The odds ratio of selective dropout was 1.0 (95%CI: 0.9 to 1.2) for trials with a 
run-in period and 1.0 (95%CI: 0.7 to 1.3) for those without. Total dropout in the 
studies varied between 0 and 81.7%. Use of a run-in period was not associated 
with a decreased total dropout (beta 0.3%; 95%CI -15.1 to 15.7) (Table 3).  
 
Sensitivity analyses
There were not enough trials with and without run-in periods for the sensitivity-
analysis of atypical antipsychotics without quetiapine.57 The results of the analysis 
without trials that tested both haloperidol and an atypical drug confirmed the pattern 
of higher efficacy and lower risk of side effects for the conventional and atypical 
antipsychotic drugs in trials with versus without run-in (see table 1 in appendix).

Discussion
 
We assessed the association between use of a run-in period and clinical outcomes of 
35 antipsychotic trials in dementia. The reduction in neuropsychiatric symptoms of 
antipsychotics versus placebo was somewhat higher in trials with a run-in period than 
in trials without a run-in period. Risk of somnolence, EPS, and mortality was lower 
in trials with than without run-in. Accordingly, risk of dropout in the antipsychotic 
compared to the placebo groups, which represents the balance between beneficial 
and harmful effects, was not affected when run-in was used. Use of run-in periods 
did not influence total dropout either.

Several reviews have reported an association between the use of run-in periods and 
the efficacy of psychotropics. Two meta-analyses of antidepressant trials showed that 
a placebo run-in period was associated with higher effectiveness and more power.7,8  
We found that the use of run-in periods was associated with a small increase in 
efficacy of antipsychotics in dementia. Additionally, we found an association between 
run-in periods and a decreased risk of side effects of antipsychotics in dementia. The 
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exclusion of placebo-responders and drug-intolerant patients after the run-in period 
might have led to increased efficacy and a more favorable side-effect profile. The 
effect of run-in periods on outcomes of trials has not been investigated often and 
remains an under-investigated and likely underestimated source of bias. 

A common argument for use of run-in periods is the reduction of non-compliance 
and dropout. Our findings showed that a placebo run-in was not associated with 
lower between-group or total dropout rate. 
 
Bias due to run-in periods
In the studies that we identified, patients that met the inclusion criteria could have 
been excluded from trial participation as a result of the outcomes during the run-in 
period. It is therefore not surprising that use of run-in period yielded higher efficacy 
estimates and lower risks of side-effects.3,58 In observational studies, bias due to (de)
selection of patients based on prior treatment and its outcomes, whether before or 
after the start of the study, is generally called selection bias.59 

Bias due to run-in periods in trials is not commonly discussed in the literature. Most 
tools for risk of bias assessment in trials do not require consideration of run-in 
periods either. In 8 of 11 meta-analyses of antipsychotic trials in dementia, more 
than 80% of the included trials used a run-in period (see table 2 in appendix).60–70 
Risperidone and olanzapine, currently the two most popular antipsychotic drugs 
for use in dementia, have been tested in ten trials of which nine included a run-in 
period. The general assumption is that selection of patients before randomization 
is said to reduce only generalizability of study results, not the internal validity of the 
trial results.1 

We propose a different view. The screening and selection of patients before 
randomization should be based on (contra-)indications that are applied in daily 
medical practice. The selected patients will then represent the patients of interest 
to doctors and the population of interest as defined in the PICOs of reviews. This 
selection needs to be distinguished from de-selection of eligible patients based on 
observed treatment effects during run-in (between screening and randomization).2 
The remaining randomized group does not represent the population of interest any 
more. Estimates of efficacy and risk of side effects will be biased for the population 
of interest. Therefore, run-in needs to be considered as a source of bias in trials and 
reviews of trials. 

Another issue to consider is the ethics of entering patients who are doing (relatively) 
well on a certain antipsychotic drug into a trial of another or the same antipsychotic. 



113

5

During washout, symptoms could return, and it is questionable whether the patient 
will respond as favorably to a new drug. Especially when it is difficult to convince 
patients to use antipsychotics and find an antipsychotic that has the desired effect, 
which is often the case in schizophrenia, switching to another drug for the sake of 
a trial is even more questionable. Including new instead of prevalent users in trials 
would be preferable, as is the recognized practice in observational epidemiology.

Strengths and limitations
To our knowledge, this is the first study that investigated the relationship of run-
in periods with clinical outcomes of antipsychotic trials including side effects. Our 
pooled estimates of efficacy seemed low but are corroborated by previous reviews 
reporting SMDs between 0.12 and 0.21.61,66,70 SMDs above the threshold of 0.200 
for a small treatment effect were mainly found in meta-analyses that focused on 
aggression or agitation.63,64,68,70 

A limitation of our research was that only six studies did not use a run-in phase. Most 
of these studies were performed in outpatients and with atypical antipsychotics, 
in particular quetiapine. As a result of this distribution, the higher efficacy in 
trials with run-in might be partly attributable to a higher efficacy of conventional 
antipsychotics. Nevertheless, our sensitivity analysis in atypical antipsychotic trials 
showed a higher efficacy for trials with a run-in period as well. Additionally, one 
would expect the risk of side effects to increase with run-in as well, but it did not.  
 
Conclusion
Use of a run-in period is very common in antipsychotic trials for dementia. In these 
trials, efficacy was higher compared to trials without run-in, while the risk of side 
effects was lower. Therefore, use of a run-in period in trials might have led to 
overestimated efficacy and especially underestimated side effects of antipsychotics 
for neuropsychiatric symptoms in dementia. Meta-analyses should include 
sensitivity-analyses of trials with and without run-in periods.
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Appendix

Search string
In title/ abstract: chlorpromazine OR levomepromazine OR promazine OR 
acepromazine OR triflupromazine OR cyamemazine OR chlorproethazine 
OR dixyrazine OR fluphenazine OR perphenazine OR  prochlorperazine OR 
thiopropazate OR trifluoperazine OR acetophenazine OR thioproperazine OR 
butaperazine OR perazine OR periciazine OR thioridazine OR mesoridazine 
OR pipotiazine OR haloperidol OR trifluperidol OR melperone OR moperone 
OR pipamperone OR bromperidol OR benperidol OR droperidol OR fluanisone 
OR oxypertine OR molindone OR sertindole OR ziprasidone OR lurasidone OR 
flupentixol OR clopenthixol OR chlorprothixene OR tiotixene OR zuclopenthixol OR 
fluspirilene OR pimozide OR penfluridol OR loxapine OR clozapine OR olanzapine 
OR quetiapine OR asenapine OR clotiapine OR sulpiride OR sultopride OR tiapride 
OR remoxipride OR amisulpride OR veralipride OR levosulpiride OR prothipendyl 
OR risperidone OR mosapramine OR zotepine OR aripiprazole OR paliperidone OR 
iloperidone OR cariprazine OR brexpiprazole OR pimavanserin 

AND 

Anywhere: trial 

AND 

Anywhere: dementia
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Table 1. Use of run-in periods and the clinical outcomes of antipsychotics in placebo-controlled 
trials with conventional OR/AND atypical group

Trials with conventional OR atypical group
Efficacy Somnolence EPS Mortality
SMD N OR N OR N OR N

Conventional antipsychotics
No run-in - 0 29.1 

(1.5; 578.7)
1 12.4b 

(0.6; 246.1)
1 1.0 

(0.1; 8.6)
2

With run-in -0.424a 
(-0.754; -0.095)

7 3.1 
(1.3; 7.1)

2 3.2 
(1.4; 7.6)

2 0.7 
(0.2; 2.3)

9

Atypical antipsychotics
No run-in -0.056 

(-0.208; 0.097)
3 4.9 

(2.4; 9.9)
2 2.2 

(0.7; 6.6)
3 1.7 

(0.7; 4.1)
3

With run-in -0.143 
(-0.206; -0.081)

17 2.4 
(1.9; 3.1)

12 1.7 
(1.3; 2.2)

10 1.6 
(1.1; 2.4)

17

Trials with conventional AND atypical group
Efficacy Somnolence EPS Mortality
SMD N OR N OR N OR N

Conventional antipsychotics
No run-in -0.389 

(-0.669; -0.110)
1 1.2 

(0.4; 3.1)
1 2.4  

(1.2; 4.6)
1 2.1 

(0.2; 23.1)
1

With run-in -0.310  
(-0.505; -0.115)

2 7.5 
(2.5; 23.0)

2 3.0 
(1.8; 5.0)

2 1.5 
(0.6; 3.6)

2

Atypical antipsychotics
No run-in -0.387  

(-0.665; -0.109)
1 1.0 

(0.4; 2.8)
1 0.9  

(0.4; 1.8)
1 1.0 

(0.1; 16.4)
1

With run-in -0.072 
(-0.266; 0.122)

2 5.0 
(2.4; 10.6)

2 1.1 
(0.6; 2.0)

2 0.5 
(0.1; 1.5)

2

EPS= Extrapyramidal symptoms; SMD= Standardized mean difference; OR=Odds ratio; 
arandom effects model was used
btrials with an atypical drug, a conventional drug and placebo group. 

Table 2. Trials with run-in in meta-analyses of antipsychotics in dementia
Meta-analysis Included trials, n Trials with run-in, n (%)
Farlow 201755 16a 13 (81)
Tan 201557 10 7 (70)
Ma 201458 16 12 (75)
Wang 201456 6 5 (83)
Seitz 201359 14 12 (86)
Maher 201160 13 13 (85)
Cheung 201161 5 2 (40)
Lonergan 201062 5 4 (80)
Carson 200663 7 6 (86)
Ballard 200664 15 12 (80)
Lee 200465 5 5 (100)

aIndividual placebo-controlled start (not extension or stop) trials deduced from references
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Abstract

Objectives
To assess baseline imbalances in placebo-controlled trials of atypical antipsychotics 
in dementia, and their association with neuropsychiatric symptoms (NPS), 
extrapyramidal symptoms (EPS) and mortality. 

Method
We searched for trials in multiple sources. Two reviewers extracted baseline 
characteristics and outcomes per treatment group. We calculated direction, range, 
pooled mean, and heterogeneity in the baseline differences, and used meta-
regression for the relationship with the outcomes.

Results
We identified 23 trials. Baseline type of dementia, cognitive impairment and NPS 
were poorly reported. The drug group had a higher mean age than the placebo group 
in 9 trials and lower mean age in 3 trials (p=.073). The difference in percentage 
men between the drug and placebo group ranged from -9.7% to 4.4%. There were 
no statistically significant pooled baseline differences, but heterogeneity was 
present for age. Higher mean age at baseline in the drug versus placebo group was 
significantly associated with greater reduction in NPS, and higher percentage of non-
white persons with lower risk of EPS. Imbalances were not significantly associated 
with risk of mortality. 

Conclusion
Randomized trials of atypical antipsychotics in dementia showed baseline 
imbalances that were associated with higher efficacy and lower risk of EPS for 
atypical antipsychotics versus placebo. 
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Introduction
 
Randomization is the cornerstone of clinical trials. Randomization is used to ensure 
that chance instead of patient characteristics determine treatment assignment. In 
daily medical practice, patient characteristics affect the choice of treatment and will 
therefore be distributed unevenly across treatment groups. Moreover, these patient 
characteristics may also affect prognosis independently of the effect of treatment. 
Hence, treatment groups of a trial need to be comparable to establish an unbiased 
effect of a treatment on prognosis (clinical outcomes). 

The larger the sample size of a randomized trial is, the smaller the differences between 
treatment groups at the start of the trial will become and the more comparable 
the groups will be. Yet, imbalanced groups can occur by chance despite adequately 
designed and conducted randomization procedures, especially in trials with small 
sample sizes. In addition, flawed or corrupted randomization procedures can give 
rise to systematic baseline imbalances between groups.1,2 If the baseline imbalances 
are distributed in the same way across trials testing the same treatment, they will 
bias the pooled results of those trials too.3–8 

In a previous meta-analysis, we observed baseline imbalances in trials testing 
antipsychotic drugs in dementia.9 Atypical antipsychotic have been found to 
reduce neuropsychiatric symptoms (NPS) and to increase the risk of extrapyramidal 
symptoms (EPS) and mortality.10,11 In some trials of atypical antipsychotics, the 
baseline characteristics of the atypical group seemed unfavorable in comparison with 
placebo:12–14 patients were older, and more often men or diagnosed with vascular 
dementia. These factors are predictive of EPS and death in patients with dementia.15–19 
Therefore, not the atypical drugs themselves but the vulnerability of the patients in the 
drug compared to the placebo groups could have resulted in a higher risk of EPS and 
deaths. Moreover, if the more vulnerable patients had more severe NPS and dropped 
out more often, the remaining group of patients would have had less NPS. Consequently, 
the effect of atypical antipsychotics on symptom reduction might have overestimated.20  

Atypical antipsychotics were introduced to the market with the claim that these 
drug were as effective as haloperidol but had less side-effects.21–23 At the time, 
haloperidol – a typical antipsychotic - was the first choice of treatment for agitation 
and psychosis in dementia. To substantiate the claim of relative benefits and 
harms, atypical antipsychotics and haloperidol have been compared with placebo 
simultaneously in a number of trials. We observed that in trials with an haloperidol 
group, the atypical antipsychotics groups seemed to be less vulnerable than the 
placebo groups.9,21–23 This imbalance might have led to overestimation of the effect 
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of atypical antipsychotics on reduction of NPS and underestimation of the risk of 
EPS compared to placebo. The variation in baseline imbalances between atypical 
drug groups and placebo groups across trials enables an evaluation of the effect 
that the imbalances might have had on trial results. The aim of this study was (1) to 
assess the presence of systematic baseline imbalances in placebo-controlled trials of 
atypical antipsychotics in dementia, and (2) to evaluate the association of baseline 
imbalances with reduction of NPS and risk of EPS and mortality.

 
Methods
 
Literature search and selection 
Two reviewers (TAH, HJL) searched trials in four sources. First, we used the electronic 
databases Pubmed, Cinahl and Embase and entered the strings [‘generic name 
atypical antipsychotic’ AND trial] and [dementia]. We had composed a list of all atypical 
antipsychotics from the websites of the World Health Organization and the Food 
and Drug Administration to this end.24,25 Secondly, we hand-searched the references 
of published systematic reviews, which were identified with the same electronic 
databases and the Cochrane library. Titles and abstracts of potentially eligible studies 
were retrieved in Pubmed. Thirdly, we sought RCTs in trial registration websites with the 
keywords (‘new generation’, ‘second generation’ or ‘atypical’) and ‘antipsychotic’. Finally, 
we searched the databases of the Dutch Medicines Evaluation Board and the FDA for 
unpublished trials. If studies seemed potentially eligible given title and abstract, full 
articles of published studies were retrieved as well as online protocols of unpublished 
studies. Two reviewers (TAH, HJL) reviewed these articles for definitive eligibility. 
Randomized placebo-controlled trials that reported the effect of orally administered 
atypical antipsychotics on neuropsychiatric symptoms or mortality in participants with 
Alzheimer’s disease or vascular dementia were included. Studies in patients with Lewy 
body or Parkinson’s dementia were excluded, because they are much less tolerant for 
antipsychotics, as were studies with multiple drugs in one intervention arm. There were 
no restrictions with respect to publication date, language, flexible or fixed dosing of the 
active treatment and duration of the study. The search was last rerun in August 2017.

Data extraction 
Two reviewers (TAH, HJL) independently extracted data from the included studies. 
First, we extracted general study characteristics: setting, type of dementia, 
comparison groups, study duration, number of randomized patients in each 
treatment group, and publication status (published full article, or unpublished) and 
commercial funding. We assessed the randomization procedures consisting of the 
random sequence generation and allocation concealment, defined and scored as 
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having a low, unclear or high risk of bias in accordance with the Cochrane Risk 
of Bias assessment tool.27 We also recorded whether information about baseline 
characteristics of the treatment group for all randomized patients was presented in 
a baseline table in line with CONSORT requirement.28

 6 
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Figure 1. Flow diagram of literature search and study selection

Secondly, we extracted the baseline characteristics of all randomized participants 
in the atypical antipsychotic and placebo groups: mean age and standard deviation 
(SD), number of men, number of non-white persons, number of vascular/mixed 
dementia, mean severity of dementia and SD, mean severity of neuropsychiatric 
symptoms (NPS) and SD. For severity of dementia, we used the mean Mini Mental 
State Examination (MMSE) score because it was the most frequently reported 
instrument (see appendix table 3). For severity of NPS, we recorded the reported 
mean NPI(-NH), BEHAVE-AD, BPRS, BRSD or Neurobehavioral rating scale score. 
In case of multiple reported generic instruments, we preferred the most commonly 
used NPI(-NH), or otherwise BEHAVE-AD. Other potentially important prognostic 
baseline characteristics, such as (cardiovascular) comorbidity, somatic and psychiatric 
medication use, and extrapyramidal symptoms were reported too infrequently to be 
of use for our analyses (see appendix table 1). When studies included multiple active 
medication groups (different dosages or drugs), an average mean or percentage was 
calculated for these groups. If the SD for mean age, MMSE, and NPS was missing, 
the SD was imputed with the average SD of the other trials.
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Table 1 Characteristics of randomized placebo-controlled trials that tested atypical antipsychotics 
in dementia
Author, Year Antipsychotic 

drug
Setting Type of dementia N randomized Duration, weeks Dose, range mg/d Published°

ZIP-128-105, 1993 Ziprasidone Nursing home AD-VAS 23 4 2 – 6 No
Satterlee, 1995 Olanzapine Nursing home AD 238 8 1 – 8 No
Ris-Bel-14, 1997˫ Risperidone NR AD 39 4 1 – 4 No
Ris-Int-83, 1997˫ Risperidone NR AD 18 8 0.5 – 1.5 No
De Deyn, 1999 Risperidone 

Haloperidol
Nursing home AD-VAS-MIX 344 12 0.5 – 4

0.5 – 4
Yes

Katz, 1999 Risperidone Nursing home AD-VAS-MIX 625 12 0.5, 1, 2ᶲ Yes
Allain, 2000 Tiapride 

Haloperidol
Nursing home & Hospital AD-VAS-MIX 306 3 100 – 300

2 – 6
Yes

Street, 2000 Olanzapine Nursing home AD 206 6 5, 10, 15ᶲ Yes
Herz, 2002 Risperidone 

Olanzapine
NR AD 29 10 0.5 – 4

2.5 – 20
No

ILO522, 2002 Iloperidone NR AD-VAS-MIX 15 4 0.5 – 6 No
Brodaty, 2003 Risperidone Nursing home AD-VAS-MIX 345 12 0.25 – 2 Yes
De Deyn, 2004 Olanzapine Nursing home AD 652 10 1, 2.5, 5, 7.5ᶲ Yes
Ballard, 2005 Quetiapine Nursing home AD 62 6 50 – 100 Yes
De Deyn, 2005 Aripiprazole Outpatients AD 208 10 2 – 15 Yes
Deberdt, 2005 Risperidone

Olanzapine
Nursing home & Outpatients AD-VAS-MIX 494 10 0.5 – 2

2.5 – 10
Yes

Kennedy, 2005 Olanzapine Outpatients AD (no NPS) 268 26 2.5 – 7.5 Yes
Mintzer, 2006 Risperidone Nursing home AD-VAS 473 8 0.5 – 1.5 Yes
Schneider, 2006 Risperidone

Olanzapine
Quetiapine

Outpatients AD 421 2-36 0 – 2*
0 – 17.5
0 – 200

Yes

Tariot, 2006 Quetiapine
Haloperidol

Nursing home AD 284 10 25 – 600
0.5 – 12

Yes

Mintzer, 2007 Aripiprazole Nursing home AD 487 10 2, 5, 10ᶲ Yes
Zhong, 2007 Quetiapine Nursing home AD-VAS 333 10 100, 200ᶲ Yes
Paleacu, 2008 Quetiapine NR AD 40 6 75 – 300 Yes
Streim, 2008 Aripiprazole Nursing home AD 256 10 0.7 – 15 Yes

AD=Alzheimer Disease; NPS=neuropsychiatric symptoms; NR= Not reported; VAS=Vascular 
Dementia; Mix=Mixed Dementia; ˫ mortality data were published in Haupt, 200626; °Trial 
with conference abstracts only were considered as unpublished. ᶲGroups. *Doctors were 
allowed to stop medication if deemed inefficient or causing too much side-effects.
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Table 1 Characteristics of randomized placebo-controlled trials that tested atypical antipsychotics 
in dementia
Author, Year Antipsychotic 

drug
Setting Type of dementia N randomized Duration, weeks Dose, range mg/d Published°

ZIP-128-105, 1993 Ziprasidone Nursing home AD-VAS 23 4 2 – 6 No
Satterlee, 1995 Olanzapine Nursing home AD 238 8 1 – 8 No
Ris-Bel-14, 1997˫ Risperidone NR AD 39 4 1 – 4 No
Ris-Int-83, 1997˫ Risperidone NR AD 18 8 0.5 – 1.5 No
De Deyn, 1999 Risperidone 

Haloperidol
Nursing home AD-VAS-MIX 344 12 0.5 – 4

0.5 – 4
Yes

Katz, 1999 Risperidone Nursing home AD-VAS-MIX 625 12 0.5, 1, 2ᶲ Yes
Allain, 2000 Tiapride 

Haloperidol
Nursing home & Hospital AD-VAS-MIX 306 3 100 – 300

2 – 6
Yes

Street, 2000 Olanzapine Nursing home AD 206 6 5, 10, 15ᶲ Yes
Herz, 2002 Risperidone 

Olanzapine
NR AD 29 10 0.5 – 4

2.5 – 20
No

ILO522, 2002 Iloperidone NR AD-VAS-MIX 15 4 0.5 – 6 No
Brodaty, 2003 Risperidone Nursing home AD-VAS-MIX 345 12 0.25 – 2 Yes
De Deyn, 2004 Olanzapine Nursing home AD 652 10 1, 2.5, 5, 7.5ᶲ Yes
Ballard, 2005 Quetiapine Nursing home AD 62 6 50 – 100 Yes
De Deyn, 2005 Aripiprazole Outpatients AD 208 10 2 – 15 Yes
Deberdt, 2005 Risperidone

Olanzapine
Nursing home & Outpatients AD-VAS-MIX 494 10 0.5 – 2

2.5 – 10
Yes

Kennedy, 2005 Olanzapine Outpatients AD (no NPS) 268 26 2.5 – 7.5 Yes
Mintzer, 2006 Risperidone Nursing home AD-VAS 473 8 0.5 – 1.5 Yes
Schneider, 2006 Risperidone

Olanzapine
Quetiapine

Outpatients AD 421 2-36 0 – 2*
0 – 17.5
0 – 200

Yes

Tariot, 2006 Quetiapine
Haloperidol

Nursing home AD 284 10 25 – 600
0.5 – 12

Yes

Mintzer, 2007 Aripiprazole Nursing home AD 487 10 2, 5, 10ᶲ Yes
Zhong, 2007 Quetiapine Nursing home AD-VAS 333 10 100, 200ᶲ Yes
Paleacu, 2008 Quetiapine NR AD 40 6 75 – 300 Yes
Streim, 2008 Aripiprazole Nursing home AD 256 10 0.7 – 15 Yes

AD=Alzheimer Disease; NPS=neuropsychiatric symptoms; NR= Not reported; VAS=Vascular 
Dementia; Mix=Mixed Dementia; ˫ mortality data were published in Haupt, 200626; °Trial 
with conference abstracts only were considered as unpublished. ᶲGroups. *Doctors were 
allowed to stop medication if deemed inefficient or causing too much side-effects.
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Finally, we extracted the clinical outcomes. Efficacy of antipsychotics in dementia is 
usually measured with a generic instrument for diverse neuropsychiatric symptoms 
(e.g. NPI, BEHAVE-AD) or with an instrument specific for one type of symptoms such 
as aggression (CMAI). We preferred the reported total score of a generic instrument 
to guarantee comparability of outcomes across trials, but if it was lacking we used the 
reported total score of the specific instrument. If multiple generic instruments were used, 
we extracted the most commonly reported (NPI(-NH) or otherwise BEHAVE-AD). We 
extracted the mean change from baseline to end point with its SD for the active drug and 
placebo groups. If the confidence interval, standard error, or p-value was reported, the 
SD was calculated with this information (Cochrane handbook). When multiple dosage 
or multiple drug groups were included in a trial, an average change was calculated. We 
also recorded the number of patients with EPS and the number of deaths during the trial. 

For all extracted information, the published article of a trial was our primary source. 
Authors provided additional information at our request21,29–32 and meta-analyses 
published by industry were our secondary source. Other articles and meta-analyses 
were our tertiary source of information.33–40 The reviewers discussed differences in 
the extracted data until consensus was reached. 

Statistical analyses
First, we plotted the difference between group sizes (drug versus placebo) against 
total trial size for 17 trials with unrestricted randomization (see appendix table 1), 
and the expected distributions for the 50% and 95% prediction intervals.41 For trials 
with more than two active drug groups, we used the first reported active drug group 
(and a total trial size of placebo group plus first active drug group). For studies that 
used a randomization ratio other than 1:1 for placebo versus active drug group, we 
recalculated the size of the active drug group by dividing the true size by the inverse 
of the ratio, and then re-calculated the hence found difference back to the original 
total trial size. We then plotted this difference against to the true total number of 
participants. Trials that reported blocked randomization were excluded from this 
analysis.

Secondly, we described the range and direction of the baseline imbalances for studies 
with and without haloperidol groups. The rationale for this distinction is that studies 
with a haloperidol group seem to suggest higher efficacy, lower risk of EPS, and 
lower risk of mortality than trials without a haloperidol group (see appendix figures 
1-3). We then computed a one-sided sign-test per characteristic to test whether 
the proportion of studies that reported an imbalance in the most common direction 
(e.g. higher mean age in antipsychotic versus placebo group) was higher than can be 
expected by chance (50%). Studies that reported no difference between groups (e.g. 
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same mean age, which could be due to rounding) and studies with a missing baseline 
difference are automatically discarded from a sign-test. 

Thirdly, we performed meta-analyses to calculate the pooled mean difference (MD) 
for baseline age, severity of dementia and severity of NPS, and the pooled odds 
ratio for men, non-white persons, and vascular/mixed dementia with fixed-effects 
models.6,42,43 We expected a common effect estimate of zero in these mean baseline 
variables. Again, we distinguished between studies with and without haloperidol 
groups. The analyses generate an I2-statistic for heterogeneity. We calculated 95% 
confidence intervals around I2 with the direct command heterogi in Stata. 

Fourthly, we performed meta-regression analyses to assess the relationship of the 
individual baseline imbalances for all randomized patients with reduction in NPS, 
risk of EPS and risk of mortality. The beta-coefficients (betas) were calculated with 
95% confidence intervals. We estimated the SMD for NPS reduction and odds ratio 
(OR) for risk of EPS and mortality. As many trials reported no deaths in one or both 
treatment groups, we used the Mantel-Haenszel weighted fixed effects model with 
continuity correction based on the reciprocal of the opposite group arm size to 
calculate the pooled ORs.44 A fixed-effects model was applied when heterogeneity 
(I²) was found to be below 40%, otherwise a random-effects model (DerSimonian 
& Laird model with the estimate of heterogeneity being taken from the from the 
Mantel-Haenszel model).45 The plot of group size difference against total trial size 
was made in R,46 the other analyses were performed with Stata version 14.1.47

When we found that a large number of baseline differences were not reported, we 
decided to pool the outcomes of studies reporting and not reporting a baseline 
characteristic in a post-hoc analysis. Given the discrepancy in results of trials with 
and without haloperidol group this analysis was restricted to the latter type of trials.

 
Results
 
Our search yielded 1997 potentially relevant RCTs (Figure 1). We obtained the 
reports of 29 RCTs for full text review and finally identified 23 eligible RCTs with 
5853 participants.13,14,21–23,30,31,48–61 Five trials were relatively small and unpublished 
(Table 1).48,50,51,60,61 Twenty trials investigated one atypical antipsychotic drug, three 
of which included an extra haloperidol group,21–23 and three trials investigated 
multiple atypical drugs. The follow-up was <= 12 weeks in 21 trials, and  >= 26 
weeks in 2 trials. All trials were sponsored completely or partly by industry; one trial 
did not report the source of funding.50 
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No study described the randomization procedure completely in terms of both the 
random sequence generation and allocation concealment (see appendix table 1 and 
table 2). Baseline characteristics were also poorly reported. Only thirteen studies 
presented a baseline table or baseline information in the text for all randomized 
patients, two studies for a selection of all randomized patients, and eight studies, 
including four published studies, did not present a baseline table or baseline 
information in the text (see appendix table 3). Only three trials reported all six 
patients characteristics. The first author of two trials provided additional data.21,32 
For another trial, we calculated missing baseline information with the provided IPD.30

Figure 2. Treatment versus control group size differences and total trial size for 17 unrestricted 
trials, with expected distributions for 50% and 95% (dotted) prediction intervals. 

Figure 2 presents the relation between the difference between group sizes (placebo 
versus active) and the total sample size for 17 trials with unrestricted randomization, 
together with the expected distributions for the 50% and 95% prediction intervals. 
Less than expected trials were outside the 50% and 95% distribution lines, four 
(24%) and zero (0%) respectively. 

Table 2 shows the range of the actual differences between the placebo and treatment 
groups for each of the baseline characteristics. The percentage men and vascular/ 
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mixed dementia showed imbalances ranging from -9.7% to 4.4% and -9.9% to 2.7% 
respectively. One trial showed a difference in NPS of 0.271. Baseline imbalances 
that we investigated were not accounted for in the analyses of all but two trials.29,31

Table 2 also shows the direction of the baseline imbalances. No statistical differences 
were found. When there was no haloperidol group, there were numerically more trials 
with a higher age in the antipsychotics versus placebo group (8 versus 2; p=.055), 
with a higher percentage of men (7 versus 5; p=.387) and a higher percentage 
of vascular/ mixed dementia (8 versus 3; p=.113). When combining all trials, the 
number of trials with a positive versus negative direction was numerically higher for 
age (9 versus 3; p= .073) and men (10 versus 5; p=.125), and lower for severity of 
NPS (1 versus 4; p=.188). 

Table 3 presents the size and heterogeneity of the pooled baseline differences. 
The pooled imbalance in the percentage of men in the trials with a haloperidol 
group stood out numerically (5.4%), but none of the imbalances were statistically 
significantly different. Four of six baseline characteristics exhibited heterogeneity, 
when there should have been none. Heterogeneity was 70% for the baseline 
difference in age in the trials with haloperidol group, and 27% for the difference in 
severity of NPS in trials without haloperidol group. None of the confidence intervals 
around I2 suggested statistically significant heterogeneity.

Table 4 presents the associations between individual baseline imbalances and 
the clinical outcomes. Only for age, sex and race were there more than 10 trials, 
the minimum for a reliable meta-regression analysis. A higher mean age, a higher 
percentage of men and of persons of non-white race in the atypical antipsychotic 
drug than the placebo group, which was more often the case than not (see Table 
2), was associated with greater efficacy and lower risk of EPS. In particular, one 
percentage more males in the treatment versus placebo group was statistically 
significantly associated with a higher reduction in NPS (beta -0.027; 95% CI -0.047 
to -0.006), and one percentage more non-white persons with a lower risk of EPS 
(beta -0.4; 95% CI -0.8 to -0.1). An association with mortality risk could be not 
confirmed for any of the baseline imbalances. 

As half of the baseline imbalances we wanted to abstract were not reported, we 
pooled the clinical outcomes for trials with and without missing baseline information 
for each baseline characteristic. Efficacy was consistently higher and risk of EPS 
consistently lower in studies without baseline information than for studies with this 
information (Table 5). Risk of mortality was, however, lower in studies with missing 
age, sex and type of dementia, but higher in studies with missing race, MMSE, and 
severity of NPS. 
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Discussion
 
We reviewed the randomization procedures and baseline imbalances of 23 
randomized placebo-controlled trials of atypical antipsychotics in 5853 patients with 
dementia. All trials reported the randomization procedures incompletely, and only 
three trials reported the six baseline characteristics of interest for all randomized 
patients. Numerically more trials reported a higher mean age and a higher percentage 
of men and of non-white persons in the atypical antipsychotics group than in the 
placebo group. These imbalances were associated with greater efficacy and lower 
risk of EPS, but not with risk of mortality. Trials with missing baseline information 
seemed to have a more favorable pooled efficacy and lower risk of EPS than trials 
that reported this information. 

Randomization procedures
The goal of random sequence generation and concealment of allocation is that 
investigators, physicians, and patients cannot foresee allocation and then change 
the decision or time to enroll, or change the allocation itself. If executed correctly, 
randomization will distribute measured and unmeasured prognostic patient 
characteristics randomly between groups, hence reducing bias, so that the difference 
in outcome can be interpreted as an effect of treatment . Baseline tables show 
whether randomization has led to comparable study groups at the start of individual 
trials. Random fluctuations will still occur, but in general, the larger the sample size 
of an individual trial and the larger the number of trials in a review, the smaller the 
baseline imbalances can expected to be.

This is one of few studies that used objective measures to address risk of bias due 
to baseline imbalances in trials. Assessments of randomization are usually limited to 
the procedures, and these assessments can vary widely.62 E.g. using the Cochrane 
assessment tool, we found that 22 trials had an unclear random sequence generation 
and 22 trials an unclear concealment of allocation. In contrast, a Cochrane review 
reported that only four trials had unclear concealment of allocation.39 Yet another 
review found that 100% of trials scored ‘high quality’ on the Jadad and Van Tulder 
scale, and 90% on the Brown scale.11

We compared the true with expected group size difference and found that the 
distribution of differences was substantially smaller than could be expected by 
chance: 76% instead of 50% of the differences fell inside the 50% prediction interval. 
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Baseline imbalances
CONSORT requires trial articles to present baseline tables for all randomized 
patients. We found four published trials that did not present a baseline table at 
all. Only a limited number of trials reported the six baseline characteristics we 
studied. Other characteristics that are likely to predict efficacy or adverse events, 
such as comorbidity and medication use, were also missing in many articles. Baseline 
information might not have been missing at random either. In our study, we found 
that trials with missing information had a more favorable pooled efficacy and 
risk of EPS than trials that provided the baseline information for each of the six 
characteristics. Selective reporting is a common problem in the medical scientific 
literature,27 and missing information on prognostic baseline characteristics might be 
another example.

In the articles with baseline information, most of the imbalances seemed small but 
some were large and obviously clinically relevant. For example, in one study 30% 
of the participants receiving risperidone had vascular/ mixed dementia versus 41% 
of the placebo group.21 The baseline imbalances that we investigated were not 
accounted for in the analyses of all but two trials.29,31 

Our next step was to pool the baseline differences and assess heterogeneity, a 
method recently developed to quantify baseline differences.2,63 None of the pooled 
baseline differences we studied were statistically significant from zero. Some 
baseline differences showed considerable heterogeneity: the difference in mean age 
in trials with a haloperidol group (70%) and that in severity of NPS in trials without 
haloperidol group (27%). Heterogeneity for three characteristics was slight (between 
5% and 11%). Perhaps, this amount of heterogeneity in baseline imbalances could be 
considered substantial as well, given that minimal heterogeneity is expected with an 
appropriate randomization design and conduct. 

To quantify baseline imbalances, we also studied whether a positive or negative 
direction was more common. We found that numerically more trials reporting a higher 
mean age, higher percentage of men and lower severity of NPS, the primary focus 
of treatment in the trials, in the atypical antipsychotics group than in the placebo 
group. Others have suggested that imbalances in age and the primary outcome at 
baseline could be a good start when studying baseline imbalances.2 We would like to 
add baseline imbalance in sex, and also differentiate between trials with and without 
a treatment arm with the old (patent free) competitor drug. 

Clinical outcomes
After assessing the presence of baseline imbalances, we investigated whether they 
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might have affected the clinical outcomes of the trials. We found that higher mean 
age, higher percentage of men, and higher percentage of non-white persons at 
baseline in the antipsychotic than the placebo group was associated with higher 
efficacy. For the baseline imbalance in sex this was a statistically significant effect. 
Higher mean age, higher percentage of men and higher percentage of non-white 
persons at baseline was also associated with a lower risk of EPS. For the baseline 
imbalance in race this was a statistically significant effect. The effect of the baseline 
differences on risk of mortality was not so consistent but this was not a targeted 
outcome either. To our knowledge, there are no other studies that used this approach.
In addition, we found a consistent pattern of studies with missing baseline information 
having more favorable efficacy results and a lower risk of EPS on average. Naturally, 
the same studies with missing information having been pooled for each of the six 
baseline characteristics might partly underlie this finding. Again, the pattern was not 
consistent for the risk of mortality. 
 
Strengths and limitations
This is one of few studies that quantified baseline imbalances in trials. In addition, 
we performed an extensive literature search to identify unpublished studies. We 
hypothesized that baseline imbalances were related to outcomes, and hence the 
imbalance might depend on the publication status of a study. We used FDA and 
EMA databases amongst other literature sources.64 The result was that we found 
six unpublished trials in addition to those included in previous meta-analyses.10,11 
As these were small studies and some did not report all outcomes, efficacy, risk 
of EPS and risk of mortality for atypical antipsychotics versus placebo were not 
substantially different from those published before.10,11

A limitation of our study is that our analyses depended on the amount of baseline 
information provided in the articles. Information on type of dementia, MMSE and 
severity of NPS was often lacking. Power of our study might have been insufficient 
to detect relevant baseline imbalances and associations of these baseline imbalances 
with clinical outcomes. 
 
Conclusion
Despite randomization, placebo-controlled trials of atypical antipsychotics in 
dementia show heterogeneous baseline imbalances. Baseline imbalances that 
were not taken into account might have mistakenly led to an overestimated 
efficacy and underestimated risk of EPS. Our findings underscore the need for 
adequate randomization procedures, and reporting of baseline characteristics for all 
randomized patients per treatment group. In addition, baseline imbalances need to 
be assessed objectively as part of systematic reviews.
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Appendix

Table 1. Randomisation procedures as described verbatim in the trial article, abstract or other 
publication
Study Text in article
ZIP-128-105 1993 Randomized
Satterlee 1995 Patients were randomly assigned to olanzapine (1 to 8 mg/day) or 

placebo. 
Ris-bel-14 1997 NR
Ris-int-83 1997 NR
De Deyn 1999 After initial screening and a 1-week,single-blind, placebo washout 

period, eligible patients were randomly assigned to treatment with 
risperidone, haloperidol, or placebo according to a predefined 
randomization 'code generated by the Janssen Research 
Foundation, Beerse, Belgium. Balancing ensured that an equal 
number of subjects were allocated to each treatment group at 
each center. Patient numbers were to be assigned in consecutive 
order.

Katz 1999 Patients were randomly assigned according to a randomization 
code provided by the sponsor (Janssen Research Foundation). 

Allain 2000 Patients were randomly allocated to tiapride 100 mg/day (50 mg 
twice a day), haloperidol 2 mg/day (1 mg twice a day) or placebo.

Street 2000 Patients meeting enrollment criteria were randomly allocated to 1 
of 4 fixed-dose treatment groups (olanzapine, 5, 10, or 15 mg/d, 
or placebo) by the assignment of a unique kit number using a 
permuted block design at each investigational site (block size of 
4). 

Herz 2002 Randomization to treatments 
ILO-522 2002 Patients were randomized to either the iloperidone or placebo 

treatment group at a ratio of 2:1. The study had two phases: pre-
randomization and treatment. If a patient qualified for admission 
to the treatment phase, the Investigator contacted the pharmacist, 
who assigned the next sequential number from the treatment 
randomization list. This randomization number determined 
treatment assignment. The study pharmacist was provided with 
a randomization list containing treatment group (iloperidone or 
placebo) assignments in a ratio of 2 iloperidone to 1 placebo. Only 
the study pharmacist had access to these codes. Randomization 
numbers consisted of 4 digits, starting with ‘1001’.

Brodaty 2003 Eligible patients were randomly assigned to 1 of 2 treatment 
groups (risperidone or placebo) according to a randomization code 
that was balanced to ensure even distribution of patients in each 
treatment group at each center. 

De Deyn 2004 Patients randomly assigned to receive Olz 1.0 or Olz 2.5 were 
respectively given a single 1.0mg or 2.5mg capsule of olanzapine 
daily (qhs) throughout the study period.

Ballard 2005 The study statistician randomly assigned patients in equal 
numbers to active quetiapine plus placebo rivastigmine; placebo 
quetiapine plus active rivastigmine; or placebo rivastigmine 
plus placebo quetiapine (double dummy). The allocations were 
computer generated with block randomisation (block sizes of 
three and six) with Stata software (release 7.0). The randomising 
clinician faxed a form to the statistician, who communicated 
allocation to the pharmacy, ensuring concealment.

table continues
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Study Text in article
De Deyn 2005 Eligible patients were randomized to aripiprazole 2 mg/d or 

placebo, administered once-daily for 10 weeks, in this multicenter, 
double-blind study.

Deberdt 2005 After a 3- to 14-day placebo/washout period, patients were 
randomly assigned, in a 2:2:1 ratio, to 10 weeks of double-blind, 
flexible-dose treatment with olanzapine (2.5 mg–10 mg/day), 
risperidone (0.5 mg–2 mg/day), or placebo.

Kennedy 2005 Patients were randomized to receive treatment with olanzapine 
2.5 mg/d or placebo in a 2:1 ratio.

Mintzer 2006 After completing the run-in, patients were randomized, using a 
predefined code, to receive either risperidone or placebo during 
the subsequent eight week treatment phase. Investigators 
received sealed envelopes for each patient containing coded 
details of the treatment in this phase.

Schneider 2006 In phase 1 of the study, patients were randomly assigned under 
double-blind conditions to receive olanzapine, quetiapine, 
risperidone, or placebo in a 2:2:2:3 ratio. Randomization was 
performed with the use of permuted blocks of nine per site 
without stratification and was implemented with the use of an 
interactive voice-response telephone system.

Tariot 2006 We randomized participants who had either AD with psychosis or 
another disorder with psychosis in a 3:1 ratio […].

Mintzer 2007 Patients were randomized to fixed doses of aripiprazole (2 mg/
day, 5 mg/day, or 10 mg/day) or placebo for a 10-week period.

Zhong 2007 At baseline, participants who met enrollment criteria were 
randomly assigned in a 3:3:2 ratio to one of three fixed-dose 
treatment groups: quetiapine 200 mg/day, 100 mg/day, or 
placebo. The centralized randomization schedule was generated 
using a random block size of 8 and was created using random seed 
and treatment allocation ratios of 3:3:2 and maintained blinded by 
the sponsor’s randomization group. 

Paleacu 2008 Patients […] participated in a 6-week, randomized, double-blind, 
placebo controlled trial.

Streim 2008 Subjects were randomized to aripiprazole or placebo.

NR: Not Reported.
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Table 2. Risk of bias based on randomization procedures
Random 
sequence 
generation

Allocation 
concealment

Presence 
of baseline 
table/ 
information 
per group

ZIP-128-105, 1993 (NP) U U H
Satterlee, 1995 (NP/ abstract only) U U L
Ris-Bel-14, 1997 (NP) U U H
Ris-Int-83, 1997 (NP) U U H
De Deyn, 1999 L U L
Katz, 1999 U U L
Allain, 2000 U U L 
Street, 2000 U U L
Herz, 2002 (NP/ abstract only) U U H
ILO522, 2002 (NP) U L U
Brodaty, 2003 U U U
De Deyn, 2004 U U H
Ballard, 2005 L U L
De Deyn, 2005 U U H
Deberdt, 2005 U U L
Kennedy, 2005 U U L
Mintzer, 2006 U U L
Schneider, 2006 U L L
Tariot, 2006 U U L
Mintzer, 2007 U U L
Zhong, 2007 U U L
Paleacu, 2008 U U H
Streim, 2008 U U L

NP= Not Published; L= Low risk of bias; U= Unclear risk of bias; H= High risk of bias 
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Table 3. Baseline characteristics that were reported per treatment group of the trial 
Study, year Age Gen-der Race Vascular/ 

mixed 
dementia

Severity of 
dementia

NPS EPS Cardiovascular risk 
factors

Medication Other

ZIP-128-
105,1993

Yes NA Yes - - - - - - -

Satterlee, 
1995*

Yes Yes Yes NA MMSE/ Behave-ad/  BPRS/ 
CGI

% EPS Orthostatic HT/ 
Weight/ QTc

- -

Ris-Bel-14, 
1997

- - - NA - - - - - -

Ris-Int-83, 
1997

- - - NA - - - - - -

De Deyn, 
1999*

Yes Yes Yes Yes MMSE/ FAST Behave-ad / CMAI 
/ CGI

ESRS - Previous 
neuroleptics

-

Katz, 1999* Yes Yes Yes Yes MMSE / FAST Behave-ad % EPS - - Duration of stay
Allain, 2000 Yes Yes NA - - Moses irritability/ 

aggressiveness 
subscale

% EPS - - -

Street, 2000* Yes Yes - NA MMSE NPI / BPRS % EPS Weight loss - Time from NH admission / Time 
from first AD symptom

Herz, 2002 - NA - NA - - - - - -
ILO522, 2002 Yes Yes Yes - - - - - - ˫
Brodaty, 
2003*

Yes Yes - Yes MMSE / FAST CMAI° / Behave-ad % EPS Weight - Ónset of dementia / onset of 
behavioral disturbance

De Deyn, 
2004

- - NA NA - NPI - - - -

Ballard, 2005* Yes Yes - NA SIB / FAST CMAI % EPS - - -
De Deyn, 
2005

Yes Yes Yes NA MMSE NPI / BPRS / CGI SAS/ AIMS/ 
BARS

- - -

Deberdt, 
2005*

Yes Yes Yes Yes MMSE NPI / BPRS / Cornell 
/ CMAI

% EPS Hachinski score - Time onset symptoms

Kennedy, 
2005*

Yes Yes Yes NA ADAS-cog° / 
MMSE /  VASS 

NA 
(Patients without 
NPS)

SAS/ 
% EPS

Weight gain - Barnes

Mintzer, 2006* Yes Yes Yes Yes MMSE Behave-ad / CGI % EPS BMI - Age onset dementia / age onset 
psychosis / years in institution

Schneider, 
2006*

Yes Yes Yes NA MMSE / ADAS-
cog / ADCS-ADL

NPI / BPRS % EPS Weight/ BMI AD, AP, ChEI. Education / married / residence

Tariot, 2006* Yes Yes Yes NA MMSE / PSMS BPRS / CGI / NPI- 
del+hall/ MOSES

SAS/ AIMS Weight ChEI, AD Time in NH

Mintzer, 2007* Yes Yes Yes NA MMSE NPI/CGI / CMAI % EPS Weight - Age at onset AD / age at 
onset psychosis symptoms / 
prominent symptom at onset

Zhong, 2007* Yes Yes Yes Yes MMSE CGI/ PANNS / NPI 
/ CMAI

AIMS / SAS /
 % EPS

Weight / BMI - Fasting glucose

Paleacu, 2008 Yes - - NA MMSE NPI / CGI AIMS / SAS - - -
Streim, 2008* Yes Yes Yes NA MMSE / ADCS-

ADL
NPI / CGI / BPRS / 
Cornell / CMAI

% EPS Weight - Age at onset AD / age at 
onset psychotic symptoms 
/ predominant psychotic 
symptoms

*= had a baseline table; Yes= reported; - = Not reported in baseline table or text; Bold = 
reported for all randomized patients; NA= Not Applicable; Underlined = used in our analysis



147

6

Table 3. Baseline characteristics that were reported per treatment group of the trial 
Study, year Age Gen-der Race Vascular/ 

mixed 
dementia

Severity of 
dementia
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Medication Other

ZIP-128-
105,1993

Yes NA Yes - - - - - - -

Satterlee, 
1995*

Yes Yes Yes NA MMSE/ Behave-ad/  BPRS/ 
CGI

% EPS Orthostatic HT/ 
Weight/ QTc

- -

Ris-Bel-14, 
1997

- - - NA - - - - - -

Ris-Int-83, 
1997

- - - NA - - - - - -

De Deyn, 
1999*

Yes Yes Yes Yes MMSE/ FAST Behave-ad / CMAI 
/ CGI

ESRS - Previous 
neuroleptics

-

Katz, 1999* Yes Yes Yes Yes MMSE / FAST Behave-ad % EPS - - Duration of stay
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Street, 2000* Yes Yes - NA MMSE NPI / BPRS % EPS Weight loss - Time from NH admission / Time 
from first AD symptom
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Brodaty, 
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- - NA NA - NPI - - - -
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Kennedy, 
2005*

Yes Yes Yes NA ADAS-cog° / 
MMSE /  VASS 

NA 
(Patients without 
NPS)

SAS/ 
% EPS

Weight gain - Barnes

Mintzer, 2006* Yes Yes Yes Yes MMSE Behave-ad / CGI % EPS BMI - Age onset dementia / age onset 
psychosis / years in institution

Schneider, 
2006*

Yes Yes Yes NA MMSE / ADAS-
cog / ADCS-ADL

NPI / BPRS % EPS Weight/ BMI AD, AP, ChEI. Education / married / residence

Tariot, 2006* Yes Yes Yes NA MMSE / PSMS BPRS / CGI / NPI- 
del+hall/ MOSES

SAS/ AIMS Weight ChEI, AD Time in NH

Mintzer, 2007* Yes Yes Yes NA MMSE NPI/CGI / CMAI % EPS Weight - Age at onset AD / age at 
onset psychosis symptoms / 
prominent symptom at onset

Zhong, 2007* Yes Yes Yes Yes MMSE CGI/ PANNS / NPI 
/ CMAI

AIMS / SAS /
 % EPS

Weight / BMI - Fasting glucose

Paleacu, 2008 Yes - - NA MMSE NPI / CGI AIMS / SAS - - -
Streim, 2008* Yes Yes Yes NA MMSE / ADCS-

ADL
NPI / CGI / BPRS / 
Cornell / CMAI

% EPS Weight - Age at onset AD / age at 
onset psychotic symptoms 
/ predominant psychotic 
symptoms

*= had a baseline table; Yes= reported; - = Not reported in baseline table or text; Bold = 
reported for all randomized patients; NA= Not Applicable; Underlined = used in our analysis
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Figure 1. Pooled efficacy (SMD) of atypical antipsychotics versus placebo in dementia 
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Figure 2. Risk of extrapyramidal symptoms of atypical antipsychotics versus placebo in dementia
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Figure 3. Pooled risk of mortality of atypical antipsychotics versus placebo in dementia
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Abstract

Background
Knowledge about treatment status can influence effects measured in trials when 
subjective scales are used. The aim of this study was to compare subjective with 
objective outcomes of conventional and atypical antipsychotics for neuropsychiatric 
symptoms (NPS) in dementia. 

Methods
We performed a meta-epidemiological study of 28 randomized placebo-controlled 
trials. For effectiveness, we used change in NPS and response rate as subjective 
outcomes overall dropout and additional psychotropic use were objective outcomes. 
For side effects, we used extrapyramidal symptoms (EPS) and somnolence as 
subjective outcomes, and dropout due to adverse events, medication use for EPS, 
and participants falling were objective outcomes. 

Results
Conventional antipsychotics reduced NPS more than placebo (standardized mean 
difference (SMD) -0.36; 95% confidence interval (CI) -0.49 to -0.23), as did atypical 
antipsychotics (SMD -0.14; 95%CI -0.19 to -0.08). Response rates in the drug groups 
were higher too. Overall dropout did not differ between conventional antipsychotics 
and placebo (odds ratio (OR) 1.03; 95%CI 0.77 to 1.37) or atypical antipsychotics 
and placebo (OR 1.01; 95%CI 0.89 to 1.14). Additional psychotropic use did not 
differ either. The risk of EPS was higher for conventional (OR 2.93; 95%CI 2.04 to 
4.22) and atypical antipsychotics (OR 1.52; 95%CI 1.23 to 1.88) versus placebo, as 
was the risk of somnolence and dropout due to side effects, but medication use for 
EPS and risk of falls was not.

Conclusions
Effectiveness of antipsychotics for NPS in dementia based on subjective scales was 
not confirmed with objective outcomes, in contrast to the increased risk of side 
effects.
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Introduction

Doctors often prescribe antipsychotics to treat neuropsychiatric symptoms (NPS) in 
patients with dementia.1,2 The prevalence of NPS is 70% to 90% in institutionalized 
patients with dementia.3,4 The most common symptoms are aggression, agitation 
and apathy.5 NPS have a great impact on the quality of life of patients, informal 
caregivers and health professionals.6,7 More than 60% of patients with NPS use 
psychotropic drugs and anti-psychotics account for almost two-thirds of this use.8,9  

Knowledge about treatment status can influence the measurement of efficacy 
and side effects when they are established with subjective rating scales.10 Such 
measurement error can bias the trial results (information bias, observer bias). Efficacy 
might be overestimated, and the risk of side effects under-estimated.11 

Trials use placebo tablets to blind participants, caregivers and assessors for treatment 
status to avoid measurement error.12 However, this way of blinding is not always 
successful. Treatment status can sometimes be guessed, for instance if the active 
drug has specific side effects.13 A systematic review about blinding in randomized 
controlled trials (RCTs) among psychiatric patients showed that patients in the 
active treatment group more often correctly guessed the treatment status than the 
patient receiving placebo.10 This also applied to the investigators. In particular, a trial 
comparing alprazolam with placebo in patients with anxiety disorders showed that 
side effects were associated with correctly guessing treatment status.14 

Likewise, in a study about the effects of caffeine on cognitive performance, false 
positive feedback about performance made patients believe they received caffeine 
pills instead of the placebo they actually received.15 These patients had faster 
reaction times than patients who did not get feedback and believed to receive 
the placebo.15 It is possible that the effect of antipsychotics on NPS in dementia is 
systematically overestimated due to partial unblinding by the specific side effects of 
antipsychotics, such as extra-pyramidal symptoms (EPS).

If treatment efficacy and side effects can be over- or under-estimated due to 
measurement error, objective outcomes may provide more valid results. Examples 
of objective outcome measures are the use of rescue medication and medication for 
side effects. In addition, overall drop-out is an objective measure of effectiveness in 
terms of the balance between efficacy and acceptability.16 For instance, meta-analyses 
of trials comparing paroxetine against placebo for major depression have shown a 
statistically significant effect on depressive symptoms, but the proportion of patients 
who discontinued treatment for any reason was not different between the groups.16 
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In trials about antipsychotics for NPS in dementia, more objective outcome 
measures for efficacy and side effects are available, which may be established with 
less measurement error. Examples are dropout for any reason, dropout due to 
adverse events, and use of additional psychotropic medication, rescue medication 
or medication to treat EPS. The aim of our study was to assess effectiveness and side 
effects of antipsychotics in randomized placebo-controlled trials for NPS in patients 
with dementia with subjective and objective outcome measures. 

Methods

Search strategy and study selection
We made a list of antipsychotics (conventional and atypical) from the websites of 
the World Health Organization, the American Food and Drug Administration (FDA) 
and Wikipedia to enable this search.17–19 To identify trials, we used three sources. 
First, two authors (TAH, HJL) searched the electronic databases Pubmed, Cinahl, 
Embase and Cochrane library with the following key words: ‘generic name of atypical/
conventional antipsychotic’ and trial and dementia. We restricted the key words 
related to drug name to title and abstract. Second, we searched the references of 
published systematic reviews by hand. We identified these meta-analyses with the 
abovementioned electronic databases and the Cochrane library. Thirdly, we looked 
for RCTs in trial registration websites with the same keywords if possible; otherwise 
we used only the term dementia. Lastly, we searched the European Medicines 
Agency (EMA) and FDA websites for eligible trials. For a previous project we were 
also able to search for atypical antipsychotics trials in the databases of the Dutch 
Medicines Evaluation Board. Titles and abstracts of possibly eligible studies were 
retrieved from Pubmed. The last search was run in June 2019.

Randomized placebo-controlled trials that investigated the efficacy of orally 
administered conventional or atypical antipsychotics in patients with NPS and 
dementia were included. Studies with more than one drug in an intervention arm 
were excluded. There were no restrictions with respect to dosage, flexible or fixed 
dosing of the active treatment, trial duration, publication date and language. Two 
authors determined definitive eligibility (TAH, HJL).

Data extraction
Two authors (EV, TAH) independently extracted data on study characteristics and 
outcomes. Disagreements were resolved by discussion and consensus with the third 
author (HJL). We extracted general study characteristics, including setting, type of 
dementia, type of NPS (agitation, psychosis, or diverse NPS), type of antipsychotic 
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treatment (conventional or atypical) and the total number of randomized patients 
in the treatment groups. As subjective measures of effectiveness, we extracted the 
mean change in symptoms from baseline to the end of the trial (or endpoint if not 
available). Changes on symptom scales were extracted for the specific indication for 
which the antipsychotic was tested in the trial. For instance, if trial enrolled patients 
with psychosis, extracted results were specific for psychosis such as the psychosis 
subscale of the neuropsychiatric inventory (NPI). The standard deviation (SD) of the 
difference was extracted, or calculated using the p-value, t-value, or confidence 
interval (CI).20 We also extracted the number of patients with a clinically relevant 
improvement on the subjective symptom scales (as defined by the authors) or the 
number of patients with any improvement on clinical rating scales. Response rates 
as measured with both types of scales were combined.16 As objective measure of 
effectiveness, we extracted the number of patients that received new additional 
psychotropic medication including rescue medication during the study. The number 
of patients that dropped out due to any reason was used as an objective measure 
of acceptability.21
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based on title/ 
abstract  
 
 

940 hits excluded 
based on title/ abstract 
 

710 hits included and 645 duplicate hits removed (the same hit, and multiple articles/ conference abstracts of the same RCT) 

65 RCTs included for full text review  
 
 

20 RCTs excluded:  
Systematic review: Rabinowitz 2007  
Not randomized: Cahn 1973 
No placebo group: Ather 1986, Bamrah 1999, Birkett 1972, Martin-Cook 2005, 
Engstrand 1967, Spagnolo 1983, Sheng 2004, Sun 2004 
No parallel groups/ cross-over data only: Barton 1966, Devanand 1989, Tewfik 1970 
Multiple drugs in same arm: Meguro 2004  
Non-oral medication: Rappaport 2009, Meehan 2002 
Not in Alzheimer or vascular dementia: Lehman 1972, Hamilton 1962b, Kurlan 2007 
In dementia but without neuropsychiatric symptoms: Kennedy 2005 
 

45 RCTs eligible for this study 
 

4 no published/ available data on any outcome: Auer 1996 (haloperidol, thioridazine), 
NCT02168920 (aripiprazole), NCT00041678 (aripiprazole); NCT00036114 
(aripiprazole)  
1 no data on outcomes of this study: Stotsky 1984 (thioridazine) 
2 ongoing: NCT03548584 (brexpiprazole), NCT03620981 (brexpiprazole) 
  
 

38 RCTs used in this study 
 

1474 Potentially relevant hits 
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         98 Cinahl  
       595 Embase  
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meta-analyses checked  
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abstract 
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on title/ abstract  
 
 

Figure 1. Flow diagram of the literature search and study selection. 
EMA: European Medicines Agency; FDA: Food and Drug Administration; MEB: Medicines 
Evaluation Board. 
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In our review of side effects, we focused on EPS and somnolence, because these 
are prevalent and severe side effects of antipsychotics. In most studies, EPS was 
measured with a specific rating scale, e.g. the Simpson-Angus scale. Somnolence, 
also called sedation or drowsiness, was measured with a specific rating scale such 
as the visual analogue sedation scale, or spontaneous reports. We extracted the 
number of patients with EPS and somnolence measured with these subjective 
measurement instruments. As objective measure of side effects, we extracted the 
number of patients that dropped out due to adverse events, and used medication 
for EPS. Although the level of EPS and the use of medication for EPS are related, 
the distinction between these outcomes is the degree to which their measurement 
is sensitive to error. EPS can be rated as more or less severe than they really are, 
whereas the use of medication of EPS is a verifiable fact. In addition, at the request 
of a reviewer, we extracted the number of participants that had fallen during the 
study, because it is an objectively measurable outcome and potential consequence 
of EPS and somnolence.
 
When multiple intervention groups with various dosages of a drug were tested 
in a trial, we calculated an average of the combined groups for all outcomes. The 
protocol and data extraction form can be obtained with the corresponding author.

Data-analysis 
First, we calculated the pooled efficacy of antipsychotics for NPS in dementia in 
terms of the standardized mean difference (SMD). SMDs were calculated with a 95% 
confidence interval (CI). Secondly, we calculated an odds ratio (OR) with a 95% CI for 
all other outcome measures of efficacy and side effects. We used fixed effect models 
if heterogeneity (presented as I²) was lower than 40% and p-value > 0.05 for the Chi 
test; otherwise we used random effect models. 

We performed the meta-analyses separately for conventional and atypical 
antipsychotics, because efficacy and risk of side effects are assumed to differ 
between these groups. Hence, all comparisons of a conventional drug versus placebo 
were pooled, and all comparisons of an atypical drug versus placebo. Therefore, 
the placebo group from a trial that tested both types of antipsychotics was used 
in both meta-analyses. To assess whether the pooled effects of conventional and 
atypical antipsychotics differed significantly, we used the standard error (SE) of the 
difference of the pooled SMD and OR between treatment groups to calculate z with 
the Z-formula, and then p.
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Results

Study characteristics
We found 2768 hits with our search, and 66 studies seemed potentially eligible. 
Twenty studies were excluded for various reasons, such as only including patients 
with Lewy body dementia, study medication was not orally administered or the trial 
did not use a placebo group.22–41 We identified 45 eligible studies, but five studies 
did not provide data about any of the outcomes of interest and could not be used 
in our meta-analyses,42,43 and NCT02168920, NCT00041678, NCT00036114, and 
two were ongoing [NCT03548584, NCT03620981]. The other 38 trials with 7726 
participants were included in our analyses.21,44–80 The flowchart in figure 1 shows the 
results of the search. 

Table 1 shows the study characteristics of the included studies. The majority of studies 
investigated haloperidol (8 trials),55,71–73,75,77–79 risperidone (10 trials),21,48–50,53,56,57,60,61,71 
quetiapine (5 trials),21,59,63,64,73 or olanzapine (7 trials),21,47,51–53,58,60 with placebo. Three 
studies tested both a conventional antipsychotic and an atypical antipsychotic versus 
placebo.71–73 Of the 38 studies, 12 had psychosis as indication,44,49,73,80,55,57,58,60–62,65,69 
11 agitation,53,56,79,59,63,67,68,70,72,76,77 14 diverse NPS,21,45,71,74,75,78,46–48,50–52,64,66 and 
one study did not report the type of NPS.54 Twenty-four studies were performed 
in patients living in nursing homes,45,46,61–63,65,67–72,48,73,74,76,49–51,56,58–60 seven in 
hospitals,44,55,58,66,72,75,79 seven in outpatients,21,68,70,77,78,80 and six studies did not report 
the setting.47,52–54,57,64 

Subjective measures of efficacy were reported more frequently than objective 
measures (table 2). In particular, use of additional medication for NPS, use of 
medication for EPS and number of participants with falls were poorly reported. As a 
result, some of the meta-analyses yielded large confidence intervals.

Table 1. General characteristics of randomized placebo-controlled trials
Author (year) Antipsychotic

drug
Type of 
dementia

Type of NPS Setting N Duration, 
weeks

Conventional antipsychotics (10 trials)
Hamilton (1962)44 Trifluoperazine CBS Psychosis HOS 27 8
Sugerman (1964)55 Haloperidol CBS Psychosis HOS 18 6
Rada (1976)66 Thiothixene CBS Diverse NPS HOS 42 4
Barnes (1982)74 Thioridazine 

Loxapine
Dementia Diverse NPS NH 53 8

Petrie (1982)75 Haloperidol 
Loxapine

Dementia Diverse NPS HOS 61 8

Finkel (1995)76 Thiotixene Dementia Agitation NH 33 12
Auchus (1997)77 Haloperidol AD Agitation OUTP 12 6
Devanand (1998)78 Haloperidol AD Diverse NPS OUTP 66 6

table continues
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Author (year) Antipsychotic
drug

Type of 
dementia

Type of NPS Setting N Duration, 
weeks

Teri (2000)79 Haloperidol AD Agitation HOS 70 16
Pollock (2002)45 Perphenazine AD, VAS 

and MIX
Diverse NPS NH 54 2,5

Atypical antipsychotics (25 trials)
Pfizer Ph (1993)46 Ziprasidone AD and VAS Diverse NPS NH 23 4
Satterlee (1995)47 Olanzapine AD Diverse NPS NR 238 8
Janssen Ph (1997)48 Risperidone AD Diverse NPS NH 39 4
Katz (1999)50 Risperidone AD, VAS 

and MIX
Diverse NPS NH 625 12

Street (2000)51 Olanzapine AD Diverse NPS NH 206 6
Howanitz (2001)52 Olanzapine VAS Diverse NPS NR 16 6
Herz (2002)53 Risperidone 

Olanzapine
AD Agitation NR 29 6

Novartis Ph (2002)54 Iloperidone AD, VAS 
and MIX

NR NR 15 4

Brodaty (2003)56 Risperidone AD, VAS 
and MIX

Agitationa NH 345 12

Janssen Ph (2003)49 Risperidone AD Psychosis NH 18 8
De Deyn (2004)58 Olanzapine AD Psychosis NH & 

HOS
652 10

Ballard (2005)59 Quetiapine AD Agitation NH 62 6
De Deyn (2005)80 Aripiprazole AD Psychosis OUTP 208 10
Deberdt (2005)60 Risperidone 

Olanzapine
AD, VAS 
and MIX

Psychosis NH-
OUTP

494 10

Janssen Ph (2005)57 Risperidone AD Psychosis NR 33 8
Mintzer (2006)61 Risperidone AD Psychosis NH 473 8
Schneider (2006)21 Risperidone

Olanzapine
Quetiapine

AD Diverse NPS OUTP 421 36

Mintzer (2007)62 Aripiprazole AD Psychosis NH 487 10
Zhong (2007)63 Quetiapine AD and VAS Agitation NH 333 10
Paleacu (2008)64 Quetiapine AD Diverse NPS NR 40 6
Streim (2008)65 Aripiprazole AD Psychosis NH 256 10
Otsuka Ph (2017a)67 Brexpiprazoleb AD Agitation NH 433 12
Otsuka Ph (2017b)68 Brexpiprazole AD Agitation NH-

OUTP
270 12

Ballard (2018)69 Pimavanserin AD Psychosis NH 181 12
ACADIA Ph (2018)70 Pimavanserin AD Agitation NH-

OUTP
111 12

Conventional and atypical antipsychotic drug (3 trials)
De Deyn (1999)71 Haloperidol

Risperidone
AD, VAS 
and MIX

Diverse NPS NH 334 12

Allain (2000)72 Haloperidol 
Tiapride

AD, VAS 
and MIX

Agitation NH-
HOS

306 3

Tariot (2006)73 Haloperidol 
Quetiapine

AD Psychosis NH 284 10

AD: Alzheimer’s disease; CBS: chronic brain syndrome; HOS: hospital; MIX:mixed dementia 
(Alzheimer/ Vascular); NH: nursing home; NPS: neuropsychiatric symptoms; OUTP: 
outpatients; Ph: Pharmaceutical company; NR: not reported; VAS: vascular dementia;  
ain particular aggression 
bresults reported only for 1mg, 2 mg and placebo groups (total n=413)
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Table 2. Effects of antipsychotics on subjective and objective outcomes in patients with 
neuropsychiatric symptoms in dementia 

Conventional AP vs 
placebo
(13 trials)

Atypical AP vs 
placebo
(28 trials)

ORconventional
vs ORatypical

Trials, 
n

OR unless 
indicated 
otherwise 
(95% CI)

Trials, 
n

OR unless 
indicated 
otherwise 
(95% CI)

p-value

Effectiveness: Subjective outcomes
Change in symptoms, SMD 10 -0.36 

(-0.49 – -0.23)
23 -0.14 

(-0.19 – -0.08)
<0.001

Response rate 11 1.82 
(1.39 – 2.38)

13 1.53 
(1.32 – 1.76)

0.267

Effectiveness: Objective outcomes
Overall dropout 11 1.03 

(0.77 – 1.37)
26 1.01

(0.89 – 1.14)
0.897

Use of additional psychotropic 
medication

3 0.82 
(0.55 – 1.22)

9 0.87 
(0.73 – 1.03)

0.803

Side effects: Subjective outcomes
EPS 6 2.93 

(2.04 – 4.22)
17 1.52 

(1.23 – 1.88)
0.002

Somnolencea 6 4.07 
(1.80 – 9.20)

18 2.69 
(1.99 – 3.62)

0.347

Side effects: Objective outcomes
Dropout due to adverse events 6 1.78 

(1.05 – 3.00)
24 1.51 

(1.25 – 1.83)
0.569

Use of medication for EPS 2 1.67 
(0.64 – 4.35)

3 0.95 
(0.55 – 1.62)

0.312

Falls 1 1.02 
(0.55 – 1.91)

11 0.99
(0.80 – 1.22)

0.920

AP: antipsychotics; CI: 95% confidence interval; EPS: extrapyramidal symptoms; OR: odds 
ratio; SMD: standardized mean difference; n: number; vs: versus;  
arandom effects model

Effectiveness
Conventional antipsychotics had a statistically significant but small effect on the 
reduction of NPS in dementia: SMD -0.36 (95%CI; -0.49 to -0.23). The response 
rate was also significantly higher in conventional antipsychotic than placebo groups 
(OR 1.82; 95%CI 1.39 to 2.38). Yet, there was no statistically significant effect 
of conventional antipsychotics on NPS in dementia compared to placebo when 
measured with objective outcome measures. The risk of the use of additional 
psychotropic medication was numerically lower but not statistically significant in the 
conventional antipsychotic versus placebo groups (OR 0.82; 95%CI 0.55 to 1.22). 
Overall dropout did not differ between conventional antipsychotics and placebo 
either (OR 1.03; 95%CI 0.77 to 1.37).
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For atypical antipsychotics, there was a statistically significant but clinically negligible 
decrease of NPS in dementia compared to placebo: SMD -0.14 (95%CI; -0.19 to 
-0.08). The response rate was however significantly higher in atypical antipsychotics 
than placebo groups (OR 1.53; 95%CI 1.32 to 1.76). Again, there was also no effect 
of atypical antipsychotics on NPS in dementia compared to placebo when measured 
with objective outcome measures. The risk of the use of additional psychotropic 
medication was numerically lower but not statistically significant compared to 
placebo (OR 0.87; 95%CI 0.73 to 1.03). Overall dropout did not differ between 
atypical antipsychotics and placebo groups (OR 1.01; 95%CI 0.89 to 1.14).

As reported above, both conventional and atypical antipsychotics had an effect on 
NPS in dementia when measured subjectively. We tested whether these effects 
differed statistically. Conventional antipsychotics reduced NPS more than atypical 
antipsychotics compared to placebo (SMD -0.36 versus -0.14; p<0.001), but the 
response rates did not differ statistically (OR 1.82 versus 1.53; p=0.267). There 
was no statistical difference between conventional and atypical antipsychotics 
when measured with objective outcome measure overall dropout (OR 1.03 versus 
1.01; p=0.897), or use of additional psychotropic medication (OR 0.82 versus 0.87; 
p=0.803).

Side effects
When measured with subjective scales for EPS, conventional antipsychotics were 
associated with significantly more EPS than placebo (OR 2.93; 95%CI 2.04 to 4.22). 
Somnolence occurred significantly more often in the conventional antipsychotic than 
placebo group too (OR 4.07; 95%CI 1.80 to 9.20). When measured with objective 
outcome measures, the risk of dropout due to adverse-events was also significantly 
higher in conventional antipsychotics than placebo groups (OR 1.78; 95%CI 1.05 
to 3.00). Medication for EPS was used more often in conventional antipsychotics 
compared to placebo but the difference was not statistically significantly different 
(OR 1.67; 95%CI 0.64 to 4.35). The risk of falls was not increased (OR 1.02; 95% CI 
0.55-1.91).

In atypical antipsychotic groups, the risk of EPS was significantly higher compared 
to placebo (OR 1.51; 95%CI 1.25 to 1.82). Somnolence occurred significantly more 
often in the atypical antipsychotic than placebo groups too (OR 2.69; 95%CI 1.99 
to 3.62). When measured with objective outcome measures for side effects, the 
risk of dropout due to adverse-events was also significantly higher with atypical 
antipsychotics than with placebo (OR 1.51; 95%CI 1.25 to 1.83). The risk of using 
medication for EPS did not differ between atypical antipsychotic and placebo groups 
(OR 0.95; 95%CI 0.55 to 1.62), nor did the risk of falls (OR 0.99; 95% CI 0.80-1.22). 
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We also tested whether the risk of side effects differed between conventional and 
atypical antipsychotics versus placebo. The risk of EPS was higher in conventional 
antipsychotic than atypical antipsychotic groups versus placebo (OR 2.93 versus 
1.52; p=0.002), but the risk of somnolence was not (OR 4.07 versus 2.69; p=.347). 
There was no statistically significant difference between conventional and atypical 
antipsychotics when measured with the objective outcome measures dropout due 
to adverse effects (OR 1.78 versus 1.51; p=0.569), the use of medication for EPS 
(OR 1.67 versus 0.95; p=0.312), or risk of falls (OR 1.02 versus 0.99; p=0.920).

Three placebo-controlled studies tested both the new generation atypical 
antipsychotics and haloperidol, the standard (conventional) drug at the time, against 
placebo.69-71 In a post-hoc sensitivity analysis without these studies, the risk of 
drop-out due to adverse events was no longer statistically significantly increased for 
conventional antipsychotics versus placebo. In addition, the response rate and risk of 
somnolence for these drugs became close to those of atypical drugs versus placebo. 
All other results did not change substantially, or could not be reliably interpreted due 
to too few studies.

Discussion 

We performed a meta-epidemiological study of 38 trials testing conventional and 
atypical antipsychotics for NPS in dementia. Antipsychotics were effective when 
measured with subjective measures, but not with objective measures. Likewise, 
conventional antipsychotics were more effective than atypical antipsychotics when 
measured subjectively, but this difference did not hold when measured objectively. 
For both drug groups, EPS and somnolence occurred more often in antipsychotic 
than placebo groups when measured with subjective scales and objectively with 
drop-out due to adverse events. The use of medication for EPS seemed to be higher 
for conventional antipsychotics but not for atypical antipsychotics, but power was 
too low to yield definitive estimates. The risk of falls was not increased for either 
type of antipsychotic.

Subjective versus objective measures
We found that subjective measures of efficacy suggested that conventional 
antipsychotics had a small effect on NPS in dementia, and atypical antipsychotics 
a very small (negligible) effect. If these were unbiased estimates of the true 
effects, we would have expected them to be confirmed with estimates based on 
objective measures. However, according to the outcomes overall dropout and use 
of additional psychotropic medication, antipsychotics were not effective for NPS in 
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dementia. Prior meta-analyses also found that although conventional and atypical 
antipsychotics decreased subjectively measured symptoms, dropout rates did not 
differ between treatment and placebo groups.81–83 Despite the latter finding, the 
conclusions of these meta-analyses were that antipsychotics were efficacious for 
NPS in dementia. 

There are a number of explanations for the difference in findings based on subjective 
and objective measures of efficacy of antipsychotics for NPS in dementia. First, 
biased outcome reporting, i.e. systematic measurement error, can occur when 
patients or caregivers can guess which treatment they receive despite blinding.10 
Patients and caregivers might also be more willing to complete the trial, if they or 
staff believe the patient to be in the treatment group.15 Likewise, staff might be more 
tended to motivate patients and caregivers when patients are thought to receive 
active treatment. In case of antipsychotics, typical side effects such as EPS can give 
away treatment status and lead to these effects. It is also possible that, apart from 
bias, antipsychotics are efficacious especially in patients with side effects because 
benefits and harms stem from the same neurotransmitter inhibition. Or, in case of 
somnolence, the reduction of NPS is the direct effect of the side effect.

We found that EPS and somnolence occurred more often in conventional and atypical 
antipsychotic groups compared to placebo as assessed with subjective measures. 
These findings correspond with those of prior meta-analyses.81–86 In addition, the 
risk of EPS was higher for conventional than atypical antipsychotics compared to 
placebo, which also corresponds with prior meta-analytic findings.87,88 Part of this 
finding might be explained by higher doses of haloperidol used in older haloperidol 
trials.

Remarkably though, drop-out due to adverse events did not differ statistically 
between conventional and atypical antipsychotics in our study. Probably, EPS 
and somnolence were not the only adverse events leading to drop-out. Other 
less prevalent side effects or serious adverse events might have played a role. For 
example, meta-analyses of trials have shown that atypical antipsychotics had an 
increased risk of death in patients with dementia, but conventional antipsychotics did 
not.89,90 Atypical antipsychotics also increased the risk of cerebrovascular accidents 
in trials among patients with Alzheimer’s disease.84 In addition, although drop-out is 
an objective measure, knowledge of the treatment can also influence drop-out, but 
probably much less than the usual subjective measured outcomes.

In addition, use of medication for EPS was not statistically significantly increased for 
conventional and atypical antipsychotics versus placebo. However, lack of power is 
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a problem in both comparisons, with only 2 of 14 trials respectively 5 of 28 trials 
reporting this outcome. In addition, the use of medicines for EPS will not cover all 
patients that develop EPS, because physicians might rather discontinue treatment 
or lower the antipsychotic dose. Possible selective reporting, with studies reporting 
these outcomes having more favorable results, renders a correct interpretation of 
our finding even more difficult. 

Finally, the risk of falls was not increased for either type of antipsychotic even 
though the risks of extrapyramidal symptoms and somnolence, which can lead to 
falls, were. Possibly, antipsychotic use might especially increase the rate of falls, but 
the mean number of falls per participant was not reported in the studies. In addition, 
none of the trials identified falls as an outcome a-priori, so it is not clear whether 
falls had been recorded systematically, if at all.

Strengths and limitations
As far as we know, this is the first meta-analysis that investigated the effects of 
antipsychotics for NPS in dementia with subjective and objective outcome measures. 
In addition, we performed a broad search covering unpublished data. This resulted in 
the inclusion of a relatively large number of trials compared to prior reviews.  

Unfortunately, most of the older trials that we included, namely the studies testing 
conventional antipsychotics, did not report all the variables we were interested 
in. Particularly, the objective outcome measures use of additional psychotropic 
medication, use of medication for EPS, and falls were often missing. If this was the 
result of selective reporting, the risk of side effects might have been underestimated 
in our analyses with these measures. In addition, due to the lack of data, reliability of 
some of the pooled effects was low. 

Conclusion
 
Effectiveness of antipsychotics for NPS in dementia based on commonly used 
subjective scales could not be confirmed with objective measures. Subjective 
measures of side effects suggested that conventional antipsychotics had a higher risk 
than atypical antipsychotics, but objective measures did not. Therefore, future trials 
and reviews about psychotropic medication for NPS in dementia need to address 
potential information bias by regularly including objective measures. Guidelines 
need to base recommendations on effects established preferably with objective 
outcome measures. 
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Discussion

A standard part of performing a systematic review of trials is to critically appraise the 
quality of the included trials. Commonly used tools for assessing risk of bias in trials 
are the Cochrane risk of bias tool1 and the Jadad scale.2 There are multiple tools 
for other study designs too.3 However, despite the use of standardized items and 
answer categories, the correct application depends on the level of methodological 
knowledge of the reviewers as well as their attitude towards missing information. 
This can lead to interrater variation on a tool, and poor agreement between tools.4,5 
Also, the assessments have a qualitative nature in that risk of bias is often categorized 
as either low, high or unclear. Hence, there is a need for more objective risk of bias 
tools. The aim of this thesis was to explore quantitative methods to assess the risk 
of bias in trials as part of reviews. 

This thesis focused on antipsychotic drug trials for patients with dementia. This 
topic served as a test case. The quantitative methods for assessing risk of bias in 
this thesis can be applied in reviews of other topics too. I attempted to quantify the 
effect of various sources of bias. These included the enrolment of patients and use of 
outcomes not corresponding with the research question (PICO), patient deselection 
after run-in, baseline imbalances between treatment groups despite randomization, 
and the use of subjective outcome measures. In general, it is shown that in studies 
in which the reported source of bias was either absent or small, the effectiveness of 
antipsychotics in dementia seems lower and risk of side effects higher. 

In this chapter, a short history of risk of bias assessments is provided first. Then, 
the main findings of this thesis will be discussed. Finally, considerations for future 
research are stated.
 
The history of risk of bias assessments
The importance of clinical trials in drug development received increasing recognition 
in the 1960s due to the thalidomide crisis (see figure 1).6 Thalidomide was marketed 
as a safe drug without having been tested extensively in clinical trials. Multiple 
observations and cases showed it to cause severe birth defects and malformities when 
used in pregnancy.6,7 As a result many countries updated their drug regulatory laws.6,7

A decade later, Archie Cochrane criticized the lack of reliable evidence for many 
accepted healthcare interventions.8 He explained how summarizing the results 
of randomized controlled trials (RCTs) in reviews could help to determine the 
effectiveness of health treatments, and so help doctors and patients make better 
informed decisions.9–11
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In the following years, different researchers outside healthcare also gradually 
adopted the importance of systematic reviews.9 Since then, much has improved 
in both the conduct of RCTs and reviews. For example, sample sizes of trials have 
increased, and this leads to more accurately estimated results.12 

However, new challenges arose too. E.g. some trials are not published at all, or 
only partly. Other trials were terminated early when apparent benefit was found.13 
These trials often failed to adequately report the decision to stop early and showed 
implausibly large treatment effects.13 In response, ClinicialTrials.gov was created as 
the first online registry for clinical trials in 2000.14 The register presents information 
about a study’s design, provides protocol updates, and shows summary results. 
Nowadays, many trial registration websites exist, most of which are affiliated with 
a specific country.15 In addition, the use of online registration has been stimulated. 
In 2005, journals required investigators to have registered trials online before 
submitting the manuscripts with results. In 2007, clinical trial registry was made 
mandatory by the United States government.14 The goal of these efforts is that 
publicly available information about unpublished trials will help reviewers to include 
them in reviews, and so reduce publication bias.16 

When performing a review of RCTs, publication bias is not the only challenge to 
conquer. RCTs may also suffer from other types of bias. Another improvement in 
review methods was therefore the launch of the Risk of Bias tool by the Cochrane 
collaboration in 2008.17 Since then, numerous risk of bias tools have been developed 
by different reviewers for different study designs. Over 25 risk of bias tools exists 
to help reviewers assess bias in studies as part of a systematic review.3 Recently, 
the Cochrane collaboration has published an updated version of their risk of bias 
tool.17 The risk of bias tool is one element of the Cochrane handbook for systematic 
reviews of interventions. The Cochrane handbook describes the complete process of 
performing a systematic review in detail and gives guidance to reviewers.18 Cochrane 
is recognised internationally as a gold standard for high-quality reviews.19,20 The 
Cochrane also adopted GRADE recommendations as part of the review process.21 
The GRADE working group developed recommendations to rate the quality of 
evidence in systematic reviews, and a large number of organizations, including 
Cochrane, adopted these principles of GRADE.21 
 
Current review methods
Nevertheless, despite the significant improvements over the years, the methods 
of review can still be improved. One reason is that with new developments in the 
design and conduct of trials, new pitfalls can potentially arise. This thesis addressed 
some of these issues.
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The work started with a review of placebo-controlled randomized antipsychotic 
drug trials for patients with dementia. Reviews of observational studies had already 
reported an increased risk of mortality for conventional antipsychotics in elderly 
patients. However, these observational studies based on routinely collected health 
data did not adjust for (delirium due to) terminal illness, an important confounder.22 
Randomisation reduces confounding due to group imbalances in measured and 
unmeasured factors. 

The meta-analysis of placebo-controlled randomized trials did not confirm that 
conventional antipsychotics in general or haloperidol in particular increase the 
risk of mortality in elderly patients. This review thus confirms that summarizing 
trial results can provide useful information. It also prompted the remaining meta-
epidemiological studies in this thesis.  

Populations and outcomes not matching the research question  
Both Cochrane and GRADE recommend to define the research question in terms 
of patients, intervention, comparison intervention, and outcome (PICO) before 
the start of the review.24,25 However, it can be challenging to define the patient 
population sufficiently narrow without excluding relevant trials. When determining 
the outcomes of interest, it is advised to focus on patient-important outcomes. 
Sometimes, trials examined surrogate or substitute outcomes, and outcomes of 
most importance to patients remained unexplored.25 If reviewers solely address the 
former, the review results might be misleading.25,26  In prior reviews of antipsychotics 
for dementia, the defined patient population of interest were not always applied 
well to study selection and data-extraction.25,26 E.g. trials based on mixed patient 
populations with various neuropsychiatric symptoms (NPS) were included, even 
though the main interest was on patients with agitation or psychosis. As a result, the 
review results were also based on patients with symptoms other than those target 
symptoms, such as depression. Furthermore, previous reviews of antipsychotics for 
dementia have pooled results from generic scales measuring other neuropsychiatric 
symptoms besides agitation and psychosis. 

My colleagues and I found that conventional antipsychotics might have a small effect 
on agitation in agitated patients and on psychosis in psychotic patients. Atypical 
antipsychotics did not have such an effect. Inclusion of data from mixed populations 
resulted in an underestimation of the efficacy of conventional antipsychotics on 
agitation and psychosis, but suggested a small effect of atypical antipsychotics on 
agitation. Neither drug class seemed to have an effect when it was measured with 
generic symptoms scales.
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Box Summary of findings 

I critically appraised the methods and results of antipsychotic drug trials for 
patients with dementia. Part 1 addressed the clinical relevance of the reported 
effects: 
• In chapter 2, a meta-analysis of placebo-controlled randomized trials – in 

contrast to reviews of observational studies - did not show that conventional 
antipsychotics in general, or haloperidol in particular, increase the risk of 
mortality in elderly patients.

• In chapter 3, a meta-epidemiological study reported that conventional 
antipsychotics might have a small effect in agitated patients (the population 
of interest) on agitation (the outcome of interest) and in psychotic patients 
(the population of interest) on psychosis (the outcome of interest). This was 
not the case for atypical antipsychotics.

• In chapter 4, placebo-controlled trials that tested atypical antipsychotics 
showed statistically significant but clinically negligible effects due to relatively 
large populations; this may give rise to large sample size fallacy.

Part 2 covered three types of bias, which are commonly acknowledged in 
observational studies but can occur in trials as well23, that is selection bias, 
confounding, and information bias, respectively: 
• In chapter 5, trials with a run-in period showed a somewhat larger reduction 

in neuropsychiatric symptoms for antipsychotics versus placebo than trials 
without a run-in period. In addition, trials with a run-in period showed a 
lower risk of somnolence, extrapyramidal symptoms (EPS), and mortality 
than trials without run-in.

• In chapter 6, placebo-controlled trials of atypical antipsychotics in dementia 
show heterogeneous baseline imbalances, despite randomization. Trials 
with missing baseline information seemed to have a more favorable pooled 
efficacy and lower risk of EPS than trials that reported this information.

• In chapter 7, antipsychotics were found to be effective with subjective 
symptom scales, but not with more objective outcomes (established with 
less error). Subjective measures of side effects suggested that conventional 
antipsychotics had a higher risk than atypical antipsychotics, but objective 
measures did not.

 

It seems that inaccurate effect estimates can occur if trials are executed among 
patients without the specific symptoms described by the PICO, and patients are 
assessed with nonspecific outcome scales. These findings endorse the Cochrane 
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and GRADE recommendation to define a PICO that is leading for the conduct of 
the review. If reviewers prefer not to define patients too specifically, the effect of 
included trials based among ‘wider’ patient populations could be investigated in 
sensitivity analyses.  
 
Large sample size fallacy
The Cochrane collaboration discusses the disadvantages of small and missing sample 
sizes in its handbook, but those of large sample sizes are lacking.26 Large sample 
sizes in reviews can magnify bias associated with error resulting from individual 
study design.27 Large sample size can also become problematic when statistically 
significant results are interpreted as clinically relevant, when they are not.28,29 This is 
called the large sample size fallacy. The focus on effect size instead of large samples 
can prevent this pitfall.

The large sample size fallacy is compounded by a misinterpretation of standardized 
mean differences (SMDs). Cohen developed the following commonly used cut-offs 
for interpreting SMDs: smaller than 0.2 (negligible effect), 0.2 to 0.5 (small effect), 
0.5 to 0.8 (medium effect), and more than 0.8 (large effect).30 Cohen emphasized  
that these guidelines were set with diffidence.30 He further explained that a medium 
effect is visible to the naked eye of a careful observer, and a large effect is visible 
to the naked eye, for example, patients or caretakers.30 In view of this, small effects 
should not be presented or interpreted as being clinically relevant, but often are,31,32 
resulting in physicians overvalue the treatment in question. 

Over the years, the sample sizes in antipsychotic trials have increased massively. This 
might be due to, for example, a smaller expected treatment effect or an increase in 
expected drop-out because recent trials lasted longer. A larger sample size provides 
more power, given a certain treatment effect, and so a higher chance of a statistically 
significant result.33 Larger sample sizes are therefore often viewed as a favorable 
development, but can become a problem in terms of the large sample size fallacy. 

We quantitatively assessed the variation of sample sizes, the size of the reported 
treatment effects, and the association between study characteristics and sample size 
in antipsychotic trials for dementia. We found that placebo-controlled trials of atypical 
antipsychotics showed large sample size fallacy while head-to-head trials were clearly 
underpowered. Also, less than 45% of the trials reported a sample size calculation.   

Large sample sizes should however not be avoided. They are a prerequisite for precise 
study results especially when treatments effects are expected to be small, e.g. in 
case of rare adverse effects. It is large sample size fallacy that should be avoided. 
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Therefore, researchers need to be encouraged to report an effect size with a 95% 
confidence interval.34,35 This is commonly done in, for example, GRADE summary of 
findings tables.21 Also, in line with the CONSORT statement, all trial reports should 
include sample size calculation.36  It would be helpful if journals would mention this 
in their author instructions as well.
 
Enriched study populations
Some trials use a run-in phase to decrease drop-out and placebo response so that 
the estimated effect size and power are increased.37,38  Run-in periods may lead 
to exclusion (deselection) of certain patients from randomization. As a result, the 
remaining randomized group does not represent the population of interest anymore, 
and this limits the validity of trial results for the defined study population.38,39 This 
is a source of selection bias that has not received much attention in the medical 
literature so far. 

The Cochrane collaboration discusses how patient withdrawal, i.e. deselection from 
a study, after randomization can lead to incomplete outcome data.40 However, drop-
out of eligible patients related to the investigated treatment can also occur before 
randomization as described above. This is not discussed in the Cochrane Handbook. 
Risk of bias tools for trials do not require consideration of run-in periods either. 

We quantitively studied the use of run-in and its effect on the reported results 
of antipsychotic trials in patients with dementia. We extracted the presence of a 
run-in period and the reduction in neuropsychiatric symptoms (NPS), the number 
of participants with somnolence, extrapyramidal symptoms (EPS), and deaths per 
treatment group. We found that the reduction in NPS of antipsychotics versus placebo 
was somewhat higher in trials with a run-in period than in trials without a run-in period. 
The risk of somnolence, EPS, and mortality was lower in trials with than without run-
in. Thus, the use of run-in in trials leads to overestimated efficacy and underestimated 
risks of side effects of antipsychotics compared with placebo prescribed for 
NPS in patients with dementia, i.e. the patients of interest as defined a priori.

Run-in needs to be considered as a source of bias in trials and reviews of trials. Not 
only in antipsychotic trials but also in other fields it is important to take run-in into 
account. Approximately 5% of published trials use a run-in period.38 For industry 
sponsored trials, this figure increases to 11% on average.38 This percentages varies 
among disciplines, in our review, the percentage of RCTs that used a run-in period 
was more than 80%. It is recommended that reviewers address the use of a run-in 
period in the included trials, and quantitatively assess the effect on the reported 
results. 
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Incomparable comparison groups
Comparison groups may differ not just in the treatment that they receive. As a result, 
a difference in outcome between the groups cannot be attributed to the treatment 
with certainty. This type of bias is called confounding in the context of observational 
studies. In trials, randomization is used to create comparable comparison groups. 
Nevertheless, baseline imbalances can still occur by chance. In addition, flawed or 
corrupted randomization procedures can give rise to systematic baseline imbalances 
between groups.41,42 Therefore, CONSORT requires trials to include baseline tables 
with information about baseline characteristics for all randomized patients per 
treatment group.36 

As part of a systematic review, trial methods such as randomization are assessed 
qualitatively. The Cochrane risk of bias tool includes two items on randomization 
procedures (random sequence generation and concealment of allocation) and one 
item on (clinically prognostic) baseline imbalances between the comparison groups.43 
Due to the qualitative nature, the assessment is prone to interrater variability 
and does not enable a detailed analysis of the effect of baseline imbalances on 
the estimated treatment effects.44 The only and uncommonly applied option is to 
exclude trials with clearly imbalanced groups from the analysis.45 

Quantitative methods to assess the presence of baseline imbalances and their 
effect on the reported results of antipsychotic trials for dementia are needed. 
We extracted baseline characteristics prognostic of the efficacy and side effects 
of atypical antipsychotics in dementia. We found that all included trials reported 
the randomization procedures incompletely, and despite randomization, the trials 
showed heterogeneous baseline imbalances. Baseline imbalances were associated 
with higher efficacy and lower risk of EPS for atypical antipsychotics versus placebo. 
Moreover, trials with missing baseline information seemed to show a more favorable 
pooled efficacy and lower pooled risk of EPS than trials that reported this information. 
We concluded that baseline imbalances that were not taken into account might have 
mistakenly led to an overestimated efficacy and underestimated risk of EPS.

Imbalanced comparison groups in trials may be more common than is often 
assumed, also in large trials.41,46 These baseline imbalances are often dismissed with 
the argument that they probably occurred by chance. However, chance imbalances 
can also influence the trial results. We recommend that baseline imbalances are 
investigated quantitatively in all reviews of RCTs. The question will be how to select 
the relevant prognostic patient characteristics without increasing the workload too 
much. The investigators may want to select the most obvious prognostic patient 
characteristics or those that are reported most often, such as age and sex.
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Outcomes measured with error
Blinding of patients, health care professionals and outcome assessors to treatment 
status is used to stimulate impartial measurement of outcomes in trials. However, 
when the active drug has specific side effects, treatment status can sometimes 
be guessed. This ‘knowledge’ about treatment status can then influence the 
measurement of the outcome.47 This type of bias is called information bias in the 
context of observational studies and trials. Studies are less susceptible to this type 
of bias when objective outcomes are used. 

The Cochrane advises reviewers to take the subjectiveness of outcome measures 
into account when assessing the adequacy of blinding methods.1 However, the use 
of objective measures is not included as a specific item in the Cochrane risk of bias 
tool 2.0, or other risk of bias tools.2,43,48 

In antipsychotic trials for dementia, the persons involved may be ‘unblinded’ by fairly 
specific side effects such as stiffness, drooling and drowsiness. Objective outcomes 
may provide more valid results than subjective outcomes. We assessed the effects of 
antipsychotics for neuropsychiatric symptoms superimposed in dementia, using not 
only subjective outcomes such as a change in NPS, EPS, and somnolence, but also 
objective outcomes such as the use of additional psychotropic medication and the 
drop-out due to adverse events. We found that antipsychotics were not effective 
when using objective outcomes, while subjective outcomes suggested otherwise. 
Subjective outcomes suggested an increased risk of side effects for conventional 
versus atypical antipsychotics, while objective outcomes did not. 

However, subjective outcomes were reported more frequently than objective 
outcomes, because they were often the primary outcome. Therefore, reviewers are 
advised to include frequently reported objective outcome measures, such as drop-
out, whenever possible. Also, guidelines need to base recommendations preferably 
on the effects of interventions on objective outcomes.
 
Further considerations 
This thesis quantified methods for assessing risk of bias in trials as part of reviews. A 
few considerations can be identified and are described in this paragraph. 

Overall, a small number of trials was included in the studies (17 to 38 trials). Some 
(sub)analyses were performed on only a fraction of those trials due to missing 
information within the trials. Missing information was observed especially in 
trials that were published before the 2000s. Therefore some (sub)analyses were 
performed on less than 10 observations, the recommended minimum, resulting 
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in very imprecise estimates with wide confidence intervals. Conclusions based on 
such results should be interpreted with caution. For example, in the study about 
the use of run-in periods, we found different effects of antipsychotics on efficacy 
and side-effects in trials with and without a run-in phase. However, due to the small 
number of studies included, confidence intervals were very wide and overlapped, 
and conclusions could not be drawn with certainty. 

I did not study reporting bias explicitly in this thesis. Reporting bias occurs when 
systematic differences exist between reported and unreported findings.1 I observed 
during the studies that many articles about antipsychotic use in patients with 
dementia had missing information. E.g. when effects on psychosis, agitation or 
adverse events have not been reported. This information is crucial for readers to 
critically assess the effect of antipsychotics on clinical outcomes adequately.

Furthermore, a source of bias that was not studied in this this thesis is patient drop-
out during a study, which can lead to incomplete outcome data. This can lead to 
biased results when the withdrawal is related to treatment group and outcome, and 
the participants are omitted from the analyses.1 A common way to avoid this source of 
selection bias is to include information on all participants who underwent randomization 
in the groups to which they were originally allocated (intention-to-treat analysis).36 
Another quantitative method to investigate this type of bias is to study withdrawal 
itself as an outcome. When patients drop out during a study, the overall clinical 
benefit was probably insufficient due to either lack of efficacy, or adverse events.50 

When substantial information is missing, the risk of bias cannot be studied adequately. 
In the 2000s, online trial registration sites, CONSORT reporting requirements and 
the risk of bias assessment were introduced, to ensure adequate trial conduct 
and complete reporting. Although the reporting of trials seems to have improved 
over the years, the reporting of some aspects, such as randomization procedures, 
baseline information for all randomized patients and sample size calculations, still 
remain behind.49 The quantitative assessment described in this thesis depend how 
well trial methods and results are reported. More complete reporting will ensure a 
better quantitative assessment of the risk of bias. 
 
Recommendations for future research
It is recommended that the effect of bias in trials on the results of a review is 
investigated quantitatively in every review. This thesis shows examples of how 
to objectively assess bias in reviews of antipsychotic trials for dementia. These 
methods are applicable in other reviews as well. Table 1 presents an overview 
of recommendations for researchers performing a review based on the methods 
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described in this thesis. Also, prerequisites are stated for reviewers implementing 
the recommendations given. 

Table 1. Recommendations for trialists and reviewers
Section Recommendations for reviewers Prerequisites 
PICO Patients and outcomes 

should be defined a priori 
and accurately (using PICO), 
and trials should be selected 
accordingly.

Patients included in the studies should 
be representative of the patients in 
clinical practice. 

Sample sizes Quantitatively assess the 
variation of sample sizes, the 
size of the reported treatment 
effects, and the association 
between study characteristics 
and sample size between 
studies. 

All trial reports should include a sample 
size calculation, and effect sizes with 
95% confidence intervals to avoid large 
sample size fallacy.

Run-in The risk of bias assessment 
could cover the presence of 
a run-in period. Analyze the 
effect of a run-in period on the 
reported results with sensitivity 
analysis.  

Deselection of patients after run-
in should be avoided. If run-in and 
deselection is used nonetheless, 
the number and characteristics 
of deselected patients should be 
described.

Randomization Baseline imbalances can be 
assessed objectively as part 
of systematic reviews with 
metaregression. It can be helpful 
to select a limited set of the 
most obvious prognostic patient 
characteristics.

Baseline characteristics prognostic of 
the outcomes for all randomized patients 
per treatment group should be reported. 
Randomization procedures such as 
the random sequence generation and 
concealment of allocation should be 
reported. Investigators, physicians, and 
patients should not be able to foresee 
allocation, or change the allocation itself.

Objective 
outcomes

When subjective measures are 
included as primary outcome, 
sensitivity analyses could be 
performed using objective 
measures to compare study 
results.

Including objective outcomes as 
primary outcome instead of subjective 
outcomes whenever possible.

 
When a trial or review is finished, publication in a journal is usually the next 
step. Publication is not only important for researchers, but also for journals; the 
number and quality of the articles determines who reads and cites the content.51 
Journals can make a contribution to a more transparent research field by making 
more publications freely accessible. Open access of research publication increases 
visibility and reuse of academic research results.52 However, open access does not 
solve publication bias, the withholding of negative results from publication.53 A way 
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to reduce publication bias by journals is by publishing high-quality studies regardless 
of novelty or unexciting results.54 If more study results, also negative results, are 
published and made available, reviews including these studies will be more accurate. 
Therefore, researchers should also be motivated to publish studies with negative 
results as well. Thus, collaboration of both researchers and journals is needed to 
prevent publication bias.

This thesis examined issues related to review methodology and the objective 
methods that can be used to improve the quality. Performing a trial or review is 
a time-consuming activity, especially if high quality standards are to be upheld. 
Upcoming technologies such as machine learning and artificial intelligence (AI) gain 
popularity because they could substantially reduce reviewer workload.55 Also, with 
the development of algorithms for AI and machine learning the process of clinical 
trials and reviews can be modernized.56 In clinical trials, these algorithms can for 
example simulate study control arms.56 In reviews, the risk of bias assessment can be 
automated with a machine learning system called ‘RobotReviewer’, generating equal 
results as to manually identified assessments.55 It is conceivable that machine learning 
can also be used to extract quantitative data about bias from studies, leaving time for 
reviewers to improve other aspects of the research. Recently, a systematic review was 
completed in two weeks using automation tools, among which ‘RobotReviewer’.57 
However, new innovate systems may also bring new risks of bias.58 Systems like AI 
and machine learning, learn to make decisions based on training data. If this training 
data includes biased human decisions or over- or underrepresented groups, than the 
training data may be flawed and output data might be biased as well.59 Researchers 
should be aware of these biases when using these systems to aid their research.    

Conclusion

Since the 70s the improvement of review methodology has come a long way. 
However, as illustrated in this thesis, some aspects can still be improved as bias 
was found in antipsychotic drug trials for dementia. The topic in this thesis served 
as a test case, but general conclusions can be drawn from the results. For reviewers 
it is recommended that the effect of bias in trials is investigated quantitatively in 
every review. Further, if possible, the quantitative assessment should be repeated 
in reviews of other interventions, other patient populations, and more recently 
published RCTs. For journals it is recommended to published high-quality studies 
regardless of the direction of results (positive or negative). In addition, in the future, 
emerging innovative technologies can support the review process in general, and 
the risk of bias assessment in particular.  
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Scientific summary

A standard part of a systematic review is to critically appraise the quality of the 
included studies. Despite significant improvements of review methods over the 
years, the assessment tools have a qualitative nature and depend on the level of 
methodological knowledge of the reviewer. This thesis quantitatively appraised the 
methods of antipsychotic drug trials for patients with dementia, and how the quality 
affected the reported results. It consists of two parts. The first part addressed the 
clinical relevance of the reported effects. 

In chapter 2, the mortality risk of conventional antipsychotics in elderly patients 
with dementia or at risk of delirium, in randomized controlled trials was investigated. 
Health authorities warned against use of conventional antipsychotics in dementia, 
because numerous observational studies reported an increased risk of mortality 
for conventional antipsychotics in elderly patients. We performed a meta-analysis 
of 17 randomized trials in 2387 patients. In contrast to reviews of observational 
studies, we did not find that conventional antipsychotics in general, or haloperidol in 
particular, increase the risk of mortality in elderly patients with dementia. 

In chapter 3, the pooled efficacy of antipsychotics in patients with dementia and 
agitation or psychosis was assessed. Prior reviews on the efficacy of antipsychotics 
in dementia included trials that enrolled mixed patient populations with various 
neuropsychiatric symptoms (NPS) and used outcome scales that were not specific 
for the target symptom (agitation or psychosis). We investigated how this selection 
of studies might have affected the pooled efficacy. The meta-epidemiological study 
showed that conventional antipsychotics might have a small effect in agitated 
patients (the population of interest) on agitation (the outcome of interest) and in 
psychotic patients (the population of interest) on psychosis (the outcome of interest). 
This was not the case for atypical antipsychotics. The pooled efficacy of atypical 
antipsychotics was larger when based on trials that included patients without these 
target symptoms and used generic outcome scales. 

Chapter 4 focused on large sample size fallacy. Larger sample sizes provide more 
power to identify a treatment effect that is really present. A disadvantage of (very) 
large sample size is that a difference in outcomes between the groups will become 
statistically significant, no matter how (very) small or clinically meaningless it is. If 
these results are interpreted as clinically relevant, large sample size fallacy occurs. 
Therefore, sample size, size of treatment effect and general study characteristics 
related to sample size were investigated in 51 antipsychotic trials for dementia. 
Overall, sample size calculations were poorly reported in these trials. In addition, in 
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33 placebo-controlled trials that tested atypical antipsychotics, we found statistically 
significant but clinically negligible effects in relatively large populations; this may 
have given rise to large sample size fallacy. On the other hand, the 18 head-to-head 
trials were all underpowered. 

In part two of this thesis, bias in antipsychotic trials in dementia was studied. 
Chapter 5, presents a study about the association of run-in periods with reported 
treatment effects. Run-in periods are used to identify placebo-responders and 
washout medication that patient already in the period between screening and 
before randomization. At the end of a run-in period, patients can be deselected for 
participation in a trial. We performed a meta-epidemiological study and included 35 
trials. Trials with a run-in period showed a lower risk of somnolence, extrapyramidal 
symptoms, and mortality than trials without run-in. Meta-analyses should include 
sensitivity-analyses of trials with and without run-in periods.

In chapter 6, the presence of baseline imbalances in placebo-controlled trials of 
atypical antipsychotics in dementia was assessed. Randomization is used to ensure 
that chance instead of patient characteristics determine treatment assignment. 
Therefore, we assessed the presence of baseline imbalances that had occurred 
despite randomization, and their association with neuropsychiatric symptoms, 
extrapyramidal symptoms, and mortality. We included 23 placebo-controlled trials 
of atypical antipsychotics in 5853 patients with dementia. All trials reported the 
randomization procedures incompletely and showed heterogeneous baseline 
imbalances. Trials with missing information about baseline characteristics seemed 
to have a more favorable pooled efficacy and lower risk of extrapyramidal symptoms 
than trials that reported this information. Imbalances were not significantly associated 
with risk of mortality. Baseline imbalances need to be assessed objectively as part 
of systematic reviews.

In chapter 7, the effectiveness and risk of side effects of antipsychotics has been 
reported in terms of subjectively and objectively measured outcomes. Knowledge 
about treatment status can influence the measurement of subjective outcomes when 
blinding for the allocated treatment is suboptimal. Therefore, we compared subjective 
with objective outcomes in trials of conventional and atypical antipsychotics in 
dementia. We performed a meta-epidemiological study of 38 randomized, placebo-
controlled trials. Antipsychotics were found to be effective with subjective symptom 
scales (change in neuropsychiatric symptoms and response rate), but not with more 
objective outcomes (overall dropout and additional psychotropic use). Subjective 
measures of side effects (extrapyramidal symptoms and somnolence) suggested 
that conventional antipsychotics had a higher risk than atypical antipsychotics, but 
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objective measures (dropout due to adverse events, medication use for extrapyramidal 
symptoms, and participants falling) did not. Future trials and reviews need to address 
potential information bias by including objective measured outcomes. 

This thesis shows examples of quantitative assessments of bias in reviews of 
antipsychotic trials for dementia. The presented methods in this thesis can be 
applied in other reviews of other interventions, other patient populations, and in 
more recently published RCTs.
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Wetenschappelijke samenvatting

Een standaard onderdeel van een systematische review is de kritische beoordeling 
van de kwaliteit van de geïncludeerde onderzoeken. Ondanks de aanzienlijke 
verbeteringen van de reviewmethoden door de jaren heen, hebben de beoordelings-
instrumenten voor de kwaliteit van de trials een kwalitatief karakter. Daardoor 
is de beoordeling afhankelijk van het niveau van methodologische kennis van de 
beoordelaar. Dit proefschrift presenteert een aantal studies waarin met kwantitatieve 
methoden de kwaliteit van antipsychotische geneesmiddelen trials is onderzocht. 
Het proefschrift bestaat uit twee delen. Het eerste deel gaat in op de klinische 
relevantie van de gerapporteerde effecten.

In hoofdstuk 2 werd het sterfterisico van conventionele antipsychotica, bij oudere 
patiënten met dementie of hoog risico op delier, in gerandomiseerde gecontroleerde 
trials onderzocht. Gezondheidsautoriteiten waarschuwden voor het gebruik van 
conventionele antipsychotica bij dementie, omdat meerdere observationele studies 
een verhoogd risico op sterfte voor conventionele antipsychotica bij oudere patiënten 
hadden gemeld. Wij voerden een meta-analyse uit van 17 gerandomiseerde trials bij 
2387 patiënten. In tegenstelling tot reviews van observationele studies, vonden wij 
niet een verhoogd risico op sterfte bij gebruik van conventionele antipsychotica in 
het algemeen, of haloperidol in het bijzonder, door oudere patiënten met dementie.
In hoofdstuk 3 werd de werkzaamheid van antipsychotica bij patiënten met dementie 
en agitatie of psychose onderzocht. Eerdere reviews naar de werkzaamheid van 
antipsychotica bij dementie omvatten onderzoeken waarin gemengde patiënten-
populaties met verschillende neuropsychiatrische symptomen (NPS) werden 
opgenomen en waarbij uitkomstschalen werden gebruikt die niet specifiek waren 
voor het doelsymptoom (agitatie of psychose). We hebben onderzocht hoe deze 
selectie van onderzoeken de gepoolde werkzaamheid zou kunnen hebben beïnvloed. 
De meta-epidemiologische studie rapporteerde dat conventionele antipsychotica 
een klein effect kunnen hebben bij geagiteerde patiënten (de populatie van interesse) 
op agitatie (de uitkomst van interesse) en bij psychotische patiënten (de populatie 
van interesse) op psychose (de uitkomst van interesse). Dit was niet het geval voor 
atypische antipsychotica. De gepoolde werkzaamheid van atypische antipsychotica 
was groter wanneer deze is gebaseerd op onderzoeken bij patiënten zonder de 
doelsymptomen en op generieke uitkomstschalen. 

Hoofdstuk 4 richtte zich op de effecten van grote steekproeven. Grotere trials 
hebben meer power om een   behandeleffect dat echt aanwezig is te identificeren. 
Een nadeel van een (zeer) grote steekproef is dat een verschil in uitkomsten tussen 
de groepen statistisch significant wordt, hoe (zeer) klein of klinisch irrelevant het 
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ook is. Als deze resultaten als klinisch relevant worden geïnterpreteerd, treedt er 
‘large sample size fallacy’ op. Daarom werd de steekproefomvang, de grootte van het 
behandeleffect en algemene studiekenmerken gerelateerd aan steekproefomvang 
onderzocht in 51 antipsychotica trials voor dementie. Over het algemeen werden 
berekeningen van de steekproefomvang slecht gerapporteerd in de trials. In 33 
placebogecontroleerde trials waarin atypische antipsychotica werden getest, vonden 
we statistisch significante maar klinisch verwaarloosbare effecten bij relatief grote 
populaties; dit kan aanleiding hebben gegeven tot ‘large sample size fallacy’. De 18 
head-to-head trials waren allemaal ‘underpowered’.   

In deel twee van dit proefschrift is bias in antipsychotica trials bij dementie 
onderzocht. Hoofdstuk 5 presenteert een onderzoek naar de associatie van een 
‘run-in’ periode met gerapporteerde behandeleffecten. Run-in periodes worden 
gebruikt om patiënten die op placebo reageren te identificeren en medicatie die al 
gebruikt wordt te stoppen (washout) in de periode tussen screening en randomisatie. 
Na de run-in periode kan deselectie van patiënten voor deelname aan de studie 
plaatsvinden. We voerden een meta-epidemiologisch onderzoek uit, waarin 35 
onderzoeken werden geïncludeerd. Trials met een run-in periode lieten een iets 
grotere afname van neuropsychiatrische symptomen zien dan studies zonder run-
in periode. Bovendien lieten onderzoeken met een run-in periode een lager risico 
op sufheid, extrapiramidale symptomen en sterfte zien dan onderzoeken zonder 
run-in periode. Meta-analyses zouden subanalyses van trials met en zonder run-in 
periodes moeten includeren. 

In hoofdstuk 6 werd de aanwezigheid van baseline verschillen in placebo-
gecontroleerde trials met atypische antipsychotica bij dementie beoordeeld. 
Randomisatie wordt gebruikt om ervoor te zorgen dat toeval in plaats van 
patiëntkenmerken de behandeltoewijzing bepalen. Wij hebben onderzocht of 
baseline verschillen aanwezig waren ondanks randomisatie, en hun verband met 
neuropsychiatrische symptomen, extrapiramidale symptomen en sterfte. We 
includeerden 23 placebogecontroleerde trials met atypische antipsychotica bij 
5853 patiënten met dementie. Alle trials rapporteerden de randomisatieprocedures 
onvolledig en vertoonden heterogene baseline verschillen. Onderzoeken met 
ontbrekende informatie over baseline verschillen leken een gunstiger gepoolde 
werkzaamheid en een lager risico op extrapiramidale symptomen te hebben dan 
onderzoeken die deze informatie rapporteerden. Verschillen waren niet significant 
geassocieerd met het risico op sterfte. Baseline verschillen moeten objectief worden 
onderzocht als onderdeel van systematische reviews.
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In hoofdstuk 7 werden de effectiviteit en het risico op bijwerkingen van 
antipsychotica in termen van subjectief en objectief gemeten uitkomsten 
onderzocht. Kennis over de behandelstatus van een deelnemer kan de meting van 
subjectieve uitkomsten beïnvloeden. Daarom vergeleken we subjectieve uitkomsten 
met objectieve uitkomsten in trials van antipsychotica bij dementie. We voerden een 
meta-epidemiologische studie uit van 38 gerandomiseerde, placebo-gecontroleerde 
studies. Antipsychotica bleken effectief te zijn bij subjectieve symptoomschalen 
(zoals verandering in neuropsychiatrische symptomen en responspercentage), maar 
niet bij objectievere uitkomsten (zoals algehele uitval tijdens studie en aanvullend 
psychotroop gebruik). Subjectieve metingen van bijwerkingen (zoals extrapiramidale 
symptomen en slaperigheid) suggereerden dat conventionele antipsychotica een 
hoger risico hadden dan atypische antipsychotica, maar objectieve metingen (zoals 
uitval door bijwerkingen, medicatiegebruik voor extrapiramidale symptomen en 
valincidenten van deelnemers) niet. In toekomstige trials en reviews moet mogelijke 
informatiebias worden aangepakt door objectieve uitkomsten op te nemen. 

Dit proefschrift toont aan hoe bias kwantitatief kan worden beoordeeld en onderzocht 
in antipsychotica trials voor dementie. De gepresenteerde methoden zijn ook 
toepasbaar in andere reviews over andere interventies, andere patiëntenpopulaties 
en recenter gepubliceerde gerandomiseerde onderzoeken.
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goede vriendinnen zijn.
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