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Abstract: Objective: Recent evidence has associated immune and inflammatory changes to cognitive performance in 
many diseases, including schizophrenia. Since this is a new research field where concepts are not yet solid and new 
questions and hypothesis are still arising, the present study aimed at summarizing the available clinical data associating 
schizophrenia, cognition and inflammation/immune function.  

Methods: A systematic review of the literature was made by searching the following terms in Medline: “schizophrenia or 
psychosis or psychotic” AND “inflamm* or immun* or cytokine or IL-* or TNF-* or kynureni* or KYNA”, AND 
“cognit* or attention or memory or executive function”.  

Results: Seventy five papers were identified using the selected terms, and seven papers were included in the review. 
Papers excluded focused mainly on basic research or other neuropsychiatric disorders.  

Conclusions: Recent findings link inflammatory markers to cognition in schizophrenia, suggesting that inflammation is 
associated with worst cognitive performance. Microglial activation, monoaminergic imbalance, brain abnormalities and 
the kynurenine pathway are possible mechanisms underlying cognitive impairment in schizophrenia. Clinical trials with 
addition of immunomodulatory drugs have shown promising results, opening new windows to tackle cognition in 
schizophrenia. 
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INTRODUCTION 

 Schizophrenia is the most debilitating neuropsychiatric 
disorder. Patients with schizophrenia present major 
impairment in social functioning, independent living and 
work status, compared to healthy subjects [1, 2]. 

 Besides the well-established positive and negative 
symptoms, recently it has been largely recognized that a 
generalized cognitive deficit is at the core of schizophrenia, 
and it significantly affects patient's social functioning [2-5]. 
Cognitive impairment in schizophrenia ranges from sensory 
and perceptual dysfunctions to higher order cognitive 
dysfunctions like working and episodic memory, attention, 
problem solving, processing speed [6-8]. The course of 
cognitive impairment in schizophrenia is characterized by 
deterioration close to and during the first psychotic episode 
and a relative stability afterwards. Nevertheless, patients with 
schizophrenia tend to present lower cognitive performance 
than the general population even in the premorbid phase [9, 
10]. Antipsychotic medications have shown modest positive  
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effects on different cognitive domains, without a preferential 
effect over a specific function [11-14]. Better treatment 
approaches to cognition could be achieved with a greater 
understanding on the pathogenesis of cognitive impairment 
in schizophrenia, which remains poorly understood. Evidence 
from studies with other neuropsychiatric disorders indicates 
that immuno-inflammatory processes may play a central  
role in cognitive deficits. For instance, it has been shown  
that inflammation may be an important neuropathological 
mechanism underlying cognitive decline and dementia in 
elderly population [15]. Executive dysfunction was 
associated to inflammatory parameters in bipolar patients, 
with inhibitory control being positively correlated to TNF-α 
levels [16]. Levels of inflammatory markers have also been 
linked to cognitive function in major depressive disorder. 
For instance, high IL-6 levels were associated to low 
performance in immediate and delayed verbal recall tests in 
recurrent depressed women [17]. 

 In schizophrenia, there is considerable evidence of 
changes in the immune system. Previous studies have shown 
an imbalance between type-1 and type-2 immune responses 
with a predominant type-2 response [18]. However, a recent 
meta-analysis showed dominant pro-inflammatory changes 
in schizophrenia, but not type-2 or type-1 predominant 
immune response. After controlling for antipsychotic use as 



274    Current Neuropharmacology, 2014, Vol. 12, No. 3 Ribeiro-Santos et al. 

a confounding factor, only IL-1RA and IL-6 levels were 
elevated in schizophrenia [19]. These data also indicate that 
antipsychotic medication alters immune parameters [20]. 
Another meta-analysis, that considered clinical status and 
antipsychotic effects, did not find an increase in type-2 
cytokines either [21]. Instead, the authors suggested that 
some cytokines are state markers of acute exacerbations (IL-
1β, IL-6 and TGF-β), while others may be trait markers (IL-
12, IFN-γ, TNF-α, sIL-2R). Th1 derived cytokines IL-12 and 
IFN-γ were elevated only in acute relapses and first episode 
psychotic patients, as well as macrophage derived cytokines 
IL-6, TNF-α and IL-1β [21].  

 Prenatal and perinatal infections could disrupt fetal 
neurodevelopmental processes, leading to brain long-lasting 
changes and increasing the risk of psychotic disturbances in 
early adulthood [22]. Prenatal and perinatal infections could 
also act on the priming of immune activation in this early 
period of life [23]. In this scenario, altered levels of IL-1 and 
IL-6 could influence the release of hormones by the 
hypothalamic-pituitary-adrenal axis, contributing to changes 
in monoamine neurotransmission [24]. Therefore, infection 
and inflammation may trigger pathological mechanisms, 
resulting in proneness to psychosis and, possibly, cognitive 
dysfunction.  

 Given the relevance of the cognitive impairment and the 
immune changes in schizophrenia as well as the putative role 
of the immune system in cognitive dysfunction, it turns 
relevant to investigate the association between cognitive  
and immune variables in schizophrenia. Therefore, the aim 
of the present study was to systematically review all the 
papers published concerning schizophrenia, cognition and 
immunity. We focused on studies that assessed cognitive and 
immune variables directly on the patients. By excluding 
studies that used other populations (e.g. Alzheimer, Bipolar 
Disorder) or basic research we tried to reduce complexity, 
homogenize results and to emphasize on studies with direct 
clinical implications. Nevertheless, articles not included in 
our selection, but whose content is relevant to our results, 
were included in the discussion. 

METHODS 

 A search was conducted in the Medline database, up to 
April 2013, comprising studies written in English, with the 
following terms in the abstract and/or title: “schizophrenia or 
psychosis or psychotic” AND “inflamm* or immun* or 
cytokine or IL-* or TNF-* or kynureni* or KYNA”, AND 
“cognit* or attention or memory or executive function”. 
Only original papers were included. 

RESULTS 

 Seventy five papers were identified using the selected 
terms. After a critical analysis of the abstracts, seventy 
papers were excluded, due to diverging focus (Fig. 1). The 
papers excluded were either too basic, concerning chemical 
or biological in vitro research or animal studies with murine 
models with little contribution for clinical practice; or too 
broad, revising immunological aspects in other neuro- 
psychiatric disorders or concerning different symptomatological 
domains. Papers that only inferred that immune changes 
could affect cognition in schizophrenia, without actual tests, 
were also excluded to homogenize the sample and focus on 
clinical and practical aspects.  

 Two articles from references of the selected papers were 
also included. In sum, seven original papers were included in 
the present study. Papers that assessed cognition and immune 
and/or inflammatory markers in patients with schizophrenia 
are displayed on Table 1. Clinical trials that added immuno- 
modulatory drugs to antipsychotic regimen are shown in 
Table 2.  

 Four studies addressed associations between 
immune/inflammatory markers and cognitive functions in 
schizophrenia or first-episode psychosis. Elevated serum C-
reactive protein (CRP) levels were associated with the 
severity of cognitive impairment, but not with positive or 
negative symptoms. Patients with CRP levels above 5 mg/µl 
(high level group) had a lower score on the Repeatable 
Battery for the Assessment of Neuropsychological Status 
(RBANS), which is based on scales for immediate and 

 

Fig. (1). Flow chart of the selection of studies on the role of immune system in cognitive changes in schizophrenia. 
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delayed memory, visuo-constructional, language and attention 
[25]. A recent study of the same group showed that the 
effects of elevated CPR levels and Herpes Simplex Virus 
type 1 (HSV-1) seropositivity on cognitive impairment as 
assessed by RBANS in patients with schizophrenia were 
additive and statistically independent. The largest cognitive 
impairment was found in the group with both factors, i.e. 
high levels of CRP and HSV-1 antibodies, reinforcing the 
hypothesis that inflammation and infection may play a role 
in cognition [26].  

 Another study correlated levels of either the chemokine 
monocyte chemoattractant protein 1 (MCP-1/CCL-2) or 
oxidative stress markers (nitrites and glutathione) with 
performance on cognitive tasks in a group of first-episode 
psychosis patients. MCP-1 levels were negatively correlated 
to learning and memory performance, while oxidative stress 
markers were associated with poorer executive functioning 
[27]. A recent Chinese study found a positive association 

between interleukin 18 (IL-18) levels and RBANS visuospatial 
and constructional indexes in first episode and drug naïve 
psychotic patients [28]. 

 Three studies yielded data about the effect of anti-
inflammatory or immunomodulatory drugs as add-on therapy 
to the antipsychotic regimen on cognition of patients with 
schizophrenia. Using celecoxib (cyclooxygenase type 2 
(COX-2) inhibitor) 400mg/day or placebo as add-on to 
risperidone, Müller et al. [29] assigned 25 patients to each 
group during a five week trial. Patients using celecoxib had a 
greater reduction of total score in the Positive and Negative 
Symptoms Scale (PANSS) when compared to the placebo 
group. Specific effects on cognition were evidenced after re-
evaluation of data that showed that the effect on the PANSS 
cognition factor (items ‘difficulty in abstract thinking’ and 
‘conceptual disorganization’) was the most pronounced. The 
effect seems to be stronger in cases with more recent onset 
and shorter disease duration [30].  

Table 1. Studies assessing inflammatory/immune markers and cognition in schizophrenia. 

Authors Year N Control type Cognitive Functions 
and Instruments 

Inflammatory 
Markers 

Results Conclusions 

Dickerson et al. 2007 413 SZ 
patients. 

Patients divided by 
CRP levels (high or 
low). No healthy 
controls. 

RBANS (based on 5 
scales: immediate and 
delayed memory, 
visuo-constructional, 
language and attention) 

CRP levels  
(˂ 5.0 mg/µl or 
≥ 5.0 mg/µl) 

p=0.0047 (PCR 
negatively 
associated to 
RBANS) 

CRP levels related 
to cognitive 
impairment 
measured by 
RBANS composite 
score in SZ. 

Dickerson et al. 2012 588 SZ 
patients. 

Patients divided in 
four groups, 
according to HSV-1 
serological status 
and CRP levels. No 
healthy controls. 

RBANS CRP levels  
(˂ 5.0 mg/µl or 
≥ 5.0 mg/µl 
(and HSV1 
status) 

Effect sizes on 
RBANS were .10 
for HSV1+, .10 for 
high CRP, .14 for 
HSV1+ and high 
CRP together. 

Additive effects of 
elevated CRP and 
exposure to HSV-1 
in cognitive 
impairment in SZ. 

Martínez-
Cengotitabengoa 
et al. 

2012 28 First 
Episode 
Psychosis 
patients. 

28 healthy controls. Fluency Assessment 
Scale, WAIS III, 
TMTA, TMTB Stroop 
Color and Word Test, 
WMS III, WCST. 

 MCP-1 (and 
oxidative 
stress 
markers). 

Negative 
association 
between MCP-1 
levels and learning 
and memory 
(p=0.009). 

Learning, verbal 
and working 
memory correlates 
inversely with 
chemokine levels 
and executive 
function directly to 
antioxidant markers 
in first psychotic 
episodes. 

Zhang et al. 2013 77 First 
Episode 
and Drug 
Naïve SZ 
patients 

75 healthy, gender, 
education and age-
matched controls. 

RBANS IL-18 serum 
levels. 

Positive 
association 
between IL-18 
levels and RBANS 
visuospatial/constr
uctional index 
(p=0.03). 

IL-18 may be 
associated to 
cognitive deficits in 
SZ. Association was 
the opposite than 
expected, suggesting 
neuroprotection 
(hypothesis of 
antiviral activity). 

Abbreviations: CRP: C reactive protein, HSV1: Herpes Simplex Virus type 1, IL-18: interleukin 18, MCP-1: monocyte chemoattractant protein 1.RBANS: Repeatable Battery for the 
Assessment of Neuropsychological status, Th1/Th2: T helper cells type 1 and 2, SZ: schizophrenia, TMTA/B: Trail Making Test A and B, WAIS III: Wechsler Adult Intelligence 
Scale, WCST: Winconsin Card Sorting Test, WMS III: Wechsler Memory Scale 
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 Another trial added Aspirin (1000mg) to antipsychotic 
treatment in a group of 70 patients with schizophrenia for a 
three month period. It was argued that aspirin has a 
cardioprotective profile and that its unselective inhibition of 
COX-1 and COX-2 enzymes would allow a wider range of 
action. Statistically significant effects on the total score and 
positive subscale of PANSS were observed. Interferon-γ and 
inteleukin-4 levels were also analyzed before, during and 
after treatment. The effect was larger in patients with a lower 
type-1/type-2 cytokine balance (defined by the median 
interferon-γ/ interleukin-4 ratio), suggesting that the 
reduction of positive symptoms was larger in patients with 
an immune profile tending to the type-2 response. Although 
Aspirin seemed to improve psychiatric symptoms, cognition 
was not affected [31]. 

 A double-blind, randomized, placebo-controlled study 
with minocycline, an antibiotic which also exerts immuno- 
modulatory activity, as augmentation to antipsychotics found 
that it may alleviate negative symptoms and improve 
cognitive functioning in early-phase schizophrenia. Patients 
using minocycline showed improvement in executive 
functions (working memory, cognitive shifting and planning) 
in comparison to the placebo group measured by the 
Cambridge Neurospychological Automated Battery (CANTAB) 
[32].  

DISCUSSION 

 Although the research linking cognition and inflammation 
in schizophrenia is still scarce, initial results are promising. 
MCP-1 and IL-18 levels, as well as CRP levels and HSV-1 
seropositivity, were linked to cognition in schizophrenia. 

Interventional studies that added immunomodulatory drugs 
to antipsychotic regimen also yielded interesting results, 
opening new possibilities to improve cognition and other 
psychiatric symptoms in schizophrenia. 

 CRP has been used for years as a biomarker for 
cardiovascular risk. Elevated high sensitivity CRP may be 
also a marker of memory and visuospatial impairment in the 
elderly, being associated with dementia. CRP is known to be 
elevated in those with risk factors common to stroke and 
dementia, such as diabetes, obesity and smoking [33]. 
Recent studies suggested that assessment of low grade 
inflammation by high sensitivity CRP can be related to 
cerebral microstructural disintegration, affecting frontal lobe 
pathways and leading to executive dysfunction [34]. Frontal 
dysfunction is a common feature in schizophrenia and these 
findings may help explain how inflammation may undermine 
cognitive functions. CRP levels have been negatively 
associated to cognitive performance in patients with 
schizophrenia [25]. High CRP levels may be a candidate 
biomarker for worse prognosis in schizophrenia. CRP 
assessment could also help identify groups of patients with 
schizophrenia that would benefit from immunomodulatory 
drugs, improving cognitive function or even psychiatric 
symptoms.  

 As well as inflammatory markers such as CRP, it appears 
that immune activators such as viruses could be related to 
cognition in schizophrenia. The concept of “early-life 
programming of adult disease” postulates that specific 
environmental factors acting during sensitive prenatal or 
early postnatal developmental periods can induce persistent 

Table 2. Clinical trials with immunomodulatory drugs augmentation to antipsychotics. 

Authors Year Trial Design Cognitive Functions and 
Instruments 

Inflammatory 
Markers 

Results Conclusions 

Müller  
et al. 

2005 25 SZ patients with 
risperidone + celecoxib, 
25 patients with 
risperidone + placebo, 
for 5 weeks. 

PANSS cognition subscale 
– items conceptualization 
and abstract thinking. 

NA p=0.06 (improvement 
under treatment) 

Celecoxib add-on to 
risperidone shows trends of 
improvement on PANSS 
total score and cognition 
subscale. 

Levkovitz 
et al. 

2010 36 early-phase SZ 
patients assigned to 
minocycline as add-on, 
18 patiens to placebo  
(6 months follow up). 

CANTAB (Cambridge 
Neuropsychological Test 
Automated Battery), SANS 
(Scale for the Assessment 
of Negative Symptoms). 

NA Improvement in 
executive functions, 
mainly working 
memory, cognitive 
shifting and planning. 

Minocycline ameliorates 
negative symptoms and 
cognitive deficits in early-
phase SZ. 

Laan  
et al. 

2010 27 patients assigned to 
Aspirin 1000mg as add-
on for 3 months, and 31 
patients assigned to the 
placebo group; groups 
were stratified by 
Th1/Th2 balance. 

Rey Auditory Verbal 
Learning, HQ Continuous 
Performance Test, Purdue 
Pegboard Test, Trail 
Making Test. 

IFN-γ and IL-4  

(Th1/Th2 ratio). 

 No significant effects 
on cognitive function. 

Aspirin add-on reduces 
symptomsof SZ spectrum 
disorders (PANSS positive, 
subscale and total score), 
but does not affect cognition. 
Greater symptomatic 
reduction in those with more 
altered immune function. 

Abbreviations: CANTAB: Cambridge Neuropsychological Test Automated Battery, IFN-γ: interferon gamma, IL-4: interleukin 4, NA: not available, PANSS: Positive and Negative 
Syndrome Scale, RBANS: Repeatable Battery for the Assessment of Neuropsychological status, Th1/Th2: T helper cells type 1 and 2, SANS: Scale for the Assessment of Negative 
Symptoms, SZ: schizophrenia, TMTA/B: Trail Making Test A and B. 
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changes in physiological, emotional and behavioral functions 
throughout life [35]. These factors could prime not only  
the immune system and its responses in adult life, but  
cause neurodevelopmental changes and increase proneness 
to psychosis. Prenatal maternal immune activation, 
inflammation, viral infections, as well as psychological 
stress and malnutrition appear to affect offspring 
development, increasing the risk of psychotic disorders later 
on, impairing sensorimotor gating, information processing, 
cognition, social function and leading to subcortical 
hyperdopaminergia [22, 36]. Prenatal influenza infections 
are associated with altered neuronal migration in cortical and 
hippocampal neurons [37], which are essential for broad 
functioning of many cognitive domains. Different kinds of 
viruses are known to alter the monoaminergic balance within 
the brain after experimental infection, particularly serotonin 
and noradrenaline-mediated systems [38]. HSV-1 lifelong 
cycles in the brain may cause neuronal damage and 
dysfunction and may also be associated with longitudinal 
gray matter loss in the posterior cingulate gyrus and decline 
in executive functioning among subjects with schizophrenia 
[39]. Significant association between the neurocognitive 
summary score, verbal memory, vigilance and processing 
speed; and antibodies to HSV-1 was described in the CATIE 
trial (Clinical Antipsychotic Trial of Intervention 
Effectiveness) [40]. These findings may help explain the 
association of HSV-1 and cognition in schizophrenia 
described in the results by Dickerson [25, 26] and also 
possible underlying pathological changes. We could also 
hypothesize that microglial activation may occur in early 
neurodevelopment in these cases and be linked to first 
episode psychosis as well, converging previous neuro- 
structural abnormalities and monoaminergic imbalance to 
behavioral and cognitive impairment. 

 MCP-1/CCL-2 was found to be associated to cognitive 
deficit in first episode psychosis. MCP-1 is a chemokine that 
recruits monocytes, dendritic and T cells to the inflammation 
site. It is also associated to microglia activation in neuro- 
inflammatory diseases. It was hypothesized that in psychotic 
patients the systemic oxidative-inflammatory status may 
influence cognitive performance through inflammatory 
mediators in cerebral vasculature or increase in blood-brain 
permeability [27]. MCP-1 has already been linked with 
cognitive deficits associated with HIV dementia and 
Alzheimer’s disease [41, 42]. Therefore, inflammatory 
processes initiated by MCP-1, like microglia activation and 
leucocyte migration, appear to be associated to cognition in 
schizophrenia as shown by the negative association between 
MCP-1 levels and learning and memory (p=0.009) [27]. This 
is in line with the microglia hypothesis of schizophrenia, 
which postulates that pro-inflammatory cytokines and free 
radicals produced by an activated microglia may decrease 
neurogenesis, result in white matter abnormalities and favor 
neurodegeneration, contributing to the neuropathology of the 
disorder [43]. Animal experiments have shown that IL-6 can 
increase dopaminergic neurotransmission in the hippocampus, 
and IL-2 also increases serotonin and noradrenaline-
mediated neurotransmission [44]. This could be another 
possible mechanism linking cognitive dysfunction to MCP-1 
levels. 

 Although no differences were found between IL-18 levels 
in first episode patients with schizophrenia and healthy 
controls, there was a positive association between IL-18 
levels and RBANS visuospatial/constructional cognitive 
index. These findings seem paradoxal since there are studies 
associating IL-18 levels to worse cognitive function in 
Alzheimer’s disease and multiple sclerosis. However, IL-18 
may contribute differently to acute neuroinflammation and 
chronic neurodegeneration [45]. IL-18 might display neuro- 
protective effects, besides its pro-inflammatory actions. Due 
to the association between viral infections and schizophrenia, 
it is proposed that IL-18 release after viral infection would 
lead to microglial activation with interferon gamma (IFN-γ) 
release in the brain parenchyma and viral clearance. Another 
explanation is that the visuospatial index may be more 
resilient to be impaired by IL-18 than other cognitive 
functions measured by RBANS [28]. It is still uncertain how 
each immune marker affects neurodevelopment, and therefore 
also influences cognition. IL-18 could be associated to 
‘damage control’, for example, following viral infection in 
pre or perinatal period, avoiding or minimizing structural 
abnormalities associated to schizophrenia and cognitive 
impairment. 

 Most clinical trials that used anti-inflammatory or 
immunomodulatory drugs in addition to antipsychotics in 
order to verify cognitive effects yielded positive results.  

 Minocycline add-on to antipsychotics showed improvement 
in cognition. It is an antibiotic with anti-inflammatory, anti-
oxidative and anti-apoptotic properties. Its neuroprotective 
properties may arise from astrocytic and microglial caspase 1 
inhibition, as well as nitric oxide synthase inhibition, which 
also affects the glutamatergic system. The dopaminergic 
system may also be affected, since minocycline attenuates 
dopamine elevation following NMDA agonist administration. 
Preclinical inflammation models also showed impact on 
inflammatory markers, such as TNF-α, IL-1β, PGE2 and 
COX-2 [32, 46, 47]. Pro-inflammatory cytokines and free 
radicals produced by microglia can contribute to neuron 
degeneration. There have been reports of inhibitory effects of 
typical and atypical antipsychotics in inflammatory and 
oxidative stress mediated by the microglia; factors which 
have been recently associated with reduced neurogenesis and 
white matter abnormalities [43]. Minocycline may exert its 
beneficial effects on cognition by controlling microglial 
activation. Since patients were described as having early-
phase schizophrenia, authors suggest that intervention with 
immunomodulatory drugs may display better results in initial 
stages of the disease and improve clinical course [32].  

 Celecoxib also seems to improve cognition, although the 
observed improvement derived from PANSS cognitive 
factors and not neurocognitive tests per se. Celecoxib is a 
selective anti-inflammatory drug that inhibits COX-2, but 
not COX-1. Contrasting with its isoform COX-1, COX-2 is 
induced by stimulation in most tissues, but it is constitutively 
expressed in the central nervous system structures such as 
frontal cortex, amygdala and hippocampus which are 
critically involved in cognitive functioning [38, 48]. COX-2 
activity can be stimulated by tissue damage and also by 
glutamate excitation, showing its high sensitivity to neuronal  
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stress [49]. Cytokines such as IL-2, IL-6 and IL-10 activate 
COX-2, and result in inflammatory response also in the 
central nervous system. Hence, COX-2 inhibition seems to 
balance type 1/ type 2 immune responses by inhibition of 
PGE2 and stimulation of type 1 immune response, and also 
by inhibition of KYNA (kynurenic acid) production [50]. 
KYNA is an antagonist at the glycine site of the N-methyl-
D-aspartic acid receptor (NMDAR) and at the α7 nicotinic 
acetylcholine receptor (α7nAChR), both of which implicated 
in the cognitive impairment of schizophrenia [51, 52]. 
Increased immune function, primarily in the blood, would 
raise most kynurenine metabolites and in result, elevate also 
KYNA levels in the brain. This would impair glutamatergic 
neurotransmission and possibly affect dopaminergic 
neurotransmission as well. Since the kynurenine pathway of 
tryptophan metabolism is induced by immunological 
activation and stress, it can mediate the effects of 
environmental factors in cognition and behavior. Therefore, 
it may be a promising metabolic pathway for developing 
new pharmacological interventions to treat and prevent 
cognitive dysfunction in schizophrenia and other neuro- 
psychiatric disorders [53].  

 The beneficial effects of COX-2 inhibition may also be 
due to alteration in glutamate neurotransmission, with 
inhibition of the NMDA receptors and activation of kainate 
receptors [29]. Müller et al. [30] also proposed that COX-2 
inhibitors may have a role in learning and memory by 
affecting long-term potentiation and long-term depression, as 
well as attenuating cholinergic dysfunction. Therefore, many 
mechanisms could explain the positive effects of COX-2 
inhibitors on cognition in schizophrenia. As argued by 
Müller and Schwarz [20] when evaluating the effect of anti-
inflammatory drugs on cognition in schizophrenia, one 
should take into account the disease stage. Therapeutic 
studies have shown beneficial effects of anti-inflammatory 
drugs mostly in early stages, with little effect in late stages. 
Müller et al. stated that patients with a shorter duration  
of disease improved more in the aforementioned clinical  
trial [30]. These findings could reflect that an early anti-
inflammatory therapy could prevent neuronal damage and 
structural changes caused by chronic inflammation in 
schizophrenic patients over many years of disease evolution 
[20]. 

 Aspirin (acetylsalicylic acid) is a widely used anti-
inflammatory agent that inhibits inflammatory cyclo-
oxygenase pathways and suppresses prostaglandins and 
tromboxane. Aspirin also exerts positive effects through 
modulation of oxidative and nitrosative stresses. Laan et al. 
[31] found that the group of patients with lower Th1/Th2 
balance benefited more from the use of Aspirin than the 
others. This finding is in line with other studies and the 
hypothesis of an imbalance between pro and anti-
inflammatory forces. Cognition was not affected, but authors 
argued that it was a stable domain over time in these 
patients, and that a longer time could be necessary to observe 
changes. Laan et al. [31] also hypothesized that Aspirin may 
act by antagonizing NMDA dysfunction and that it exerts its 
effects by interacting with antipsychotics. 

 As only a few studies that addressed simultaneously 
cognition and immunological changes in schizophrenia are 

available to date, the results must be interpreted cautiously. 
The exclusion of research or animal models may have 
narrowed the discussion, excluding other hypothetical 
mechanisms linking immune changes and cognition in 
schizophrenia that have not been transposed into clinical 
studies yet. Regarding immunomodulatory drugs, many 
parameters are still undefined, such as duration, dose and 
time of initiation of a possible immunomodulatory drug. 
Moreover, it appears that positive effects are more evident in 
the initial stages of schizophrenia. One of the clinical trials 
revised did not use standard neuropsychological assessment 
battery in schizophrenia (PANSS cognition factor) [30]. It is 
advised a careful selection of the neuropsychological battery 
used to obtain more reliable results in future trials, in order 
to compare drug efficacy and cognitive improvement.  

CONCLUSIONS 

 Schizophrenia is a heterogeneous syndrome and immune 
changes may be another neuropathogenic mechanism among 
many already described. Cognition is one of the main 
compromised domains in schizophrenia and accounts for a 
great part of the patient’s functioning and quality of life. 
Recent discoveries link inflammation to the cognitive 
deficits seen in the disease. Clinical trials have shown 
improvement on cognitive parameters and other symptoms 
with the addition of immunomodulatory drugs. It seems very 
likely, though, that inflammation and immune dysfunction 
affect neurodevelopment, increase risk of psychotic illnesses 
and continue to affect cognitive processes throughout life. 
Possible underlying mechanisms include monoaminergic 
imbalance, microglial activation, structural abnormalities in 
white matter, frontal lobe, hippocampus; as well as changes 
in the kynurenine pathway of the tryptophan metabolism 
affecting glutamatergic and cholinergic neurotransmission. 
Future clinical trials using either anti-inflammatory drugs, 
nicotinic or glutamatergic agents or manipulation of brain 
KYNA levels should address cognition more directly. More 
basic and clinical studies are needed in order to further 
enlighten the mechanisms underlying cognitive deficits and 
pursue new cognitive-enhancing drugs to the treatment of the 
disorder. 
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