
Aim: To our knowledge, this is the first study which aims to evaluate and compare the efficacy and safety of aripiprazole once-monthly (AOM) and paliperidone once-monthly(P1M) and paliperidone 3-month(P3M) long-acting forms preparations as well as plasma drug levels during the maintenance treatment of schizophrenia in the real world conditions 
Method: In our study subjects were evaluated every month for 4 months with relevant psychiatric measures and plasma drug levels. Follow-up days were determined as day 0, 30, 60 and 90. Plasma drug levels of the treatments were analyzed by using LC/MS-MS.
Results: No superiority was observed between the groups in terms of PANSS positive and general psychopathology (p>0.05). It was observed that PANSS negative and total scores were statistically lower in the aripiprazole once-monthly group than the paliperidone 3-month preparations (p<0.05). We observed significant differences in Quality of Life Scale subdimension in favor of AOM (p<0.05) as well as in Arizona Sexual Experiences Scale (p<0.001). No significant difference was observed between extrapyramidal advers effect, akathisia and insight levels among the 3 groups (p>0.05). AOM group scored significantly lower than the both paliperidon groups in the Aripiprazole metabolite was negatively correlated with depressive symptoms in the Calgary Depression Assessment Scale in Schizophrenia (p<0.05),  and  the Barnes Akathisia Rating Scale (p<0.05).
Conclusion: Aripiprazole once-monthly showed superiority in efficacy aspects to PP3M but not PP1M for schizophrenia symptoms and similar safety with both paliperidone formulations.

















Bullet point summary: 


What is already known about this subject:


· Comparison of paliperidon 1-month with 3-month formulations or aripiprazole once-monthly exists in the literature. However it is the first study to compare the 3 preperations head to head.


· It is the first study to compare these preperations during the maintenance phase.


What this study adds: 


· AOM demonstrated superiority in terms of negative and total severity reduction campared to P3M, to all paliperidone groups in QLS-IP, P1M in the QLS-IF and sexual dysfunction.

·  No significant difference was observed between extrapyramidal advers effect, akathisia and insight levels among the 3 groups in the maintance phase as it was a major question for aripiprazole specifically for positive symptom reduction. 

· Aripiprazole metabolite was found to be negatively correlated with depressive symptoms and akathisia. 








INTRODUCTION:
Long-acting injectable antipsychotics (LAIs) are an important alternative to oral treatments for schizophrenia. They provide a particularly distinct advantage in ensuring treatment compliance. There are long-acting forms of many new generation antipsychotics such as risperidone, olanzapine, paliperidone and aripiprazole, and there is a need to collect precise clinical data regarding the newer LAI’s profiles in real world conditions. (1).
Partial and total treatment non-compliance is a common problem for patients with schizophrenia. This situation has great effects on the treatment outcomes of schizophrenia and the health system (2,3). LAIs were reported to reduce the risk of rehospitalization rates between 20% and 30% (4). LAIs also can relieve patients from the need for daily drug use and increase patients' adherence to treatment (5). In addition, it can ensure long-term plasma levels of long-acting antipsychotic drugs for weeks or months and facilitate monitoring of treatment adherence (6).
Quantitative and qualitative data for second generation LAIs are limited and it is difficult to tell the therapeutic reference ranges for LAIs (7, 8, 9, 10).
PP1M is the most commonly prescribed long-acting 2nd generation antipsychotic (11, 12) The formulation consists of an aqueous suspension of paliperidone palmitate nanocrystals with particle size distribution and has extended release properties (13). PP3M is a longer acting alternative to PP1M. Significant return of the symptoms were not observed after switching to PP3M from PP1M (14).
In the approval process of PP3M, the company that owns, the product used the pharmacological information  obtained from PP1M studies bypassing the Phase 1 phase completely and moving to the Phase 2 phase (15). As a justification for this situation been suggested as the only difference being the  PP3M’s the particle size (16). Transition to PP3M is recommended when patients stabilize after applying PP1M for at least 4 months (17). In transitions from PP1M to PP3M, it is recommended that 3.5 times the PP1M dose is applied via gluteal or deltoid injections (18).
Aripiprazole Once-Monthly (AOM) was approved in 2013. AOM is the long-acting lyophilized form of aripiprazole. It is recommended to start oral aripiprazole earlier in order to monitor aripiprazole tolerability, while continuing the use of additional oral antipsychotics for 2 weeks after the first injection (19). AOM 400 mg, which is used in schizophrenia and bipolar disorder. is a partial agonist of aripiprazole D2, a 5-HT1A receptor agonist and a 5HT2 antagonist, exhibiting relatively desirable safety profile (20, 21, 22). AOM has been studied sufficiently in terms of metabolism and elimination characteristics. Systemic absorption of AOM is slow and the release is long. This is related to the low solubility of the aripiprazole particles (23).
Aripiprazole exposure is similar in deltoid and gluteal applications. Absorption rate is higher in deltoid application. This is due to the smaller mass and higher perfusion of the deltoid muscle. Steady-state concentrations are obtained after 4 applications for one month in the whole dose and in both types of application (24). 
After multiple administrations of AOM, the active metabolite dehydro-aripiprazole represents 30 % of the area under the curve of aripiprazole in plasma. The elimination half-life is 29.9 days for 300 mg and 46.5 days for 400 mg. While 25% of AOM occurs via the kidneys, 55% is excreted via the liver (25). 
In two separate studies, AOM was found to be superior to placebo in terms of efficacy at 400mg/4-weekly administration (26) and subtherapeutic 50mg/4-week doses (3). 
This is the first study to evaluate 3 different widely used recent 2nd generation LAI preperations with equivalent doses; AOM 400 mg, PP1M 100 mg and PP3M 350 mg in terms of efficacy and tolerability with related measures, in patients who were already treated with one of these LAIs at least for over 4 months, via deltoid administration. 
METHODS: 

Marmara University Clinical Research Ethical Commitee evaluated and approved the study protocol (09.2019.468, date:03.05.2019). The study was carried out among volunteers being treated routinely at the Beylerbeyi community mental health center upon given written permission and accordingly with the rules of local authorities. Subjects who agreed to participate in the study were thoroughly informed and written informed consents were obtained from each patient and next to kin who agreed to participate in this study.  Patients whose ages are between 18-65, who are not in an acute exacerbation, currently on maintenance treatment, and whose injections were closely monitored and continued regularly at the same center were included in our study. Patients were required to have been on the same treatment for at least 4 months. Monthly changes in efficacy, adverse effects and changes in plasma concentrations were evaluated. Plasma concentrations were measured on days 0, 30, 60 and 90 and standardized scales have been used to determine the efficacy and the safety profiles at each point. Thus, it is aimed to evaluate the effects of the treatments on efficacy and safety over a 3-month period and to monitor the continuity of these parameters during the maintenance phase. Patients using Aripiprazole 1 month (AOM), Paliperidone Palmitate 1 Month (PP1M) and Paliperidone Palmitate 3 Month (PP3M) forms were divided into 3 groups according to their treatment.
Patients treated with polypharmacy were excluded from this study.
Individuals who were sufficient to understand the nature and requirements of the study and to give informed consent with their current reasoning and mental capacity  were included in the study.
Suicidal risk or aggressive behavior, cognitive impairment, dementia or major intellectual disability, forced psychiatric treatment, substance abuse in the last 12 months, history of neuroleptic malignant syndrome or tardive dyskinesia, hypersensitivity to paliperidone or aripiprazole or additives, patients with a major and unstable systemic disease, a history of Torsade de Pointes, and those at risk of sudden death, such as using of a medication that prolongs the QT interval, were not included in this study.
In addition, patients who were using mood stabilizer or antiepileptic drugs such as lithium, valproate, carbamazepine, gabapentin, antidepressants, oral antipsychotics until 4 weeks before the first screening were also excluded from the study. Use of oral lorazepam, short-acting benzodiazepines, antiparkinsonian drugs, beta-blockers and zopiclone were allowed for short-term treatment of agitation or anxiety, sleep disturbances, and for antipsychotic related adverse events.
The closest injection day were accepted as Day 0. Scales were administered and blood samples were drawn from the patients on the 0th, 30th, 60th and 90th days. The scales and forms used in this study were sociodemographic data form, Positive and Negative Symptom Scale (PANSS), Quality of Life Scale for Schizophrenia Patients (QLS), Barnes Akatisia Rating Scale (BARS), Arizona Sexual Experiences Scale (ASEX), Extrapyramidal Symptoms Rating Scale (ESRS), Calgary Depression Rating Scale in Schizophrenia (CDSS) and Schedule for Assesing the Three Components of Insight (SAI) in order to evaluate efficacy and safety of the the treatments during the maintanance phase of schizophrenia.

Evaluation of blood drug levels:

Analysis of blood samples from patients under treatment with A1M:
Blood samples were taken into vacuum gel tubes. They were stored at -80 degrees until assayed. Aripiprazol and its metabolite levels were analysed by liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/MS). Method development to be used in the analysis of aripiprazole and its active metabolite, validation and plasma quantification was carried out in the laboratories of Pharmaceutical Application and Research Center. Analysis were carried out using Agilent 6420 Triple Quadrupole LC-MS/MS system. Quantification of aripiprazole and its active metabolite in plasma was carried out by validatedLC-MS/MS (Agilent 6420 Triple Quadrupole LC-MS/MS system) method. 
Iniatially, theplasmas, which were kept at -80 °C until the analysis, were melted by keeping them at the room temperature. The plasma sample was vortexed and mixed for 10 seconds and then 200 µL of plasma sample was taken into an empty polypropylene tube, 50 µL of internal standard solution (Olanzapine) was added, and vortexed at 3000 rpm for 30 seconds. For precipitation of plasma proteins, 750 µL of acetonitrile was added to the tube and mixed thoroughly by vortexing at 3000 rpm for 60 seconds. The sample was centrifuged at 4500 rpm for 10 minutes to separate the precipitated plasma proteins. The obtained supernatant was filtered through a 0.22µm PTFE filter with 100 µL vial insert. It was placed in a vial and injected into the LC-MS/MS system as 5 µL. Chromatographic separation was carried out at 25 °C with Kinetex Coreshell F5 (4.6x150 mm 2.6 μm) column and LC-MS purity acetonitrile and 50mM ammonium acetate solution (90:10, v/v) were used as mobile phase. The mobile phase flow rate is 1.0 mL/min. Olanzapine (1000 ng/mL) was used as the internal standard. Analysis time was determined as 5 minutes and
retention times for aripiprazole, active metabolite, olanzapine were set as; 1.99; 2.30; 3.52 minutes respectively. Aripirazol, active metabolite (dehydroxy aripiprazole), the main ion and stable fragmentation ions for olanzapine was determined to be; 448.1, 285.0; 446.1, 285.0; 313.1, 256.0 m/z, respectively. The calibration curve prepared using blank human plasma was linear in the range of 20-1000 ng/mL (r 2 =0.999). The LLOQ values of the method are 20 ng/mL.

Paliperidone Analysis of blood samples from patients treated with PP1M and PP3M (1 and 3-
month forms):
Validation of the method to be used in the analysis of paliperidone and plasma quantification was carried out at The Pharmaceutical Application and Research Center. The developed and validated method for analysis of paliperidone were carried out using the Agilent 6420 Triple Quadrupole LC-MS/MSsystem. Quantitation of paliperidone in plasma was performed using a validated LC-MS/MS method. Initially, the plasma samples, which were kept at -80 °C until analysis, were melted by keeping them at the room temperature. The plasma samples were vortexed and mixed for 10 seconds. 100 µL of plasma sample was taken into an empty polypropylene tube, 100 µL of internal standard solution (Tolterodine) was added, and vortexed for 30 seconds at 3000rpm. 200 µL dimethylsulfoxide and 800 µL of methanol were added into the tube for precipitation of plasma proteins, vortexed and mixed thoroughly for 60 seconds at 3000 rpm. The sample was centrifuged at 5000 rpm for 10 minutes to separate the precipitated plasma proteins. The obtained supernatant was filtered through a 0.22µm PTFE filter, with a 100 µL vial insert. It was placed in a vial and injected into the LC-MS/MS system as 2 µL. Chromatographic separation was carried out at 40 ° C with a Poroshell EC-C18 (3.0x50 mm 2.7 μm ) column LC-MS purity Methanol and 0.2% formic acid (in water) (64:35, v/ m) were used as mobile phase. The mobile phase flow rate was 0.4 mL /min. Tolterodine (100 ng / mL) was used as the internal standard. The retention times for paliperidone and tolterodine, with the analysis time set for 2 minutes, were determined as 0.67 and 0.92 minutes, respectively. The main ion and stable fragmentation ions for paliperidone and tolterodine were determined as; 427.0; 206.9 and 326.1; 147.0 m/z, respectively. The calibration curve prepared by using blank human plasma was linear, within the range of 1.0-250 ng / mL (r2 =0.999). The LLOQ values of the method are 1.0 ng/mL (27).

Scales and Measures:
Quality of Life Scale for Patients with Schizophrenia (QLS):
This scale is used to evaluate the quality of life of patients with schizophrenia who continue their maintenance treatment (28). Soygür et al. carried out a Turkish translation, reliability and structural validity study in 2000 (29). The scale is applied in the form of a semi-structured interview. QLS consists of 4 sub-dimensions and 21 questions. It has a 7-point Likert-type scale. The scale has 4 sub-dimensions. These are: I- Interpersonal Relations, II-Instrumental Role, III- Intrapsychic Foundations, IV- Objects and Activities. In this study, sub-dimensions and the total score were evaluated separately.

Positive and Negative Symptom Scale (PANSS):
This Scale includes a seven-point severity rating. It is a semi-structured interview scale. It consists of 30 items in total. Positive symptoms, negative symptoms and general psychopathology are sub-dimesions.  PANSS was developed by Kay et al in 1987 (30). The Turkish reliability and validity study was conducted by Kostakoğlu et al. (31).
 Arizona Sexual Experiences Scale (ASEX): This Scale evaluates the sexual problems experienced by the individuals. It was developed by McGahuey et al. (32). It is a short scale used for scanning. During the application, interviewer requests the subjects to answer the questions considering the last one week. It is a Likert-type scale that is evaluated between 1 and 6. The validity and reliability studies of the Turkish form were performed by Soykan et al. (33).
Barnes Akathisia Rating Scale (BARS) :
This scale was developed by Barnes (34) in order to understand the degree of akathisia in patients using antipsychotics. The validity and reliability study was carried out in Turkish by Bayram et al. (35). 
Extrapyramidal Symptoms Evaluation Scale (ESRS):

This scale was developed to evaluate extrapyramidal symptoms (EPS) in people treated with  antipsychotic medications (36). This scale consists of 4 parts. There are a total of 22 items scored as either 0, 1, 2 or 3.

Calgary Depression Scale for Schizophrenia (CDSS):
 This scale was developed to evaluate the severity of depressive symptoms in patients with schizophrenia in order to monitor depressive symptoms by a clinician. Addington et al. designed this scale with 9 items (37). It is a four-point Likert type scale. Each item is scored between 0-3 points, 3 pointing out to more depressive states. Aydemir et al. performed the reliability and validity study in Turkish (38).
 Schedule for Assesing the Three Components of Insight:
 (SAI):
It was developed by David in 1990 as a semi-structured scale. This scale was designed for patients with schizophrenia (39). It consists of 7 questions and 4 parts that evaluate the patient's acceptance of his illness, his views on treatment, his ability to make sense of his psychotic processes, and his awareness of his psychiatric history. Arslan et al. carried out a validity and reliability study and translated the scale into Turkish with adding 2 more questions (40).

Statistical analysis:
Statistical analyzes were performed with Statistical Package for Social Sciences software package version 23.0 for Windows (SPSS Inc., Chicago, IL, USA). The reliability of the used psychiatric scales was checked with Cronbach's Alpha statistics.
Mean and standard deviation or standard error of the mean, minimum and maximum values of standard features; frequency and percentage values are given when defining categorical variables. Considering the sample sizes in the analyzes, the sample distribution was confirmed and evaluated by means of histogram and QQ charts as well as Shapiro Wilk and Kolmogorov Smirnoff tests. Chi-Square test statistics and Fisher Exact Test were applied to evaluate the relationship between categorical variables.
Student's t test statistic was used to compare the means of two groups in the parametric tests in samples within the normal distribution. The One Way ANOVA (One Way ANOVA) test statistic was used to compare the means of more than two groups. In case of a significance with ANOVA, Bonferonni and Tukey statistics were applied as a Post Hoc test. If the groups did not fit the normal distribution, the Mann Whitney-U test was used to compare the two groups, and the Kruskal Wallis test was used to compare more than two groups. In this case, if there was a difference between the groups, the significance between the groups was examined with the Bonferonni correction of the Mann Whitney U test for each group. The Pearson Correlation coefficient was given when examining the relationships between data, measures, scales and their subgroups. The level of statistical significance is rated as p < 0.05.

RESULTS:
The mean age of the volunteers participating in the study was 43.2 ± 1.87 (25) and this value was 42.13 ± 2.91 (8) in the A1M group, 43.22 ± 3.94 (9) in the PP1M group, and 44.25 ± 2.97(8) in the PP3M group. No statistically significant difference was observed between the groups (H(2) = 0.251, p > 0.05).
The genders of the participants were evaluated according to their treatments. The number of men was 6 (75%) in the A1M group, 7 (78%) in the PP1M group, 4 (50%) in the PP3M group. The number of women was 2 (25%) in the A1M group, 2 in the PP1M group. (22.2%) and 4 (50%) in the PP3M group. There was a statistically significant difference between the groups according to gender between the PP1M and PP3M groups (χ2 = 0.251, p  0.05).
Findings of sociodemographic data are shown in Table 1 below:
Table 1. 








The scale and subscale scores according to the treatment groups are shown in Table 2.

Table 2: 



The mean plasma drug level comparison of  4 month follow up measures in each group is  shown in Table 3.

 Table 3. 









The mean paliperidone levels of the volunteers using paliperidone forms participating in the study were 7.04 ± 2.86 ng/ml (N=72), 6.27 ± 1.99 ng/ml (N=40) in the PP1M group and 8 ± 3.48 ng/ml (N = 32) in the PP3M group. No statistically significant difference was observed between the groups (U (40.32) = 479, z = -1.825, p > 0.05). Comparison of paliperidone levels between PP1M and PP3M groups are shown in Table 4.


Table 4. 



Correlations of the Efficacy and Safety Measures and the Mean Blood Drug Levels are shown in Table 5.
Table 5: 



DISCUSSION:

When the studies evaluating the efficacy of the treatment were reviewed, in a preliminary study, in which the patients who were switched from oral paliperidone to PP1M and PP3M treatment were assessed, the mean of total PANSS scores in the PP1M group was 55.60 ± 2.56, while it was reported as 59.3 ± 3.13 in the PP3M group. Similar results were observed in the PANSS and Brief Psychiatric Rating Scale scores. Significant improvement was reported in the total score, positive and general psychopathology subscales, but not in the PANSS negative scores (41) .
In our study, no superiority or difference was observed between the PP1M and PP3M groups in terms of PANSS scores. The difference in the mean might be due to the subjects being already recruited from patients closely followed up and treated regularly at the same mental health service. A significant finding appeared in the PANSS negative and the PANSS total scores in the AOM group. AOM group scores were lower than the means of both of the paliperidone groups seperately.
In our study, the mean PANSS total scores of patients treated with AOM in maintenance therapy was found to be 50.10 ± 1.76. Another study evaluating AOM 400 mg in long-term maintenance treatment reported improvement from the baseline in the oral stabilization phase in the PANSS total scores, positive and negative subscale scores, and Clinical Global Impression (CGI)-Severity (CGI-S) scores. Improvement in symptoms was evaluated during the maintenance 52-week follow-up period, and decreases were observed in PANSS total, positive and negative subscale scores and CGI-S scores at the end of 52 weeks. The mean PANSS total score decreased from 54.26 at the beginning to 52.53 at the end of 52 weeks. The mean CGI-S score, on the other hand, was 2.98 at the onset and decreased to 2.84 at the end of 52 weeks. Similarly, when the CGI-I  (Global Improvement) scores were evaluated, it was stated that the mean score decreased from -3.47 to 3.38 (21). In our study, a significant difference was observed in the mean PANSS negative and PANSS total scores compared to the paliperidone-containing preparations during 4 months.
In a study by Gründer and Kungel, similarly aripiprazole was associated with a significant reduction in positive and negative symptoms of schizophrenia. (42).
In a study by Kane et al., it was observed that AOM caused an improvement in the PANSS score and CGI-S scores in both the oral stabilization and the maintenance phases with the LAI form. It was observed that the mean PANSS scores, in the 12th week decreased from 58.79 to 54.47 with the AOM application (43).

No relapse or hospitalization was observed in any of the patients during our study. In a multicenter randomized controlled trial of 283 patients from 2012 to 2014 by Berwaerts et al., 93% of patients who were adequately stabilized by PP1M for at least 4 months did not experience a relapse in schizophrenia symptoms after switching to PP3M. (14). In another double-blind longitudinal study, it was shown that the efficacy of PP3M was not lower than PP1M. The recurrence rate was found to be 8% in the PP3M group and 9% in the PP1M group (44).

In a study by Naber et al., no difference was observed between the groups in the total QLS scores. However, in the QLS-IR subscale, it was observed that the AOM group showed better functionality than the subjects treated with paliperidone preparations. The AOM group showed better functionality than the PP1M group in the scores of the QLS-IF subscale. In another study evaluating the Quality of Life Scale scores in schizophrenia, it was stated that AOM group showed improved outcomes in the QLS-IF subscale scores compared to PP1M (45).
During the extension phase of the same study, at the end of the 24-week period, the change of least square means for the QLS total scores (95% CI) was 2.32 (-1.21 to 5.85), CGI, Disease Severity scores were reported was -0.10 (-0.26 to 0.06). The least square means for the Quality of Life in Schizophrenia Scale scores of 11.54 (7.45 to 15.64) and the Clinical Global Impression, Severity of Disease scores was reported as -0.98 (-1.18 to -0.79). Thus, the authors concluded that, during the maintenance of schizophrenia, quality of life of patients are related to better health outcomes are observed during the AOM treatment and significant improvements in their functionalities are maintained in the long term (46).
Similarly in our study, a significant decrease was observed in the QLS-IF and QLS-IR  subscores as well as QLS total scores in the AOM group compared to the PP1M group. Furthermore, significantly lower scores were observed in the QLS-IR  subscale scores compared to both paliperidone preparations (PP1M and PP3M) implicating an improved well-being in terms of functioning. 
When the levels of depressive symptoms were evaluated with CDSS in our study, no statistically significant difference was observed between the groups.
Only review comparing oral olanzapine, clozapine, quetiapine, paliperidone and aripiprazole preparations, reported that depressive symptoms were similarly less in the aripiprazole and paliperidone groups than the other 2nd generation antipsychotics when assessed with CDSS (47).
A study by Kobayashi et al. suggested that aripiprazole is effective on the insight in the prodromal patients and may be a primary option in patients with a psychosis risk (48). On the contrary, in our study, when the insight levels of the patients were evaluated with SAI, no significant difference was observed between any of the treatments.

Although it is known that 2nd generation antipsychotics cause fewer EPS-related adverse events compared to first generation antipsychotics, these agents are still associated with the risk of EPS, specifically akathisia. Likewise, the effects observed with 1st generation antipsychotics, such as tardive dyskinesia, can be observed at high doses with the 2nd generation agents (49). In our study, although there were differences between treatments in the scale evaluations for EPS and akathisia, these differences did not reach a statistical significance. Incidence of EPS and related adverse events for the aripiprazole molecule is known to be low when compared with both conventional and atypical antipsychotic agents (50). In addition, aripiprazole has been shown to have a favorable EPS risk profile in both short-term and long-term randomized double-blind clinical trials (51).
Treatment related advers events regarding EPS including akathisia, for both paliperidone and aripiprazole were found to be 5% in the 1-month LAI groups in a study by Naber et al. in 2015 (45). In our study, no statistical difference was found between the three groups in ESRS and BARS scores.
However, it should be kept in mind that cases of aripiprazole-associated akathisia, dystonia and parkinsonism have also been reported (52). Earlier, the prevalence of adverse events in the short term (4-6 weeks) for akathisia was found to be 15% in bipolar patients (4% for placebo) and 12% in schizophrenia patients (5% for placebo) for aripiprazole treatment (53).
Sexual dysfunction is very common with antipsychotic drugs and are a common adverse event experienced by three-quarters of patients with schizophrenia (54, 55) It has been reported that it significantly reduces participation in treatment and impairs quality of life (56, 57). It is known that sexual adverse effects are not reported frequently if they are not questioned individually with a specific questionnaire or direct interview, since it is an avoided topic to disclose; accordingly, spontaneous reporting of sexual side effects is low and the reported incidences are often lower than the actual rates (58, 59). According to the data obtained from different studies, the prevalence of sexual disorders in men treated with antipsychotics is reported as 54 %, and in women as 30% (60).
In our study, when the effects of treatments on sexuality were evaluated with Arizona Sexual Experiences Scale, it was observed that AOM treatment resulted in sexual advers events less frequently than PP1M and PP3M. We suggest that the sexual adverse effects are not rare and difficult to express when they are not checked with adequate detailed measures.These are  also among the most frequent risk factors for decline in quality of life and treatment compliance in schizophrenia patients. This finding is thought to be important in terms of ensuring the adherence to treatment.

The concentration reference range of LAIs has been adapted according to the oral formulation reference range in the latest version of the Arbeitsgemeinschaft für Neuropsychopharmakologie und Pharmakopsychiatrie AGNP Consensus Guidelines for psychiatry and neurology. The AGNP Consensus guidelines have adapted the therapeutic reference range (20-60 ng/mL) for risperidone for paliperidone. However, it should be kept in mind that at steady-state concentration, LAIs may also be effective at lower doses than oral antipsychotics, and this effect may be due to a more stable concentration on the same day and in between days. However, while 2 studies carried on with subjects who did not reach steady state resulted in agreement with the AGNP range (61, 62). Another study reported that 45% of patients remained below this range (63). Helland et al. reported a rate lower than the AGNP range (9 to 35.5 ng/ml). The median concentration/dose ratio of paliperidone 100 mg per 28 days was found to be 16.1 (nmol/L)/(mg/d) with a range of 7-31 (nmol/L) (mg/d) in the 10-90th percentile. The median serum concentration of paliperidone was 59 nmol/L at the end of the dosing interval at 100 mg dose / 28 days. Of these measurements, 45% were observed to be less than 20-60 ng/mL (47-140 nmol/L), which is predicted as the therapeutic range. These data indicated that dose-adjusted serum concentrations showed a 4-fold interpersonal difference in the 10-90th percentile, and that factors such as age and p-glycoprotein induction had significant effects on the pharmacokinetics of paliperidone. At the same time, the study showed that some patients took longer than expected to reach steady-state concentrations. (8, 16, 64).
Another study reported that when PP1M concentrations reached steady-state concentrations 93% fell within the AGNP reference range  (10). 
At steady-state concentration, the mean concentration of A1M for 400 mg is expected to be 269 ng/mL and 291 ng/mL by deltoid and gluteal administration, respectively. An open-label Phase 1-b study reported that the concentration of A1M 400 mg in the mean steady-state concentration range corresponded to the range of 10 mg to 30 mg in repeated daily administrations of oral aripiprazole for 14 days (65). 
Initially with a loading dose, it has been reported that the steady-state concentration cannot be reached before 4-5 months (66). In addition, it has been reported that for PP3M steady-state concentration was observed after an average of 15 months, since the particle size was larger than PP1M (9). For A1M the mean time to reach steady state is 4 months (67).
In our study, the mean aripiprazole levels were found to be between 144.19 and 150.64. The levels of PP1M were between 5.73 and 6.61, and PP3M was observed to be between 5.44 and 9.51. Aripiprazole and paliperidone levels in our study were lower than the previously reported recommended therapeutic levels (65). In our study only pure paliperidone levels were evaluated in the plasma. The likely reasons for this finding may be that the patients in our study may not have yet reached steady-state concentrations, differences methods, slight differences ininjection durations respectively and pharmacokinetic characteristics and metabolism of the patient population. In the future studies, it is recommended to review and confirm the blood drug levels of patients in Turkey with longer follow-up durations by evaluating the pharmacokinetic parameters  with a similar method. 
Depression scores were found to be increasing with EPS and akathisia levels and were positively correlated with all quality of life aspects. Another finding of this study is that CDSS scores were also found to be positively correlated with QLS-OA. An antipsychotic treatment that increases improvement in areas such as functioning or quality of life, on the other hand, may be predicted to cause depression as an adverse event. For this reason, it is recommended to further evaluate whether the positive relationship between object and activity sub-scores and depressive symptoms occur as a result of an adverse effect of the treatment. Aripiprazole metabolite was found to be negatively correlated with depressive symptoms in CDSS and akathisia scores in BARS. Aripiprazole metabolite may be associated with its effect on depression and a decrease in the effect of akathisia. It is recommended to design new studies in the future to distinguish the effects of dehydroaripiprazole, a metabolite of aripiprazole, and the relationships formed by the metabolism of aripiprazole.
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Tables:


Table 1:Sociodemographic Data
	Features:
	AOM
M ± SD (N=8)
	       PP1M
M ± SD (N= 9)
	PP3M
M ± SD (N= 8)
	Total
M ± SD (N=25)
	F/H / X2
values
	P Value

	
	
	
	
	
	
	

	Age
	42.13 ± 2.91 (8)
	43.22 ± 3.94(9)
	
44.25 ± 2.97(8)
	
43.2 ± 1.87(25)
	0.251H
	0.882

	          MR
	11.94
	13.39
	13.63
	
	
	

	
Gender, N (%)

	
	
	       
	

	          Male
          Woman
	6 (75)
	7 (77.8) a
	4 (50) b
	17 (68)
	7,067 χ2
	  0.03*

	
	2 (25)
	2 (22.2)
	4 (50)
	8(32)
	
	

	
Marital Status N (%)


	
	Single
	7 (87.5)
	9 (100)
	8(100)
	      24 (96)
	      1,985
	0.64

	
	Married
	1 (12.5)
	0 (0)
	0(0)
	1(4)
	
	

	
	
	
	
	

	Education Level N (%)


	
	No education
	0(0)
	0(0)
	1 (12.5)
	1(4)
	      6,911
	0.65

	
	Primary school
	3(37.5)
	2 (22.2)
	0 (0)
	5 (20)
	
	

	
	Middle School
	1(12,5)
	3 (33.3)
	2 (25)
	6 (24)
	
	

	
	High school
	3(37.5)
	2 (22.2)
	4 (50)
	9 (36)
	
	

	  
	University
	1(12,5)
	2 (22.2)
	1(12.5)
	4 (16)
	
	

	
	
	
	
	
	
	
	

	People Living With N (%)


	
	Alone
	1 (12.5)
	1 (11.1)
	4(50)
	6 (24)
	5,522
	0.2 

	
	Family
	7 (87.5)
	7 (77.8)
	3(37.5)
	17 (68)
	
	

	           Other
	0(0)
	1(11.1)
	1 (12.5)
	2 (8.5)
	
	

	
	
	
	
	
	
	

	Place of Residence N (%)


	
	Rent
	1(12,5)
	0 (0)
	2(25)
	3(12)
	5,504
	0.5 

	
	Own House
	              6 (75)
	8 (88.9)
	5 (62.5)
	19 (76)
	
	

	
	Lodging
	0 (0)
	0(0)
	1(12,5)
	1(4)
	
	

	
	Homeless
	1(12,5)
	1(11,1)
	0(0)
	2(8)
	
	

	
Working Status N (%)
             

	
	Worker
	1(12,5)
	4(44.4)
	1(12,5)
	6(24)
	      8,798
	0, 3

	
	Unemployed
	5(62.5)
	3(33.3)
	6 (75)
	14 (56)
	
	

	
	Housewife
	1(12,5)
	0(0)
	0(0)
	1(4)
	
	

	
	Retired
	1(12,5)
	0(0)
	0(0)
	1(4)
	
	

	
	Disabled Retired
	0(0)
	2 (22.2)
	1(12,5)
	3 (12)
	
	

	
Full Time Job N (%)

	
	Yes
	1 (12.5)
	2(22.2)
	0(0)
	        3(12)
	1,839
	0.75

	
	No
	7 (87.5)
	7 (77.8)
	8(100)
	  22(88)
	
	

	
Part Time Job N (%)

	
	Yes
	0(0)
	2(22.2)
	           1(12.5)
	3 (12)
	1,839
	0.75

	
	No
	8(100)
	7 (77.8)
	7(87.5)
	22(88)
	
	

	Economic Status N (%)

	            Weak
            Middle
            Good   
	3(37.5)
	1(11.1)
	1(12,5)
	5(20)
	3,283
	0.56

	
	5(62.5)
	6 (66.7)
	6(75)
	1 7 (68)
	
	

	
	0(0)
	2 (22.2)
	1(12.5)
	3 (12)
	
	

	

	Number of Marriages N (%)
	0.5 ± 0.2(8)
	0.3 ± 0.2(9)
	0.4 ± 0.2(8)
	0.4 ± 0.1(25)
	 0.500H
	0.78

	           MR
	15.50
	14.10
	14.10
	
	
	

	

	Number of Siblings N (%)
	4.5 ± 0.6(8)
	3.3 ± 0.5(9)
	4.6 ± 1.2(8)
	4.1 ± 0.5(25)
	 0.778
	0.47

	           MR
	
	
	
	
	
	

	
	
	
	
	
	
	

	Number of Children N (%)
	0.5 ± 0.5(8)
	0.3 ± 0.3(9)
	0.1 ± 0.1(8)
	0.3 ± 0.2 (25)
	       0.025H 
	0.99

	           MR
	13.9
	12.89
	12.94
	
	
	

	
Social Support  N (%)

	
	
	
	
	
	

	Sufficient
 Insufficient in some areas
Insufficient in many areas     
Insufficiant in all areas
	2(25)
	7 (77.8)
	4(50)
	13(52)
	
	

	
	4(50)
	1(11.1)
	3 (37.5)
	8(32)
	6,646
	0.28 

	
	1(12,5)
	1(11.1)
	1(12.5)
	3(12)
	
	

	
	1(12,5)
	0(0)
	0(0)
	1(4)
	
	

	
Number of Patients with Previous Long-acting Antipsychotics History      N (%)

	
	
	

	

	
        

	


	None
Previously Treated
	4(50)
	4(44.4)
	0(0)
	8(32)
	     5,856
	0.06* 

	
	4(50)
	5(55.6)
	8(100)
	17(68)
	
	

	

	
	
	
	
	
	

	Number of Hospitalizations
	2.4 ± 1.2(8)
	0.9 ± 0.3(9)
	0.6 ± 0.3(8)
	1.3 ± 1.4(25)
	1.659H 
	0.44

	
	15.38
	12.72
	10.94
	
	
	

	

Previous Hospitalization N (%)
   
	
	
	
	
	
	

	Yes 
No
	5(62.5)
	6 (66.7)
	4 (50)
	 15 (60)
	0.919
	0.88 

	
	3(37.5)
	3(33.3)
	4 (50)
	10 (40)
	
	

	
Longest Hospitalization Time


	None 
1 week
2 weeks
3 weeks
4 weeks

	3(42.9)
	3(37.5)
	5 (55.6)
	11 (45.8)
	0.632
	0.96

	
	0(0)
	1(12,5)
	0(0)
	1(4.2)
	
	

	
	1(14,3)
	1(12,5)
	1(11.1)
	3(12.5)
	
	

	
	0(0)
	1(12,5)
	0(0)
	1(4.2)
	
	

	
	3(42.9)
	2(25)
	3 (33.3)
	8 (33.3)
	
	

	Comorbid Medical Disease N (%)


	Yes
No 

	1(12,5)
	1 (11,1)
	3(37.5)
	5 (2 0)
	2,009
	0.46 

	
	7(87.5)
	8(88.9)
	5(62.5)
	20 (80)
	
	

	Trust in Treatment N (%)


	Yes
	8(100)
	       8 (88.9)
	7 (87.5)
	23 (92)
	1,259
	1

	No
	0(0)
	1(1 1.1)
	1 (12.5)
	2 (8)
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Disease Duration Year (N)
	16.9 ± 2.45(8)
	12.3 ± 2.24(9)
	2 0.8 ±3.11(6)
	16. 1 ±1.6(23)
	       2,702
	0.09 

	
	


Abbreviations: AOM: Aripiprazole Once-Monthly, PP1M: Paliperidone 1-Month, PP3M: Paliperidone 3-Month , M: Mean, SD: Standard Deviation, N: Number MR: Mean Rank
* Statistically significant at the p <0.05 level.






Table 2: Scale and Subscale Scores According To The Treatment Groups
	Scale Scores
	AOM(N)
M ± SEM (N)
MR
	              PP1M(N)
           M ± SEM (N)
                 MR
	PP3M(N)
M ± SEM (N)
MR
	Total (N)
M ± SEM (N)

	F value/
H value
	P Value

	
	
	
	
	
	
	

	PANSS Positive Score
	8.39 ± 0.42 (31) a
	9.31 ± 0.58 (35)
	

9.52 ± 0.83 (27) b
	

9.06 ± 0.36 (93)
	

0.520H 
	

0.77

	
MR
	44.66
	49.2
	
46.83
	
	
	

	
	
	
	
	
	
	

	PANSS Negative Score
	14.39 ± 0.91(31)a
	17.03± 1.06 (35)
	

18.48 ± 1.22(27) b
	

16.57 ± 6.09(93)
	

3.619
	

0.03**

	
	
	
	
	
	
	

	PANSS General Psycho-
pathology Score
	26.84 ± 1.06 (31)
	29.23 ± 1.25 (35)
	


31.07 ± 1.46 (27)
	


28.97 ± 0.74 (93)
	


2,694
	


0.07

	
	
	
	
	
	
	

	PANSS Total Score

	


50.10 ±1.76 (31) a
	


           55.60 ±2.56 (35)

	


59.3 ± 3.13 (27) b
	


54.84 ± 1.48 (93)
	

3,221
	


0.045 *

	MR
	             39.84
	                  7,974
	               53.96
	
	
	

	
	
	
	
	
	
	

	QLS Interpersonal Relations Score
	29.15 ±1.95(13)
	23 ± 2.28 (13)
	


23.18 ± 1.86(11)
	


25.22 ± 1.25(37)
	


2,964
	


0.65

	
	
	
	
	
	
	

	QLS
Instrumental Role

	      
29.08 ± 1.3 (13) a
	
22.38 ± 2.26 (13) b
	
      9.91 ± 1.6 (11) b
	
12.46 ± 0.9 (37)
	

8,299H
	

0.02*

	
MR
	25.88
	15.92
	14.5
	
	
	

	
	
	
	
	
	
	

	QLS
Intra-psychic Foundations Score
	29.08 ± 1.31 (13)a
	22.38 ± 2.26 (13) b
	22.91 ± 1.92 (11)
	24.89 ± 1.17 (37)
	4,081
	      



          0.03*

	
	
	
	
	
	
	

	QLS
Objects and Activities Score
	8.77 ± 0.57 (13)
	8.38 ± 0.64 (13)
	


7.82 ± 0.5 (11)
	


8.35 ± 0.33 (37)
	


0.652
	


0.53

	
	
	
	
	
	
	

	QLS
Total Score
	81.54 ± 4.7 (13)
	64.69 ± 5.86 (13)
	

65.91 ± 5.35 (11)
	

70.97 ± 3.27 (37)
	

3,193
	

0.05

	
	
	
	
	
	
	

	CDSS Score
	
3.48 ± 0.59 (27)
	
1.97 ± 0.28 (31)
	
2.48 ± 0.6 (25)
	
2.61 ± 0.29 (83)
	
2,637H
	
0.27

	
MR
	        48.09
	38.9
	
39.26
	
	
	

	
	
	
	
	
	
	

	BARS Score
	0.32 ± 0.17 (22)
	0.25 ± 0.12 (28)
	


1.22 ± 0.42 (23)
	


0.58 ±0.16 (73)
	


4,574H
	


0.1

	MR
	
        35.16
	33.84
	
42.61
	
	
	

	
	
	
	
	
	
	

	SAI Score
	16 ± 0.65 (30)
	13.63 ± 0.95 (35)
	13.78 ± 0.96 (27)
	14.45 ± 0.51(92)
	2,007H
	0.37

	
	         52.02
	                     43.77
	43.91
	
	
	

	
	
	
	
	
	
	

	ASEX Score
	13.9 ± 1.02 (29) a
	18.23 ± 1.12 (30) b
	
19.76 ± 0.89 (25) b
	
17.19 ± 0.65 (84)
	
8.586
	  
0.0001***

	
	
	
	
	
	
	

	ESRS Score
	3.46 ± 0.58 (24)
	3.41 ± 0.6 (32)
	
3.74 ± 0.67 (23)
	
3.52 ± 0.35 (79)
	
0.192
	
0.9

	MR
	
          39.94
	 38.89
	
41.61
	
	
	


Abbreviations: AOM: Aripiprazole Once-Monthly, P1A: Paliperidone 1-Month, P3A: Paliperidone 3-Month, M:Mean, SEM: Standard Error of Mean, MR: Mean Rank N:Number , MR: Rank Average
* Statistically significant at the p <0.05 level.
** Statistically significant at p<0.01 level.
*** Statistically significant at p<0.01 level.
Common superscripts indicate that there is no statistical significance between groups.






Table 3:Mean Plasma Levels of The Treatments
	Mean Plasma Levels:
	M ± SD(N)
	Lowest
	Highest

	
	
	
	

	Ariprazole Level
	149.78 ± 54.49
	65.16
	250.13

	
	
	
	

	Ariprazole/Metabolite Ratio
	1.5 ± 0.36
	0.84
	2.11

	
	
	
	

	PP1M Paliperidone Level
	6.27 ± 1.99 (40)
	2.84
	10.39

	
	
	
	

	PP3M Paliperidone Level
	8 ± 3.48 (32)
	2.81
	15.72

	
	
	
	

	PP1M and PP3M Paliperidone Level
	7.04 ± 2.86 (72)
	2.81
	15.72


                                                
Abbreviations : PP1M: Paliperidone 1 Month, PP3M: Paliperidone 3-Month, M: Average, SD: Standard Deviation, N:Number . Results are expressed in ng/mL.






Table 4: Comparison of Paliperidone Levels Between PP1M and PP3M Groups :
	Paliperidone Level
	M ± SD(N)
	Rank Rank
	U value
	Z value:
	P value

	
	
	
	
	
	
	
	

	PP1M
	6.27 ± 1.99 (40)
	32.48
	479
	-1,825
	0.07

	
	
	
	
	
	

	PP3M
	8 ± 3.48 (32)
	41.53
	
	
	

	
	
	
	
	
	

	Total
	7.04 ± 2.86
	
	
	
	

	
	
	
	
	
	


Abbreviations: PP1M: Paliperidone 1-Month, PP3M: Paliperidone 3-Month, 
M: Mean, SD: Standard Deviation,MR: Mean Rank N: Number 
Results are expressed in ng/mL .
* Statistically significant at the p <0.05 level.






Table 5:Correlations of the Efficacy and Safety Measures and the Mean Blood Drug Levels:
	
	Aripiprazole
Level
	Aripiprazole
metabolite
	Aripiprazole / metabolite
Ratio
	PP1M
Level
	PP3M
Level
	Total Paliperidone Level
	PANSS
Positive
Score
	PANSS
Negative Score
	PANSS
General Psychopathology
	PANSS
Total
	QLS
IR
	QLS
InsR
	QLS
IF
	QLS
OA
	QLS
T
	CDSS
	BARS
	SAI
	ASEX
	ESRS

	Aripiprazole
Level
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	aripiprazole
metabolite
	,758**
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	aripiprazole metabolite
Ratio
	,186
	.-,392*
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PP1M
Level
	.
	.
	.
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PP3M Level
	.
	.
	.
	.
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Total Paliperidone Level
	.
	.
	.
	1.000**
	-,010
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PANSS
Positive
Score
	,123
	-,171
	503**
	,133
	,369**
	-,010
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	PANSS
Negative Score
	,116
	,102
	,131
	,195
	,165
	,004
	,437**
	1
	
	
	
	
	
	
	
	
	
	
	
	

	PANSS
General Psychopathology
	,158
	-,231
	,641**
	,294
	,239
	,165
	,620**
	,588**
	1
	
	
	
	
	
	
	
	
	
	
	

	PANSS
Total
	,149
	-,195
	,641**
	,255
	-.142
	,239
	,734**
	,831**
	,907**
	1
	
	
	
	
	
	
	
	
	
	

	QLS
IR
	-.206
	-,251
	,081
	-,203
	,157
	-.142
	-490**
	,-,554**
	-364*
	-,515**
	1
	
	
	
	
	
	
	
	
	

	QLS
InsR
	-,533
	-,117
	-.396
	,111
	-,051
	,157
	-.468**
	-.359*
	-.458**
	-.508**
	,534**
	1
	
	
	
	
	
	
	
	

	QLS
IF
	,142
	,226
	-,156
	-,182
	-,103
	-,051
	-.263
	-.356*
	-.437**
	-.465**
	,051
	,583**
	1
	
	
	
	
	
	
	

	QLS
OA
	-.84
	-,127
	,004
	-,157
	-,087
	-,103
	-.497**
	-.489**
	-291
	-.449**
	,902**
	,377*
	-,110
	1
	
	
	
	
	
	

	QLS
T
	-,333
	-,183
	-.145
	-.138
	,209
	-0.87
	-.518**
	-,595**
	-491**
	-,621**
	,870**
	,796**
	,446**
	,744**
	1
	
	
	
	
	

	CDSS
	-,201
	-.386*
	,359
	-,039
	,537**
	,209
	0.49
	,164
	,338**
	,293**
	,219
	-.062
	-.228
	,335*
	,081
	1
	
	
	
	

	BARS
	-.95
	-.425*
	,394
	,093
	-,136
	,537**
	0.09
	,472**
	.278*
	,382**
	-.258
	-.178
	-,102
	-213
	-,260
	,482**
	1
	
	
	

	SAI
	,145
	,215
	-,107
	-,027
	-,323
	-,136
	-281**
	,-343**
	
-.253*
	-350**
	-,200
	,269
	,522**
	-.236
	,093
	-,125
	-.217
	1
	
	

	ASEX
	-,123
	,17
	-.339
	,197
	,041
	,140
	-,082
	-,056
	-,058
	-,063
	,053
	-,089
	-,118
	,094
	,001
	,037
	,211
	-,068
	1
	

	ESRS
	,488*
	,572
	-.272
	-.233
	,172
	,203
	,209
	,412**
	,533**
	,490**
	-.568**
	-.266
	-.344
	-.367*
	-430*
	,256*
	,235
	,012
	-,127
	1



Abbreviations: PP1M: Paliperidone 1-Month, PP3M: Paliperidone 3-Month, PANSS: Positive and Negative Syndrome Scale (Positive and Negative Syndrome Scale), QLS: Quality of Life Scale for Schizophrenia Patients, IL: Interpersonal Relations, InsR-Instrumental Role, IF- Intrapsychic Foundations, OA- Objects and Activities CDSS: Calgary Depression Assessment Scale in Schizophrenia, ISS: Insight Assessment Scale, ASex: Arizona Sexual Side Effects Scale: ESRS: Extrapyramidal Symptoms Evaluation Scale
	                    ** The Pearson correlation is significant at the 0.01 level. (2-tailed).

	                      * The Pearson correlation is significant at the 0.05 level. (2-tailed).
                     







































