
Int J Clin Exp Med 2020;13(4):2888-2894
www.ijcem.com /ISSN:1940-5901/IJCEM0107194

Original Article
Effects on social functioning and metabolism in  
the patients with first-episode schizophrenia:  
aipiprazole vs risperidone

Lei Gao, Xiao Zhang, Zhihao Jiang, Hui Li

Department of Psychiatry, Jining Psychiatric Hospital, Jining 272051, Shandong, China

Received December 31, 2019; Accepted February 11, 2020; Epub April 15, 2020; Published April 30, 2020

Abstract: Objective: To investigate the influence of aripiprazole and risperidone on metabolic indicators and social 
functions in the first-episode schizophrenia. Methods: 47 patients treated with aripiprazole as group A and 46 
patients treated with risperidone as group B were enrolled. The clinical efficacy, positive and negative symptom 
scale (PANSS), personal and social performance scale (PSP), levels of insulin, ghrelin, adiponectin, leptin, and body 
mass index (BMI) in two groups were investigated pre- and post-treatment. Results: The general psychopathological 
scores, negative symptom scores, and the total PANSS scores following treatment in group A were lower than those 
in B (P<0.05). Group A and B exhibited notable distinction in the total effective rate (TER) of treatment (P>0.05). 
The PSP scores of two groups increased following treatment (P<0.05); however, no notable distinction in PSP scores 
between two groups were found (P>0.05). In group A, the levels of insulin and adiponectin were not significantly 
different from those before treatment (P>0.05); the levels of ghrelin after treatment were lower than those before 
treatment, and the levels of leptin were higher than those before treatment (P<0.05). In group B, insulin and leptin 
levels were higher than those before treatment, and adiponectin levels were lower than those before treatment 
(P<0.05). The differences in levels of insulin, ghrelin, adiponectin, and leptin exhibited obvious distinction between 
two groups (P<0.05). Two groups showed no obvious distinction in BMI prior to treatment (P>0.05). However, the 
increase of BMI in group A following treatment was dramatically lower than that in B (P<0.05). Conclusion: Aripip-
razole and risperidone have similar clinical effects in patients with first-episode schizophrenia, and both can effec-
tively improve social functioning. Aripiprazole regulated ghrelin and leptin levels, and has no effect on BMI, while 
risperidone has effect on all indexes examined in this study.
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Introduction

Schizophrenia is a kind of serious mental dis-
turbance which can cause hallucinations, delu-
sions, and terribly disordered thoughts and 
behaviors [1]. The causative factor of it is still 
unknown, but scholars believe that genetics, 
brain chemistry and environment were impli-
cated in disorder progression [2]. Schizophrenia 
can cause terrible problems which endanger 
people’ life, including suicide, anxiety, obses-
sive-compulsive disorder (OCD), and alcohol, 
etc. if not treated timely.

Currently, the treatment of schizophrenia 
includes the non-drug therapy and drug thera-
py, while antipsychotic agents are the mainstay 
of the drug therapy [3]. Chlorpromazine and 

haloperidol are two kinds of classic antipsy-
chotics, but these medicines were liable to 
bring about side effects, including adverse 
reactions, cardiovascular adverse reactions, 
extrapyramidal symptoms, and excessive seda-
tion, which adversely influence patients’ life 
quality [4, 5]. Atypical antipsychotics refer to 
antipsychotics that are less liable than conven-
tional antipsychotics to result in certain side 
effects. They could not only block dopamine D2 
receptors, but also improve the negative and 
positive symptoms of patients with schizophre-
nia, and patients’ cognitive function was not 
affected. Atypical antipsychotics have mostly 
substituted conventional agents as first-line 
therapy in treating schizophrenia [6, 7]. Zipr- 
asidone, aripiprazole, quetiapine, olanzapine, 
and risperidone are most-prescribed atypical 
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antipsychotic drugs. Compared with traditional 
ones, these drugs exhibited higher safety and 
security [8].

Clinical studies performed in patients with 
schizophrenia usually focused on alleviating 
and controlling psychiatric symptoms, and the 
latest views deem that we should not only 
effectively relieve the patient’s mental symp-
toms, but also avoid metabolic syndrome, 
weight gain, and the ability of social functioning 
should be improved [9, 10]. This study mainly 
explores the effects of aripiprazole and risperi-
done on metabolic-related indicators and social 
functioning in the treatment of first-episode of 
schizophrenia.

Materials and methods

Baseline data

93 patients with first- episode schizophrenia 
were evaluated retrospectively and classified to 
two groups according the treatment method. 
47 patients treated with aripiprazole were 
enrolled as group A, including 30 males and 17 
females. 46 patients treated with risperidone 
were included in group B, including 29 males 
and 17 females. Inclusion criteria was patients 
who signed informed consent; met diagnostic 
criteria for schizophrenia outlined in Chinese 
Classification of Mental Disorders Version 3 
[11]; total PANSS scores ≥60; without history of 
antipsychotics treatment. 

Exclusion criteria was patients with family his-
tory of diabetes; suicide attempt; serious 
aggressive behavior; abnormal electrocardio-
gram; pregnant; history of drug abuse; psycho-
active substances misuse; combined with other 
serious physical diseases. The study has been 
approved by medical ethics committee in our 
hospital.

Methods

Patients in group A were given aripiprazole oral-
ly disintegrating tablets (cat.No: H20060521, 
Chengdu Kanghong Pharmaceutical Group Co., 
Ltd. Specification: 5 mg × 20 tablets/box), the 
daily dosage was 0-30 mg/d for 24 weeks.

Patients in group B were administrated with ris-
peridone oral tablet (cat. No: H20061072, 
Beijing Tianheng Pharmaceutical Research 
Institute Nanyang Tianheng Pharmaceutical 

Factory, Specification: 1 mg × 20 tablets/box), 
daily dosage was 2-6 mg/d for 24 weeks.

Outcome measurement

PANSS score [12]: PANSS scores in two groups 
pre- and post-treatment was assessed. The 
PANSS yields a total average symptom score, 
based on 30 items, of which there were 16 gen-
eral pathological items, 7 negative items, and 7 
positive items. The patient is mentally assessed 
by a specially trained psychiatrist. The lower 
score indicated the better mental symptoms. 
The scale’s Cronbach’s alpha coefficient is 
0.988.

Efficacy evaluation criteria [13]: The clinical effi-
cacy of the two groups was evaluated regarding 
percentage of PANSS reduction. ≥75%, 50%-
74%, 30%-49%, and <30% PANSS reduction 
were set as cured, markedly effective, effec-
tive, and ineffective, with total effective = cured 
+ markedly effective + effective.

PSP scores [14]: The social functions of two 
groups were evaluated using the PSP, which 
determines 4 aspects of personal and social 
behaviors (socially useful activities, personal 
and social connections, self-care, interference 
and aggression behaviors) and provides a 
score between 1 and 100. Scores ≤ 30 indi-
cates low social functioning, and the patient 
requires close monitoring and active support, 
31-70 manifests disabilities of various degrees, 
and 70 to 100 is indicative of mild difficulties or 
better than adequate functioning. The scale’s 
Cronbach’s alpha coefficient is 0.922.

Metabolic indicators: 5 mL morning fasting 
elbow venous blood in the two groups was col-
lected before and after treatment, centrifuged 
at 3000 r/min for 5-10 min. ELISA (enzyme-
linked immunosorbent assay, Hebei Changtian 
Pharmaceutical Co., Ltd.) was used to measure 
levels of insulin, ghrelin, adiponectin, and leptin 
in two groups. All operations strictly conformed 
to kit instructions.

BMI [15]: BMI was calculated before and after 
two gorups, BMI = weight(kg)/[height(m)]2.

Statistical analysis

SPSS 22.0 was the statistical analysis tool. 
Measurement data were expressed as mean ± 
standard deviation. Data that met the normal 
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distribution was tested by independent sample 
t test. Otherwise, it was examined using Mann-
Whitney U test. Enumeration data was expre- 
ssed as [n(%)], and compared by paired t test. 
Comparison between groups was performed 
with X2 test. P<0.05 indicated statistical sig- 
nificance.

course of 2-12 months. There was no statistical 
significance in terms of baseline data such as 
gender, age, course of disease and years of 
education in two groups (P>0.05) (Table 1).

PANSS scores comparison

The general psychopathological scores in group 
A and B prior to treatment were 39.25 ± 5.52 
and 39.28 ± 5.49, and exhibited no obvious 
distinction (P>0.05). The general psychopatho-
logical score after treatment in group A was 
20.12 ± 2.18, which was lower than 26.96 ± 
6.12 of group B (P<0.05) (Figure 1).

The negative symptom scores before treatment 
in group A and B were 24.58 ± 3.28 and 24.62 
± 3.25, and exhibited no obvious distinction 
(P>0.05). The negative symptom score follow-
ing treatment in group A was 10.25 ± 0.28, 
which was lower than 13.99 ± 0.23 of group B 
(P<0.05) (Figure 2).

The positive symptom scores before treatment 
in group A and B were 25.69 ± 4.18 and 25.72 
± 4.15. The positive symptom scores after 
treatment in group A and B were 11.25 ± 0.42 
and 11.29 ± 0.45, and exhibited no obvious 
distinction (P>0.05) (Figure 3).

The total PANSS scores before treatment in 
group A and B were 91.78 ± 7.25 and 91.82 ± 
7.23, with no significant difference (P>0.05). 
PANSS score in group A was 42.12. ± 5.28 fol-
lowing treatment, which was lower than 52.58 
± 5.38 of group B (P<0.05) (Figure 4).

Distinction in clinical effects of two groups

In group A, 25, 10, 6, and 6 patients were 
cured, dramatically effective, effective, and 
ineffective, respectively. The TER was 87.23%. 
In group B, 23, 11 and 11, 6 and 6 patients 
were cured, significantly, effective, and ineffec-
tive. The TER was 86.96%. No obvious distinc-
tion in TER existed (P>0.05) (Table 2).

Figure 1. Comparison of general psychopathological 
scores pre- and post-treatment in two groups. Gen-
eral psychopathological scores prior to treatment 
in group A and B were not significantly different, 
P>0.05. General psychopathological scores in group 
A were lower than those in B, P<0.05. *indicates vs. 
group B, P<0.05.

Table 1. Baseline data [n(%)] /(
_
x  ± sd)

Data A (n=47) B (n=46) t/X2 P
Gender Male 30 (63.83) 29 (63.04) 0.006 0.937

Female 17 (36.17) 17 (36.96)
Age (year) 23.15 ± 1.08 23.19 ± 1.05 0.181 0.857
Course of diease (month) 7.15 ± 0.29 7.19 ± 0.23 0.736 0.464
Duration of education (year) 7.05 ± 0.28 7.03 ± 0.21 0.389 0.698

Results

Baseline data comparison

Group A: 30 males (63.83%), 
17 female (36.17%), age (19-
32) years, course of 1-11 
months; Group B: 29 males 
(63.04%), and 17 females 
(36.96%), age (20-33) years, 

Figure 2. Distinction in negative symptom scores in 
two groups pre- and post-treatment. The two groups 
displayed no difference in negative symptom scores 
before treatment, but exhibited difference following 
treatment, P<0.05.
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Distinction in PSP scores of two groups

PSP scores of two groups before treatment 
exhibited no obvious distinction (P>0.05). Com- 
pared with scores before treatment, the PSP 
scores were increased after treatment in two 
groups, and exhibited obvious distinction (P< 
0.05). No obvious distinction existed in PSP 
scores between two groups after treatment 
(P>0.05) (Table 3).

Distinction in metabolic indicators of two 
groups

The levels of insulin, ghrelin, adiponectin, leptin 
before treatment between two groups exhibit-
ed no obvious distinction (P>0.05). No obvious 

distinction existed in insulin and adiponectin 
levels in group A pre- and post-treatment 
(P>0.05). Ghrelin level following treatment in 
group A was lower than that before treatment, 
and leptin level exhibited the opposite result 
(P<0.05). Ghrelin level in group B after treat-
ment was not significantly different from that 
prior to treatment (P>0.05). Following treat-
ment, the insulin and leptin levels in group B 
were higher than those prior to treatment, and 
the level of adiponectin was lower than that 
prior to treatment (P<0.05). A statistically sig-
nificant difference existed in the levels of insu-
lin, ghrelin, adiponectin, and leptin following 
treatment between two groups (P<0.05) (Table 
4).

Distinction in BMI of two groups

BMI prior to treatment between two groups 
exhibited no obvious distinction (P>0.05). BMI 
before and after treatment in group A exhibited 
no obvious distinction (P>0.05). BMI in group B 
after treatment was dramatically greater than 
that prior to treatment (P<0.05). The increase 
of BMI in group B after treatment was dramati-
cally greater than that in A (P<0.05) (Table 5).

Discussion

Schizophrenia is a highly diagnosed psychiatric 
disease. Clinically, it is necessary not only to 
alleviate and control the patient’s mental symp-
toms, but also to improve the social and meta-
bolic functions of patients [16, 17]. In this 
study, aripiprazole and risperidone were used 
to treat patients with schizophrenia. Compared 
with before treatment, the general psycho-
pathological score, negative symptom score, 
positive symptom score, and total PANSS 
scores after treatment were decreased (P< 
0.05), suggesting that aripiprazole and risperi-
done can effectively improve the clinical symp-
toms of patients with schizophrenia.

Except for the positive symptom score, the gen-
eral psychopathological score, negative symp-
tom score, and the total PANSS scores were 
lower in group A than in B (P<0.05), suggesting 
that aripiprazole excelled in improving patients’ 
emotional symptoms and negative symptoms 
in comparison with risperidone. The reason 
may be that Aripiprazole is not only a serotonin 
and dopamine system stabilizer, but also a pre-
synaptic autonomous receptor agonist [18]. In 

Figure 3. Distinction in positive symptom scores in 
two groups pre- and post-treatment. The two groups 
displayed no distinction during pre- and post-treat-
ment, P>0.05.

Figure 4. Distinction in total PANSS scores in two 
groups pre- and post-treatment. The two groups 
displayed no distinction in total PANSS scores pre- 
and post-treatment P>0.05; *indicates vs. group B, 
P<0.05.
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the model of DA hyperfunction, aripiprazole dis-
played strong antagonistic activity, while in the 
model of dopamine hypofunction, the drug also 
showed a strong excitatory effect, so the drug 
could stabilize the dopamine system [19]. At 
the same time, the drug is also a the serotonin 
1A receptor agonist, which has been shown to 
be effective in improving negative symptoms, 
cognitive impairment, depression and anxiety 
in patients with schizophrenia [20].

Increasingly, scholars adopted PSP scores to 
assess schizophrenia patients’ social functions 
[21]. Studies have shown that 30-70% of 
patients with schizophrenia can be effectively 
relieved of sychiatric symptoms after treat-
ment, but their social functioning did not 
change too much. [22]. There is a close correla-
tion between psychiatric symptoms and schizo-
phrenia patients’ social functions. After the 
patients’ psychiatric symptoms are relieved, it 
is beneficial to ameliorate life quality and social 
functions [23]. This study showed that com-
pared with those before treatment, the PSP 
scores of the two groups were increased after 
treatment, and exhibited obvious difference 
(P<0.05); however, no obvious difference exist-
ed between two groups after treatment (P> 
0.05), suggesting that aripiprazole and risperi-
done can effectively improve social functions of 
patients with schizophrenia, thus providing the 
possibility for patients to return to society as 
soon as possible. This may be because both 
aripiprazole and risperidone can increase the 
release of dopamine transmitters in the brain 
area. The release of dopamine transmitters 

depends on the early response genes, and fos 
is one of the common ones. After the action, it 
will increase the expression of fos gene. After a 
large amount of fos protein is generated, it will 
play an important role in the subsequent signal 
transduction pathway, promote the increase of 
synaptic release of dopamine, improve the pre-
frontal correlative function, and reduce mental 
symptoms, thus improving quality of life and 
social functions.

Studies have shown that using antipsychotic 
drugs for a long time can result in weight gain, 
and there is a close correlation between chang-
es in ghrelin, insulin, adiponectin, and leptin 
levels and obesity [24]. Leptin is a kind of hor-
mone produced by adipocytes which assumes 
a key part in regulation of food intake, energy 
consumption, and neuroendocrine function.  
By acting on the metabolic regulation center of 
the hypothalamus, it controls appetite, thereby 
inhibiting fat synthesis, reducing energy inta- 
ke, increasing consumption, suppressing insu-
lin secretion, and ultimately energy balance is 
effectively regulated [25]. Adiponectin is a pro-
tein hormone that is secreted from adipose tis-
sue. Clinical studies have shown that there is  
a close correlation between adiponectin and 
diabetic vascular disease, atherosclerosis, in- 
sulin resistance, type 2 diabetes, and obesity 
[26]. Ghrelin is an endogenous ligand for the 
growth hormone secretagogue receptor, which 
increases appetite and stimulates the release 
of growth hormone [27]. Insulin is a hormone 
closely related to substance metabolism and 
could inhibit lipolysis [28].

The study displayed that no obvious difference 
existed in the levels of insulin, adiponectin, and 
BMI in group A following treatment relative to 
that prior to treatment (P>0.05). Ghrelin level 
after treatment in group A was lower than that 
prior to treatment, and leptin level exhibited 
opposite result (P<0.05), indicating that aripip-
razole mainly affected the concentrations of 
ghrelin and leptin, and had little effect on insu-

Table 2. Comparison of clinical efficacy [n(%)]
Grouping cases Cured Markedly effective Effective ineffective Effective rate
A 47 25 (53.19) 10 (21.28) 6 (12.77) 6 (12.77) 41 (87.23)
B 46 23 (50.00) 11 (23.91) 6 (13.04) 6 (13.04) 40 (86.96)
X2 0.002
P 0.968

Table 3. Comparison of PSP scores between  
(
_
x  ± sd)

Grouping Before treatment After treatment
A (n=47) 45.52 ± 5.29 75.56 ± 6.18
B (n=46) 45.59 ± 5.23 75.15 ± 6.13
t 0.064 0.321
P 0.949 0.749
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lin and adiponectin levels, and it will not in- 
crease the patient’s weight after administra-
tion. This was consistent with the study of 
Moroder [29], which is speculated that aripipr- 
azole may regulate leptin concentration thr- 
ough ghrelin, and the combined effect of the 
two will not increase patients’ weight. After 
treatment, there was no significant difference 
in ghrelin level in group B as compared with 
that before treatment. Insulin, leptin and BMI 
levels in group B after treatment were higher 
than those prior to treatment, and adiponectin 
levels were lower than those prior to treatment 
(P<0.05), suggesting that risperidone affected 
insulin, leptin, adiponectin levels, and BMI, but 
had little effect on ghrelin level. Mechanistically, 
atypical antipsychotics can reduce the sensi- 
tivity of the central nervous system to leptin sig-
nal, reduce adiponectin concentration, and  
promote appetite and weight gain. In addition, 
weight gain will activate the ob gene and pro-
mote the continuous secretion of leptin. Su- 
stained increase in plasma leptin levels may 
change the function or quantity of leptin recep-
tors, reduce the biological effects of leptin, 
leading to leptin resistance and eventually pro-
duce insulin resistance. It will also promote 
weight gain, and in severe cases, it can even 
cause metabolic syndrome.

In summary, aripiprazole and risperidone have 
similar clinical effects when treating first-epi-

sode schizophrenia, and both can effectively 
improve the social functioning of patients. 
Aripiprazole could regulate ghrelin and leptin 
levels and has no effect on BMI while risperi-
done has an effect on levels of insulin, leptin, 
adiponectin, and BMI.

However, due to the limited sample size in the 
study, the results obtained are not sufficiently 
representative, which needs to be further ex- 
plored by expanding the sample size in the 
future.

Acknowledgements

The authors received no financial support for 
the research, authorship, and/or publication of 
this article.

Disclosure of conflict of interest

None.

Address correspondence to: Hui Li, Department of 
Psychiatry, Jining Psychiatric Hospital, No. 1, Jidai 
Road, Jining 272051, Shandong, China. Tel: +86-
0537-3203205; E-mail: v0apw4@163.com

References

[1] Seidman LJ and Mirsky AF. Evolving notions of 
schizophrenia as a developmental neurocogni-
tive disorder. J Int Neuropsychol Soc 2017; 23: 
881-892.

[2] Jin H and Mosweu I. The societal cost of schizo-
phrenia: a systematic review. Pharmacoeco-
nomics 2017; 35: 25-42.

[3] Upthegrove R, Marwaha S and Birchwood M. 
Depression and schizophrenia: cause, conse-
quence, or trans-diagnostic issue? Schizophre-
nia Bulletin 2017; 43: 240-244.

[4] Temmingh H and Stein DJ. Anxiety in patients 
with schizophrenia: epidemiology and man-
agement. Cns Drugs 29: 819-832.

[5] Gillespie AL, Samanaite R, Mill J, Egerton A and 
MacCabe JH. Is treatment-resistant schizo-
phrenia categorically distinct from treatment-

Table 5. Comparison of BMI before and after 
treatment (

_
x  ± sd, kg/m2)

Group Before treatment After treatment
A (n=47) 64.12 ± 5.12 65.02 ± 5.13*

B (n=46) 64.18 ± 5.23 68.89 ± 6.68#

t 0.056 3.138
P 0.956 0.002
Note: #indicates comparison with that before treatment, 
P<0.05; *indicates comparison with group B, P<0.05.

Table 4. Comparison of metabolic indicator (
_
x  ± sd)

Group
Insulin (uIU/ml) Ghrelin(ng/ml) Adiponectin (ug/ml) Leptin (ng/ml)

Before 
treatment

After  
treatment

Before 
treatment 

After  
treatment

Before 
treatment 

After  
treatment

Before 
treatment 

After  
treatment

A (n=47) 6.72 ± 0.28 6.65 ± 0.15* 4.15 ± 0.52 3.12 ± 0.22#,* 7.85 ± 0.69 7.69 ± 0.52* 3.96 ± 0.28 5.96 ± 0.25#,*

B (n=46) 6.78 ± 0.25 7.89 ± 2.36# 4.18 ± 0.49 4.19 ± 0.42 7.88 ± 0.63 6.15 ± 0.46# 3.99 ± 0.26 7.99 ± 0.29#

t 1.089 3.595 0.286 15.437 0.219 15.115 0.535 36.181
P 0.279 0.001 0.775 0.000 0.727 0.000 0.594 0.000
Note: #indicates comparison with that before treatment, P<0.05; *indicates comparison with group B, P<0.05.



Effects of aripiprazole and risperidone

2894 Int J Clin Exp Med 2020;13(4):2888-2894

responsive schizophrenia? A systematic re-
view. BMC Psychiatry 2017; 17: 12.

[6] Kusumi I, Boku S and Takahashi Y. Psycho-
pharmacology of atypical antipsychotic drugs: 
from the receptor binding profile to neuropro-
tection and neurogenesis. Psychiatry Clin Neu-
rosci 2015; 69: 243-258.

[7] Bishara A, Phan SV, Young HN and Liao TV. Glu-
cose disturbances and atypical antipsychotic 
use in the intensive care unit. J Pharm Pract 
2016; 29: 534-538.

[8] Rege S, Sura S and Aparasu RR. Atypical anti-
psychotic prescribing in elderly patients with 
depression. Res Social Adm Pharm 2018; 14: 
645-652.

[9] Park Y, Hernandez-Diaz S, Bateman BT, Cohen 
JM, Desai RJ, Patorno E, Glynn RJ, Cohen LS, 
Mogun H and Huybrechts KF. Continuation of 
atypical antipsychotic medication during early 
pregnancy and the risk of gestational diabetes. 
Am J Psychiatry 2018; 175: 564-574.

[10] Faay MD, Czobor P and Sommer IE. Efficacy of 
typical and atypical antipsychotic medication 
on hostility in patients with psychosis-spec-
trum disorders: a review and meta-analysis. 
Neuropsychopharmacology 2018; 43: 2340-
2349.

[11] Chan V. Schizophrenia and psychosis: diagno-
sis, current research trends, and model treat-
ment approaches with implications for transi-
tional age youth. Child Adolesc Psychiat Clin N 
Am 2017; 26: 341-366.

[12] Liechti S, Capodilupo G, Opler DJ, Opler M and 
Yang LH. A developmental history of the Posi-
tive and Negative Syndrome Scale (PANSS). In-
nov Clin Neurosci 2017; 14: 12-17.

[13] Esfahlani F, Sayama H, Visser K and Strauss G. 
Sensitivity of the Positive and Negative Syn-
drome Scale (PANSS) in detecting treatment 
effects via network analysis. Innov Clin Neuro-
sci 2017; 14: 59-67.

[14] Smith R, Alkozei A and Killgore WDS. Contribu-
tions of self-report and performance-based in-
dividual differences measures of social cogni-
tive ability to large-scale neural network 
functioning. Brain Imaging Behav 2017; 11: 
685-697.

[15] Kord-Varkaneh H, Djafarian K, khorshidi M and 
Shab-Bidar S. Association between serum os-
teocalcin and body mass index: a systematic 
review and meta-analysis. Endocrine 2017; 
58: 24-32.

[16] Charlson FJ, Ferrari AJ, Santomauro DF, Dimin-
ic S, Stockings E, Scott JG, McGrath JJ and 
Whiteford HA. Global epidemiology and burden 
of schizophrenia: findings from the global bur-
den of disease study 2016. Schizophrenia Bul-
letin 2018; 44: 1195-1203.

[17] Müller N. Inflammation in schizophrenia: path- 
ogenetic aspects and therapeutic consider-
ations. Schizophrenia Bulletin 2018; 44: 973-
982.

[18] Citrome L. Aripiprazole long-acting injectable 
formulations for schizophrenia: aripiprazole 
monohydrate and aripiprazole lauroxil. Expert 
Rev Clin Pharmacol 2016; 9: 169-186.

[19] Ennis ZN and Damkier P. Pregnancy exposure 
to olanzapine, quetiapine, risperidone, aripip-
razole and risk of congenital malformations. A 
systematic review. Basic Clin Pharmacol Toxi-
col 2015; 116: 315-320.

[20] Hard M, Mills R, Sadler B, Turncliff R and 
Citrome L. Aripiprazole lauroxil: pharmacoki-
netic profile of this long-acting injectable anti-
psychotic in persons with schizophrenia. J Clin 
Psychopharmacol 2017; 37: 289-295.

[21] Hodgins S. Aggressive behavior among per-
sons with schizophrenia and those who are 
developing schizophrenia: attempting to un-
derstand the limited evidence on causality. 
Schizophrenia Bulletin 2017; 43: 1021-1026.

[22] Cohen CI, Meesters PD and Zhao J. New per-
spectives on schizophrenia in later life: impli-
cations for treatment, policy, and research. 
Lancet Psychiatry 2015; 2: 340-350.

[23] Chou FHC, Tsai KY, Wu HC and Shen SP. Can-
cer in patients with schizophrenia: what is the 
next step? Psychiatry Clin Neurosci 2016; 70: 
473-488.

[24] Peng S, Li W, Lv L, Zhang Z and Zhan X. BDNF 
as a biomarker in diagnosis and evaluation of 
treatment for schizophrenia and depression. 
Discov Med 2018; 26: 127-136.

[25] Farr O, Gavrieli A and Mantzoros C. Leptin ap-
plications in 2015: what have we learned 
about leptin and obesity? Curr Opin Endocrinol 
Diabetes Obes 2015; 22: 353-359.

[26] Woodward L, Akoumianakis I and Antoniades 
C. Unravelling the adiponectin paradox: novel 
roles of adiponectin in the regulation of cardio-
vascular disease. Br J Pharmacol 2017; 174: 
4007-4020.

[27] Mani BK and Zigman JM. Ghrelin as a survival 
hormone. Trends Endocrinol Metab 2017; 28: 
843-854.

[28] Mathieu C, Gillard P and Benhalima K. Insulin 
analogues in type 1 diabetes mellitus: getting 
better all the time. Nat Rev Endocrinol 2017; 
13: 385-399.

[29] Moroder L and Musiol HJ. Insulin-from its dis-
covery to the industrial synthesis of modern 
insulin analogues. Angewandte Chemie Inter-
national Edition 2017; 56: 10656-10669.


