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Background: With a complex etiology and chronic, disabling evolution, schizophrenia continues to represent a 
challenge for patients, clinicians, and researchers alike. Recent emphasis in research on finding practical blood- 
based biomarkers for diagnosis improvement, disease development prediction, and therapeutic response moni-
toring in schizophrenia, led to studies aiming at elucidating a connection between stress and inflammation 
markers. 
Methods: We set here to explore recent literature aiming to understand the connection between cytokines and 
cortisol level changes in individuals with schizophrenia and their potential relevance as markers of clinical 
improvement under treatment. A search was completed in Pubmed, Embase, Web of Science, and APAPsycInfo 
databases with search terms: (cytokines) AND (cortisol) AND (schizophrenia). This provided 43 results from 
Pubmed, 82 results from Embase, 52 results from Web of Science, and 9 results from APA PsycInfo. After 
removing articles not fitting the criteria, 13 articles were selected. 
Results: While all studies included assess cortisol levels in individuals with schizophrenia, most of them included 
a healthy control group for comparisons there is diversity in the inflammation markers assessed – the most 
frequent being the IL-2, IL-4, IL-6, IL-8, and TNF-α. Eleven of the 13 studies compare stress and inflammatory 
markers in individuals with schizophrenia to healthy controls, one study compares two subgroups of patients 
with schizophrenia, and one study compares pre- and post-measures in the same group of individuals with 
schizophrenia. 
Conclusions: The focus of the studies within the topic is diverse. Many of the selected studies found correlations 
between cortisol and inflammation markers, however, the direction of correlation and inflammatory markers 
included differed. A variety of mechanisms behind cortisol and immunological changes associated with 
schizophrenia were considered. Evidence was found in these studies to suggest that biological immune and stress 
markers may be associated with clinical improvement in participants with schizophrenia, however, the exact 
mechanisms remain to be determined.   

1. Introduction 

Schizophrenia is a chronic psychiatric disorder associated with an 
average of 14.5 potential years of life lost [1,2]. Given its heterogeneous 
presentation, the treatment of schizophrenia is complex, as antipsy-
chotic medications effectively address positive symptoms but negative 
symptoms remain elusive to all approaches [1,3]. As a result, there has 
been a recent emphasis in research on finding practical blood-based 
biomarkers for diagnosis improvement, disease development predic-
tion, and therapeutic response monitoring [2,4]. 

Among the myriad of factors discussed in the literature, inflamma-
tion stands out as an important factor in schizophrenia pathophysiology 
[5]. Stress has also been strongly highlighted as an important etiological 

factor, given its ability to modify the hypothalamus-pituitary-adrenal 
(HPA) axis response [6], with activating effect on the 
cytokines-secreting microglia (Perry, 2007). In healthy individuals, the 
corticotrophin-releasing factor secreted by the hypothalamus in 
response to stress binds receptors in the anterior pituitary gland lobe to 
induce adrenocorticotropic hormone release into the systemic circula-
tion [7]. The adrenocorticotropic hormone, in turn, targets the adrenal 
cortex to secrete cortisol, which regulates physiological changes 
throughout the body [7]. Cortisol exhibits powerful anti-inflammatory 
effects as it can induce apoptosis of immune cells and regulate multi-
ple pro-inflammatory genes encoding cytokines, chemokines, and in-
flammatory enzymes [8]. Through its effects on the metabolic regulation 
of glucose utilization and ATP production, cortisol can also be seen as an 
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important modulator of emotion and cognition, key determinants of 
health from a mental health perspective [9]. The neural-diathesis stress 
model of schizophrenia hypothesizes that dysregulation of the HPA axis 
contributes to schizophrenia development [10], with numerous re-
visions suggesting the inclusion of inflammation in this equation 
[11–13]. 

Even though patients with chronic schizophrenia have an autonomic 
arousal response and subjective self-report of stress comparable to 
healthy individuals, numerous studies report that they also present with 
attenuated cortisol levels in response to laboratory-induced psychoso-
cial stress [14,15]. Although there is substantial evidence to suggest 
HPA axis dysfunction in schizophrenia, up-to-date research results are 
far from elucidating the exact mechanism – especially in regards to the 
complex interaction with the immune system. The role of the immune 
system in the pathoaetiology of mental illness has become increasingly 
recognized [16]. Activation of microglia – the primary immune cells of 
the central nervous system, by environmental triggers, leads to the 
release of pro- or anti-inflammatory cytokines [12]. In a healthy system, 
microglia, in an initial state of activation, have been shown to release 
pro-inflammatory compounds, including NO, IL-1β, TNFα, IL-6, and 
glutamate. The subsequent activation state, that follows naturally, leads 
to the release of anti-inflammatory cytokines like IL-10, IGF-1, TGF-B, 
and various neurotrophic factors. Evidence shows that both activation 
pathways are required for an appropriate immune response [17]. It’s 
been suggested that dominance of the initial activation state leads to 
over-expression of pro-inflammatory cytokines and reactive oxygen 
species that in turn lead to synaptic loss and neuronal death [18]. 
Microglial excessive or insufficient activity may have an important role 
in the pathogenesis of schizophrenia as it is involved in the early 
neuronal development and survival, and particularly in the synaptic 
pruning, [12,19]. Reductions in microglial activity during neuro-
development may lead to reduced synaptic pruning, and sustained def-
icits in synaptic connectivity [20], while excessive microglial activity 
later in life has been linked to synaptic loss and cognitive decline [21]. In 
animal models, pre-and post-natal infection and stress activate microglia 
in regions implicated in schizophrenia in humans: amygdala, hippo-
campus, nucleus acumbens, and prefrontal cortex. The glucocorticoids 
released by the HPA axis in response to stress target microglia due to 
their high level of glucocorticoid receptor expression [22]. Animal 
models have also shown that glucocorticoid receptor activation of 
microglia is necessary for the expression of pro-inflammatory cytokines 
genes [23]. Interestingly, administration of glucocorticoids prior to an 
inflammatory trigger has been shown to have pro-inflammatory effects, 
whereas glucocorticoid administration subsequent to it has 
anti-inflammatory effects [24]. Stress-induced glucocorticoid release 
will then increase the neuronal release of glutamate, leading to neuronal 
loss [25]. 

Inflammation has in turn been found to have effects on the HPA axis 
and is considered to be a contributing factor to schizophrenia patho-
physiology [6,26]. Inflammatory markers activate the HPA axis and the 
released cortisol will then act in an anti-inflammatory manner, sup-
pressing particular cytokines involved in the inflammation, thus acting 
in a feedback loop system [27]. Important modulators of inflammation, 
cytokines coordinate the adaptive and innate immune system divisions 
by binding receptors on cells, having pro- or anti-inflammatory actions 
[1]. It is more and more accepted now that the immune system plays a 
role in facilitating the resolution of the biochemical and cellular events 
created by stress, ensuring that the signaling function of cytokines 
returns to equilibrium in order to correctly respond to new signals [16]. 
Resolution of mental stress may also form immunological memory to 
make future coping mechanisms more efficient, thus further empha-
sizing the connections between stress and the immune system [28]. 
Although various mechanisms have been suggested to support connec-
tions between inflammation and stress in schizophrenia, this aspect of 
the research has been pitted against heterogeneous findings [1]. Much 
evidence has been accumulating over the years on the impact 

inflammation has on the pathophysiology of schizophrenia, and sepa-
rately on the impact stress, but less numerous efforts are cited to connect 
the two. Our scoping review will explore recent literature aiming to 
highlight a connection between inflammatory cytokines and cortisol in 
individuals with schizophrenia and their potential relevance as markers 
of clinical improvement under treatment. 

2. Methods 

A systematic search was completed in Pubmed, Embase, Web of 
Science, and APAPsycInfo databases with search terms: (cytokines) AND 
(cortisol) AND (schizophrenia). This provided 43 results from Pubmed, 
82 results from Embase, 52 from the Web of Science, and 9 results from 
APA PsycInfo. After reading abstracts and removing duplicates and ar-
ticles not fitting the criteria, 13 articles reporting on studies where 
cortisol and cytokines were evaluated in individuals with schizophrenia 
were selected (PRISMA diagram, Fig. 1). Our search limited the results 
to peer-reviewed clinical studies where individuals with schizophrenia 
were included in either an intervention or control group. We excluded 
conference abstracts, reviews, meta-analyses, or commentaries. 

3. Results 

All studies included in this scoping review assessed cortisol levels, 
however, there is diversity in the cytokines assessed – the most frequent 
being the IL-2, IL-4, IL-6, and IL-8, as well as TNF-α. Eleven of the 13 
studies (Table 1) compare stress and inflammatory markers in in-
dividuals with schizophrenia to healthy controls, one study ([29] com-
pares two subgroups of patients with schizophrenia, and one study [30] 
compares pre- and post-measures in the same group of individuals with 
schizophrenia. Three of the 11 studies using control groups also compare 
results to groups other than healthy controls: patients with bipolar dis-
order [31], participants with ultra-high risk for psychosis [32,33], par-
ticipants with first-episode psychosis as well as participants with 
ultra-high risk for psychosis [34]. 

The focus of the studies is diverse. Three of the studies – [41,42]; and 
Kuhoh et al. (2003) assess clinical changes in relation to inflammation 
and stress markers changes. Two other studies use the dexamethasone 
suppression test [32,33,34]. [38,39] use a psychosocial stressor while 
[30] use exercise to evaluate cortisol response and cytokines changes. 
All study samples involved adults, with various male-to-female ratios, 
with the exception of two studies done on a male cohort – [32,33,34]. 

Medication was discussed in all studies as a possible confounding 
factor, and one study focused on cortisol and inflammatory markers in 
relation to a typical versus an atypical antipsychotic medication [37]. 

Cortisol was evaluated in all studies and although the aim of the 
investigations was different, some trends could be distinguished. 
Following stress inductive conditions, cortisol was found significantly 
lower in individuals with schizophrenia compared to healthy controls in 
two studies - [36,39] while an increase in cortisol levels in association 
with an increase in IL-6 was found by Ref. [38]. Higher levels of cortisol 
were found in individuals with paranoid schizophrenia compared to 
individuals without cognitive impairment by Ref. [40] as well as [37]; 
where cortisol levels increased in individuals with schizophrenia after a 
2-week antipsychotics wash-out period.Significant interactions between 
cortisol and cytokines were noted by Refs. [37,38,30,42]; and [35]. 
Significant interactions between cortisol and cytokines were found by 
Ref. [35]; where cortisol correlated with IL-6; [37] where the elevation 
of cortisol following the 2-week antipsychotics wash-out was correlated 
to an increase in IL-2 and IL-6 serum levels; [42]; where the cortisol x 
TNF-α x IL-8 was seen as indicative of risk factor for schizophrenia and 
by Ref. [38] where cortisol was positively correlated with IL-6, indica-
tive of an inability to downregulate inflammatory responses in 
schizophrenia. 
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4. Discussion 

Each of the 13 studies included in this review highlighted a particular 
aspect of the complex interactions between the immune and inflam-
matory systems within the pathophysiology of schizophrenia. A wide 
range of protocol designs, sample sizes, and immune assays were used. 
Overall, the findings suggest a clear implication of a myriad of immune- 
endocrine factors contributing to the heterogeneous presentation in 
schizophrenia, where environmental factors add to the genetic vulner-
ability in unique ways. 

It is well established that stress hormones play an important role in 
triggering the expression of vulnerability to chronic, severe mental ill-
nesses, including schizophrenia [43]. A difference was found in how 
controls and individuals with schizophrenia responded to stress tasks in 
several of the studies [38,39], surgical conditions [35,36] as well as to 
exercise [44]. In line with previous human and animal studies, cortisol 
levels were consistently found to rise in healthy controls but in in-
dividuals with schizophrenia, lower levels were more frequently found, 
by comparison, while a cortisol increase in these individuals was asso-
ciated with an increase in inflammatory cytokines, suggesting an 

inability to downregulate the inflammatory response. 
From a psychological standpoint, it is considered that people with 

this severe mental condition have failed to cope with stress [45]. 
However, the immune-inflammatory mechanisms underlying a geneti-
cally and physiologically compromised system seem to create a partic-
ular repertoire of reactions that manifest as a mental disorder that is 
hard to cope with. Early life stress, for example, leads to 
neuro-endocrine-immune changes that give a certain vulnerability to 
psychiatric disorders later in life [46]. Consistent with the findings of 
[31] included in this review, studies on healthy adults exposed to stress 
show higher levels of plasma cytokines, including IL-6, IL-1β, and serum 
TNF-α [47]. A recent study reporting on early life stress in healthy ad-
olescents found that their lymphocytes produce up to 5 times more in-
flammatory cytokines as well as increased hair cortisol levels and low 
plasma BDNF levels [48]. 

Many of the selected studies found correlations between cortisol and 
inflammation markers. However, the direction of correlation and in-
flammatory markers included differed. [38] found a positive correlation 
between cortisol and IL-6, [40] found an increase in cortisol, IL-6, IL-8, 
and IFN-γ, while [42] identified a significant interaction between 

Fig. 1. PRISMA diagram.  
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Table 1 
Results.  

Article Study 
population 

Study protocol Cytokines 
measured 

Main findings 

[35] n = 25 
patients 
with SZ 
n = 25 
controls 

Plasma cytokines 
and cortisol 
measured before, 
during, and after 
colectomy, 
hemicolectomy, 
and 
sigmoidectomy  

- IL-6  
- IL-8  
- TNF-α  

- Plasma cortisol 
levels of patients 
with SZ during 
surgery were 
significantly 
lower than the 
levels of control 
subjects;  

- Plasma IL-6 levels 
correlated with 
plasma cortisol 
levels in both 
groups. 

[36] n = 70 
patients 
with SZ 
divided into 
two groups: 
Group A n =
35 received 
epidural 
anesthesia 
Group B n =
35 did not 
receive 
epidural 
anesthesia<
n = 35 
controls 
(Group C) 

Study 
investigated: 
whether epidural 
analgesia affects 
postoperative 
confusion in 
patients with SZ; 
-the relationship 
between cortisol 
or IL-6 and 
postoperative 
confusion  

- IL-6  - No significant 
decrease in the 
frequency of 
postoperative 
confusion in 
patients with SZ 
in Group A;  

- Patients with SZ 
who experienced 
postoperative 
confusion had 
significantly 
higher levels of 
plasma IL-6 at the 
end of the surgery 
and 24 h later 
compared with 
patients without 
postoperative 
confusion;  

- Plasma cortisol 
levels in patients 
in Group A were 
significantly 
lower 15 min 
after incision and 
at the end of 
surgery 
compared to 
patients in Group 
B;  

- No significant 
difference 
between groups 
in plasma cortisol 
levels after 
anesthesia. 

[37] n = 78 
patients 
with SZ 
n = 30 
healthy 
controls 

Patients with SZ 
were randomly 
assigned to a 12- 
week treatment 
with 6 mg/day 
risperidone or 
20 mg/day 
haloperidol, in a 
double-blind 
design.  

- IL-2  
- IL-6  

- Serum levels of 
IL-2 and IL-6 in 
patients with SZ 
after a 2-weeks 
wash-out period;  

- Serum cortisol 
levels were 
elevated 
associated with 
the increase in IL- 
2 and IL-6;  

- 12 weeks of 
risperidone 
treatment 
significantly 
reduced levels of 
cortisol, IL-2, and 
IL-6;  

- Positive 
correlation 
between cortisol, 
IL-2, and IL-6 in 
SZ group;  

Table 1 (continued ) 

Article Study 
population 

Study protocol Cytokines 
measured 

Main findings  

- Cortisol levels 
were associated 
with negative 
symptomatology;  

- IL-2 levels were 
negatively 
associated with 
positive 
symptomatology. 

[31] n = 40 
patients 
with SZ 
n = 20 
patients 
with BP 
n = 40 
healthy 
controls 

Study 
investigated the 
peripheral TLR 
activity in 
psychosis. 
Plasma was 
analyzed for 
cytokines, 
cortisol, and 
acute-phase 
proteins.  

- IL-1β  
- IL-6  
- IL-8  
- TNF-α  

- Patients with SZ 
had elevated 
levels of plasma 
TNF-α compared 
with healthy 
controls;  

- Patients with BP 
had elevated 
levels of plasma 
IL-6;  

- There was an 
exaggerated 
release of IL-1β, 
IL-6 and TNF-α 
following treat-
ment with the 
TLR agonist 
HKLM in patients 
with SZ and BP 
compared to 
controls;  

- TLR8-induced 
increase in IL-1β 
for patients with 
SZ and BP, and 
TNF-α in patients 
with BP;  

- TLR9 induced 
increase in IL-8 in 
patients with SZ. 

[38] n = 34 
participants 
with SZ 
n = 40 
healthy 
controls 

Study 
investigated the 
contribution of 
the 
glucocorticoid- 
immune 
relationship to 
abnormal stress 
response in SZ. 
Two 
psychological 
stress tasks were 
used: 
PASAT (paced 
auditory serial 
addition task) 
MTPT (mirror- 
tracing 
persistence task)  

- IL-6  - Baseline cortisol 
and IL-6 were the 
same between 
groups;  

- Controls showed 
a significant 
negative 
correlation 
between acute 
cortisol response 
& post stress IL-6 
change, but an 
opposite positive 
correlation was 
seen with the SZ 
group. 

[32, 
33] 

n = 16 
participants 
with chronic 
SZ 
n = 12 
participants 
with UHR 
for psychosis 
n = 23 
healthy 
controls 

Clinical and 
biochemical 
variables 
assessed for 
comparison 
between the 3 
groups; 
Dexamethasone 
suppression test  

- IL-1β,  
- IL-2,  
- IL-4,  
- IL-5,  
- IL-6,  
- IL-8,  
- IL-10,  
- IL-12p70  
- IFN-γ,  
- TNF-α,  
- TNF-β  

- Increased IL-4 in 
high-risk group 
compared to con-
trols & chronic SZ 
group, but no 
cortisol 
difference;  

- Higher cortisol 
area under the 
curve with 
respect to ground 
(AUCg) 
compared to the 
chronic SZ group;  

- Cortisol & 
immune 
functions did not 

(continued on next page) 
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cortisol, TNF-α and IL-8. 
The studies considered made varied suggestions in regard to the 

mechanisms behind cortisol and immunological changes associated 
with schizophrenia. [39] considered the kynurenine pathway and, given 
that IL-6 increases occurred independently from kynurenine, hypothe-
sized that other mechanisms were involved in immune activation. 
However, this study directly contradicted findings in a study by 
Ref. [49] where it was considered that reduced neurogenesis may be due 
to influences on the kynurenine pathway. Mondelli and her team sug-
gested that the lower synaptic plasticity and suboptimal brain function 
are due to disturbed monoaminergic pathways, explaining this way the 
reduced treatment response. [30] suggested a gene silencing process 

Table 1 (continued ) 

Article Study 
population 

Study protocol Cytokines 
measured 

Main findings 

differ between 
chronic SZ 
patients and 
healthy controls. 

[30] n = 17 
patients 
with SZ 

Exercise protocol 
3 times weekly 
for approx. 1 h 
for 3 months; 
Stress and 
inflammatory 
markers assessed 
before and 30, 
60, and 90 days 
after protocol  

- IL-4  
- IL-6  
- IFN- γ  

- Plasma IL-6 was 
lower 60- & 90- 
days post- 
intervention 
compared to pre- 
intervention;  

- Exercise-induced 
reduction in IFN- 
γ production after 
90 days when 
compared to pre- 
exercise. 

[39] n = 10 
participants 
with SZ/SZA 
n = 10 
healthy 
controls 

Study tested 
changes in 
immune, 
cortisol, 
kynurenine, and 
kynurenic acid 
responses to a 
psychosocial 
stressor in 
people with SZ 
and healthy 
controls. 
Psychosocial 
stressor used: 
Trier Social 
Stress Test  

- IL-6  
- TNF-α  

- No differences in 
baseline cortisol  

- After the stress 
test, healthy 
group increased 
cortisol; the SZ 
group decreased 
cortisol  

- Lower baseline 
TNF-α in SZ 
group;  

- At 30 min after 
the stress test, 
cortisol levels 
increased in 
healthy controls 
but decreased in 
the SZ group; 

- No IL-6 differ-
ences between 
groups – both had 
increased levels 
following stress 
test;  

- No difference in 
baseline 
kynurenic acid or 
kynurenine. 

[34] n = 25 
participants 
with first 
psychosis 
episode, 
n = 16 
participants 
with chronic 
SZ, 
n = 12 
participants 
with Ultra 
High Risk, 
n = 23 
healthy 
controls 

Study evaluated 
the Theory of 
Mind and 
Emotion 
Perception 
changes in a 
male cohort, in 
relation to 
immune and 
inflammatory 
markers. 
A 
dexamethasone 
suppression test 
was used. 
Clinical and 
biochemical 
variables were 
assessed for 
comparison 
between the 
groups.  

- IGF-1  
- TNF- α  
- TNF-β  
- IL-1β  
- IL-2  
- IL-4  
- IL-5  
- IL-8  
- IL-10  
- IL-12  

- Deficits of theory 
of mind and 
emotional 
perception in 
participants with 
first episode 
psychosis, 
chronic SZ group 
participants and 
high-risk subjects 
compared to 
controls  

- IL-4 levels 
significantly 
higher in the UHR 
group compared 
to participants in 
the FEP, chronic 
SZ and healthy 
controls group;  

- No effect of 
antipsychotic 
treatment on 
social cognition. 

[40] n = 35 
patients 
with SZ 
n = 17 
healthy 
controls 

Study evaluated 
the main 
parameters of 
immunity and 
systemic 
inflammation in 
relation to brain  

- IL-6  
- IL-8  
- IL-10  
- IFN-γ  
- TNF-α  
- IL-1β  
- IL-1RA  

- An increase in the 
main markers of 
systemic 
inflammatory 
response was 
found in patients 
with SZ: cortisol,  

Table 1 (continued ) 

Article Study 
population 

Study protocol Cytokines 
measured 

Main findings 

damage markers 
and patterns of 
cognitive- 
affective in 
patients with SZ. 

pro-inflammatory 
cytokines IL-6, IL- 
8, IFN-γ, as well 
as C-reactive pro-
tein, were signifi-
cantly increased 
compared with 
the control group, 
and normal 
values. 

[41] n = 33 
participants 
with SZ 
n = 63 
healthy 
controls 

Clinical and 
biochemical 
variables 
assessed for 
comparison 
between the 2 
groups  

- IL-18  
- IL-18 

binding 
protein  

- IL-18 
receptor 
accessory 
protein  

- IL-18 
receptor 1  

- No significant 
difference in 
cortisol between 
groups;  

- IL-18 and IL-18/ 
IL-18BP ratios 
were higher in 
patients;  

- IL-18/IL-18BP 
ratios, cortisol, 
and depressive 
symptoms are 
significantly 
correlated. 

[42] n = 37 
patients 
with SZ 
n = 35 
healthy 
controls 

Clinical and 
biochemical 
variables 
assessed for 
comparison 
between the 2 
groups  

- IL-2  
- IL-6  
- IL-8  
- TNF-α 
–  

- Significant 
positive 
correlation 
between cortisol, 
TNF- α & IL-8 & 
severity of cogni-
tive dysfunction;  

- Support vector 
machine model 
supports the 
correlation. 

[29] n = 121 
patients 
with SZ and 
tardive 
dyskinesia 
(TD) 
n = 118 
patients 
with SZ 

Oxidative stress 
factors, BDNF 1, 
inflammatory 
cytokines, 
prolactin, 
estrogen, and 
cortisol were 
measured in the 
two groups for 
comparison  

- IL-2  
- IL-6  
- IL-8  
- TNF-α  

- The TNF-α level 
in the patients 
with SZ and TD 
group was 
significantly 
lower than in the 
SZ group;  

- There were no 
significant 
differences in the 
levels of IL-2, IL-6 
and IL-8 between 
the two groups;  

- There was no 
significant 
difference in the 
levels of cortisol, 
prolactin and 
estrogen between 
the two groups. 

Abbreviations List: IFN: Interferon; IGF: insulin-like growth factor; IL: inter-
leukin; PANSS: Positive and Negative Symptoms Scale; SZ – Schizophrenia; SZA 
– Schizoaffective Disorder; TLR – Toll-Like Receptors; TNF: tumor necrosis 
factor; UHR – Ultra High Risk for psychosis. 
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through reduced gene transcription, impacting this way the disease 
progression. Next, [32,33,42] considered the role of microglia activation 
in releasing pro-inflammatory immune factors, causing abnormal neu-
rogenesis. [38] discussed the role of glucocorticoids in suppressing 
pro-inflammatory cytokine gene transcription through the NF-kB (nu-
clear factor kappa) pathway. Further, [32,33] described a protective 
role for IL-4 against psychosis, as higher levels of this cytokine were 
found in individuals with ultra-high risk for psychosis compared to 
healthy controls and individuals with chronic schizophrenia. In the same 
study, it was considered that both the innate and adaptive arms of the 
immune system are activated given that TNF-a, an innate immunity 
factor, and IFN-y, an adaptive immune arm factor, are increased in in-
dividuals at risk for psychosis [32,33]. This article further proposes that 
increased pro-inflammatory cytokines are balanced by a decrease in 
cortisol to maintain homeostasis. In a previous study, [50] described 
associations between IL-10 and schizophrenia to be due to IL-10’s pro-
tective effect against inflammation-mediated degeneration of dopami-
nergic neurons on substantia nigra in individuals with first-episode 
psychosis. Consistent with previous studies [16] it was also considered 
that anti- and pro-inflammatory factor mobilization may result in im-
mune dysregulation and result in chronically activated macrophages 
and T-lymphocytes. 

Inflammation is considered a contributing factor to the pathophysi-
ology of schizophrenia, expressed by changes in immunological markers 
such as C-reactive protein (CRP) and different interleukins [51,52]. In 
our selected publications, [39] found that IL-6 spiked in healthy controls 
prior to cortisol increases, but no response was seen in participants with 
schizophrenia. This contradicted [38] findings where a negative corre-
lation between acute cortisol response and responding Il-6 changes 
occurred in healthy controls, with a positive correlation occurring in 
participants with schizophrenia. 

In patients with schizophrenia, the presence of gene polymorphism 
of pro-inflammatory cytokines, such as IL-1β and IL-6, has been linked to 
high serum levels of these cytokines [53]. It was suggested that IL-1β, 
IL-6, and TGF-B (transforming growth factor) could be schizophrenia 
state markers since they were elevated in both the first-episode and 
relapse of the disease, but these markers were decreased after the anti-
psychotic treatment [54]; [6]). Consistent with this, [37] found that 
treatment with risperidone – an atypical antipsychotic significantly 
reduced cortisol levels, which was associated with levels of IL-2, and 
thus improved negative symptoms in individuals with schizophrenia. 
Previous studies have consistently shown that antipsychotics exert 
immunosuppressive effects on the production of cytokines [55,56], 
suggesting epigenetic changes. [30] also suggest that individuals with 
schizophrenia are vulnerable to epigenetic changes induced by exercise, 
as they found that gene transcriptional repression via acetylation may 
occur with exercise interventions, thus impacting inflammatory marker 
changes throughout treatment. 

Some of the selected studies made correlations between inflamma-
tory markers and the severity of psychosis: [37] found that an elevated 
cortisol level was associated with negative symptoms, while elevated 
levels of IL-2 were associated with positive symptoms; [42] found pos-
itive associations with cognitive dysfunction severity, cortisol, TNF-a, 
and IL-8; [41] found a positive correlation between IL-18/IL-18BP 
ratio and depressive symptoms; [29] found lower levels of TNF-α in 
individuals with schizophrenia and tardive dyskinesia compared to 
those without it; finally, IL-4 was positively correlated with social 
cognition, and basic emotional perception [34]. 

Limitations of the present review include a limited number of studies 
identified as a result of a stringent set of criteria. The wide range of 
protocol designs, sample sizes, and focus of the selected studies made 
generalizations difficult. However, a general trend of highlighting a 
dysregulated HPA–immune system interaction in individuals with 
schizophrenia as opposed to healthy controls could be identified. 

Common limitations in the studies included in this review refer to 
small sample sizes and no consistency in the gender balancing of 

samples. Finally, a wide range of approaches in controlling for con-
founding variables like race, smoking, BMI, and diet was noted as these 
may affect the stress-inflammation link. Future studies should increase 
sample size and possibly adopt a longitudinal design in support of 
further elucidating the HPA-immunity interaction changes along the 
progression of schizophrenia. 

5. Conclusions 

The possible role played by stress and inflammation has been broadly 
studied in depressive disorder and heart pathology, as well as in sleep 
disturbances and metabolic diseases. However, in schizophrenia, these 
aspects have been understudied. Our search in 4 databases on the topic 
resulted in the selection of 13 publications that fit the criteria estab-
lished to possibly pinpoint recent evidence of an HPA-immune system 
interaction in schizophrenia. All selected studies evaluated cortisol and 
inflammation markers, but with a different cytokines assessment profile. 

Although evident correlations between inflammation and cortisol 
which may be disturbed in individuals with schizophrenia were high-
lighted, the wide variety of protocols, immunological assays, and sample 
sizes do not allow for generalization. There is evidence to suggest that 
biological immune and stress markers may be associated with clinical 
improvement in participants with schizophrenia, however, the exact 
mechanisms explaining it remains to be determined. 

The main limitations of this review include small sample size and 
limited generalizability. 

Additional longitudinal study designs are needed to further under-
stand the relationship between cortisol, inflammatory markers, and 
schizophrenia. This may contribute to guiding early intervention stra-
tegies, and measures of psychosis improvement under treatment. 

Funding 

Providence Care Innovation Grant 2019: “Innovative pathways to 
impactful treatment of chronic schizophrenia: disrupting the status-quo 
moving toward biological-driven, combined pharmacological and non- 
pharmacological therapeutic approaches to define markers of thera-
peutic improvement in cognitive behavioral therapy for psychosis pro-
moted recovery”. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

References 

[1] B.J. Miller, D. Goldsmith, Evaluating the hypothesis that schizophrenia is an 
inflammatory disorder, Focus 18 (4) (2020) 391–401, https://doi.org/10.1176/ 
appi.focus.20200015. 

[2] C. Hjorthøj, A.E. Stürup, J.J. McGrath, M. Nordentoft, SA57. Life expectancy and 
years of potential life lost in schizophrenia: a systematic review and meta-analysis, 
Schizophr. Bull. 43 (suppl_1) (2017) S133–S134, https://doi.org/10.1093/schbul/ 
sbx023.056. 

[3] D.A. King, Drug Treatment of the Negative Symptoms of Schizophrenia, European 
Neuropsychopharmacology, 1998, https://doi.org/10.1016/s0924-977x(97) 
00041-2. 

[4] C. Lai, E. Scarr, M. Udawela, I.P. Everall, W. Chen, B. Dean, Biomarkers in 
schizophrenia: a focus on blood-based diagnostics and theranostics, World J. 
Psychiatr. 6 (1) (2016) 102, https://doi.org/10.5498/wjp.v6.i1.102. 

[5] N. Müller, Inflammation in schizophrenia: pathogenetic aspects and therapeutic 
considerations, Schizophr. Bull. 44 (5) (2018) 973–982, https://doi.org/10.1093/ 
schbul/sby024. 
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