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Objectives: Schizophrenia is a chronic psychiatric disorder, which reduces the patient’s 
quality of life. Although a minimum dose of medications has been recommended for treating 
this disorder, antipsychotic polypharmacy has been used experimentally leading to an increase 
in drug interactions. Aripiprazole is associated with a lower risk of metabolic side effects and 
is recommended as a first-line treatment for schizophrenia. Biomarkers can serve as predictive 
of treatment response in patients with schizophrenia. The aim of this study was to compare the 
efficacy of antipsychotic medication polypharmacy with Aripiprazole monotherapy in patients 
with long-term schizophrenia, using blood biomarkers.

Methods: Nineteen patients with long-term schizophrenia, who had received at least 2 types of 
antipsychotics with daily doses of more than 500 mg of Chlorpromazine, were included in the 
study. The response rates to the treatment based on the Brief Psychiatric Rating Scale (BPRS) 
score and the blood level of Interleukin 2 (IL-2), Interleukin 6 (IL-6), Interleukin-1 Receptor 
Antagonist (IL-1RA), and Brain-derived Neurotrophic Factor (BDNF) biomarkers were 
compared in antipsychotic polypharmacy and 6 months after monotherapy with Aripiprazole.

Results: The mean concentrations of IL-6, IL-1RA, and IL-2 significantly decreased after the 
intervention. The mean changes in the BPRS scores and also the relationship between changes 
in blood biomarkers and BPRS scores after intervention were not significant.

Discussion: The conversion of the antipsychotic polypharmacy state to monotherapy with 
Aripiprazole has been accompanied by a significant decrease in the serum levels of IL-2, IL-6, 
and IL-1RA. These biomarkers can be used for evaluating the response rate of schizophrenia 
treatments in the future.
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Highlights 

● Interleukin-1 receptor antagonist is an appropriate biomarker for evaluating the response rates in patients with 
schizophrenia.

● Interleukin 2 is an appropriate biomarker for evaluating the response rates in patients with schizophrenia.

● Interleukin 6 is an appropriate biomarker for evaluating the response rates in patients with schizophrenia.

Plain Language Summary 

In the future, psychiatrists can use the appropriate pattern of treatment for patients to measure the serum level of blood 
biomarkers to follow the treatment of patients with schizophrenia. The Interleukin-1 Receptor Antagonist (IL-1RA), 
interleukin-2, and interleukin-6 are probably biomarkers for considering response rates in patients with schizophrenia.

1. Introduction

chizophrenia is a psychiatric disorder with 
a wide range of biological and clinical 
manifestations. It affects 1% of the popu-
lation; however, its exact causative factor 
is not completely known [1]. More than 

50% of people diagnosed with schizophrenia have in-
termittent and long-term psychiatric problems and about 
20% of chronic symptoms and disabilities are developed 
[2]. Generally, in all available schizophrenia guidelines, 
drug monotherapy is recommended, and as the last re-
sort, using two or more antipsychotics is suggested [3, 
4]. The disadvantages of antipsychotic polypharmacy 
are as follow: 1. The use of two or more medications 
with inducing and inhibiting effects in the cytochrome 
P450 system that can lead to drug interactions [5]; 2. An 
excessive increase in the dosage of antipsychotics in the 
patient and subsequently leading to dose-related adverse 
effects [6]; 3. An increase in the cost of patient treatment 
[7]; 4. The increased likelihood of death in patients [8]; 
5. The discouragement of the patient from taking regular 
medications [9]. 

Given the unique mechanism of Aripiprazole, this 
medicine partially or completely reduces the metabolic 
side effects of antipsychotics and can decrease the pro-
lactin [10]. Aripiprazole has a unique pharmacological 
effect, which is associated with a lower risk of hyper-
prolactinemia, metabolic complications, weight gain, 
increased cholesterol, and high blood pressure; it is also 
widely used as the first-line therapy for schizophrenia 
[11, 12]. Biomarkers can serve as the predictors of diag-
nosis and response to treatment in patients with schizo-
phrenia and result in advancements in new therapeutic 
methods for schizophrenia. Since brain biopsy is not fea-

sible in the patient and also brain imaging techniques are 
costly, they are not applicable in identifying and tracking 
schizophrenia. The identification of biomarkers, which 
can be used as a diagnostic or predictive factor for re-
sponse to treatment in people with schizophrenia, is 
an important step in the ability to provide personalized 
treatment and attempt to develop new therapies. In ad-
dition, the high degree of heritability in schizophrenia 
suggests that genetic markers may be detectable in the 
peripheral tissue. The Brain-derived Neurotrophic Fac-
tor (BDNF) is the most commonly distributed neuronal 
agent in the brain, which level is associated with schizo-
phrenia. Hypermethylation of the BDNF gene promoter 
in patients with schizophrenia is reported [13]. 

The cytokines, such as Interleukin 2 (IL-2) and Inter-
leukin 6 (IL-6) are altered in the serum of schizophrenic 
patients with an upstream regulation of inflammatory 
cytokines and some of their receptors, such as anti-in-
flammatory Interleukin-1 Receptor Antagonist (IL-1RA) 
[14]. By determining the rate of using antipsychotic 
drugs in patients with chronic schizophrenia in the Razi 
Psychiatric Hospital and the relationship between the 
type of treatment and the studied variables, as well as the 
results of the research, all physicians can be expected to 
use the appropriate pattern of treatment in the future for 
patients to measure the serum level of blood biomarkers 
to follow the treatment of patients with schizophrenia. 
In this study, by measuring the specific blood biomark-
ers to provide follow-up therapy for schizophrenia, the 
response to treatment was compared in the antipsychotic 
medication polypharmacy and Aripiprazole monothera-
py groups.

S
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2. Methods

This clinical trial (without a control group) was carried 
out before and after intervention on the case group (pa-
tients with schizophrenia). Of all patients with long-term 
schizophrenia (more than 2 years), who were referred to 
the long-term admission departments of the Razi Psy-
chiatric Hospital, all who received at least 2 types of an-
tipsychotics with daily doses of more than 500 mg of 
Chlorpromazine for more than 6 months, enrolled in the 
study. The inclusion criteria included patients aged 18 
to 65 years with long-term schizophrenia (more than 2 
years), who received at least 2 antipsychotic drugs with 
a dose of more than 500 mg of chloramphenicol per day. 

The exclusion criteria also included autoimmune dis-
eases, uncontrolled diabetes, cardiovascular diseases, 
severe infectious disease requiring serious intervention, 
treatment with immunosuppressive drugs, the use of 
antibiotics within 1 month before evaluating the serum 
biomarker level, other severe brain disorders, such as 
seizures and multiple sclerosis, mental disability, alcohol 
or drug abuse, the simultaneous presence of other major 
psychiatric illnesses requiring drug therapy, the exacer-
bation of the symptoms that conflicts with the clinical 
trials, and unwillingness to continue the study. At the 
beginning of the study, the following factors were de-
termined: the patients’ age and sex, the type and amount 
of all used psychiatric drugs (especially antipsychotics, 
as well as the doses of Chlorpromazine equivalent), 
the total duration of the disease, and the duration of the 
polypharmacy treatment. After obtaining consent from 
the patients or their legal guardians, they were placed in 
the clinical trial stage. Before the intervention, the Brief 
Psychiatric Rating Scale (BPRS) score, as well as the 
serum level of IL-2, IL-6, IL-1RA, and BDNF, were 
measured. The intervention included the conversion of 
antipsychotic medication polypharmacy to monotherapy 
with Aripiprazole. 

Each 100 mg of the Chlorpromazine was considered 
as 7.7 mg of Aripiprazole. With regard to the recurrence 
rate, the number of previous drugs gradually decreased 
and the administration of Aripiprazole initiated at a dose 
of 2.5 mg. Finally, a total dose was calculated and the 
maximum dose prescribed for the drug was administrat-
ed. Based on the clinical status of the patient the occur-
rence of drug complications, the process of changes in 
drug dose was lowered or stopped. After reaching the 
Aripiprazole monotherapy phase, the treatment lasted 
for 6 months, during which the patients were visited reg-
ularly by a psychiatric assistant to check clinical signs 
and side effects. After 6 months of treatment with Ar-

ipiprazole monotherapy, the BPRS score, as well as the 
serum levels of IL-2, IL-6, IL-1RA, and BDNF, were 
compared to the baseline. The sample size was calcu-
lated 13 subjects based on the study of Lawrence S Keg-
eles et al. with 95% confidence interval, 90% statistical 
power, mean difference of 4.1, Standard Deviation (SD) 
of 4.3, a probable loss of 15%, and the mean comparison 
formula. IL-2, IL-6, IL-1RA, and BDNF were measured 
by ELISA kits (Abcam Co. UK) [15].

The mean and SD were reported for quantitative analy-
sis and the frequency tables were reported for frequency 
variables. For data analysis, the correlation analysis and 
paired t-test were used. Statistical analyses were per-
formed via SPSS V. 16.

3. Results

In this study, 26 patients with schizophrenia, who 
had the inclusion criteria, were included; 7 of them (4 
women and 3 men) were excluded during the interven-
tion and, finally, 19 patients were studied. 15 subjects 
(78.9%) were male and 4 subjects (21.1%) were female 
with the Mean±SD age of 49±49.49 years (age range of 
33-65 years). The Mean±SD age of male patients was 
50.46±7.43 years (age range of 38-60 years), whereas 
the Mean±SD age of female patients was 45.33±12.72 
years (age range of 33-65 years). The Mean±SD dura-
tion of schizophrenia was 17.55±11.47 years (age range 
of 2-34 years). The Mean±SD duration of polypharmacy 
therapy was 3.42±2.93 years ranging from 0.5-16 years. 
Moreover, the Mean±SD total dose of polypharmacy an-
tipsychotics based on the dose of Chlorpromazine before 
the onset of the intervention was 963.68±43.69 ranging 
from 500 mg to 1860 mg. The paired t-test was used to 
measure blood biomarker concentrations (Table 1). 

Plasma concentrations of IL-6, IL-1RA, and IL-6 sig-
nificantly decreased from polypharmacy to monother-
apy with Aripiprazole after changing the antipsychotic 
drug (P<0.05). The concentration of BDNF biomarker 
increased after the intervention; however, this increase 
was not significant (P=0.734). There was no significant 
difference in the level of blood biomarkers between men 
and women; in both groups, the plasma concentrations 
of IL-6, IL-1RA, and IL-2 were significant after the in-
tervention. The patients were divided into 2 groups of 
less than 50 years old and over 50 years old based on 
homogeneous distribution Table 2 and blood biomarkers 
were compared in these groups. In patients older than 
50 years, IL-6, IL-1RA, and IL-2 were significantly de-
creased after the intervention (P<0.05). 
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The subjects were assigned to 3 groups based on the 
equivalent dose of Chlorpromazine that they received; 
their changes in blood biomarkers were also monitored 
(Table 3). IL-6 and IL-1RA concentrations were signifi-
cantly reduced in patients with previous treatment with 
a dose of less than 700 mg of Chlorpromazine after the 
intervention (P<0.05). The changes in IL-6 concentra-
tions in patients with previous therapeutic regimens with 

a dose of 700 mg to 1000 mg Chlorpromazine had a 
significant decrease (P=0.008). Changes in the concen-
tration of IL-6, IL-1RA, and IL-2 were significantly re-
duced in patients, who had polypharmacy with a dose of 
more than 1000 mg of Chlorpromazine (P<0.05).

Patients were divided into 4 groups based on the du-
ration of the disorder, and changes in their blood bio-

Table 1.  Serum level of  biomarkers in two regimens of antipsychotic polypharmacy and monotherapy with Aripiprazole in 
schizophrenic patients 

Variables
Mean±SD

T P
Before Intervention After Intervention

IL-2 2.898±0.908 2.100±0.584 3.023 0.007

IL-1RA 181.401±5.219 174.026±5.127 4.194 0.001>

IL-6 8.61±1.11 7.02±0.97 8.525 0.001>

BDNF 5.001±1.007 5.114±1.964 -0.345 0.734

Table 2. Significant changes in blood biomarkers before and after the intervention based on age

BDNFIL-6IL-1RAIL-2Biomarker
Age (y)

0.7340.001>0.0140.138Less than 50

0.9670.001>0.0040.011More than 50

Table 3. Significant changes in blood biomarkers before and after the intervention based on the equivalent dose of Chlorpromazine

BDNFIL-6IL-1RAIL-2Biomarker
Dose Chlorpromazine (mg)

0.3910.0090.0050.938Less than 700

0.4840.0080.190.134700-1000

0.1630.001>0.0020.006More than 1000

Table 4. Significant changes in blood biomarkers before and after the intervention based on the duration of the disorder

BDNFIL-6IL-1RAIL-2Interleukin
Duration of the Disorder (y)

0.0920.0030.1640.800Less than 10

0.1260.0020.0590.018Between 10 and 20

0.5370.0460.0560.101Between 20 and 30

0.8600.0210.0430.099More than 30
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markers were compared (Table 4). In patients, who had 
schizophrenia for less than 10 years, the concentration 
of IL-6 significantly decreased (P=0.003). IL-6, IL-1RA, 
and IL-2 concentrations significantly decreased in those, 
who had experienced schizophrenia for 10 to 20 years 
(P<0.05). In patients, who had schizophrenia for over 
30 years, the IL-6 and IL-1RA concentrations were sig-
nificantly reduced after the intervention (P<0.05). How-
ever, changes in BDNF and IL-2 were not significant in 
this group of patients. The subjects were divided into 2 
groups based on the times in the polypharmacy status, 
and the changes in their blood biomarkers were com-
pared (Table 5). In patients with polypharmacy of fewer 
than 2 years, a significant decrease was observed in the 
concentrations of IL-2, IL-6, and IL-1RA (P<0.05). In 
patients with polypharmacy longer than 2 years, the IL-
2, IL-6, and IL-1RA concentrations were significantly 
reduced (P<0.05). 

The Mean±SD BPRS score of the subjects at the base-
line and after the intervention was 25.736±10.521 and 
12±26.6, respectively. There was no significant differ-
ence in the BPRS score in cases before and after the in-
tervention (Table 6). The results of the Pearson correla-
tion test indicated a positive correlation between IL-6, 
IL-1RA, IL-2, and BPRS changes; however, this was not 
statistically significant (P>0.05). In addition, there was 
no significant difference in BDNF concentration and 
BPRS scores after the intervention (P>0.05).

4. Discussion

Generally, 78.9% of patients with schizophrenia were 
male. The prevalence of schizophrenia is equivalent for 
men and women; however, the onset and severity of dis-
order are different in both sexes. On the other hand, in 
previous studies, there has been more antipsychotic poly-
pharmacy in males than females; it can be as a result of 
the physician’s perceptions that basically male patients 
are expected to be more severely agitated and aggressive 
than females. In addition, possibly men are physically 
more able to tolerate combination therapy [16]. 

In this study, 8 women were studied, which was sig-
nificantly less than the number of male patients. There-
fore, variations in variables cannot be considered for 
gender differences, which is one of the limitations of 
this study. In the present study, the level of IL-6, IL-
1RA, and IL-2 after the intervention was significantly 
reduced. Based on the results of previous studies on 
changes in the level of interleukins, schizophrenia has 
been shown to increase plasma levels of these interleu-
kins and they are reduced after treatment. Regarding 
the lower level of these interleukins in the treatment of 
Aripiprazole monotherapy compared to polypharmacy, 
it can be concluded that monotherapy with Aripipra-
zole provides better control of the disease. In 2010, RC 
Drexhage et al. showed that the levels of IL-2 and IL-6 
in schizophrenic patients were, respectively, increased 
and decreased in treatment duration, which is consis-
tent with the results of this study [17].

Table 5. Significant changes in blood biomarker levels after intervention based on the times in the polypharmacy status

BDNFIL6IL-1RAIL-2Interleukin
Duration of Polypharmacy (y)

0.5390.0020.0010.01Less than 2

0.9690.001>0.0210.05More than 2

Table 6. The correlation between the changes in serum  levels of biomarkers after intervention and the BPRS scores of patients

Variable Correlation P

Changes in Interleukin 2 and BPRS 0.21 0.37

Changes in Interleukin 1RA and BPRS 0.2 0.3

Changes in Interleukin 6 and BPRS 0.011 0.96

BDNF and Changes in BPRS -0.20 0.4
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The results of a study by Leffler in 2010 showed that 
in the long term, the plasma IL-6 levels decreased in pa-
tients treated with Clozapine monotherapy. The results 
of this study, as well as our results, indicate that the new 
generation antipsychotics are associated with a reduc-
tion in IL-6 levels. Comparing the results of this study 
and the results of the current research, treatment with 
Aripiprazole has been associated with a higher reduction 
in IL-6 levels than Clozapine treatment; the reason might 
be because of the use of Clozapine in patients resistant 
to treatment, who were less affected by the level of IL-6 
associated with treatment. In this study, changes in the 
level of blood biomarkers were compared with the age 
groups of less than 50 years and over 50 years. In pa-
tients younger than 50 years old, only the plasma levels 
of IL-6 and IL-1RA significantly decreased. In patients 
older than 50 years, changes in IL-6, IL-1RA, and IL-2 
were significantly decreased; it indicated that IL-6 and 
IL-1RA are linked to the more desirable results than 
IL-2 to assess the response to treatment in patients with 
schizophrenia at an early age [18]. 

In the present study, serum levels of BDNF signifi-
cantly increased after intervention than baseline levels, 
but this increase was not significant. Lai et al. reported 
a significant increase in serum BDNF levels following 
better control of schizophrenia. According to Fernandes, 
serum BDNF levels have no positive relationship with 
schizophrenia [19]. Green et al. research entitled “BDNF 
levels in schizophrenia: A systematic review of meta-
analysis” showed that the Neurotrophin levels decreased 
in patients with schizophrenia. Regarding the contradic-
tory results of the plasma level of BDNF in patients with 
schizophrenia and the fact that this biomarker is changed 
in many diseases other than schizophrenia, including 
mood disorders, it can be concluded that BDNF has 
less specificity for schizophrenia than other biomarkers. 
BDNF measurement is less relevant than other biomark-
ers in order to evaluate the response to treatment in pa-
tients with schizophrenia [20]. In a study conducted in 
2015, in which Aripiprazole increased the plasma lev-
els of brain neurotrophic factors, there was a significant 
negative correlation between the duration of the disorder 
and plasma BDNF level [21]. 

In the present study, the plasma concentration of BDNF 
increased in the groups based on the duration of the dis-
order, but these changes were not significant. Patients 
with polypharmacy in all 3 groups received an antipsy-
chotic medication dose based on the dose of Chlorprom-
azine and they found a significant decrease in plasma 
IL-6 levels. This finding suggests that changes in IL-6 
are more relevant than other interleukins to assess the 

response rate in patients with schizophrenia. Changes in 
IL-2 levels were only significant in the patients treated 
with polypharmacy with a dose of more than 1000 mg 
of Chlorpromazine; it indicated the efficacy of this bio-
marker in assessing the response to treatment in patients 
with severe schizophrenia, who uses the higher doses of 
antipsychotics. Studying the changes in blood biomark-
ers based on the duration of the disorder in patients, who 
had schizophrenia for less than 10 years, only changes in 
the IL-6 biomarker were significant. 

This finding can indicate that IL-6 biomarker is more 
suitable for assessing response to treatment in patients 
with schizophrenia. In the patients with disorder dura-
tion of 10 to 20 years, the changes in IL-2, IL-6, and 
IL-1RA were observed. In the schizophrenia group 
with disease duration of 20 to 30 years, only a reduc-
tion in the IL-1 biomarker was found. Moreover, in the 
schizophrenic group with disorder more than 30 years, 
the levels of IL-6 and IL-1RA significantly decreased. 
These findings suggest that IL-1RA can be an appropri-
ate biomarker for examining the response to treatment 
in patients with schizophrenia. Blood biomarker level 
changes in 2 groups of patients with a duration  of more 
than 2 years and less than 2 years in a polymorphic con-
dition were not significantly different. Therefore, in this 
study, the duration of the polypharmacy was not effec-
tive on the level of blood biomarker levels. 

We also evaluated the response rate to treatment based 
on the reduction of clinical symptoms in the BPRS ques-
tionnaire. The Mean±SD BPRS baseline score in pa-
tients was 25.736±10.531, which changed to 26±12.6 
after treatment and it was not statistically significant. Ac-
cordingly, there was no clinically significant reduction 
in the symptoms of patients with schizophrenia, which 
can be because of the short study duration to examine 
the changes in symptoms. In 2014, Mirabzadeh et al. in a 
clinical trial changed the pattern of taking antipsychotics 
from polypharmacy to monotherapy with Risperidone in 
elderly patients with long-term schizophrenia [22]. The 
results of this study showed a significant reduction in 
the mean scores of the total and positive schizophrenic 
symptoms based on the BPRS test after treatment with 
Risperidone. 

The difference in the results of the present study and the 
mentioned study in reducing the symptoms of patients 
after changing to the Aripiprazole monotherapy can be 
attributed to the age differences of patients in two stud-
ies. It seems that elderly patients are more susceptible to 
drug side effects of antipsychotic polypharmacy, and af-
ter changing to antipsychotic monotherapy, their BPRS 
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score significantly decreased. In this study, the relation-
ship between BPRS score changes, as well as changes in 
the level of each blood biomarker, was examined before 
and after the intervention. There was a positive relation-
ship between changes in BPRS score and IL-6, IL-6, and 
IL-1RA. By decreasing the disorder symptoms in the 
BPRS questionnaire, the level of these biomarkers was 
also decreased; however, this relationship was not statis-
tically significant, which is consistent with the results of 
previous studies. 

In this study, there was a negative correlation between 
BDNF plasma level changes and patient scores in the 
BPRS test. By increasing the concentration of BDNF, 
the overall score of the BPRS test was reduced; how-
ever, these changes were not statistically significant 
[22]. A meta-analysis in 2013 showed that plasma 
BDNF levels were not related to the number of posi-
tive or negative symptoms in people with schizophre-
nia, which is consistent with the findings of this study. 
This meta-analysis also showed that plasma BDNF had 
a positive relationship with cognitive function (for ex-
ample, semantic production tasks) and hearing process-
ing after computer cognitive training in patients [23]. In 
the present research, a short follow-up was considered 
for patients in antipsychotic monotherapy, which could 
affect the BPRS results. A similar study with a longer 
follow-up is suggested. In this study, the number of 
women, who had the inclusion criteria, was less than 
the number of men, which reduced the validity of the 
results in terms of gender. It is recommended that stud-
ies with larger sample size and proper sexual distribu-
tion be carried out in the future.

5. Conclusion

By determining the pattern of antipsychotic drug use 
in patients with chronic schizophrenia in the women and 
men’s wards in Razi Psychiatric Hospital and also be-
cause of the relationship between the type of treatment, 
studied variables, and the obtained results, it can be 
expected that in the future, using the appropriate thera-
peutic method, the serum level of blood biomarkers can 
be measured to follow-up the treatment of patients with 
schizophrenia disorder. The IL-1RA, IL-2, and IL-6 are 
probably biomarkers for assessing the response to treat-
ment in patients with schizophrenia, which requires fur-
ther studies with a larger sample size for confirmation. 
In this study, the changes in the plasma level of these 
biomarkers did not correlate with the response rate of 
patients to treatment based on the BPRS questionnaire.
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