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In recent years, several studies claiming the finding of a specific biomarker for the 
identification of the “high-risk state” to develop psychosis, first psychotic episode, as 
well as the prediction of the individual response to antipsychotics have been published. 
Together with genetic reports, numerous publications in this field have been focused on 
inflammation and stress response blood biomarkers, as well as on indicators of redox 
dysregulation. In this review, we focus on human studies found in PubMed from January 
1st 2010 to January 31st 2017, describing the clinical use of these biomarkers to detect 
the “premorbid” psychotic state and early phases of the disease. Their pharmacological 
implications in predicting and monitoring the individual response to antipsychotic medi-
cation is also discussed.
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iNTRODUCTiON

Current literature includes several definitions of “biological markers” or “biomarkers.” In 1998, the 
National Institutes of Health (NIH) Biomarkers Definitions Working Group was constituted and, 
in 2001, the following definition of biomarker was published: “a characteristic that is objectively 
measured and evaluated as an indicator of normal biological processes, pathogenic processes, or phar
macologic responses to a therapeutic intervention” (1). In the same year, the International Program on 
Chemical Safety proposed another definition of biomarker: “any substance, structure, or process that 
can be measured in the body or its products and influence or predict the incidence of outcome or disease.” 
Both, these two definitions were established starting from a previous statement of the World Health 
Organization, describing a valid biomarker as: “almost any measurement reflecting an interaction 
between a biological system and a potential hazard, which may be chemical, physical, or biological. The 
measured response may be functional and physiological, biochemical at the cellular level, or a molecular 
interaction” (http://www.inchem.org/documents/ehc/ehc/ehc155.htm).

Given the crucial role that biomarkers can play in allowing and improving drug development 
progression, the economic investments and academic efforts in last decades were highly focused 

Abbreviations: IL-8, interleukin 8; TNF-α, tumor necrosis factor alpha; IL-6, interleukin 6; IL-12, interleukin 12; IL-23p40, 
interleukin 23 p40; INF-γ, interferon gamma; IL-10, interleukin 10; Th17, T helper 17; HPA stays for hypothalamic-pituitary-
adrenal axis; ACTH, adrenocorticotropic hormone; TBARS, thiobarbituric acid reactive substance; NAD, nicotinamide 
adenine dinucleotide.
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on the identification of valuable biomarkers for the most health 
impacting medical conditions. Indeed, over $ 2.5 billion were 
recently granted by the NIH to research proposals aimed to  
the identification of novel biomarkers. However, this did not 
result in the expected translation into clinical practice, espe-
cially with respect to biological markers identified by proteomic  
studies (2).

Together with genetic studies, research in the field of psychosis 
has focused on the identification of inflammation-related bio-
markers and mediators of the stress response in peripheral blood 
samples. Another recent and growing field of research on possible 
clinic and therapeutic use of specific biomarkers in this mental 
disorder has been focused on the imbalance between free radical 
production and the antioxidant system functioning, resulting 
in redox dysregulation and oxidative stress. In this review, we 
analyzed studies on humans, found on PubMed from January 
1st 2010 to January 31st 2017 and focused on the clinical use of 
inflammation and stress response blood biomarkers, as well as 
redox dysregulation biomarkers, in detecting the “premorbid” 
psychotic state and early phases of the disease. Their pharmaco-
logical implications in predicting and monitoring the individual 
response to antipsychotic medication are discussed.

LiTeRATURe SeARCH STRATeGY

The literature source for the writing of this review was represented 
by papers present in PubMed from January 1st 2010 to January 
31st 2017, found by using the following keyword combinations: 
biomarkers AND psychosis; biomarkers AND first psychotic 
episodes; biomarkers AND psychosis high risk state; biomark-
ers AND antipsychotics; biomarkers AND psychosis AND 
inflammation; biomarkers AND psychosis AND stress-
response; biomarkers AND psychosis AND cortisol; biomarkers  
AND psychosis AND oxidative stress; biomarkers AND psy-
chosis AND redox dysregulation; biomarkers AND first psycho-
tic episode AND inflammation; biomarkers AND first psych otic 
episode AND stress-response; biomarkers AND first psychotic 
episode AND cortisol; biomarkers AND first psychotic episode 
AND oxidative stress; biomarkers AND first psychotic episode 
AND redox dysregulation; biomarkers AND psychosis high-risk 
state AND inflammation; biomarkers AND psychosis high risk 
state AND stress-response; biomarkers AND psychosis high  
risk state AND cortisol; biomarkers AND psychosis high risk 
state AND oxidative stress; biomarkers AND psychosis high risk 
state AND redox dysregulation; biomarkers AND antipsychot-
ics AND inflammation; biomarkers AND antipsychotics AND 
stress-response; biomarkers AND antipsychotics AND cortisol; 
biomarkers AND antipsychotics AND oxidative stress; biomark-
ers AND antipsychotics AND redox dysregulation.

A total number of 1,341 records was obtained with 73 record 
duplications, which were removed from further screening 
steps. The following inclusion criteria were applied for the next 
screening (based on titles and abstracts) of the remaining records 
(1,268): (1) language of publication (only publication written in 
English were considered); (2) type of publication (only original 
research articles, reviews and meta-analysis were considered); (3) 
subjects of the study (only studies on humans were considered); 

(4) source of samples (only data obtained from blood samples 
and derivatives were considered). Based on these criteria, 1,070 
records were excluded and 198 full-text articles were assessed 
for eligibility. We further screened them excluding works (total 
number 139) which: (1) did not include control group subjects; 
(2) were missing of a specific description of patients’ inclusion 
and exclusion criteria: (3) did not report sociodemographic 
informations for the included patients and controls; (4) did not 
clearly indicate the diagnostic criteria used for the identification 
of the considered psychotic stage; (5) did not include a clear indi-
cation of the medication type and related doses. Thus, the final 
number of studies included in the qualitative synthesis was 59  
(a PRISMA diagram is provided in Figure  1). The total num-
ber of references reported in the bibliography of this review  
also includes additional publications cited in the Introduction sec-
tion and in the introducing paragraphs of the other sections of 
this manuscript.

iNFLAMMATiON AND STReSS ReSPONSe 
BiOMARKeRS iN BLOOD AND iTS 
DeRivATiveS

Recent data have indicated a pathogenetic link between blood 
alterations and the psychotic disorder spectrum (3). Blood is 
considered the most easily accessible biological sample during 
any stage of the disease (4). This has justified significant efforts in 
trying to determine blood molecular correlates of schizophrenia 
and psychosis for early therapeutic interventions (5). In this 
context, data derived from drug-naive patients, subjects at ultra 
high risk of psychosis or at first psychotic episode, have been 
considered extremely precious. Several findings in this field have 
been published, especially regarding blood biomarkers of inflam-
mation and stress response.

inflammation Biomarkers
Over the past few years, there has been an increasing interest 
in researches focused on the pathogenetic role of inflammation 
in the development of psychosis and schizophrenia. Interesting 
data came from some epidemiological studies reporting that 
increased levels of maternal C-reactive protein, IL-8, and TNFα 
during childhood are associated to an elevated risk of developing 
a psychotic state (6). With respect to this point, early life expo-
sure to a chronic inflammatory state, together with a genetically 
determined impairment of the immune system, have been shown 
to strongly affect brain development, inducing a vulnerability, 
which could finally result in evident early psychotic symptoms 
(7). However, most of the papers focused on this subject lack 
from clear explanations about the primary cause of this state of 
increased inflammation.

Cytokines
IL-6 and related polymorphisms are the blood inflammatory 
biomarkers mostly shown as crucial players in the pathogenesis of 
schizophrenia. Information on their possible role as biomarkers 
in different psychosis stages and in the prediction of the response 
to antipsychotics are detailed in Table  1. Data related to other 
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FiGURe 1 | PRISMA flow diagram.
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cytokines (IL-1, IL-2, IL-4, IL-10, TNF-α, INF-γ, IL-17, and IL-8) 
are also reported in the same table.

Few previous publications have examined the validity of 
other cytokines in identifying subjects at high risk who finally 
converted to psychosis from those who did not. In an interesting 
recent study of Föcking and Colleagues, the levels of 40 neuroin-
flammation biomarkers were measured in “at-risk mental state” 
subjects who after transitioned to psychotic disorder and com-
pared to the ones of subjects who did not. In this work, authors 
provided preliminary evidence of an association between eleva-
tions in the baseline plasma levels of the inflammatory marker 
IL12/IL23p40 and the transition from “at-risk mental state” to a 
clinically evident psychotic disorder (25).

Other Inflammation Biomarkers
Very interesting data have been derived from patients with 
first psychotic episode. Indeed, several recent studies raised 
the hypothesis that an enhanced inflammatory state may play a 
crucial role in the earliest stages of psychosis (26). In particular, 
a 3-month longitudinal study has examined the pathogenetic 
link between increased inflammation and metabolic changes in 
53 patients with a diagnosis of first psychotic episode, showing 
a significant correlation of increased high-sensitivity C-reactive 
protein and enhanced triglyceride levels but not gluco-metabolic 
parameters (27). Interestingly, a population-based longitudinal 
study, aimed at investigating a possible relation between childhood 

atopic disorders (associated to increased serum inflammatory 
markers) and the risk of psychotic experiences, showed that 
atopic disorders in children may determine an increased risk  
of developing a psychotic experience during adolescence (28).

Inflammation As Possible Protective Component?
Although literature shows quite solid data on the pathogenetic 
link between increased inflammatory state and psychosis, some 
studies reported opposite outcomes, attributing, instead, to 
inflammation a protective role against the risk to develop a 
psychotic state. In an interesting work, carried on plasma and 
peripheral blood mononuclear cells of 85 subjects with a clinical 
diagnosis of first psychotic episode, Authors claimed that some 
specific markers of inflammation, such as 15d-prostaglandin-J2,  
may play the role of “protective” biomarkers (29). These con-
trasting results about the role of neuroinflammation in psycho-
sis and schizophrenia might be explained by the presence of 
several confounding factors. Among them, the most important 
one is related to the effects of antipsychotic medication, which 
is significantly associated to increased risk of weight gain and 
development of metabolic disorders, characterized “per se” by 
increased inflammation (30). However, observations derived 
from some meta-analyses and original works, performed by 
using peripheral blood samples of drug-naive schizophrenic 
patients, have clarified the existence of a treatment-independent 
association between increased inflammation and this mental 
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TABLe 1 | Summary of inflammation-related biomarkers.

inflammation 
biomarker

Findings Type of paper and reference

IL-6 and its 
polymorphisms

 – Increased in first psychotic patients
 – Increased in relapsed patients
 – Normalization after antipsychotic treatment

Meta-analysis (8)

Marker of transition from the “risk state” to clinically evident schizophrenia Original research (9)

 – Positive correlation between increased IL6 levels and an insidious onset of the disease
 – Positive correlation between increased IL6 levels and a longer duration of total illness
 – Positive correlation between increased IL6 levels and a more significant deterioration  

of mental state during the chronic phase
 – Associated with a major severity of positive symptoms

Original research (10)

Increased in schizophrenic patients Original research (11)

Increased levels in antipsychotic non- responder patients at onset and after 12 weeks of treatment Original research (12)

Decreased levels in patients who positively respond to antipsychotic medication Meta-analysis (13)
Original research (14)
Original research (15)
Original research (16)

No alterations of serum levels in first psychotic episode patients Original research (17)

Increased mRNA levels in leukocytes of first psychotic episode patients Original research (17)

IL-1 Decreased levels of IL-1ß in first psychotic episode patients and normalization after antipsychotic treatment Original research (18)
Increased levels of IL-1ß and IL-1α in first psychotic episode patients Original research (17, 19)
Increased levels of IL-1ß in adolescents with acute psychotic episodes Original research (20)
Decreased levels of IL-1α after antipsychotic treatment Original research (18)
Increased IL-1α mRNA levels in leukocytes of first psychotic episode patients Original research (17)

IL-2 No changes in patients at ultra-high risk state Original research (21)
No changes in first psychotic episode patients Original research (22)
Increased in drug-naïve first psychotic episode patients Original research (23)
Decreased levels after antipsychotic treatment Original research (18)

IL-4 No changes in patients at ultra-high risk state Original research (21)
 – No changes in first psychotic episode Original research (22)
 – Correlation with an early onset of psychosis Original research (22)
 – Increased levels in first psychotic episode patients and normalization after antipsychotic treatment Original research (18)

IL-10 No changes in patients at ultra-high risk state Original research (21)
No changes in first psychotic episode patients Original research (22)
Increased levels in first psychotic episode patients Original research (24)
Correlation with an early onset of psychosis Original research (22)

TNF-α No changes in patients at ultra-high risk state Original research (21)
No changes in first psychotic episode patients Original research (22)
Increased levels in first psychotic episode patients (serum and mRNA levels in leukocytes) Original research (17, 24)

INF-γ No changes in patients at ultra-high risk state Original research (21)
No changes in first psychotic episode Original research (22)
Decreased levels after antipsychotic treatment Original research (18)
Increased levels in antipsychotic non- responder patients at onset and after 12 weeks of treatment Original research (12)

IL-17 Decreased in patients at ultra-high risk state Original research (21)
No changes in first psychotic episode Original research (22)

IL-8 Decreased levels after antipsychotic treatment Original research (18)
Increased levels in adolescents with acute psychotic episodes Original research (20)
Increased serum levels in first psychotic episode patients Original research (17)
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disorder (31). Other important potentially confounding factors 
include smoking, alcohol, and use of illicit psychoactive com-
pounds. Nonetheless, studies that classify psychotic patients 
and respective controls according to these variables, with a 
consequent analysis of the statistical impact of these confound-
ing elements, are still very poor (32) and contrasting results 
have been obtained from them.

Stress Response Biomarkers
Several lines of evidence have pointed towards a pathogenetic 
link between stressful events in life, individual vulnerability, 
and the development of psychotic conditions, in particular first 
psychotic episode (33–35). Although the methodological valid-
ity of most of the studies focused on this subject, it should be 
adequately taken into account that stress response biomarkers 
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(in particular, cortisol) have been proposed for many other 
psychiatric conditions [such as autism (36), anxiety (37), bipolar 
and post traumatic stress disorders (38, 39)] and non-psychiatric 
illnesses [such as cardiovascular (40), proliferative (41) and 
gastrointestinal disorders (42)].

Stress Response Biomarkers in Ultra-High Risk  
and First Psychotic Episode Patients
It has been reported that “Ultra-High Risk” patients, as well 
as subjects with a clinical diagnosis of first psychotic episode, 
showed increased levels of emotional reactivity with an enhanced 
subjective perception of stress in response to adverse life events 
(43–45). This has mainly been attributed to alterations of the 
HPA axis functioning (46, 47), in particular, to its hyperactiv-
ity (48, 49) and to consequent elevation in cortisol release 
(50–52). Cortisol levels in psychotic patients and in subjects 
at high risk to develop this mental disorder have been mainly 
quantified in other biological samples rather than blood, such 
as saliva (53–55) or urine (56, 57). Thus, a minor number of 
studies, aimed at identifying cortisol levels as a valid biomarker 
for psychosis, has been performed using blood samples. Among 
them, an interesting study quantified serum cortisol levels in 
60 schizophrenic patients compared to 70 healthy first-degree 
relatives and 60 healthy volunteers, showing higher cortisol levels 
in the serum of schizophrenic patients compared to the other 
experimental groups. Interestingly, healthy first-degree relatives 
showed significantly increased serum cortisol when compared 
to the healthy subject group (58). A recent study by Sun and 
collaborators performed on blood samples collected from 15 
healthy subjects controls and 13 schizophrenic patients showed 
increased basal level of cortisol in this group, also persisting after 
8 weeks of clozapine treatment (59).

Stress Response Biomarkers for the Prediction  
of the Pharmacological Response
Blood cortisol levels have been proposed as valid biomarker 
and predictor of the pharmacologic response in patients with 
psychotic disorders. Indeed, Babinkostova et  al. evaluated 
blood cortisol levels of 60 schizophrenic patients compared to 
40 age and sex matched healthy subjects, both at baseline and 
after 3 and 6 weeks of treatment with neuroleptics. Serum cor-
tisol levels were found elevated both in schizophrenic patients 
and in antipsychotic treatment responders compared to non-
responder patients (60). In another work, evaluating cortisol 
levels in 31 healthy controls, 48 treatment-responder, and 59 
treatment non-responder schizophrenic patients, increased 
cortisol concentrations were detected in the group of respond-
ers with respect to healthy subjects. Only a trend in cortisol 
levels elevation was observed in non-responder schizophrenic 
patients compared to controls, while no differences were 
detected in treatment responders and non responders (61). 
Interestingly, when plasma cortisol levels were analyzed at the 
inpatient status, in order to eliminate the effect that hospitaliza-
tion/acute relapse may have on the stress response, a significant 
difference in plasma cortisol was found in treatment-responder 
patients with respect to non responders, although a significant 

difference between inpatient and outpatient treatment-non 
responder schizophrenic subjects was not observed (61).

However, other reports did not replicate these findings. Indeed, 
a study of Simsek and collaborators investigated serum cortisol 
levels in adolescent patients with a clinical diagnosis of first-
episode early onset schizophrenia, detecting no significant dif-
ferences in serum cortisol between adolescent psychotic patients 
and controls (62). In the same line, Tobolska and co-workers 
failed to identify differences in cortisol levels measured on blood 
samples collected from 10 schizophrenic patients compared to 
38 healthy individuals, while finding significant differences of 
cortisol levels in other biological samples (i.e., saliva and urine) 
derived from the same patients (55). These observations were 
also supported by another recent report describing a decreased 
resilience capacity in schizophrenic patients which, however, did 
not correlate with alterations in blood stress-related biomarkers, 
such as cortisol and ACTH (63).

ReDOX iMBALANCe BiOMARKeRS

Several publications have identified redox imbalance as a crucial 
player in the pathogenesis of psychosis. Most of the data on this 
subject have been obtained on both pharmacologic and non-
pharmacologic rodent models of this mental disorder (64–71). 
Increasing research interest is going toward the possibility 
to translate the findings obtained on animal models toward 
humans. Indeed, a consistent number of works are focusing on 
the measurement of reactive oxygen species amount, oxidative 
damage markers, and antioxidant defense functioning in dif-
ferent types of samples derived from psychotic medicated and 
unmedicated patients (72).

Table  2 reports an overview of the most relevant findings 
about the use of redox status-related biomarkers both in different 
stages of psychosis development and as predictors of response to 
medication.

Redox Dysregulation Biomarkers for  
the Psychosis Risk State and for First 
Psychotic episodes
Interesting findings have been obtained in human subjects 
about the possibility to consider redox dysregulation as a valid 
biomarker of the risk state to develop a psychotic condition. In 
this context, Pedrini and Collaborators have evaluated oxidative 
stress markers and cytokine levels in serum samples collected 
from subjects at high risk of psychosis, with respect to sex and 
age matched healthy subjects, showing increased thiobarbituric 
acid reactive substance and IL-6 in patients at risk for psychosis, 
compared to controls (73). The North American Prodrome 
Longitudinal Study, an 8-site observational work, including 
765 clinical high-risk and 280 demographically similar healthy 
subjects, aged between 12 and 35, has focused on the identifica-
tion of the psychosis conversion predictors. Importantly, in this 
study, blood levels of malondialdehyde-modified low-density 
lipoprotein, an oxidative stress biomarker, were found increased 
in high-risk subjects with respect to controls and positively cor-
related to the conversion toward a clinically evident psychotic 
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TABLe 2 | Summary of redox status-related biomarkers.

Condition Biomarkers Source of samples Association 
(yes/no)

Reference

Psychotic risk state Thiobarbituric acid reactive substance Serum Yes (73)
MDA-modified LDL Blood Yes (26)
Polymorphism of the d-aminoacid deoxide dismutase activator gene Blood Yes (74)

First psychotic episode Free radical amount Blood No (22, 75)
DNA damage Blood No (22, 75)
SOD Blood No (76)
Glutathione peroxidase Blood, plasma, erythrocytes No/Yes (76, 77)
8 OhdG Blood No (76)
Lipid hydroperoxides Blood, plasma, erythrocytes No/Yes (76, 77)
Nitric oxide-derived metabolites Blood No (76)
Oxidation protein products Blood No (76)
Total radical-trapping antioxidant parameter Blood No (76)
Paraoxonase I Blood No (76)
Thioredoxin-1 Plasma No (76)
Altered redox status Plasma, erythrocytes No (78, 79)
Total antioxidant status Blood Yes (80)
Total glutathione levels Blood Yes (80, 81)

Response to antipsychotic 
therapy

– – –
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state (26). In support to these observations, a genetic polymor-
phism of the d-aminoacid deoxide dismutase activator gene, 
modulating antioxidant pathways, have been associated with 
the clinical transition from the high-risk state to first psychotic 
episode in adolescent subjects (74). A considerable number of 
studies have been published on the possible identification of 
increased oxidative stress or decreased antioxidant defense as 
reliable biomarkers of the first psychotic episode. However, con-
trasting results are reported in these works. Indeed, a very recent 
study by Şimşek and collaborators, comparing free radical levels 
and the derived DNA damage in untreated first psychotic epi-
sode adolescents with sex and age matched control subjects, did 
not show any differences in specific markers of redox regulation 
(including superoxide dismutase, glutathione peroxidase, and 
8-hydroxy-2-deoxyguanosine) between experimental groups 
(75). In the same line, another recent study showed no signifi-
cant association among oxidative stress markers (such as lipid 
hydroperoxides, nitric oxide-derived metabolites, and advanced 
oxidation protein products), antioxidant biomarkers (such as 
total radical-trapping antioxidant parameter and paraoxonase 1),  
and clinical data in a population of 51 drug naive first psy-
chotic episode patients (76). An interesting work performed 
by the group of Owe-Larsson aimed at investigating whether 
plasmatic levels of thioredoxin-1 could be used as a valid bio-
marker to distinguish patients at their first psychotic episode 
from chronic schizophrenics and non-psychiatric subjects.  
In this study, authors claimed that thioredoxin-1 levels cannot 
be considered an accurate and reliable biomarker to identify first 
psychotic episode patients and to discriminate patients suffering 
from psychosis or schizophrenia from individuals not affected 
by a mental disorder, although a more pronounced altered 
redox state was observed in psychotic subjects (82). In the same 
line, Parellada and Collaborators did not find any association 
between oxidative stress markers and the prediction of 2-year 
functional and clinical outcomes in a cohort of children and 

adolescents with a first episode of psychosis (78). Similar con-
clusions on the redox status as an unreliable biomarker related 
to first psychotic episode have been also reached by the group 
of Sarandol. Indeed, in an elegant work performed on 29 first 
psychotic episode patients and 25 control subjects, although the 
finding of an increased oxidative stress in psychotic subjects, 
6 weeks of antipsychotic treatment failed in reestablishing the 
physiological redox state (79). In contrast, basal total antioxidant 
status and glutathione levels have been described as decreased 
in patients with early onset first psychotic episode; being the 
antioxidant status also associated with memory impairment 
and attention deficits in these subjects (80). Accordingly, a 
multicenter study, investigating the possible pathogenetic 
link between redox dysregulation and gray matter alteration 
in patients at first psychotic episode by magnetic resonance 
imaging, reported a significant association between lower basal 
glutathione concentrations levels and decreased volume of left 
frontal, parietal, and temporal regions as well as gray matter mass 
alterations (81). Another interesting case-control study, analyz-
ing the plasmatic total antioxidant status and lipid peroxidation 
in 102 children and adolescents with a clinical diagnosis of first 
psychotic episode compared to 98 healthy age and sex matched 
controls, reported decreased antioxidant defense (in term of 
diminished activity of the glutathione peroxidase system) and 
elevation in products derived by the lipid peroxidation process 
in first psychotic episode patients with respect to controls (77).

Redox Dysregulation Biomarkers for the 
Prediction of Pharmacological Response
To the best of our knowledge, no specific and detailed data about 
the possibility to use increased free radical production, oxida-
tive stress-derived damage, and decreased antioxidant status as 
reliable biomarker of the response to neuroleptics are actually 
available. Indeed, most of the available reports only focused on 
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the effects of the antipsychotic treatment on the redox status of 
patients suffering from psychosis and schizophrenia at different 
clinical stages of the disease (51), as well as the possible use of 
antioxidant compounds, such as the N-acetylcysteine, in the 
treatment of the psychotic condition, especially at its very early 
stages (83–85). Thus, the identification of redox-related biomark-
ers to be used to predict and monitor the individual response to 
antipsychotics might represent an interesting direction for future 
research.

CONCLUSiON

Identifying a biomarker for psychosis would certainly lead to 
several advantages, such as the possibility of an early diagnosis, 
of a stratification of patient population as well as of a progres-
sion toward personalized therapies. Indeed, with respect to this 
last point, several extrinsic and intrinsic factors (such as genetic 
aspects, environment and neuronal alterations at both cellular 
and structural levels) may account for the interindividual 
variability in the response to the pharmacological compounds 
commonly use both to treat a frank psychotic state or to slower 
the progression toward this mental disorder. Another crucial 
benefit will also consist in the possible combination of indi-
vidual genetic data with specific biomarkers in order to more 
effectively treat single cases of psychosis. Furthermore, even 
if a proposed biomarker could not be considered reliable for 
a group of patients, it might be predictive, or even associate, 
with specific aspects of the disease such as its severity or par-
ticular symptoms (e.g., positive versus negative symptoms of 
psychosis) in a single subject, probably because his/her unique 
genetic asset.

However, more than in other medical fields, the efforts of 
the scientific community have not been yet translated in what 
expected. Indeed, so far, most of what is considered a biomarker 
candidate for psychosis is instead only a potential biomarker. 
That said, important questions arise: if, for other medical fields, 
research has succeeded in identifying clinical applicable biomark-
ers, why it should not happen for psychiatric disorders and, in 
particular, for psychosis? Thus, which major differences exist with 
respect to other psychiatric conditions and to non-psychiatric 

pathologies? A possible attempt to answer to these questions 
should consider the complex nature of mental disorders with 
respect to other non-psychiatric conditions, requiring a more 
global approach in which the different pathogenetic elements 
should be adequately taken into account. Furthermore, with 
respect to other psychiatric disorders, the possibility to follow-
up psychotic patients in longitudinal studies, which will provide 
a tool to overcome some time-related limitations in the field 
of biomarker research, is challenging given the high rates of 
noncompliance (especially to medication) of psychotic patients. 
Another important aspect to consider in psychosis is the presence 
of several comorbidities that significantly decrease the possibil-
ity that an identified biomarker candidate can be routinely used 
for the clinical practice. Thus, so far, available literature clearly 
indicates the absence of biomarkers for psychosis, in particular, 
for the identification of the ultra high-risk state, first psychotic 
episodes, and pharmacological response. Furthermore, the 
absence of a deep and comprehensive understanding of all the 
different players involved in psychosis pathogenesis has been 
highlighted leading to several speculations about the molecular 
mechanisms underlying the onset and progression of psychotic 
symptoms and the increasing “bad habit” to directly translate 
data obtained from biomarker research in animal models of this 
mental disorder to humans. Therefore, future research in this 
field will certainly need a more global overlook toward psychosis 
pathogenesis but, mostly, a more cautious approach in consi-
dering and diffusing obtained results.

AUTHOR CONTRiBUTiONS

Writing manuscript, SS. Revising manuscript content, LT. 
Approving final version of the manuscript, SS and LT.

FUNDiNG

The writing of this review has been supported by “Intervento 
cofinanziato dal Fondo di Sviluppo e Coesione 2007–2013—
APQ Ricerca Regione Puglia Programma regionale a sostegno 
della specializzazione intelligente e della sostenibilità sociale ed 
ambientale—FutureInResearch,” Italy to SS.

ReFeReNCeS

1. Biomarkers Definitions Working Group. Biomarkers and surrogate endpoints: 
preferred definitions and conceptual framework. Clin Pharmacol Ther  
(2001) 69(3):89–95. doi:10.1067/mcp.2001.113989 

2. Ptolemy AS, Rifai N. What is a biomarker? Research investments and lack 
of clinical integration necessitate a review of biomarker terminology and 
validation schema. Scand J Clin Lab Invest Suppl (2010) 242:6–14. doi:10.3109/ 
00365513.2010.493354 

3. Sabherwal S, English JA, Focking M, Cagney G, Cotter DR. Blood biomarker 
discovery in drug-free schizophrenia: the contribution of proteomics and 
multiplex immunoassays. Expert Rev Proteomics (2016) 13(12):1141–55.  
doi:10.1080/14789450.2016.1252262 

4. Guest PC, Guest FL, Martins-de Souza D. Making sense of blood-based  
proteomics and metabolomics in psychiatric research. Int J Neuropsy
chopharmacol (2015). doi:10.1093/ijnp/pyv138 

5. Larsen TK, Melle I, Auestad B, Haahr U, Joa I, Johannessen JO, et  al.  
Early detection of psychosis: positive effects on 5-year outcome. Psychol  
Med (2011) 41(7):1461–9. doi:10.1017/S0033291710002023 

6. Canetta S, Sourander A, Surcel HM, Hinkka-Yli-Salomaki S,  
Leiviska J, Kellendonk C, et  al. Elevated maternal C-reactive protein and 
increased risk of schizophrenia in a national birth cohort. Am J Psychiatry 
(2014) 171(9):960–8. doi:10.1176/appi.ajp.2014.13121579 

7. Kelleher I, Cannon M. Psychotic-like experiences in the general population: 
characterizing a high-risk group for psychosis. Psychol Med (2011) 41(1): 
1–6. doi:10.1017/S0033291710001005 

8. Miller BJ, Buckley P, Seabolt W, Mellor A, Kirkpatrick B. Meta-analysis  
of cytokine alterations in schizophrenia: clinical status and antipsychotic 
effects. Biol Psychiatry (2011) 70(7):663–71. doi:10.1016/j.biopsych.2011. 
04.013 

9. Stojanovic A, Martorell L, Montalvo I, Ortega L, Monseny R, Vilella E, 
et  al. Increased serum interleukin-6 levels in early stages of psychosis: 
associations with at-risk mental states and the severity of psychotic symp-
toms. Psychoneuroendocrinology (2014) 41:23–32. doi:10.1016/j.psyneuen. 
2013.12.005 

10. Frydecka D, Misiak B, Pawlak-Adamska E, Karabon L, Tomkiewicz A, 
Sedlaczek P, et al. Interleukin-6: the missing element of the neurocognitive 
deterioration in schizophrenia? The focus on genetic underpinnings, cognitive 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1067/mcp.2001.113989
https://doi.org/10.3109/00365513.2010.493354
https://doi.org/10.3109/00365513.2010.493354
https://doi.org/10.1080/14789450.2016.1252262
https://doi.org/10.1093/ijnp/pyv138
https://doi.org/10.1017/S0033291710002023
https://doi.org/10.1176/appi.ajp.2014.13121579
https://doi.org/10.1017/S0033291710001005
https://doi.org/10.1016/j.biopsych.2011.04.013
https://doi.org/10.1016/j.biopsych.2011.04.013
https://doi.org/10.1016/j.psyneuen.2013.12.005
https://doi.org/10.1016/j.psyneuen.2013.12.005


8

Schiavone and Trabace Biomarkers for Psychosis

Frontiers in Psychiatry | www.frontiersin.org October 2017 | Volume 8 | Article 203

impairment and clinical manifestation. Eur Arch Psychiatry Clin Neurosci 
(2015) 265(6):449–59. doi:10.1007/s00406-014-0533-5

11. Balotsev R, Koido K, Vasar V, Janno S, Kriisa K, Mahlapuu R, et  al. 
Inflammatory, cardio-metabolic and diabetic profiling of chronic schizophre-
nia. Eur Psychiatry (2017) 39:1–10. doi:10.1016/j.eurpsy.2016.05.010 

12. Mondelli V, Ciufolini S, Belvederi Murri M, Bonaccorso S, Di Forti M, 
Giordano A, et al. Cortisol and inflammatory biomarkers predict poor treat-
ment response in first episode psychosis. Schizophr Bull (2015) 41(5):1162–70. 
doi:10.1093/schbul/sbv028 

13. Upthegrove R, Manzanares-Teson N, Barnes NM. Cytokine function in  
medication-naive first episode psychosis: a systematic review and meta- 
analysis. Schizophr Res (2014) 155(1–3):101–8. doi:10.1016/j.schres.2014. 
03.005 

14. Kubistova A, Horacek J, Novak T. Increased interleukin-6 and tumor  
necrosis factor alpha in first episode schizophrenia patients versus healthy 
controls. Psychiatr Danub (2012) 24(Suppl 1):S153–6. 

15. de Witte L, Tomasik J, Schwarz E, Guest PC, Rahmoune H, Kahn RS,  
et  al. Cytokine alterations in first-episode schizophrenia patients before 
and after antipsychotic treatment. Schizophr Res (2014) 154(1–3):23–9. 
doi:10.1016/j.schres.2014.02.005 

16. Ding M, Song X, Zhao J, Gao J, Li X, Yang G, et al. Activation of Th17 cells 
in drug naive, first episode schizophrenia. Prog Neuropsychopharmacol  
Biol Psychiatry (2014) 51:78–82. doi:10.1016/j.pnpbp.2014.01.001 

17. Di Nicola M, Cattaneo A, Hepgul N, Di Forti M, Aitchison KJ, Janiri L,  
et al. Serum and gene expression profile of cytokines in first-episode psycho sis. 
Brain Behav Immun (2013) 31:90–5. doi:10.1016/j.bbi.2012.06.010 

18. Haring L, Koido K, Vasar V, Leping V, Zilmer K, Zilmer M, et al. Antipsy-
chotic treatment reduces psychotic symptoms and markers of low-grade 
inflammation in first episode psychosis patients, but increases their body 
mass index. Schizophr Res (2015) 169(1–3):22–9. doi:10.1016/j.schres.2015. 
08.027 

19. Song X, Fan X, Song X, Zhang J, Zhang W, Li X, et  al. Elevated levels of 
adiponectin and other cytokines in drug naive, first episode schizophre-
nia patients with normal weight. Schizophr Res (2013) 150(1):269–73. 
doi:10.1016/j.schres.2013.07.044 

20. Gariup M, Gonzalez A, Lazaro L, Torres F, Serra-Pages C, Morer A.  
IL-8 and the innate immunity as biomarkers in acute child and adolescent 
psychopathology. Psychoneuroendocrinology (2015) 62:233–42. doi:10.1016/j.
psyneuen.2015.08.017 

21. Zeni-Graiff M, Rizzo LB, Mansur RB, Maurya PK, Sethi S, Cunha GR, 
et  al. Peripheral immuno-inflammatory abnormalities in ultra-high risk of 
developing psychosis. Schizophr Res (2016) 176(2–3):191–5. doi:10.1016/j.
schres.2016.06.031 

22. Simsek S, Yildirim V, Cim A, Kaya S. Serum IL-4 and IL-10 levels correlate 
with the symptoms of the drug-naive adolescents with first episode, early 
onset schizophrenia. J Child Adolesc Psychopharmacol (2016) 26(8):721–6. 
doi:10.1089/cap.2015.0220 

23. Petrikis P, Voulgari PV, Tzallas AT, Archimandriti DT, Skapinakis P,  
Mavreas V. Cytokine profile in drug-naive, first episode patients with psy-
chosis. J Psychosom Res (2015) 79(4):324–7. doi:10.1016/j.jpsychores.2015. 
06.011 

24. Noto C, Ota VK, Gouvea ES, Rizzo LB, Spindola LM, Honda PH, et  al.  
Effects of risperidone on cytokine profile in drug-naive first-episode 
psychosis. Int J Neuropsychopharmacol (2014) 18(4):1–8. doi:10.1093/ijnp/ 
pyu042 

25. Focking M, Dicker P, Lopez LM, Cannon M, Schafer MR, McGorry PD,  
et al. Differential expression of the inflammation marker IL12p40 in the at-risk 
mental state for psychosis: a predictor of transition to psychotic disorder? 
BMC Psychiatry (2016) 16(1):326. doi:10.1186/s12888-016-1039-7 

26. Perkins DO, Jeffries CD, Addington J, Bearden CE, Cadenhead KS,  
Cannon TD, et  al. Towards a psychosis risk blood diagnostic for persons  
experiencing high-risk symptoms: preliminary results from the NAPLS pro-
ject. Schizophr Bull (2015) 41(2):419–28. doi:10.1093/schbul/sbu099 

27. Russell A, Ciufolini S, Gardner-Sood P, Bonaccorso S, Gaughran F,  
Dazzan P, et al. Inflammation and metabolic changes in first episode psychosis: 
preliminary results from a longitudinal study. Brain Behav Immun (2015) 
49:25–9. doi:10.1016/j.bbi.2015.06.004 

28. Khandaker GM, Zammit S, Lewis G, Jones PB. A population-based study of 
atopic disorders and inflammatory markers in childhood before psychotic 

experiences in adolescence. Schizophr Res (2014) 152(1):139–45. doi:10.1016/j.
schres.2013.09.021 

29. Garcia-Bueno B, Bioque M, MacDowell KS, Santabarbara J, Martinez-
Cengotitabengoa M, Moreno C, et  al. Pro-/antiinflammatory dysreg-
ulation in early psychosis: results from a 1-year follow-up study. Int J 
Neuropsychopharmacol (2014) 18(2):1–10. doi:10.1093/ijnp/pyu037 

30. Kirkpatrick B, Miller BJ. Inflammation and schizophrenia. Schizophr  
Bull (2013) 39(6):1174–9. doi:10.1093/schbul/sbt141 

31. Martinez-Gras I, Garcia-Sanchez F, Guaza C, Rodriguez-Jimenez R,  
Andres-Esteban E, Palomo T, et al. Altered immune function in unaffected 
first-degree biological relatives of schizophrenia patients. Psychiatry Res 
(2012) 200(2–3):1022–5. doi:10.1016/j.psychres.2012.05.036 

32. Ezeoke A, Mellor A, Buckley P, Miller B. A systematic, quantitative review  
of blood autoantibodies in schizophrenia. Schizophr Res (2013) 150(1): 
245–51. doi:10.1016/j.schres.2013.07.029 

33. van Os J, Kenis G, Rutten BP. The environment and schizophrenia. Nature 
(2010) 468(7321):203–12. doi:10.1038/nature09563 

34. Schiavone S, Jaquet V, Trabace L, Krause KH. Severe life stress and oxida-
tive stress in the brain: from animal models to human pathology. Antioxid  
Redox Signal (2013) 18(12):1475–90. doi:10.1089/ars.2012.4720 

35. Schiavone S, Colaianna M, Curtis L. Impact of early life stress on the patho-
genesis of mental disorders: relation to brain oxidative stress. Curr Pharm  
Des (2015) 21(11):1404–12. doi:10.2174/1381612821666150105143358 

36. Taylor JL, Corbett BA. A review of rhythm and responsiveness of cortisol  
in individuals with autism spectrum disorders. Psychoneuroendocrinology 
(2014) 49:207–28. doi:10.1016/j.psyneuen.2014.07.015 

37. Rosnick CB, Wetherell JL, White KS, Andreescu C, Dixon D,  
Lenze EJ. Cognitive-behavioral therapy augmentation of SSRI reduces cortisol 
levels in older adults with generalized anxiety disorder: a randomized clinical 
trial. J Consult Clin Psychol (2016) 84(4):345–52. doi:10.1037/a0040113 

38. Girshkin L, Matheson SL, Shepherd AM, Green MJ. Morning cortisol levels  
in schizophrenia and bipolar disorder: a meta-analysis. Psychoneuroen
docrinology (2014) 49:187–206. doi:10.1016/j.psyneuen.2014.07.013 

39. Scioli-Salter E, Forman DE, Otis JD, Tun C, Allsup K, Marx CE, et  al.  
Potential neurobiological benefits of exercise in chronic pain and posttrau-
matic stress disorder: pilot study. J Rehabil Res Dev (2016) 53(1):95–106. 
doi:10.1682/JRRD.2014.10.0267 

40. Schutte CE, Malan L, Scheepers JD, Oosthuizen W, Cockeran M,  
Malan NT. Cortisol:brain-derived neurotrophic factor ratio associated with 
silent ischaemia in a black male cohort: the SA BPA study. Cardiovasc J Afr 
(2016) 27(6):387–91. doi:10.5830/CVJA-2016-065 

41. Kubota-Nakayama F, Nakamura Y, Konosu-Fukaya S, Azmahani A,  
Ise K, Yamazaki Y, et  al. Expression of steroidogenic enzymes and their 
transcription factors in cortisol-producing adrenocortical adenomas: 
immunohistochemical analysis and quantitative real-time polymerase chain 
reaction studies. Hum Pathol (2016) 54:165–73. doi:10.1016/j.humpath.2016. 
03.016 

42. Triantos CK, Kalafateli M, Samonakis D, Zisimopoulos K, Papiamonis N,  
Sapountzis A, et  al. Higher free serum cortisol is associated with worse 
survival in acute variceal bleeding because of cirrhosis: a prospective study. 
Eur J Gastroenterol Hepatol (2014) 26(10):1125–32. doi:10.1097/MEG. 
0000000000000158 

43. Marks EM, Steel C, Peters ER. Intrusions in trauma and psychosis: informa-
tion processing and phenomenology. Psychol Med (2012) 42(11):2313–23. 
doi:10.1017/S0033291712000505 

44. Palmier-Claus JE, Dunn G, Lewis SW. Emotional and symptomatic reactivity 
to stress in individuals at ultra-high risk of developing psychosis. Psychol 
Med (2012) 42(5):1003–12. doi:10.1017/S0033291711001929 

45. Phillips LJ, Edwards J, McMurray N, Francey S. Comparison of experiences 
of stress and coping between young people at risk of psychosis and a 
non-clinical cohort. Behav Cogn Psychother (2012) 40(1):69–88. doi:10.1017/
S1352465811000397 

46. Phassouliotis C, Garner BA, Phillips LJ, Bendall S, Yun Y, Markulev C,  
et  al. Enhanced cortisol suppression following administration of low-dose 
dexamethasone in first-episode psychosis patients. Aust N Z J Psychiatry 
(2013) 47(4):363–70. doi:10.1177/0004867412465125 

47. Shah JL, Malla AK. Much ado about much: stress, dynamic biomarkers  
and HPA axis dysregulation along the trajectory to psychosis. Schizophr Res 
(2015) 162(1–3):253–60. doi:10.1016/j.schres.2015.01.010 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1007/s00406-014-0533-5
https://doi.org/10.1016/j.eurpsy.2016.05.010
https://doi.org/10.1093/schbul/sbv028
https://doi.org/10.1016/j.schres.2014.03.005
https://doi.org/10.1016/j.schres.2014.03.005
https://doi.org/10.1016/j.schres.2014.02.005
https://doi.org/10.1016/j.pnpbp.2014.01.001
https://doi.org/10.1016/j.bbi.2012.06.010
https://doi.org/10.1016/j.schres.2015.08.027
https://doi.org/10.1016/j.schres.2015.08.027
https://doi.org/10.1016/j.schres.2013.07.044
https://doi.org/10.1016/j.psyneuen.2015.08.017
https://doi.org/10.1016/j.psyneuen.2015.08.017
https://doi.org/10.1016/j.schres.2016.06.031
https://doi.org/10.1016/j.schres.2016.06.031
https://doi.org/10.1089/cap.2015.0220
https://doi.org/10.1016/j.jpsychores.2015.06.011
https://doi.org/10.1016/j.jpsychores.2015.06.011
https://doi.org/10.1093/ijnp/pyu042
https://doi.org/10.1093/ijnp/pyu042
https://doi.org/10.1186/s12888-016-1039-7
https://doi.org/10.1093/schbul/sbu099
https://doi.org/10.1016/j.bbi.2015.06.004
https://doi.org/10.1016/j.schres.2013.09.021
https://doi.org/10.1016/j.schres.2013.09.021
https://doi.org/10.1093/ijnp/pyu037
https://doi.org/10.1093/schbul/sbt141
https://doi.org/10.1016/j.psychres.2012.05.036
https://doi.org/10.1016/j.schres.2013.07.029
https://doi.org/10.1038/nature09563
https://doi.org/10.1089/ars.2012.4720
https://doi.org/10.2174/1381612821666150105143358
https://doi.org/10.1016/j.psyneuen.2014.07.015
https://doi.org/10.1037/a0040113
https://doi.org/10.1016/j.psyneuen.2014.07.013
https://doi.org/10.1682/JRRD.2014.10.0267
https://doi.org/10.5830/CVJA-2016-065
https://doi.org/10.1016/j.humpath.2016.03.016
https://doi.org/10.1016/j.humpath.2016.03.016
https://doi.org/10.1097/MEG.0000000000000158
https://doi.org/10.1097/MEG.0000000000000158
https://doi.org/10.1017/S0033291712000505
https://doi.org/10.1017/S0033291711001929
https://doi.org/10.1017/S1352465811000397
https://doi.org/10.1017/S1352465811000397
https://doi.org/10.1177/0004867412465125
https://doi.org/10.1016/j.schres.2015.01.010


9

Schiavone and Trabace Biomarkers for Psychosis

Frontiers in Psychiatry | www.frontiersin.org October 2017 | Volume 8 | Article 203

48. Aiello G, Horowitz M, Hepgul N, Pariante CM, Mondelli V. Stress  
abnormalities in individuals at risk for psychosis: a review of studies in sub-
jects with familial risk or with “at risk” mental state. Psychoneuroendocrinology 
(2012) 37(10):1600–13. doi:10.1016/j.psyneuen.2012.05.003 

49. Borges S, Gayer-Anderson C, Mondelli V. A systematic review of the activ-
ity of the hypothalamic-pituitary-adrenal axis in first episode psychosis.  
Psychoneuroendocrinology (2013) 38(5):603–11. doi:10.1016/j.psyneuen.2012. 
12.025 

50. Karanikas E, Antoniadis D, Garyfallos GD. The role of cortisol in first episode 
of psychosis: a systematic review. Curr Psychiatry Rep (2014) 16(11):503. 
doi:10.1007/s11920-014-0503-7 

51. Fond G, d’Albis MA, Jamain S, Tamouza R, Arango C, Fleischhacker WW, 
et  al. The promise of biological markers for treatment response in first- 
episode psychosis: a systematic review. Schizophr Bull (2015) 41(3):559–73. 
doi:10.1093/schbul/sbv002 

52. Karanikas E, Garyfallos G. Role of cortisol in patients at risk for psycho-
sis mental state and psychopathological correlates: a systematic review. 
Psychiatry Clin Neurosci (2015) 69(5):268–82. doi:10.1111/pcn.12259 

53. Chaumette B, Kebir O, Mam-Lam-Fook C, Morvan Y, Bourgin J, 
Godsil BP, et  al. Salivary cortisol in early psychosis: new findings and 
meta-analysis. Psychoneuroendocrinology (2016) 63:262–70. doi:10.1016/j.
psyneuen.2015.10.007 

54. Moskow DM, Addington J, Bearden CE, Cadenhead KS, Cornblatt BA, 
Heinssen R, et  al. The relations of age and pubertal development with 
cortisol and daily stress in youth at clinical risk for psychosis. Schizophr Res  
(2016) 172(1–3):29–34. doi:10.1016/j.schres.2016.02.002 

55. Tobolska D, Wilczynski KM, Lorek M, Mazgaj E, Krysta K, Gawlik A,  
et al. Evaluation of the cortisol concentrations in patients with schizophrenia. 
Psychiatr Danub (2016) 28(Suppl–1):162–4. 

56. Steen NE, Methlie P, Lorentzen S, Hope S, Barrett EA, Larsson S, et  al. 
Increased systemic cortisol metabolism in patients with schizophrenia and 
bipolar disorder: a mechanism for increased stress vulnerability? J Clin 
Psychiatry (2011) 72(11):1515–21. doi:10.4088/JCP.10m06068yel 

57. Steen NE, Methlie P, Lorentzen S, Dieset I, Aas M, Nerhus M, et  al.  
Altered systemic cortisol metabolism in bipolar disorder and schizophrenia 
spectrum disorders. J Psychiatr Res (2014) 52:57–62. doi:10.1016/j.jpsychires. 
2014.01.017 

58. Yildirim O, Dogan O, Semiz M, Kilicli F. Serum cortisol and dehydroepi-
androsterone-sulfate levels in schizophrenic patients and their first-degree 
relatives. Psychiatry Clin Neurosci (2011) 65(6):584–91. doi:10.1111/j. 
1440-1819.2011.02252.x 

59. Sun HQ, Li SX, Chen FB, Zhang Y, Li P, Jin M, et  al. Diurnal neurobio-
logical alterations after exposure to clozapine in first-episode schizophrenia 
patients. Psychoneuroendocrinology (2016) 64:108–16. doi:10.1016/j.
psyneuen.2015.11.013 

60. Babinkostova Z, Stefanovski B, Janicevic-Ivanovska D, Samardziska V, 
Stojanovska L. Serum cortisol and DHEA-S levels in schizophrenic patients 
with different response to antipsychotic therapy: association with psycho-
pathology. Pril (Makedon Akad Nauk Umet Odd Med Nauki) (2015) 36(1): 
175–83. 

61. Lee M, Jayathilake K, Dai J, Meltzer HY. Decreased plasma tryptophan  
and tryptophan/large neutral amino acid ratio in patients with neuroleptic- 
resistant schizophrenia: relationship to plasma cortisol concentration. 
Psychiatry Res (2011) 185(3):328–33. doi:10.1016/j.psychres.2010.07.013 

62. Simsek S, Gencoglan S, Yuksel T, Aktas H. Cortisol and ACTH levels in 
drug-naive adolescents with first-episode early onset schizophrenia. Asia  
Pac Psychiatry (2017) 9(1):1–3. doi:10.1111/appy.12264 

63. Mizuno Y, Hofer A, Suzuki T, Frajo-Apor B, Wartelsteiner F,  
Kemmler G, et al. Clinical and biological correlates of resilience in patients 
with schizophrenia and bipolar disorder: a cross-sectional study. Schizophr Res 
(2016) 175(1–3):148–53. doi:10.1016/j.schres.2016.04.047 

64. Behrens MM, Sejnowski TJ. Does schizophrenia arise from oxidative 
dysregulation of parvalbumin-interneurons in the developing cortex? 
Neuro  pharmacology (2009) 57(3):193–200. doi:10.1016/j.neuropharm.2009. 
06.002 

65. Schiavone S, Sorce S, Dubois-Dauphin M, Jaquet V, Colaianna M,  
Zotti M, et al. Involvement of NOX2 in the development of behavioral and 
pathologic alterations in isolated rats. Biol Psychiatry (2009) 66(4):384–92. 
doi:10.1016/j.biopsych.2009.04.033 

66. Sorce S, Schiavone S, Tucci P, Colaianna M, Jaquet V, Cuomo V, et  al.  
The NADPH oxidase NOX2 controls glutamate release: a novel mech-
anism involved in psychosis-like ketamine responses. J Neurosci (2010) 
30(34):11317–25. doi:10.1523/JNEUROSCI.1491-10.2010 

67. Schiavone S, Jaquet V, Sorce S, Dubois-Dauphin M, Hultqvist M,  
Backdahl L, et  al. NADPH oxidase elevations in pyramidal neurons drive 
psychosocial stress-induced neuropathology. Transl Psychiatry (2012) 2:e111. 
doi:10.1038/tp.2012.36 

68. Colaianna M, Schiavone S, Zotti M, Tucci P, Morgese MG, Backdahl L,  
et al. Neuroendocrine profile in a rat model of psychosocial stress: relation  
to oxidative stress. Antioxid Redox Signal (2013) 18(12):1385–99. doi:10.1089/
ars.2012.4569 

69. Do KQ, Cuenod M, Hensch TK. Targeting oxidative stress and aberrant 
critical period plasticity in the developmental trajectory to schizophrenia. 
Schizophr Bull (2015) 41(4):835–46. doi:10.1093/schbul/sbv065 

70. Moller M, Swanepoel T, Harvey BH. Neurodevelopmental animal models  
reveal the convergent role of neurotransmitter systems, inflammation, 
and oxidative stress as biomarkers of schizophrenia: implications for novel 
drug development. ACS Chem Neurosci (2015) 6(7):987–1016. doi:10.1021/
cn5003368 

71. Schiavone S, Mhillaj E, Neri M, Morgese MG, Tucci P, Bove M, et  al.  
Early loss of blood-brain barrier integrity precedes NOX2 elevation in the 
prefrontal cortex of an animal model of psychosis. Mol Neurobiol (2016) 
54:2031–44. doi:10.1007/s12035-016-9791-8 

72. Koga M, Serritella AV, Sawa A, Sedlak TW. Implications for reactive oxygen 
species in schizophrenia pathogenesis. Schizophr Res (2016) 176(1):52–71. 
doi:10.1016/j.schres.2015.06.022 

73. Pedrini M, Massuda R, Fries GR, de Bittencourt Pasquali MA, Schnorr CE,  
Moreira JC, et  al. Similarities in serum oxidative stress markers and 
inflammatory cytokines in patients with overt schizophrenia at early and 
late stages of chronicity. J Psychiatr Res (2012) 46(6):819–24. doi:10.1016/j.
jpsychires.2012.03.019 

74. Mossner R, Schuhmacher A, Wagner M, Quednow BB, Frommann I,  
Kuhn KU, et  al. DAOA/G72 predicts the progression of prodromal syn-
dromes to first episode psychosis. Eur Arch Psychiatry Clin Neurosci (2010) 
260(3):209–15. doi:10.1007/s00406-009-0044-y 

75. Simsek S, Gencoglan S, Yuksel T, Kaplan I, Alaca R, Aktas H. Oxidative 
stress and DNA damage in untreated first-episode psychosis in adolescents. 
Neuropsychobiology (2016) 73(2):92–7. doi:10.1159/000444488 

76. Noto C, Ota VK, Gadelha A, Noto MN, Barbosa DS, Bonifacio KL,  
et al. Oxidative stress in drug naive first episode psychosis and antioxidant 
effects of risperidone. J Psychiatr Res (2015) 68:210–6. doi:10.1016/j.jpsychires. 
2015.07.003 

77. Mico JA, Rojas-Corrales MO, Gibert-Rahola J, Parellada M, Moreno D,  
Fraguas D, et  al. Reduced antioxidant defense in early onset first-episode 
psychosis: a case-control study. BMC Psychiatry (2011) 11:26. doi:10.1186/ 
1471-244X-11-26 

78. Parellada M, Castro-Fornieles J, Gonzalez-Pinto A, Pina-Camacho L,  
Moreno D, Rapado-Castro M, et  al. Predictors of functional and clinical 
outcome in early-onset first-episode psychosis: the child and adolescent first 
episode of psychosis (CAFEPS) study. J Clin Psychiatry (2015) 76(11):e1441–8. 
doi:10.4088/JCP.13m08863 

79. Sarandol A, Sarandol E, Acikgoz HE, Eker SS, Akkaya C, Dirican M.  
First-episode psychosis is associated with oxidative stress: effects of short-term 
antipsychotic treatment. Psychiatry Clin Neurosci (2015) 69(11):699–707. 
doi:10.1111/pcn.12333 

80. Martinez-Cengotitabengoa M, Mico JA, Arango C, Castro-Fornieles J,  
Graell M, Paya B, et al. Basal low antioxidant capacity correlates with cognitive 
deficits in early onset psychosis. A 2-year follow-up study. Schizophr Res 
(2014) 156(1):23–9. doi:10.1016/j.schres.2014.03.025 

81. Fraguas D, Gonzalez-Pinto A, Mico JA, Reig S, Parellada M, Martinez-
Cengotitabengoa M, et al. Decreased glutathione levels predict loss of brain 
volume in children and adolescents with first-episode psychosis in a two-year 
longitudinal study. Schizophr Res (2012) 137(1–3):58–65. doi:10.1016/j.
schres.2012.01.040 

82. Owe-Larsson B, Ekdahl K, Edbom T, Osby U, Karlsson H, Lundberg C,  
et al. Increased plasma levels of thioredoxin-1 in patients with first episode 
psychosis and long-term schizophrenia. Prog Neuropsychophar macol Biol 
Psychiatry (2011) 35(4):1117–21. doi:10.1016/j.pnpbp.2011.03.012 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/j.psyneuen.2012.05.003
https://doi.org/10.1016/j.psyneuen.2012.12.025
https://doi.org/10.1016/j.psyneuen.2012.12.025
https://doi.org/10.1007/s11920-014-0503-7
https://doi.org/10.1093/schbul/sbv002
https://doi.org/10.1111/pcn.12259
https://doi.org/10.1016/j.psyneuen.2015.10.007
https://doi.org/10.1016/j.psyneuen.2015.10.007
https://doi.org/10.1016/j.schres.2016.02.002
https://doi.org/10.4088/JCP.10m06068yel
https://doi.org/10.1016/j.jpsychires.2014.01.017
https://doi.org/10.1016/j.jpsychires.2014.01.017
https://doi.org/10.1111/j.1440-1819.2011.02252.x
https://doi.org/10.1111/j.1440-1819.2011.02252.x
https://doi.org/10.1016/j.psyneuen.2015.11.013
https://doi.org/10.1016/j.psyneuen.2015.11.013
https://doi.org/10.1016/j.psychres.2010.07.013
https://doi.org/10.1111/appy.12264
https://doi.org/10.1016/j.schres.2016.04.047
https://doi.org/10.1016/j.neuropharm.2009.06.002
https://doi.org/10.1016/j.neuropharm.2009.06.002
https://doi.org/10.1016/j.biopsych.2009.04.033
https://doi.org/10.1523/JNEUROSCI.1491-10.2010
https://doi.org/10.1038/tp.2012.36
https://doi.org/10.1089/ars.2012.4569
https://doi.org/10.1089/ars.2012.4569
https://doi.org/10.1093/schbul/sbv065
https://doi.org/10.1021/cn5003368
https://doi.org/10.1021/cn5003368
https://doi.org/10.1007/s12035-016-9791-8
https://doi.org/10.1016/j.schres.2015.06.022
https://doi.org/10.1016/j.jpsychires.2012.03.019
https://doi.org/10.1016/j.jpsychires.2012.03.019
https://doi.org/10.1007/s00406-009-0044-y
https://doi.org/10.1159/000444488
https://doi.org/10.1016/j.jpsychires.2015.07.003
https://doi.org/10.1016/j.jpsychires.2015.07.003
https://doi.org/10.1186/1471-244X-11-26
https://doi.org/10.1186/1471-244X-11-26
https://doi.org/10.4088/JCP.13m08863
https://doi.org/10.1111/pcn.12333
https://doi.org/10.1016/j.schres.2014.03.025
https://doi.org/10.1016/j.schres.2012.01.040
https://doi.org/10.1016/j.schres.2012.01.040
https://doi.org/10.1016/j.pnpbp.2011.03.012


10

Schiavone and Trabace Biomarkers for Psychosis

Frontiers in Psychiatry | www.frontiersin.org October 2017 | Volume 8 | Article 203

83. Miyake N, Miyamoto S, Yamashita Y, Ninomiya Y, Tenjin T, Yamaguchi N.  
Effects of N-acetylcysteine on cognitive functions in subjects with an at-risk 
mental state: a case series. J Clin Psychopharmacol (2016) 36(1):87–8. 
doi:10.1097/JCP.0000000000000445 

84. Rapado-Castro M, Dodd S, Bush AI, Malhi GS, Skvarc DR, On ZX,  
et al. Cognitive effects of adjunctive N-acetyl cysteine in psychosis. Psychol 
Med (2016) 47:866–76. doi:10.1017/S0033291716002932 

85. Schiavone S, Trabace L. Pharmacological targeting of redox regulation systems 
as new therapeutic approach for psychiatric disorders: a literature overview. 
Pharmacol Res (2016) 107:195–204. doi:10.1016/j.phrs.2016.03.019 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Schiavone and Trabace. This is an openaccess article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, provided the original 
author(s) or licensor are credited and that the original publication in this journal 
is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1097/JCP.0000000000000445
https://doi.org/10.1017/S0033291716002932
https://doi.org/10.1016/j.phrs.2016.03.019
http://creativecommons.org/licenses/by/4.0/

	Inflammation, Stress Response, and Redox Dysregulation Biomarkers: Clinical Outcomes and Pharmacological Implications for Psychosis
	Introduction
	Literature Search Strategy
	Inflammation and Stress Response Biomarkers in Blood and Its Derivatives
	Inflammation Biomarkers
	Cytokines
	Other Inflammation Biomarkers
	Inflammation As Possible Protective Component?

	Stress Response Biomarkers
	Stress Response Biomarkers in Ultra-High Risk and First Psychotic Episode Patients
	Stress Response Biomarkers for the Prediction of the Pharmacological Response


	Redox Imbalance Biomarkers
	Redox Dysregulation Biomarkers for the Psychosis Risk State and for First Psychotic Episodes
	Redox Dysregulation Biomarkers for the Prediction of Pharmacological Response

	Conclusion
	Author Contributions
	Funding
	References


