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Introduction: There is a need when optimizing antipsychotic treatment to know the plasmatic levels (PLs) achieved with the different 
doses and their relationship with effectiveness and toxicity, especially in patients with poor clinical progress. This study investigates 
the dose-PL-response relationship of monthly aripiprazole (AOM) and three-month paliperidone (PP3M).
Methods: Observational, 52-week prospective study of patients with severe schizophrenia (CGI-S ≥ 5) treated with PP3M or AOM 
for at least one year before their inclusion in the study (N=68). Dose-PL relationship was determined. Subjects were included in 
standard-dose and high-dose (above labeled) and standard/therapeutic range-PLs and high-PLs (above range) groups. Treatment 
adherence, effectiveness (hospitalizations, severity), tolerability and safety were assessed. PLs and clinical response were evaluated.
Results: No clear linear relationship was found between doses and PLs. In a considerable number of cases, standard doses achieved 
PLs above the therapeutic range. A significant clinical improvement was related to high PLs, without less safety, tolerability, or 
treatment compliance being involved. Clinical severity decreased more frequently in patients who received high doses and reached 
high PLs. Hospital admissions decreased significantly in those patients with high PLs.
Conclusion: Taking into account the absence of a linear relationship between doses and PLs, the effectiveness in people with severe 
schizophrenia of AOM and PP3M depends on reaching high PLs, achieved with high doses, but also with standard doses in some 
cases, without leading to worse treatment tolerability, safety, or adherence.
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Introduction
Antipsychotic medications (AP) are an effective maintenance treatment for schizophrenia1–4 and clearly reduce the risk 
of relapse and hospitalization.5–10 The lack of adherence is associated with relapse and (re)admission,10–13 and risk of 
suicide.14–16 It has been suggested that second-generation antipsychotics (SGAs) are more effective than first-generation 
antipsychotics and are also better tolerated and safer,3–7 which is why their use is already widespread.1,3,6,8,12,17–19 

However, there is still debate about the use of oral or injectable long-acting (LAI) SGAs to improve adherence and 
treatment outcomes.18–24 LAI antipsychotics have shown to improve compliance10–13 and to reduce relapses and hospital 
admissions25–32 better than oral formulations,18–27 thus being recommended in recent years, especially in patients with 
poor adherence, with multiple relapses and hospitalizations, or with greater severity.33–39
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The effectiveness of antipsychotics has been related to the achievement of optimal plasmatic levels (PLs) since it is 
known that low levels cause poor results in treatment.40–42 The quantification of PLs (“pharmacotherapeutic monitoring”) 
is considered to be a tool for improving decisions on the use and dosage of psychotropic drugs.43,44 However, there are 
still doubts regarding its usefulness in clinical practice, given the interindividual variability in the pharmacokinetics of 
APs and the dose-PL and dose-response (effectiveness and toxicity) relationships.40,41,44,45

A further topic of debate is the use of high doses of AP in complex, severe or resistant patients. Although this is not 
advised in clinical guidelines,46,47 there are some arguments to support the logic of high doses related to individual 
pharmacokinetic differences.48,49 In the treatment of schizophrenia, such doses are often prescribed due to the poor 
response to standard treatment50,51 and also because these pharmacokinetic differences imply low PL with standard doses 
in some patients, with resulting low effectiveness.48,49,52,53 Nevertheless, solid data on the relative risk of its adverse 
effects with high doses are still lacking.48–53

For these reasons, more appropriate treatment with AP would require knowledge of the PLs achieved with the 
different doses, their relationships with effectiveness and compliance, and their tolerability and safety. This is especially 
important in patients with poor clinical progress, or those considered severe or resistant. This study, therefore, 
investigates the dose-PL-response relationship of one-month aripiprazole (AOM) and three-month paliperidone 
(PP3M). The objectives are to show the relationship between the different doses administered in routine clinical practice 
(including high doses) and the PLs reached of AOM and PP3M in patients with severe schizophrenia, to find out which 
doses are needed to achieve therapeutic levels and to know which PL are associated with greater effectiveness and 
whether they imply lower tolerability, safety, or therapeutic adherence.

Method
An observational, prospective (52-week) study was conducted to follow up people with severe schizophrenia (defined as 
clinical global impression-severity, CGI-S ≥ 5), receiving treatment with stabilized doses of PP3M or AOM for at least 
one year prior the study (In “steady state”) (N=68). The subjects of the study were patients over 18 years of age receiving 
treatment in a program for people with severe mental illness (Asturian Mental Health-Spanish National Health System).

They were included in two groups: standard dose (PP3M ≤ 525 mg/3 months or AOM ≤ 400 mg/month) and high 
doses (above). The PLs were divided into therapeutic recommended range (TRR) or “standard” (PP3M: 20–60 ng/mL; 
AOM: 150–250 ng/mL) and high range (above). Of the 68 subjects, 22 were on PP3M standard doses, 21 on PP3M high 
doses, 12 on AOM standard doses, and 13 on AOM high doses. The greatest homogeneity across the groups was 
achieved by selecting patients from each one randomly.

Sociodemographic variables (gender, age), weight, smoking, and concomitant medications were collected. The PLs 
were determined, as well as their relationship with the doses administered. Adherence to treatment and its relationship 
with doses and PLs were evaluated. To assess effectiveness, CGI-S scale scores and hospital admissions records were 
used, including comparisons of both with the previous year; the relationship of effectiveness with doses administered and 
PL obtained was also studied. To assess tolerability, reported adverse effects, weight variation, blood count, general 
biochemistry, and prolactin were recorded, and its relationship with doses and PLs was also studied.

Blood samples were extracted after fasting and at the moment of lowest levels, immediately before the administration 
of the next dose of both PP3M and AOM. As stabilized patients after at least one year on the same dose, they were in 
a “steady state”. The quantification of aripiprazole and 9- hydroxyrisperidone in serum was performed by liquid 
chromatography/mass tandem. In the case of aripiprazole, the molecule is measured directly, and not its metabolite 
dehydroaripiprazole. Liquid chromatography (LC) is a widely used technique to separate compounds from a sample prior 
to analysis and is often combined with mass spectrometry. With LC, the separation of the sample components is based on 
the interactions of the compounds with the mobile and the stationary phases. After chromatographic separations, 
compounds are eluted from the column and then run into the mass spectrometer for analysis, allowing high sensitivity 
and specificity. To measure prolactin, a 30-minute rest was required prior to extraction.

The study was carried out in accordance with the ethical principles of the Declaration of Helsinki (World Medical 
Association). And it was approved by the Asturian Medical Research Ethics Committee (CEImPA Code 2021.604). All patients 
(or their legal representatives, if applicable) signed informed consent.
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A descriptive analysis of patients’ sociodemographic and clinical variables at the beginning and at the end of the 
study was carried out. For the analysis between treatment groups, χ2 was used for qualitative and Student’s t-test for 
quantitative variables. The confidence interval was established at 95%. For data processing, the “R Development Core 
Team” program (v 3.4.1) MASS Package (7.3–45 version) was used.

Results
The sample is composed mainly of middle-aged men (all patients identified themselves as male/male or female/female), 
with smoking habit and prior antipsychotic treatment. There were no significant changes in weight or smoking through 
follow-up (Table 1).

Table 1 Sociodemographic and Clinical Profile of the Sample

N=68

Age-years [X(SD)] 48.1 (18.3)$

Male gender (%) 76.5$

Previous treatment with another AP (%) 91.2$

Baseline Follow-up

CGI-S scale scoring 5.4 (1.2) 4.7 (1.1)a

No. of hospital admissions [X(SD)] previous year 0.4 (0.2) 0.2 (0.1)b

% of hospital admissions previous year 17.6 11.4b

Weight kg. [X(SD)]$ 85.5 (21.3) 82.1 (18.6)

Smoking (% yes)$ 76.5 72.8

Concomitant medications. Any (%) 57.3 45.6b

ADs (Escitalopram, Fluoxetine, Sertraline, Desvenlafaxine, Vortioxetine) 34.2 29a

Mood stabilisers (valproate, lamotrigine) 11.4 11.4

Benzodiazepines 38.2 34.2a

Oral APs (clozapine, olanzapine, amisulpride, ziprasidone) 35.3 35.3

Antiparkinsonians (Biperiden) 38.2 35.3

Other drugs with possible interactions (somatic medications) 11.4 11.4

Laboratory test outside normal range (>20%)ⱡ. Any (%) 68.4 57.3a

Blood count 17.6 18.2

Glucose 18.2 19.1

Lipids (cholesterol or triglycerides) 68.4 60.8a

Liver function 22.8 20.9

Renal function 2.2 2.2

Cystatin C 4.4 4.4

Prolactin 45.6 (57.3% HL) 38.2

Reported adverse effects. Any (%) 30.4 25.2a

Parkinsonism 22.8 (91.2% PP) 19.1a

(Continued)
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The correlation between dose and PL was not strictly linear (Figures 1 and 2). In more than half of the subjects with 
standard doses, high PLs were reached (Table 2). This occurred mainly with PP3M. There were some patients with high 
doses who did not achieve levels above the standard, occurring more with AOM. In a few cases standard doses did not 
achieve therapeutic PLs. That is, the majority of patients studied had PLs above the therapeutic range, not only those with 
high doses.

All subjects continued in treatment, regardless of type of AP, dose or PL. High doses or levels did not lead to 
treatment withdrawal. Clinical severity (CGI-S) decreased after one year of follow-up more frequently in patients with 
greater severity, but these were also patients with high doses. Hospital admissions decreased almost exclusively in those 
subjects with high PLs (Table 3).

Table 1 (Continued). 

N=68

Sedation 9.1 8.8

Akathisia 4.4 4.2

Anticholinergic effects 19.1 (91.2%+ clz) 19.1

Others 10.5 10.5

Blood pressure outside normal range (%) 9.5 8.8

Notes: ap value < 0.05. bp value < 0.01. $No differences between PLs or dose. ⱡNone twice the upper limit of normality. 
Abbreviations: Aps, antipsychotics; Ads, antidepressants; PP, paliperidone palmitate; HL, high levels; clz, clozapine.

AOM therapeu�c plasma�c levels range: 150-250 ng/ml

: maximum therapeu�c level

Figure 1 Doses and plasmatic levels of one-month aripiprazole (AOM) and logarithmic trend line (The blue arrow indicates the maximum therapeutic level).
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More than a quarter of patients reported some adverse effect, but none was serious or involved a change in treatment. 
Moreover, such effects were not stronger with high doses or levels, except for parkinsonism with PP3M. The anticholinergic 
effects were related to the concomitant use of clozapine (Table 1). Notable changes in laboratory tests occurred in almost two 
thirds of the patients, although without severity (none were twice the upper limit of normality) or the need to change treatment. 
These changes were not related to the AP used or to the prescribed dose, but some were linked to high PLs. The most common 
change was elevation of lipids (two thirds of the subjects) and of prolactin (always in patients with PP3M, and significantly 

…

Figure 2 Doses and plasmatic levels of three-month paliperidone (PP3M) and logarithmic trend line (The blue arrow indicates the maximum therapeutic level).

Table 2 Relationships Between Doses and Plasma Levels

N = 68 Standard  
levels (n=20)

High  
levels (n=48)

Standard doses (n= 34)b,$ 16 18

High doses (n=34) 4 30

PP3M standard doses (n= 22)b 10 12

PP3M high doses (n=21) 2 19

AOM standard doses (n= 12)a 7 5

AOM high doses (n=13) 1 12

Notes: ap value < 0.01. bp value < 0.001. No significant differences by age or 
gender, except. $p value < 0.01 male.
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related to high PLs). Changes in blood count, glucose and renal function were found in almost one fifth of the patients (Table 1). 
Both the percentage of patients with adverse effects and with changes in laboratory results decreased during follow-up.

Concomitant medications (psychotropic drugs) were used by more than half of the patients. Benzodiazepines, other 
oral antipsychotics (mainly clozapine, especially in patients with AOM) and antidepressants were the most common. 
Their use decreased slightly during the study (especially benzodiazepines and antidepressants). Use was not related to 
clinical severity or to the AP used, nor to the doses or PLs (Table 1). Antiparkinsonian medications were used much more 
with PP3M, although without relation to dose or PL.

No significant differences were found in these results in relation to gender or age.

Discussion
Therapeutic Monitoring of Long-Acting Injectable Antipsychotics
SGA-LAIs have shown significantly greater adherence to treatment9–13,49,51 and a decrease in relapses, hospitalizations25–32,53,54 

and suicide attempts14–16,54 compared to their oral counterparts.25,27,29,34,38,55,56 Knowledge of the PLs achieved with different 
doses of these APs, and their relationship with the progress of patients considered severe or resistant to treatment,19,40,41,48 is 
necessary for a better and individualized approach.17,19,35,39,55 In short, knowing the relationship between dose and PLs, and 
between PLs and effectiveness and tolerability, would enable optimization of treatment.41,43,45

As already mentioned, due to the lack of response in a significant number of patients, treatment with high doses of 
APs is often performed,40,47,48,50,51 although this is not generally recommended.5,8,46,47 However, efficacy/effectiveness 
studies rarely test high-dose regimens. The SGA doses needed to improve some severely ill patients may be significantly 
higher than standard.50–53 In addition, dose-PL-response variability could be related to pharmacokinetic (perhaps more 
than pharmacodynamic) differences.44,47–50,53

Therapeutic monitoring of AP to match treatment to each patient, and to improve response and reduce toxicity, has been called 
into question, given contradictory results53,57,58 and interindividual pharmacokinetic variability.48,49 It has also been reported that 
PLs vary due to factors such sex, age, weight or smoking, but without explaining the differences between patients.57–59 A greater 
correlation has been found between receptor occupancy and PLs than with prescribed dose.43–45 In any case, it seems clear that 
PLs are a better predictor of therapeutic effect than dose. Thus, by identifying the PLs associated with a greater response, the 
optimal dose with less toxicity could be determined for each patient.43,44,56,57

A study of SGA-LAI found an incidence of PL below the therapeutic reference range in more than half of the patients with 
recommended doses, so they could be underdosed.40,45 A meta-analysis of 20 antipsychotics showed that high doses may not 
provide greater efficacy but that, for some APs, high doses could be tried because their dose-PLs curves were not stable.44 

Conversely, for APs with clearly increasing dose-response curves, high doses might be more effective.40,44,45 It is likely that the 
dose-response relationships in the most severe or treatment-resistant patients are different.44

With oral aripiprazole (ARI) no differences in efficacy were found according to doses.60 A study with AOM61 showed 
the effective dose to be 463 mg/4 weeks. Regarding LAI paliperidone, the effective dose found was 120–150 mg.62–64 

Several studies found higher peak PLs after administration in the deltoid than in the gluteal.41,65 Although some studies 
showed a correlation between dose and PLs with both ARI and AOM,58,66,67 the evidence of a clear relationship between 

Table 3 Relationships Between Doses, Plasma Levels, Effectiveness and Toxicity

N = 68 Decrease in  
Hospital  
Admissions (n=13)

Decrease in  
CGI-S Scoring  
(n=43)

Outside Range  
Laboratory  
Tests (n=41)

Standard dose (n=34) 5 18 21

High doses (n=34) 8a 25 20

Standard levels (n=20) 3 20 16

High levels (n=48) 10b 23 25a

Notes: ap value < 0.01. bp value < 0.001. No significant differences by age or gender.
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LAI PLs effectiveness and side effects is scarce,66,67 which It does not mean that it does not exist.68,69 In general, it is 
considered unlikely that high levels of SGA-LAI improve response, but also that they increase adverse effects.58,69

The dose/PL correlation in our study seems indicative (more linear) in the case of PP3M, but not so much in that of AOM. In 
any case, the findings of this investigation question the linear kinetics of these two drugs in this profile of patients since in a notable 
percentage of cases standard doses achieved higher plasmatic levels than the TRR. In fact, most of the patients studied had PLs 
above range, and not only those with high doses, which is a remarkable result. In short, it can be assumed that seriously ill patients 
required PLs above the TRR for their stabilization. It should be remembered that to support the use of high doses of APs, some 
arguments are based on possible individual pharmacokinetic differences.48,49

Given the above, the need for a more appropriate PLs TRR for severe/resistant patients can be posited, and related to 
the results of the patients in our study, in whom high PLs showed greater effectiveness.

Plasma Levels, Response and Toxicity
In this investigation, the clinical severity of the sample, measured with the CGI-S, decreased after one year of 
follow-up. This decrease was more frequent in those patients with greater severity, but who were also those who 
most frequently had high PLs. It is quite remarkable that hospitalizations (usual measure of effectiveness of 
antipsychotic treatment) decreased significantly in those patients with high PLs, and without affecting the good 
general therapeutic compliance. Therefore, it seems to point to the possible need for high PLs (over TRR) to achieve 
clinical stability in patients with severe schizophrenia, and also to the existence of pharmacokinetic factors that 
explain the non-linear relationship between doses and PLs achieved. Nevertheless, it is necessary to consider that 
treatment outcomes are not strictly PLs-dependent and that there is a difference between plasmatic and brain 
concentrations.

The fact that more than half of the patients were prescribed other psychoactive drugs is not surprising, since the use of 
antidepressants, mood stabilizers or benzodiazepines is common in this profile of patients. The concomitant use of oral 
antipsychotics (mainly clozapine) reflects clinical severity, but also raises the question of whether higher PLs of the LAI 
APs studied could make monotherapy possible. Nevertheless, concomitant medications prescribed in so many cases 
seemed not to have relevant interactions with both LAI-APs.

Although the likelihood and intensity of most AP side effects increase with dose, they are not always dose 
related.47,50,58–60 While some studies have found more extrapyramidal symptoms and elevated prolactin in high-dose 
SGA treatment, others have reported less parkinsonism and fewer dropouts with high doses.49–53 In general, there is no 
conclusive evidence in this regard, although several studies point to good tolerability and safety of high doses.48,49,55,69 

Moreover, regarding the PLs/adverse effects relationship, most of the studies did not detect a clear association.59,60,70,71 

In a study with ARI, patients with higher PLs scored lower on an akathisia scale.66

In our study, the good general tolerability is noteworthy. And although more than a quarter of patients reported some 
adverse effect, none was serious or involved changing treatment. The tolerability of high doses and high PLs was similar 
to that of standard doses and levels, and there was no treatment discontinuation with them. Side effects were more 
frequent only in the PP3M high-PLs group for parkinsonism. Laboratory tests results outside normal range were found in 
almost three quarter of the patients, although without severity (none twice the upper limit of normality) or need for 
treatment change. Lipid elevation occurred mainly in patients with PP3M, but regardless of dose or PL. Prolactin 
increase was found only with PP3M (which is not striking, given the known relationship of paliperidone with prolactin 
elevation and the non-incidence, or even decrease, with aripiprazole).69–71 This increase is related to high PP3M PLs. In 
short, there were no significant differences in terms of safety and tolerability between standard and high PLs of the two 
APs, which is important in order to try dose increases above the standards to achieve high PLs and this way reach better 
clinical outcomes without risk of intolerable side effects51,69,72 or less safety.72,73 On the other hand, the combination of 
LAI and oral APs (here, mainly clozapine) is not necessarily associated with more adverse events, and may even lead to 
fewer dropouts, which is partially confirmed in our research.19,40,41,48

In summary, no significant differences were observed between AOM and PP3M in terms of effectiveness and 
adherence, although a moderately higher tolerability of AOM was observed. Moreover, a certain greater need for high 
doses to achieve therapeutic PLs levels with AOM was found. These results raise the need to confirm the PLs achieved in 
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routine practice, regardless of the prescribed doses, in patients with clinical severity and previous antipsychotic 
treatments. There is also a need to consider whether some patients, such as a considerable number of those studied, 
require PLs above the TRR (these TRR could be suitable for populations not so severely ill or without significant 
previous treatment failures), especially when tolerability and safety seem to be similar with standard rather than 
high PLs.

The relatively frequent use of LAI and oral AP combination could indicate a therapeutic hesitancy regarding the 
determination of a high dose of SGA LAI in a specific patient. Therapeutic monitoring could help to overcome this 
uncertainty.27,45,57,58 It has to be noted that the vast majority of patients have been previously treated with other 
antipsychotics without acceptable results, and a considerable number would be candidates for clozapine because they 
are “resistant”.49,50 (In fact, some of them combine clozapine with AOM or PP3M). The findings of this investigation 
point to the possibility of increasing LAI AP doses above marketed to achieve effective PLs (above the TRR), without 
a reduction in adherence, tolerability or safety, even as an alternative to clozapine treatment, with its known important 
adverse effects and supervision difficulties.

Limitations and Strengths of the Study
Some limitations of this research should be noted. This is a study with patients who were already being treated, so 
treatment was not assigned randomly, but based on clinical criteria. This has the risk that the study groups (patients with 
AOM or PP33M, and with standard or high doses) are not homogeneous in patient characteristics. An attempt was made 
to minimize this risk by selecting subjects in each of the four groups randomly.

We did not measure plasmatic levels of dehydroaripiprazole, although active moiety of aripiprazole could be 
important in clinical practice, but we think it is not relevant to this study’s results.

The CGI-S scale was used as a generally accepted measure of severity. This is a non-specific instrument and can 
therefore constitute a limitation. Moreover, no validated questionnaires were used for side-effects measurement.

All the patients were classified as severely ill, so the results cannot be generalized to patients who are not. Sample 
size was relatively small as it was conditioned precisely by this specific profile. Finally, the unmeasured factors related to 
the clinical decision to treat with one AP or another, and at standard or at high doses, are an inherent limitation of 
observational studies with this design.

Regarding strengths, the greatest is that it is the first study to measure the relationship of different doses with PLs of 
the most used SGA LAIs, and in the most severe patients with schizophrenia. In addition, the present research matches 
doses to PLs and both to treatment response (compliance, effectiveness, safety and tolerability). The number of high 
PP3M and AOM dose determinations is also remarkable, being the first research to measure their relationship with PLs 
achieved and the therapeutic response to them.

Conclusions
The search for the dose/PL relationship helps precision medicine in patients with schizophrenia, especially in the most 
severely ill or “resistant” to treatment, and those who are frequently prescribed high doses (above labeled) to achieve 
symptomatic stabilization. The knowledge of dose/PL/response relationships can guide routine practice and improve 
SGA AP use and dosage decisions.

This study describes the PLs achieved in patients with previous poor progress on different doses (including higher 
than approved) of the most recent SGA LAIs, and their relationship with effectiveness and toxicity. Results show no clear 
linear relationship between doses of AOM or PP3M and PLs. In addition, clinical improvements in these patients are 
related in many cases to PLs above the established therapeutic range, and without less safety, tolerability or therapeutic 
adherence.

The concomitant medications prescribed in many cases seemed not to have relevant interactions with both LAI-APs.
Finally, as this patient profile is a clozapine treatment candidate in many cases, these findings make it possible to 

consider AOM and PP3M, at PLs over TRR, as a possible alternative, more tolerable and safer, and with a greater 
probability of treatment compliance.

However, it is necessary to confirm these preliminary findings with studies with a larger number of subjects.
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