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Background
It is widely regarded that the lowest effective dose of drugs for 
psychosis should be used (National Institute of Clinical and 
Health Excellence, 2014) to minimise adverse effects, including 
extrapyramidal (Nyberg et al., 1995; Siafis et al., 2023), cardiac 
(Girardin et al., 2013), neuroendocrine such as hyperprolactinae-
mia (Bostwick et al., 2009), and metabolic effects such as weight 
gain (Wu et al., 2022).

Meta-analyses of dose–response relationships (Leucht et al., 2020; 
Sabe et al., 2021) suggest that the maximal dosages for drugs for psy-
chosis recommended by their summary of product characteristics 
(SPC) often exceed the potential therapeutic benefit for most patients. 
Plateauing clinical response at doses lower than licensed maximums 
has also been noted for other psychotropics such as serotonin reuptake 
inhibitors (Furukawa et al., 2019; Johnson et al., 2022).

Clinicians may therefore persevere with agents for longer 
duration, and at excessively high dosages, than necessary if 
symptoms have not fully resolved (Mace and Taylor, 2015; Paton 
et al., 2008). Many clinicians feel that dosages for psychosis 
drugs should be up-titrated to their licensed maximum before 
abandoning and switching to an alternative agent. This can result 
in patients receiving an ineffective treatment for longer, increased 

side effect burden and delaying the initiation of effective alterna-
tives such as clozapine in treatment-resistant schizophrenia 
(Howes et al., 2012). This may also result in increased length of 
hospital admissions, further disrupting patients’ lives outside of 
hospital and leading to worse outcomes.

The British National Formulary (BNF) is used in the UK as a 
guideline for maximum licensed doses and is frequently used to 
define high-dose therapy of psychosis drugs (Yorsten and Pinney, 
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2000). However, these recommended doses tend to be based on 
toxicity rather than efficacy data, suggesting that these guideline 
maximum doses may not lead to any greater therapeutic benefit 
than lower dosing.

Thioxanthenes such as zuclopenthixol and flupentixol have 
strong dopaminergic affinity (Nyberg et al., 1995; Taylor, 2009). 
These are commonly used in UK psychiatric practice; flupentixol 
and zuclopenthixol are most commonly given through long-act-
ing injectable forms and were, respectively, the most and second-
most commonly prescribed long-acting injectable psychosis 
drugs in the latest analysis (NHS Business Services Authority, 
2022).

However, there is minimal available literature comparing 
these drug’s efficacy to placebo. Only two previous trials have 
been reported for zuclopenthixol (Lacey and Jayaram, 2015), 
both of which were 40 years ago and demonstrated limitations in 
their methodology. A similar lack of literature exists for flupen-
tixol, with only one available randomised-controlled trial dating 
back over 30 years (Shen et al., 2012).

Although dose–response relationships have been explored for 
the long-acting injectable form of flupentixol (Bailey and Taylor, 
2019), the oral form has not been similarly explored. No dose–
response studies appear to have been conducted for zuclopen-
thixol in either form (Coutinho et al., 1999).

High doses of flupentixol decanoate were not found to prevent 
relapse of mental illness any more effectively than standard doses 
(Mahapatra et al., 2014). It is also worth noting that the ‘high-
dose’ category of flupentixol decanoate in the review included 
doses up to 100 mg per week (Cookson, 1987); this is far below 
the current UK-licensed weekly maximum dose of 400 mg (BNF, 
2023a). In addition, studies have found that 40 mg flupentixol 
decanoate 4-weekly is non-inferior in terms of relapse prevention 
to fortnightly intervals of the same dose (Taylor, 2009).

Other studies have suggested that patients stabilised on higher 
doses of flupentixol decanoate were at increased risk of relapse 
when doses were reduced below 200 mg fortnightly (Cookson, 
1987). Prescribers should be cautious about extrapolating this 
finding to assume that patients cannot reduce doses beyond this 
point. The methodology employed by this study abruptly halved 
the participant’s depot dose, and rapid reductions in dosing may 
lead to withdrawal symptoms which may mimic the symptoms of 
a psychotic relapse (Horowitz et al., 2021).

Data from positron emission tomography (PET) and single-
photon emission computed tomography scans show that the dis-
sociation constant (K) for dopamine at D2 receptors is 1.6 nM and 
that psychosis drugs with K values higher than 1.6 nM are less 
likely to produce extra-pyramidal side effects (Seeman and 
Tallerico, 1999). Literature suggests that a target D2 occupancy 
for an agent should not exceed 75%–80% to avoid extrapyrami-
dal side effects (Nord and Farde, 2011; Taylor, 2009). In addition, 
analysis of one study has found an association between reduced 
subjective well-being scores and increasing striatal D2 blockade 
above 60% with risperidone or olanzapine (Mizrahi et al., 2009). 
CATIE study data revealed that exceeding 80% D2 occupancy not 
only increases the risk of extra-pyramidal side effects but also 
increases the risk of cognitive impairment (Sakurai et al., 2013). 
The impact of excessive dopamine concentrations on cognitive 
functions has been well described previously (Cai and Arnsten, 
2019; Goldman-Rakic et al., 2000; Torrisi et al., 2020; 
Vijayraghavan et al., 2007; Purdon et al., 2003).

Many current maximal licensing doses exceed this threshold 
of 80% occupancy of D2 receptors. The plateauing of both recep-
tor occupancy (Lako et al., 2013) and response (Leucht et al., 
2020; Sabe et al., 2021) at higher doses suggests that with each 
dose increase of medication, both the difference in effect at the 
receptor level and changes in clinical symptomatology would 
progressively lessen. In addition, maximum doses according to 
the BNF are often used clinically as comparators to match and 
switch psychosis drugs with often very different pharmacological 
profiles.

Flupentixol, zuclopenthixol and haloperidol are strong and 
selective antagonists at D2 receptors (Christensen et al., 1984), 
and their licensed maximum doses correspond to a high propor-
tion of the maximal potential receptor occupancy (see Table 1). 
Less dopaminergic-focussed medications, such as quetiapine, 
clozapine and olanzapine, achieve much lower occupancies of D2 
at their maximum licensed doses (Yonemura et al., 1998).

Whilst the effect of psychosis drugs is correlated with the 
occupancy of D2 receptors, their receptor binding profiles can 
differ significantly (McCutcheon et al., 2023). Complete block-
ade of dopamine receptors cannot explain the full scope of their 
action (Tost et al., 2010), which is evident from the low affinity 
that clozapine, arguably the most effective drug in treating psy-
chosis (Wagner et al., 2021), has to D2 receptors (Lako et al., 
2013).

There is increasing research into the role of prefrontal cortex 
glutamate deficiency in the pathophysiology of schizophrenia 
(Grunder and Cumming, 2016). N-methyl-D-aspartate receptor 
antagonism by drugs such as ketamine may lead to both positive 
and negative psychotic symptoms, as well as cognitive impair-
ment (Kropotov, 2016). In addition, it has been suggested that 
both agonism of 5-HT1A (Bantick et al., 2001; Ohno, 2011) and 
inverse agonism of 5-HT2A and 5-HT2C (Sullivan et al., 2015) 
also have therapeutic effects on negative symptoms and cogni-
tive impairment in schizophrenia.

There is the suggestion that antagonism of the H1 receptor 
may also play a role in the beneficial effects of psychosis drugs 
(Fell et al., 2012; Roegge et al., 2007). However, while some 
PET imaging studies have investigated H1 receptor antagonism 
for antihistamines (Tagawa et al., 2001), there is limited data on 
H1 receptor occupancy curves for drugs with high efficacy to his-
taminergic receptors such as quetiapine (Fischer and Boggs, 
2011) and clozapine.

For this review, we have focussed solely on D2 receptor antag-
onism due to this being the most widely researched area in devel-
oping psychosis. However, it is important to bear in mind the 
involvement of a wide array of neuroreceptors in causing psycho-
pathology as research into this area develops.

Method
This review aimed to devise suggested maximum target dosages 
for psychosis drugs based on efficacy rather than toxicity. 
Analysis was conducted for seven of the most frequently pre-
scribed psychosis drugs in the UK according to the most recent 
prescription data (NHS Business Services Authority, 2022).

We first derived data from two recent meta-analyses of dose–
response relationships (Leucht et al., 2020; Sabe et al., 2021). The 
dose corresponding to the peak response on dose–response curves 
was used where a peak was observed. Where dose–response 
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relationships had not yet reached a response peak, the mean dose 
leading to a 95% reduction in symptoms proportionate to the max-
imal possible reduction (ED95) (Leucht et al., 2020) was used 
instead. This does not equate to the dose resulting in 95% of 
patients experiencing a reduction in their symptoms.

One meta-analysis recommended separate ED95 values for 
positive and negative symptoms (Sabe et al., 2021), whereas the 
other amalgamated these for a single value (Leucht et al., 2020). 
The largest of these three maximal values was used for our rec-
ommendations, except where this dose exceeded the current 
licensing maximum dose. Quetiapine analysis was separated by 
formulation into immediate release (IR) and extended release 
(ER), due to a disparity in clinical response between the two 
preparations (Terao et al., 2023).

Dose–response data were unfortunately not available for 
some psychosis drugs. Therefore, an alternative strategy was to 
look at D2 receptor occupancy relative to other drugs in this class. 
As demonstrated in Table 1, D2 occupancy and pharmacological 
profile differ considerably between classes of psychosis drugs at 
what is currently regarded as equivalent doses. For example, this 
could be due to histaminergic (Roegge et al., 2007), muscarinic 
(Kidambi et al., 2023; Marino et al., 1998; Osaka and Kanazawa, 
2023) and serotonergic (Bantick et al., 2001; Ohno, 2011; 

Sullivan et al., 2015) effects. Therefore, using a proportion of 
maximal receptor occupancy may allow for more equivalent 
comparisons between different agents.

Results
Initially, the shape of the dose–response curvature was assessed. 
For the majority of our examined agents, the relationship between 
dose and response formed an inverted U, with increasing dose 
leading to a peak in response, before either stagnating or declin-
ing in observed benefit. Exceptions to this included olanzapine 
(Sabe et al., 2021), as well as ER quetiapine and amisulpride 
within one of the meta-analyses (Leucht et al., 2020).

Table 2 lists the values corresponding to the maximal expected 
response of six psychosis drugs according to existing dose–
response meta-analyses (Leucht et al., 2020; Sabe et al., 2021).

A lack of data was available for thioxanthenes such as flupen-
tixol and zuclopenthixol. The paucity of high-quality research into 
these agents may explain why their current licensing doses may 
be much higher than other more recently developed psychosis 
drugs (Coutinho et al., 1999; Shen et al., 2012). Of the six agents 
with available dose–response data, haloperidol had the most simi-
lar pharmacological profile to thioxanthenes (Cunningham 

Table 1. A list of commonly prescribed drugs for psychosis in the UK (NHSBSA, 2022) along with clozapine and their respective maximum licensed 
doses according to the British National Formulary (BNF).

Drug BNF maximum 
dose (mg)

Corresponding D2  
receptor occupancy (%)

Maximal potential D2 
occupancy (Vmax, %)

D2 occupancy 
compared to Vmax

Dose corresponding to 
80% D2 occupancy (mg)

Amisulpride Lako et al. (2013) 1200 76.3 85.0 0.898 n/a
Aripiprazole Kegeles et al. (2008) 30 95.7 100.3 0.954 5.7a

Clozapine Lako et al. (2013) 900 54.2 61.7 0.878 n/a
Flupentixol Reimold et al. (2007) 18 96.4 100.0 0.964 8
Haloperidol Lako et al. (2013) 20 89.0 91.9 0.969 4.37
Olanzapine Lako et al. (2013) 20 72.9 96.5 0.756 31.3
Quetiapine Lako et al. (2013) 800 34.1 49.1 0.695 n/a
Risperidone Lako et al. (2013) 16 86.6 92.4 0.937 6.9
Zuclopenthixol Nyberg et al. (1995) 150 94.5 95.47 0.989 8.27

aAripiprazole works through partial agonism of the D2 receptor, so this value cannot be used to accurately compare efficacy with psychosis drugs working through full 
antagonism.

Table 2. Doses in milligrams of various drugs for psychosis correspond to maximally effective doses using data from two dose–response meta-analyses.

Drug Dose leading to peak response (mg) Corresponding 
D2 occupancy to 
highest value (%)Leucht et al. (2020) Sabe et al. (2021) Highest value (mg)

Positive Sx Negative Sx  

Amisulpride 537 (ED95) 708.3 675 708.3 71.2
Aripiprazole 15 14.8 16.1 16.1 92.1
Haloperidol 8.1 9.9 8.2 9.9 86.2
Olanzapine 15.2 (ED95) 9.52 (ED95) 15.5 (ED95) 15.5 68.1
Quetiapine IR 297 (ED95) 407 267 407 26.3
Quetiapine ER 739 (ED95) 774 (ED95) 707 (ED95) 774 33.8
Risperidone 8.2 10.3 9.7 10.3 83.7
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Owens, 2012). Table 3 lists varying doses corresponding to pro-
portionate D2 receptor occupancy to thioxanthene’s maximal 
potential occupancy (Vmax).

The dose corresponding to the peak expected response for 
haloperidol (9.9 mg) (Zimbroff et al., 1997) corresponded to a D2 
occupancy of 86.2%, which equates to 93.8% of haloperidol’s 
potential Vmax. Using these two benchmarks from haloperidol, 
we have estimated the peak effective dose for flupentixol and 
zuclopenthixol, which is listed in Table 4. The two methods 
resulted in markedly different doses for expected peak response, 
but all values were substantially below the current maximum 
licensed doses of 18 and 150 mg, respectively.

Due to adverse effects such as inducing seizures (Varma et al., 
2011), clozapine is one of the only drugs for psychosis that 
undergoes therapeutic drug monitoring (TDM) routinely in UK 
clinical settings (Kar et al., 2016). As a result, clozapine is rarely 
increased to its maximum licensing dose without close observa-
tion of plasma levels. Of note, however, is that dosages of around 
a third of clozapine’s current licensing maximum will result in 
achieving what is considered to be a therapeutic plasma level of 
0.35–0.50 mg/L (Chang et al., 1997; Flanagan et al., 2023).

Using our described strategies for determining maximal 
effective dosing, we conclude that some current maximum 

licensing doses of drugs for psychosis in the UK may exceed the 
maximal potential benefit in terms of symptom remission. 
However, the dose–response relationship for olanzapine did not 
demonstrate a clear efficacy peak from the doses assessed. In 
addition, olanzapine at doses above the current licensing maxi-
mum has demonstrated potential use in treatment-resistant psy-
chosis (Bishara et al., 2013; Gannon et al., 2023). A lower 
maximum dosage for olanzapine cannot therefore be proposed.

New recommended maximum target doses for seven com-
monly prescribed psychosis drugs based on the peak effective 
dose established through this study are presented in Table 5. 
Values have been rounded up to the smallest available medicinal 
form for each drug.

Thioxanthenes are most frequently given in long-acting 
injectable form. It is suggested that for equivalency between oral 
and depot dosing for both flupentixol (Greenhalgh, 2020) and 
zuclopenthixol decanoate (Lundbeck, 2022), the oral daily dose 
should be multiplied by 4 to determine the weekly dose of 
decanoate long-acting injections. For example, 5 mg oral daily 
would equate to a 20 mg weekly depot dose. For our recommen-
dations, this would equate to maximum recommended doses of 
100 mg/week zuclopenthixol decanoate or 40 mg/week flupen-
tixol decanoate. However, it is noted that previous dose–response 

Table 3. Doses in milligrams of various thioxanthenes correspond to a certain proportion of D2 occupancy relative to potential Vmax.

Drug 80% of Vmax (mg) 85% of Vmax (mg) 87.5% of Vmax (mg) 90% of Vmax (mg)

Flupentixol 2.7 3.9 4.8 6.1
Haloperidol 2.6 3.7 4.6 5.9
Zuclopenthixol 6.4 9.1 11.2 14.4

Calculations were derived using references listed in Table 1 (Kegeles et al., 2008; Nyberg et al., 1995; Reimold et al., 2007).

Table 4. Estimated peak effective doses for flupentixol and zuclopenthixol using dose–response data for haloperidol.

Drug Maximal potential D2 
occupancy (Vmax, %)

ED50 value (K) Dose for 86.2% oc-
cupancy of D2 (mg)

Dose for 93.8% of 
potential Vmax (mg)

Haloperidol Lako et al. (2013) 91.9 0.65 9.9 9.9
Flupentixol Reimold et al. 2007) 100 0.68 4.3 10.4
Zuclopenthixol Nyberg et al. (1995) 95.47 1.6 14.9 24.4

Table 5. List of recommended maximum target doses for seven commonly prescribed drugs for psychosis in the UK (NHSBSA, 2022).

Drug Smallest available tablet 
preparation in the UK (mg)

Current BNF maximum dose 
(mg) British National Formu-
lary (2023a), (2023b)

Peak effective 
dose (mg)

Recommended 
maximum target 
dose daily (mg)

Amisulpride 50 1200 708.3 750
Aripiprazole 5 30 16.1 20
Flupentixol 0.5 18 10.4 10.5
Haloperidol 0.5 20 9.9 10
Quetiapine
 IR 25 750 407 425
 ER 50 800 774 800
Risperidone 0.25 16 10.3 10.5
Zuclopenthixol 2 (although 25 mg prepara-

tion is available)
150 24.4 25
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studies for flupentixol decanoate suggest that doses above 40 mg/
fortnight may not result in any additional benefit seen (Bailey 
and Taylor, 2019).

Discussion

Interpersonal variation from demographic 
factors

These recommended maximums, as in current clinical practice, 
should not be considered absolute. Many demographics alter the 
metabolism of psychosis drugs and therefore their effectiveness 
(Flanagan et al., 2023). These factors include, but are not limited 
to, age, sex, ethnicity, smoking status and pharmacogenetics 
(PGx) (Pouget et al., 2014; Wannasuphoprasit et al., 2021).

A reduction in available striatal dopamine receptors has been 
observed as people age (Mamo, 2015). While the dose required 
for adequate treatment tends to remain static between the third 
and fifth decades of life, this then reduces as patients age beyond 
50 years (Uchida et al., 2008). Our recommended maximums 
may therefore still be too high for elderly patients. A guide could 
be for elderly patients to have maximum doses of a quarter to a 
half of the proposed adult dose (BNF, 2023a, 2023b). There 
appears limited evidence-based guidance or recommendations 
around dosing for adolescents, and this requires further 
assessment.

In addition, lower dosages may be required for females due to 
slower drug absorption, metabolism and excretion (Brand et al., 
2021). This sex difference appears to be most prominent for olan-
zapine but is also significantly observed in amisulpride, risperi-
done and clozapine (Anderson et al., 2015). Although neither 
meta-analysis has reported the proportion split in sex difference, 
it is known that males are often over-represented in psychosis 
studies (Brand et al., 2021). Therefore, gender should be another 
important consideration for the clinical implementation of our 
recommended dosages.

Ethnicity can also have a significant effect on dosing, and the 
proportion of different ethnicities included in these meta-analy-
ses has not been reported. Required clozapine doses for Asian 
patients may be around 40% lower than African-Caribbean peers, 
and 20% lower than White counterparts (Flanagan et al., 2023). 
However, it is also unclear whether ethnicity would have the 
same impact on other psychosis drugs as it does on clozapine. 
Real-world studies suggest that there is no significant difference 
in required doses between varying ethnicities (Maestri et al., 
2021) but plasma level differences with ethnicity should be an 
area of further exploration.

Cigarette smoke is known to induce CYP450 enzymes, espe-
cially CYP1A2 (de Leon, 2004). This enzyme induction can lead 
to faster metabolism of clozapine, olanzapine and haloperidol 
(Ghodke-Puranik and Lamba, 2017). This phenomenon is well 
reported for clozapine due to the risks of exceeding the therapeu-
tic window if a patient stops smoking (Flanagan et al., 2023). 
However, the effect that smoking may have on olanzapine and 
haloperidol may be less frequently accounted for by clinicians. 
Doses for non-smokers may need to be between 25% and 40% 
lower than for smokers (de Leon, 2004; Shimoda et al., 1999), 
and again, this could have implications for our recommended 
values and would require further study.

Pharmacogenetic implications on dosing

CYP2D6 enzymes are involved in the metabolism of most psy-
chosis drugs, and plasma levels are influenced by variations in 
the CYP2D6 gene; this can lead to abnormal metaboliser status, 
ranging from ultra-rapid to poor metaboliser status (Arranz et al., 
2021). Pharmacogenetic-guided dosing recommendations, based 
on the CYP2D6 genotype, exist for some psychosis drugs. These 
recommendations suggest tailoring doses to individual CYP2D6 
genotypes, aiming to simultaneously achieve adequate therapeu-
tic response and tolerability (PharmGKB, 2022).

At present, four psychosis drugs (aripiprazole, risperi-
done, zuclopenthixol and haloperidol) have PGx dosing rec-
ommendations based on CYP2D6 genotype and subsequent 
CYP2D6 metaboliser status (PharmGKB, 2022). For poor and 
intermediate metabolisers, there are recommendations for 
lower doses, including zuclopenthixol. For ultra-rapid metab-
olisers, a dose increase is recommended for haloperidol and 
zuclopenthixol but only in the case of limited clinical effect. 
For risperidone, it is recommended for ultra-rapid metabolis-
ers that clinicians consider an alternative drug to treat psy-
chosis (Beunk et al., 2023).

Studies have demonstrated that CYP2D6 can predict plasma 
levels for psychosis drugs; CYP2D6 genetic variability has been 
found to significantly influence plasma levels of aripiprazole and 
risperidone (Milosavljevic et al., 2021). In one study (Jukic et al., 
2019), through a trial-and-error approach based on prescriber 
clinical judgement of adjusting doses of aripiprazole and risperi-
done, poor metabolisers were found to be on significantly lower 
doses, while ultra-rapid metabolisers were typically prescribed 
higher doses. For risperidone, it was observed that variability in 
drug plasma level, driven by CYP2D6 gene variation, had a sig-
nificant effect on the therapeutic failure to the drug.

Adopting PGx testing may reduce reliance upon trial-and-
error approaches to prescribing. By accounting for metaboliser 
status, the choice and dose of the drug can be tailored to individu-
als. Recent guidance for the use of PGx testing in psychiatry sug-
gests that this could be considered following two ineffective 
treatments (van Westrhenen et al., 2021). A more pre-emptive 
model of PGx testing would involve utilising PGx testing prior to 
the initiation of any psychosis drug, and the barriers and facilita-
tors to the implementation of this have recently been reviewed 
(Jameson et al., 2021).

Therapeutic drug monitoring

Rapid metabolism may therefore warrant treatment above the 
recommended maximums (Fernandez-Miranda et al., 2020). 
Combining a PGx approach with TDM could offer a safe and 
effective way to initiate and monitor response by determining 
how the prescribed dose corresponds to plasma concentrations 
(Hiemke et al., 2011; Law et al., 2015; McCutcheon et al., 2018). 
Blood sampling may indicate if the lack of clinical response is 
due to excessive metabolism, which would warrant a dosage 
increase or a switch in the drug. As previously discussed, clozap-
ine assays are regularly obtained in clinical practice for tailoring 
dose to patient needs, and there are now recommendations for 
similar drug monitoring to take place for olanzapine if patients 
are found to be resistant to treatment (Taylor et al., 2021).
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At present, TDM is rarely employed for most psychotropic 
medications, likely due to limited availability of testing facilities, 
cost of testing and the requirement for phlebotomy (Law et al., 
2015). However, almost half of the respondents in a survey of 
consultant psychiatrists believed that TDM was cost-inefficient 
(Law et al., 2015). In addition, one in four expressed a belief that 
plasma concentrations were ‘not relevant for drug action in the 
brain’.

It is true that there are many barriers to TDM at present but 
plasma levels allow accurate determination of individual phar-
macokinetics for specific drugs to accurately tailor dosing. It is 
not known to what extent accounting for the above demographic 
factors when making prescribing decisions would eliminate this 
margin for error.

Thioxanthenes

As expected, the greatest reductions from the current maximum 
licensed doses we have suggested are for older first-generation 
agents for which there is little to no available dose–response lit-
erature. This is especially the case for zuclopenthixol, which cur-
rently has a licensed maximum daily dose of 150 mg per day 
(BNF, 2023b). Dose-equivalency studies have compared thiox-
anthene dosing to other psychosis drugs based on various meth-
ods (Gardner et al., 2010; Leucht et al., 2014). However, it 
appears that many of these methods rely on SPC information 
(Leucht et al., 2014) or expert consensus (Gardner et al., 2010) in 
the absence of appropriate trial data. This methodology may have 
led to higher maximum dosing for zuclopenthixol than when 
accounting for the higher D2 receptor affinity of zuclopenthixol 
(Nyberg et al., 1995).

It should also be noted that dose-occupancy curves suggest 
effective D2 blockade to occur at doses lower even than those that 
we have suggested. Doses as low as 6 mg flupentixol (Reimold 
et al., 2007) and 5 mg zuclopenthixol (Nyberg et al., 1995) result 
in 70% occupancy of D2 receptors. Meta-analyses suggest that 
efficacy appears to not only plateau but sometimes decrease with 
increasing doses; this has been observed especially with aripipra-
zole, haloperidol and risperidone (Leucht et al., 2020). This fur-
ther demonstrates the need for more accurate dosing of patients 
rather than relying on the maximum licensing dosages.

Limitations

It is important to note the limitations associated with the method-
ology used to derive these alternative maximum target doses. 
Mainly, the results for many of the drugs assessed are in fact 
based on data from a single trial, such as is the case for haloperi-
dol (Leucht et al., 2020; Sabe et al., 2021), or extrapolated from 
a different, albeit pharmacologically similar, drug such as for 
zuclopenthixol and flupentixol. In addition, statistical analysis 
shows great heterogeneity in a number of the drug dose–response 
curves (Leucht et al., 2020; Sabe et al., 2021), which may weaken 
the validity of our recommendations.

Ultimately, our recommended maximum doses based on clin-
ical efficacy mirror previous studies on amisulpride (Sparshatt 
et al., 2009). However, the maximum target dose for quetiapine 
may still be lower than what we have proposed (Sparshatt et al., 
2008), and it is evident that drug formulation significantly affects 

this (Terao et al., 2023). The response should therefore be ana-
lysed on individual bases where possible, and further dose–
response analysis should be undertaken, especially for 
thioxanthene medications if they are to remain in prescribing 
formularies in the future.

In addition, whilst most individual drug dose–response curves 
reach a peak before then decreasing, the overall massed curve 
suggests that potential benefit continues to increase with higher 
doses when drugs are grouped as one using equivalency data 
(Leucht et al., 2020), albeit at a much-reduced rate beyond doses 
of 4 mg risperidone equivalent. It is worth noting that the best 
method for determining equivalency is still contested, with vari-
ous methodologies proposed (Gardner et al., 2010; Leucht et al., 
2014; Taylor et al., 2021). This is further complicated when com-
paring drugs of differing pharmacodynamic profiles (Taylor 
et al., 2021).

Recommended further research

This analysis is based on dose–response data currently available 
for psychosis drugs. However, as outlined above, this is limited 
for many medications. The authors would therefore call for fur-
ther dose–response trials to be conducted to expand the evidence 
base for high-dose treatment. In addition, randomised-controlled 
trials should be arranged with participants taking doses of medi-
cation greater than our recommended doses to assess the effect of 
reducing the dosage to our recommendations. It is vital that this 
reduction takes place in a steady and hyperbolic manner to avoid 
withdrawal symptoms as a confounding effect (Horowitz et al., 
2021; O’Neill et al., 2023).

Conclusion
In conclusion, persistence with medication at excessive doses 
increases side-effect burden, can delay switching to more effec-
tive treatment, and would generally lead to worse outcomes for 
patients. Clinicians should therefore consider either switching to 
an alternative agent once our recommended maximal effective 
doses are reached, or consider TDM and PGx investigations 
which may provide a rationale for increasing doses above our 
recommendations.

Acknowledgements
The authors would like to thank Dr Tariq Mahmood for this review of this 
paper during the draft phase. AJ is supported by the National Institute for 
Health and Care Research Yorkshire and the Humber Patient Safety 
Translational Research Centre (NIHR Yorkshire and Humber PSTRC).

Author contributions
JRO – literature compilation, initial draft, data calculation and article 
revision. AJ – literature compilation, initial draft and article revision. 
SLM – literature compilation, initial draft and article revision. MD – lit-
erature compilation, critical appraisal and article revision. AGC – critical 
appraisal and article revision. CL – critical appraisal and article revision.

Declaration of conflicting interests
The author(s) declared the following potential conflicts of interest with 
respect to the research, authorship, and/or publication of this article: JRO 
is acknowledged for his contribution to the Maudsley Deprescribing 



350 Journal of Psychopharmacology 38(4)

Guidelines but has not received any direct payment for this. AJ is funded 
through a PhD scholarship from the Bradford District Care NHS 
Foundation Trust in partnership with the University of Bradford. MD is 
Assistant Registrar of the College of Mental Health Pharmacy, who has 
corporate partnerships with Rovi, Accord UK Ltd and Janssen Cilag Ltd. 
CL is currently acting as a Sub-Investigator for a trial being run by 
Boehringer Ingelheim through his role at Southern Health NHS 
Foundation Trust, but he does not receive any direct funding or payment 
for this. SLM and AGC have no financial or business conflicts of interests 
to declare in relation to the content of this paper.

Funding
The author(s) received no financial support for the research, authorship, 
and/or publication of this article.

Ethics and patient consent
This review article did not involve the generation of original participant 
data and analysed existing publicly available literature. As a result, 
Ethical Committee approval was not required.

ORCID iDs
James R. O’Neill  https://orcid.org/0000-0001-8664-8825

Adam Jameson  https://orcid.org/0000-0002-3248-2302

Samantha L. McLean  https://orcid.org/0000-0001-9328-8928

References
Anderson SG, Livingston M, Couchman L, et al. (2015) Sex differences 

in plasma clozapine and norclozapine concentrations in clinical prac-
tice and in relation to body mass index and plasma glucose concen-
trations: A retrospective review. Ann Gen Psychiatry 14: 39.

Arranz M, Salazar J and Hernandez MH (2021) Pharmacogenetics of 
antipsychotics: Clinical utility and implementation. Behav Brain Res 
401: 113058.

Bailey L and Taylor D (2019) Estimating the optimal dose of flupentixol 
decanoate in the maintenance treatment of schizophrenia – A system-
atic review of the literature. Psychopharmacology 236: 3081–3092.

Bantick R, Deakin J and Grasby PM (2001) The 5-HT1A receptor in 
schizophrenia: A promising target for novel atypical neuroleptics? J 
Psychopharmacol 15: 37–46.

Beunk L, Nijenhuis M, Soree B, et al. (2023) Dutch Pharmacogenetics 
Working Group (DPWG) guideline for the gene-drug interaction 
between CYP2D6, CYP3A4 and CYP1A2 and antipsychotics. Eur 
J Hum Genet. Online ahead of print. DOI: 10.1038/s41431-023-
01347-3.

Bishara D, Olofinjana O, Sparshatt A, et al. (2013) Olanzapine: A sys-
tematic review and meta-regression of the relationships between 
dose, plasma concentration, receptor occupancy, and response. J 
Clin Psychopharmacol 33: 329–335.

Bostwick JR, Guthrie SK and Ellingrod VL (2009) Antipsychotic-
induced hyperprolactinaemia. Pharmacotherapy 29: 64–73.

Brand B, Haveman Y, de Beer F, et al. (2021) Antipsychotic medication 
for women with schizophrenia spectrum disorders. Psychol Med 52: 
649–663.

British National Formulary (BNF) (2023a) Flupentixol. [Online]. Avail-
able at: https://bnf.nice.org.uk/drugs/flupentixol/ (accessed 12 
March 2024).

British National Formulary (BNF) (2023b) Zuclopenthixol. [Online]. 
Available at: https://bnf.nice.org.uk/drugs/zuclopenthixol/ (accessed 
12 March 2024).

Cai J and Arnsten A (2019) Dose-dependent effects of the dopamine D1 
receptor agonists A77636 or SKF81297 on spatial working memory 
in aged monkeys. J Pharmacol Exp Therap 283: 183–189.

Chang WH, Lin SK, Lane HY, et al. (1997) Clozapine dosages and 
plasma drug concentrations. J Formos Med Assoc 96: 599–605.

Christensen A, Arnt J, Hyttel J, et al. (1984) Pharmacological effects of 
a specific dopamine D-1 antagonist SCH 23390 in comparison with 
neuroleptics. Life Sci 34: 1529–1540.

Cookson IB (1987) The effects of a 50% reduction of cis(z)-flupenthixol 
decanoate in chronic schizophrenic patients maintained on a high 
dose regime. Int Clin Psychopharmacol 2: 141–149.

Cunningham Owens D (2012) Meet the relatives: A reintroduction to the 
clinical pharmacology of ‘typical’ antipsychotics (part 2). Adv Psy-
chiatr Treat 18: 337–350.

Coutinho E, Fenton M and Quraishi S (1999) Zuclopenthixol decanoate 
for schizophrenia and other serious mental illnesses. Cochrane Data-
base Syst Rev 3: CD001164.

de Leon J (2004) Atypical antipsychotic dosing: The effect of smoking 
and caffeine. Psychiatr Serv 55: 491–493.

Fell MJ, Katner JS, Rasmussen K, et al. (2012) Typical and atypical 
antipsychotic drugs increase extracellular histamine levels in the 
rat medial prefrontal cortex: Contribution of histamine H1 receptor 
blockade. Front Psychiatry 3: 49.

Fernandez-Miranda JJ, Diaz-Fernandez S and Lopez-Munoz F (2020) 
High doses of second-generation long-acting antipsychotics in the 
treatment of patients with severe resistant schizophrenia: A six-year 
mirror-image study. Psychiatry Clin Psychopharmacol 30: 335–345.

Fischer BA and Boggs DL (2011) The role of antihistaminic effects in 
the misuse of quetiapine: A case report and review of the literature. 
Neurosci Biobehav Rev 34: 555–558.

Flanagan RJ, Hunter S, Obee SJ, et al. (2023) Clozapine: Dose, sex, 
ethnicity, smoking habit, age, body weight, and plasma clozapine 
and N-desmethylclozapine (norclozapine) concentrations in clinical 
practice. J Clin Psychopharmacol 43: 131–138.

Furukawa TA, Cipriani A, Cowen PJ, et al. (2019) Optimal dose of selec-
tive serotonin reuptake inhibitors, venlafaxine, and mirtazapine in 
major depression: A systematic review and dose-response meta-
analysis. Lancet Psychiatry 6: 601–609.

Gannon L, Reynolds J, Mahon M, et al. (2023) High-dose olanzapine 
in treatment-resistant schizophrenia: A systematic review. Ther Adv 
Psychopharmacol 13: 20451253231168788.

Gardner DM, Murphy AL, O’Donnell H, et al. (2010) International con-
sensus study of antipsychotic dosing. Am J Psychiatry 167: 686–693.

Ghodke-Puranik Y and Lamba J (2017) Pharmacogenomics. In: Patwardhan 
B and Chaguturu R (eds.) Innovative Approaches in Drug Discovery. 
Cambridge, MA: Elsevier Academic Press, p. 201.

Girardin FR, Gex-Fabry M, Berney P, et al. (2013) Drug-induced long QT 
in adult psychiatric inpatients: The 5-year cross-sectional ECG screen-
ing outcome in psychiatry study. Am J Psychiatry 170: 1468–1476.

Goldman-Rakic PS, Muly EC 3rd and Williams GV (2000) D1 receptors 
in prefrontal cells and circuits. Brain Res Rev 31: 295–301.

Greenhalgh N (2020) Managing long-acting antipsychotic depots during 
COVID-19. [Online]. Available at: https://www.rcpsych.ac.uk/docs/
default-source/improving-care/better-mh-policy/managing-depots-
during-covid.pdf?sfvrsn=fdaffc8b_2 (accessed 12 March 2024).

Grunder G and Cumming P (2016) The dopamine hypothesis of schizo-
phrenia: Current status. In: Abel T and Nickl-Jockschat T (eds.) The 
Neurobiology of Schizophrenia. Cambridge, MA: Elsevier Aca-
demic Press, pp. 109–124.

Hiemke C, Baumann P, Bergemann N, et al. (2011) AGNP consensus 
guidelines for therapeutic drug monitoring in psychiatry: Update 
2011. Pharmacopsychiatry 44: 195–235.

Horowitz MA, Jauhar S, Natesan S, et al. (2021) A method for taper-
ing antipsychotic treatment that may minimise the risk of relapse. 
Schizophr Bull 47; 1116–1129.

Howes OD, Vergunst F, Gee S, et al. (2012) Adherence to treatment 
guidelines in clinical practice: Study of antipsychotic treatment prior 
to clozapine initiation. Br J Psychiatry 201: 481–485.

https://orcid.org/0000-0001-8664-8825
https://orcid.org/0000-0002-3248-2302
https://orcid.org/0000-0001-9328-8928
https://bnf.nice.org.uk/drugs/flupentixol/
https://bnf.nice.org.uk/drugs/zuclopenthixol/
https://www.rcpsych.ac.uk/docs/default-source/improving-care/better-mh-policy/managing-depots-during-covid.pdf?sfvrsn=fdaffc8b_2
https://www.rcpsych.ac.uk/docs/default-source/improving-care/better-mh-policy/managing-depots-during-covid.pdf?sfvrsn=fdaffc8b_2
https://www.rcpsych.ac.uk/docs/default-source/improving-care/better-mh-policy/managing-depots-during-covid.pdf?sfvrsn=fdaffc8b_2


O’Neill et al. 351

Jameson A, Fylan B, Bristow G, et al. (2021) What are the barriers and 
enablers to the implementation of pharmacogenetic testing in mental 
health care settings? Front Genet 12: 740216.

Johnson CF, Maxwell M, Williams B, et al. (2022) Dose-response effects 
of selective serotonin reuptake inhibitor monotherapy for the treat-
ment of depression: Systematic review of reviews and meta-narrative 
synthesis. BMJ Med 1: e000017.

Jukic M, Smith R, Haslemo T, et al. (2019) Effect of CYP2D6 genotype 
on exposure and efficacy of risperidone and aripiprazole: A retro-
spective cohort study. Lancet Psychiatry 6: 418–426.

Kar N, Barreto S and Chanayarkar R (2016) Clozapine monitoring in 
clinical practice: Beyond the mandatory requirement. Clin Psycho-
pharmacol Neurosci 14: 323–329.

Kegeles LS, Slifstein M, Franke WG, et al. (2008) Dose-occupancy study 
of striatal and extrastriatal dopamine D2 receptors by aripiprazole in 
schizophrenia with PET and [18F]Fallypride. Neuropsychopharma-
cology 33: 3111–3125.

Kidambi N, Elsayed OH and El-Mallakh RS (2023) Xanomeline-tros-
pium and muscarinic involvement in schizophrenia. Neuropsychiatr 
Dis Treat 19: 1145–1151.

Kropotov J (ed.) (2016). Schizophrenia. In: Functional Neuromarkers for 
Psychiatry: Applications for Diagnosis and Treatment. Cambridge, 
MA: Elsevier Academic Press, pp. 323–348.

Lacey M and Jayaram MB (2015) Zuclopenthixol versus placebo for 
schizophrenia. Cochrane Database Syst Rev 12: CD010598.

Lako IM, van den Heuvel ER, Knegtering H, et al. (2013) Estimating 
dopamine D2 receptor occupancy for doses of 8 antipsychotics. J 
Clin Psychopharmacol 33: 675–681.

Law S, Haddad PM, Chaudhry IB, et al. (2015) Antipsychotic therapeutic 
drug monitoring: Psychiatrists’ attitudes and factors predicting likely 
future use. Ther Adv Psychopharmacol 5: 214–223.

Leucht S, Crippa A, Siafis S, et al. (2020) Dose-response meta-analysis 
of antipsychotic drugs for acute schizophrenia. Am J Psychiatry 177: 
342–353.

Leucht S, Samara M, Heres S, et al. (2014) Dose equivalents for antipsy-
chotics drugs: The DDD method. Schizophr Bull 42: S90–S94.

Lundbeck (2022). New Zealand Data Sheet – Clopixol v2.0. [Online]. 
Available at: https://www.medsafe.govt.nz/profs/datasheet/c/Clopix-
oltabinj.pdf (accessed 12 March 2024).

Mace S and Taylor D (2015) Reducing the rates of prescribing high-dose 
antipsychotics and polypharmacy on psychiatric inpatient and inten-
sive care units: Results of a 6-year quality improvement programme. 
Ther Adv Psychopharmacol 5: 4–12.

Maestri T, Anderson D, Calderon-Abbo J, et al. (2021) A description 
of antipsychotic prescribing patterns based on race in the inpa-
tient behavioural health setting. Ther Adv Psychopharmacol 11: 
204512532110232.

Mahapatra J, Quraishi SN, David A, et al. (2014) Flupenthixol decano-
ate (depot) for schizophrenia or other similar psychotic disorders. 
Cochrane Database Syst Rev 2014: CD001470.

Mamo D (2015) Age-related sensitivity to antipsychotic drugs. Rationale 
for an antipsychotic’s dose-reduction study in schizophrenia. Biol 
Psychiatry 77: S171–S172.

Marino MJ, Rouse ST, Levey AI, et al. (1998) Activation of the geneti-
cally defined M1 muscarinic receptor potentiates N-methyl-D-aspar-
tate receptor currents in hippocampal pyramidal cells. Proc Natl 
Acad Sci U S A 95: 11465–11470.

McCutcheon R, Beck K, D’Ambrosio E, et al. (2018) Antipsychotic 
plasma levels in the assessment of poor treatment response in schizo-
phrenia. Acta Psychiatr Scand 137: 39–46.

McCutcheon RA, Harrison PJ, Howes OD, et al. (2023) Data-driven tax-
onomy for antipsychotic medication: A new classification system. 
Biol Psychiatry 94: 561–568.

Milosavljevic F, Bukvic N, Pavlovic Z, et al. (2021) Association of 
CYP2C19 and CYP2D6 poor and intermediate metabolizer status 

with antidepressant and antipsychotic exposure: A systematic review 
and meta-analysis. JAMA Psychiatry 78: 270–280.

Mizrahi R, Mamo D, Rusjan P, et al. (2009) The relationship between 
subjective well-being and dopamine D2 receptors in patients treated 
with a dopamine partial agonist and full antagonist antipsychotics. 
Int J Neuropsychopharmacol 12: 715–721.

National Institute of Clinical and Health Excellence (NICE) (2014). Psy-
chosis and schizophrenia in adults: Prevention and management 
[CG178]. London, UK: NICE.

NHS Business Services Authority (2022) Prescription cost analysis – 
England 2021/22.[Online]. Available at: https://www.nhsbsa.nhs.uk/
statistical-collections/prescription-cost-analysis-england/prescrip-
tion-cost-analysis-england-202122 (accessed 12 March 2024).

Nord M and Farde L (2011) Antipsychotic occupancy of dopamine 
receptors in schizophrenia. CNS Neurosci Ther 17: 97–103.

Nyberg S, Farde L, Bartfai A, et al. (1995) Central D2 receptor occu-
pancy and effects of zuclopenthixol acetate in humans. Int Clin Psy-
chopharmacol 10: 221–227.

Ohno Y (2011) Therapeutic role of 5-HT1A receptors in the treatment 
of schizophrenia and Parkinson’s disease. CNS Neurosci Ther 17: 
58–65.

O’Neill J, Taylor DM and Horowitz MA (2023) Implementing gradual, 
hyperbolic tapering of long-acting injectable antipsychotics by pro-
longing the inter-dose interval: An in silico modelling study. Ther 
Adv Psychopharmacol 13: 20451253231198463.

Osaka H and Kanazawa T (2023) Emerging trends in antipsychotic and 
antidepressant drug development: Targeting nonmonoamine recep-
tors and innovative mechanisms. Psychiatry Clin Neurosci Rep 2: 
e157.

Paton C, Barnes T, Cavanagh M-R, et al. (2008) High-dose and com-
bination antipsychotic prescribing in acute adult wards in the UK: 
The challenges posed by P.R.N prescribing. Br J Psychiatry 192: 
435–439.

PharmGKB (2022) PharmGKB. [Online]. Available at: www.pharmgkb.
org (accessed 12 March 2024). 

Pouget J, Shams T, Tiwari A, et al. (2014) Pharmacogenetics and out-
come with antipsychotic drugs. Dialogues Clin Neurosc 16: 555–
566.

Purdon S, Woodward N, Lindborg S, et al. (2003) Procedural learn-
ing in schizophrenia after 6 months of double-blind treatment with 
olanzapine, risperidone, and haloperidol. Psychopharmacology 169: 
390–397.

Reimold M, Solbach C, Noda S, et al. (2007) Occupancy of dopamine 
D1, D2, and serotonin2A receptors in schizophrenic patients treated 
with flupenthixol in comparison with risperidone and haloperidol. 
Psychopharmacology 190: 241–249.

Roegge C, Perraut C, Hao X, et al. (2007) Histamine H1 receptor involve-
ment in prepulse inhibition and memory function: Relevance for the 
antipsychotic actions of clozapine. Pharmacol Biochem Behav 86: 
686–692.

Sabe M, Zhao N, Crippa A, et al. (2021) Antipsychotics for negative and 
positive symptoms of schizophrenia: Dose-response meta-analysis 
of randomized controlled acute phase trials. NPJ Schizophr 7: 43.

Sakurai H, Bies R, Stroup S, et al. (2013) Dopamine D2 receptor occu-
pancy and cognition in schizophrenia: Analysis of the CATIE data. 
Schizophr Bull 39: 564–574.

Seeman P and Tallerico T (1999) Rapid release of antipsychotic drugs 
from dopamine D2 receptors: An explanation for low receptor occu-
pancy and early clinical relapse upon withdrawal of clozapine or 
quetiapine. Am J Psychiatry 156: 876–884.

Shen X, Xia J and Adams C (2012) Flupentixol versus placebo for 
schizophrenia. Cochrane Database Syst Rev 11: CD009777.

Shimoda K, Someya T, Morita S, et al. (1999) Lower plasma levels of 
haloperidol in smoking than in nonsmoking schizophrenic patients. 
Ther Drug Monit 21: 293–296.

https://www.medsafe.govt.nz/profs/datasheet/c/Clopixoltabinj.pdf
https://www.medsafe.govt.nz/profs/datasheet/c/Clopixoltabinj.pdf
https://www.nhsbsa.nhs.uk/statistical-collections/prescription-cost-analysis-england/prescription-cost-analysis-england-202122
https://www.nhsbsa.nhs.uk/statistical-collections/prescription-cost-analysis-england/prescription-cost-analysis-england-202122
https://www.nhsbsa.nhs.uk/statistical-collections/prescription-cost-analysis-england/prescription-cost-analysis-england-202122


352 Journal of Psychopharmacology 38(4)

Siafis S, Wu H, Wang D, et al. (2023) Antipsychotic dose, dopamine 
D2 receptor occupancy and extrapyramidal side-effects: A system-
atic review and dose-response meta-analysis. Mol Psychiatry 28: 
3267–3277.

Sparshatt A, Jones S and Taylor D (2008) Quetiapine: Dose-response 
relationship in schizophrenia. CNS Drugs 22: 49–68.

Sparshatt A, Taylor D, Patel MX, et al. (2009) Amisulpride – dose, 
plasma concentration, occupancy and response: Implications for 
therapeutic drug monitoring. Acta Psychiatr Scand 120: 416–428.

Sullivan L, Clarke W and Berg K (2015) Atypical antipsychotics  
and inverse agonism at 5-HT2 receptors. Curr Pharm Des 21: 
3732–3738.

Tagawa M, Kano M, Okamura N, et al. (2001) Neuroimaging of hista-
mine H1-receptor occupancy in human brain by positron emission 
tomography (PET): A comparative study of ebastine, a second gen-
eration antihistamine, and (+)-chlorpheniramine, a classical antihis-
tamine. Br J Clin Pharmacol 52: 501–509.

Taylor D (2009) Psychopharmacology and adverse effects of antipsychotic 
long-acting injections: A review. Br J Psychiatry 195: S13–S19.

Taylor D, Barnes T and Young A (2021) The Maudsley Prescribing 
Guidelines in Psychiatry, 14th edn. Hoboken, NJ: Wiley Black-
well.

Terao I, Yokoi A and Fukushima H (2023) Comparative efficacy of que-
tiapine by dose and formulation for psychosis in schizophrenia: A 
systematic review and dose-response model-based network meta-
analysis. J Psychopharmacol 37: 10.

Torrisi S, Laudani S, Contarini G, et al. (2020) Dopamine, cognitive 
impairments and second-generation antipsychotics: From mechanistic 
advances to more personalized treatments. Pharmaceuticals 13: 365.

Tost H, Alam T and Meyer-Lindenberg A (2010) Dopamine and psycho-
sis: Theory, pathomechanisms and intermediate phenotypes. Neuro-
sci Biobehav Rev 34: 689–700.

Uchida H, Suzuki T, Mamo D, et al. (2008) Effects of age and age of 
onset on prescribed antipsychotic dose in schizophrenia spectrum 
disorders: A survey of 1418 patients in Japan. Am J Geriatr Psychia-
try 16: 584–593.

van Westrhenen R, van Schaik R, van Gelder T, et al. (2021) Policy and 
practice review: A first guideline on the use of pharmacogenetics in 
clinical psychiatric practice. Front Pharmacol 12: 640032.

Varma S, Bishara D, Besag F, et al. (2011) Clozapine-related EEG 
changes and seizures: Dose and plasma-level relationships. Ther Adv 
Psychopharmacol 1: 47–66.

Vijayraghavan S, Wang M, Birnbaum S, et al. (2007) Inverted-u dopa-
mine D1 receptor actions on prefrontal neurons engaged in working 
memory. Nat Neurosci 10: 276–384.

Wagner E, Siafis S, Fernando P, et al. (2021) Efficacy and safety of 
clozapine in psychotic disorders – A systematic quantitative meta-
review. Trans Psychiatry 11: 487.

Wannasuphoprasit Y, Andersen S, Arranz M, et al. (2021) CYP2D6 
genetic variation and antipsychotic-induced weight gain: A system-
atic review and meta-analysis. Front Psychol 12: 768748.

Wu H, Siafis S, Hamza T, et al. (2022) Antipsychotic-induced weight 
gain: Dose-response meta-analysis of randomized controlled trials. 
Schizophr Bull 48: 643–654.

Yonemura K, Miyanaga K and Machiyama Y (1998) Profiles of the affin-
ity of antipsychotic drugs for neurotransmitter receptors and their 
clinical implication. Kitakanta Med J 42: 87–102.

Yorsten G and Pinney A (2000) Chlorpromazine equivalents and per-
centage of British National Formulary maximum recommended dose 
in patients receiving high-dose antipsychotics. Psychiatr Bull 24: 
130–132.

Zimbroff DL, Kane JM, Tamminga CA, et al. (1997) Controlled, dose-
response study of sertindole and haloperidol in the treatment of schizo-
phrenia. Sertindole Study Group. Am J Psychiatry 154: 782–791.


