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Abstract: Schizophrenia is a major psychotic disorder affecting nearly 23.6 million people globally and
greatly impacting the cognitive and social functioning of individuals. Multiple risk factors, including
genetic, environmental, and epigenetic factors have been identified. However, the exact mechanism
by which some factors aid in the development of schizophrenia is still uncertain. Acute and/or long-
standing inflammation has been implicated as both a cause and effect of schizophrenia. Heightened
immune responses have been documented in large cohorts of individuals with schizophrenia. While
not completely known, multiple hypotheses, such as disruption of the blood–brain barrier, alterations
in the kynurenine/tryptophan pathway, and increased microglial activation, have been presented
to correlate inflammation with schizophrenic symptoms. Measurement of C-reactive protein (CRP)
is a commonly performed and inexpensive test on patients’ serum to determine levels of systemic
inflammation in the body. Multiple studies have reported an elevated CRP level in different stages
of schizophrenia, indicating its potential to be used as a viable biomarker in the diagnosis and
monitoring of schizophrenia along with assessing treatment response to conventional and non-
conventional treatment regimens. This review aims to evaluate the role of inflammation, in general,
and CRP, in particular, in the pathogenesis of schizophrenia and its potential significance in diagnostic,
therapeutic, and preventative approaches towards schizophrenia and psychosis.

Keywords: c-reactive protein (CRP); inflammation; psychosis; schizophrenia

1. Introduction

Psychosis is a psychiatric disease condition that results in not being able to distinguish
internal stimuli from external ones. This occurs with some degree of confusion, dysfunction,
and disorientation with reality [1]. This may occur as a consequence of various psychiatric,
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medical, or neurological conditions [1]. While most psychoses have a psychiatric origin,
they may also be drug-induced or manifest due to co-occurring medical or neurological
illness [2]. Mood disorders like major depressive disorder (MDD) or bipolar disorder may
also have psychotic components or features [3]. However, despite the seemingly wide
range of psychiatric and non-psychiatric situations that may result in this state, the most
important subset of disorders of which psychosis is a fundamental and central feature
are psychotic disorders [1]. Sometimes referred to as “primary” psychotic illnesses, the
hallmark symptom of these disorders is a substantial degree of psychosis unexplained by
any other reason or underlying condition [3,4]. Among these psychotic disorders, the most
prominent and prevalent is schizophrenia.

The Global Burden of Diseases study in 2019 [5] recorded the incidence of schizophre-
nia to be 16.3 cases per 100,000 people and reported a total of 23.6 million cases worldwide.
Furthermore, schizophrenia constituted 12.2% of all disability-adjusted life years (DALYs)
caused by mental health disorders [5]. Even though schizophrenia is considered to have
a low prevalence [6,7], within the last decade, a 14% increase was recorded in the global
prevalence of schizophrenia [5]. While some of the highest incidence rates of schizophre-
nia were found in high-income countries (demarcated according to a sociodemographic
index) [5], the massive economic burden carried by this condition has the potential to
substantially impact low- and middle-income countries (LMICs) [7].

In the latest edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-
5), the spectrum of psychotic disorders like schizophrenia, schizophreniform disorder,
and brief psychotic disorder are delineated by the duration of psychotic symptoms in
each [2]. Schizophrenia has a symptomatic presentation in line with that of psychosis and
its elements lasting for six months or more [2]. Symptomatic elements of psychosis are listed
in the DSM-5 to assist in the identification and assessment of psychotic disorders. These
include delusions, hallucinations, disorganized thinking, disordered motor response, and
negative symptoms [2]. Symptoms are also generally separated into two areas: positive
(such as delusions and hallucinations) and negative (such as inability to feel pleasure,
known as anhedonia, and poverty of speech, known as alogia) [6].

There are multiple risk factors that predispose individuals to develop a psychotic
disorder like schizophrenia. Genetic contributions are elucidated by a 46% chance of both
monozygotic twins (having the identical genetic makeup) developing schizophrenia and a
40% increased risk of children developing schizophrenia if both parents are affected [6].
On the other hand, unique environmental insults and other developmental risk factors are
reported to influence an individual’s chances of developing psychotic symptoms. Maternal
factors like complications during delivery, birth season, malnutrition, and infections, along
with personal factors like residing in urbanized locations, having a history of substance
abuse or addiction, experiencing childhood trauma, and belonging to a minority ethnic com-
munity are known to play a crucial role and affect the vulnerability of an individual [6,8].
However, genetic tendencies and environmental factors are not considered as completely
discrete. Instead, an intricate interplay among them is suspected beyond a simplistic
“two-hit” hypothesis which is generally proposed [8] that also involves epigenetics [9].
As a result of widely varying factors and their complex relationship with each other, the
causality of schizophrenia exhibits considerable heterogeneity and inconsistency [8].

2. Systemic Inflammation as a Risk Factor for Schizophrenia

Evidence from population-based cohort studies has linked a history of systemic
inflammation in gestational, neonatal, or early childhood stages of an individual with
increased vulnerability to developing psychoses. A ramped-up immune response in the
mother during pregnancy in response to infections will invariably lead to a greater in
utero inflammatory exposure to the fetus [10]. A systematic review on ascertaining the
effect of prenatal infections on the risk of developing schizophrenia in adult life revealed
that an individual becomes two to five times more vulnerable to schizophrenia if there
is a history of neonatal infection of multiple microbes [11]. The review also commented
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that prenatal exposure to inflammatory molecules, especially tumor necrosis factor (TNF),
also contributes to schizophrenia risk [11,12]. High levels of inflammation in mothers
during pregnancy have been associated with an increased risk of schizophrenia in the
child even after adjusting for known risk factors like urbanization and socioeconomic
status [13]. Apart from prenatal infections, a meta-analysis revealed that early childhood
illnesses, especially viral central nervous system (CNS) infections, were found to double
the risk of said subjects developing schizophrenia [14]. On the other hand, non-infective
causes of extensive inflammation like autoimmune diseases are also known to impact the
development of psychosis in individuals [15,16].

3. Pathophysiology of Schizophrenia and the Role of Inflammation

On a molecular level, psychotic disorders like schizophrenia are postulated to arise
due to a disbalance and abnormality in neurotransmitter levels. Dopamine and dopaminer-
gic pathways are primarily implicated, but glutamate, gamma-amino-butyric acid (GABA),
and acetylcholine are also presumed to play a vital role [1,17]. Other hypothesized mech-
anisms for the development of schizophrenia include changes in neuroanatomy and ab-
normalities in neurological development [6]. Even when the concept of inflammation
causing psychosis was coined in the late 19th century, promising advances in the field of
immunopsychiatry have led to mounting evidence regarding the part played by local and
systemic inflammation in the development and continuation of neuropsychiatric illnesses
including psychotic disorders like schizophrenia [18].

The brain was historically considered to possess “immune privilege” via its blood–
brain barrier (BBB) that spared it from potentially detrimental effects of widespread sys-
temic inflammation. However, recent findings have suggested that the brain may not be
entirely protected from the non-specific innate inflammatory response [19], and “com-
plex brain-immune interactions” take place by the action of circulating inflammatory
molecules [18]. Evidence suggests that the brain is affected by a heightened immune
response or extensive inflammation due to infections (especially of neurotropic viruses like
SARS-CoV and SARS-CoV-2) or pro-inflammatory conditions [20–22]. This may lead to
a local microglial response, increased cytokines and chemokines, and encephalitis which
alters cognitive ability, behavioral response, and result in neurological deficits [18,23].

Research on the pathophysiology of MDD revealed a high amount of circulating
immune mediators, including cytokines, that interacted with, and invariably impacted,
neurotransmitter levels and neuroplasticity [24]. It is assumed that common pathways
involving immune response and a genetic predisposition allow enhanced inflammation
to affect neurodevelopment and brain function in the development of schizophrenia as
well [10,18,25]. Genes, including the major histocompatibility complex (MHC) region
on chromosome 6, involved in the immune and inflammatory response are known to be
mutated via copy-number variations or single-nucleotide-polymorphisms in schizophre-
nia [26].

The role of autoantibodies against the N-methyl-D-aspartate (NMDA) receptor is
also linked with the appearance of psychiatric illnesses including schizophrenia [25,27,28].
Being a receptor for the neurotransmitter glutamate, the hypofunction of the NMDA
receptor due to the action of autoantibodies decreases the glutamate transmission through
synapses. Interestingly, blocking of NMDA receptors via ketamine-induced psychotic
symptoms resembling schizophrenia [29,30]. Kynurenic acid is an endogenous antagonist
of NDMA receptors that is produced via the kynurenine pathway involved in tryptophan
degeneration [31,32]. Trytophan metabolized via the indoleamine 2,3-dioxygenase (IDO)
pathway or the tryptophan 2,3-dioxygenase (TDO) pathway, although at low levels, leads
to the production of kynurenic acid in the CNS itself utilizing enzymes present inside
astrocytes [33]. Apart from NDMA, kynurenic acid also inhibits kainate and AMPA
receptors. On NDMA, kynurenic acid attaches with the greatest affinity to the glycine
co-agonist site [34].
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Systemic inflammation ramps up the production of tryptophan metabolites and precur-
sors of kynurenic acid (such as kynurenine) peripherally. These can easily pass through the
BBB and enter the CNS via the circulation [33]. Kynurenine is then converted to kynurenic
acid in astrocytes [33]. It is important to note that kynurenine can pass through the BBB
while kynurenic acid cannot and therefore it is formed inside the CNS only [34]. Further-
more, in settings of increased neuronal cytokine activity, the production of kynurenic acid
is highly stimulated, showing how it is largely “inflammation-driven” [31,34] and studies
have found an elevated kynurenic acid level in patients of schizophrenia, especially within
CNS [35]. Antagonistic activity of kynurenic acid on the NMDA receptor can be one of
the reasons why increased cytokine activity in the brain may lead to schizophrenic symp-
toms [18]. As described earlier in this text, neurotransmitter imbalance has been implicated
in the causality of schizophrenia, and NMDA receptor hypofunction is hypothesized to
be responsible for hyperdopaminergia due to upstream disinhibition of excitatory neu-
rons [34,36]. A study on twins also concluded that kynurenic acid and other inflammatory
metabolites were correlated in psychosis as elucidated by significantly higher levels in the
affected twin [37].

On the other hand, mouse models have provided insight into the nature of systemic
inflammation’s effects on the brain and the mechanisms by which it alters functions. Some
have implicated retrograde neuronal transport and subsequent activation of local microglial
response with release of cytokines and other mediators, while others have brought into
focus the possibility of microglial priming after early infections leading to a greater response
in case of any future systemic inflammation [18]. Increased oxidative stress via microglial
activation may accelerate neurodegeneration as well as cause a cognitive decline classically
seen in long-standing schizophrenia [18].

4. Role of CRP in Development of Schizophrenia

C-reactive protein (CRP) is an acute-phase protein that is produced by hepatocytes and
other cell types, including immune cells, endothelial cells, and smooth muscle cells, after
stimulation of the gene encoding for CRP by Interleukin-6 (IL-6) [38]. The circulating levels
of CRP in serum rise and fall according to the inflammatory status of the body and therefore
it is the most commonly used biomarker of systemic inflammation worldwide [38,39]. CRP
is a standard laboratory exam and can be measured in the peripheral blood and analyzed in
any clinical laboratory around the globe. Therefore, CRP has a very promising potential in
being a clinical biomarker for psychiatric disorders [40]. The high-sensitivity CRP (hs-CRP)
assay has a lower limit of detection of 0.1 mg/L. However, these detection limits may vary
from manufacturer to manufacturer. The measurement of CRP is useful in the diagnosis
and monitoring of many acute and chronic inflammatory conditions of both infectious and
non-infectious etiology [41].

The role of CRP in the causality of schizophrenia has been a subject of interest for many
years. It is known that CRP and other acute-phase reactants cause disruption of the BBB and
alter its permeability for inflammatory mediators and antibodies [42,43]. As described above,
this compromise in the integrity of the BBB in the backdrop of widespread systemic inflam-
mation has been linked to developing psychotic symptoms [15,25]. Increased CRP has also
been recently linked with a significant decline in multiple cognitive domains, including
working memory and learning ability, in individuals of all ages suffering from schizophre-
nia [44]. Further reviews were consistent in highlighting a marked cognitive impairment
in schizophrenic patients with even low-grade or subclinical inflammation [45,46]. Interest-
ingly, a study in Finland elucidated the role of elevated maternal CRP levels in increasing
the risk of psychosis in the offspring [13]. In summary, an inverse association of CRP levels
and cognitive ability is noted in acute psychosis. However, a clinical trial published in 2019
provided valuable insight into the prognostic value of CRP in six months following the
resolution of acute psychosis [47]. Cognitive abilities improved with time and a noticeable
drop in CRP levels was noted in the later periods, continuing the inverse relationship [47].
The pathophysiology behind increased CRP levels and subsequent cognitive dysfunction
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is not fully known but some studies have implicated CRP in increasing BBB permeability
during acute inflammatory phases and causing neuroinflammation [48]. Mouse models
revealed that CRP has no virtual effect on BBB permeability in smaller amounts but im-
pairs its function and increases paracellular permeability in higher amounts that may be
achieved during high systemic inflammation or pro-inflammatory states like psychosis [48].
Multiple complex molecular pathways have been described to explain CRP-led increased
permeability of the BBB and endothelial dysfunction [48]. Notably, it is widely believed
that the disruption of tight junctions is involved in the increased permeation of CRP [43].
CRP in blood activates the surface Fc-gamma receptors (CD16/32) on endothelial cells
and leads to the formation of reaction oxygen species (via p38-mitogen-activated protein
kinase mechanism) that causes an alteration in the myosin light chain kinase activity [43].
This implies that impairment of tight junctions by CRP is most likely achieved via modifi-
cation of the cytoskeletal structure and induction of abnormal contractility [43,48]. After
entering the CNS, CRP causes a reactive microglial reaction, astrogliosis, and neuroinflam-
mation [49]. Neuroinflammation in psychiatric conditions is invariably associated with
short-term and lasting cognitive deficits [50]. Therefore, this mechanism may explain how
elevated CRP levels (reflecting systemic inflammation) in psychosis may lead to decreased
cognitive abilities.

Apart from CRP’s direct role in the disruption of the BBB, its role in the increment
of the kynurenine pathway is still unclear. High kynurenic acid levels, as described
earlier in this text, act as an antagonist at the NMDA receptor and possibly contribute
to psychotic symptoms [28]. Both CNS and peripheral kynurenine pathways are tightly
regulated by the immune status of the body [33]. With increased BBB permeability in the
setting of elevated CRP levels, infiltration of CRP and other cytokines in CNS leads to
neuroinflammation and increased activation of astrocytes and microglia [51]. Tryptophan
degeneration and kynurenic acid production are increased and the antagonistic effect on
NMDA is more pronounced, leading to psychotic symptoms [33]. It is also important
to consider that some studies have concluded that CRP levels are not associated with
the kynurenine pathway or levels of kynurenic acid in CNS [52,53]. It is important to
note that CRP levels have been largely associated with cognitive symptoms in psychosis,
while kynurenic acid levels are associated with psychiatric symptoms [54]. Therefore, it
is unclear whether CRP levels and kynurenic acid levels act as two independent markers
occurring coincidentally during schizophrenia or have a complex interaction that leads
to a possible cause–effect relationship. Figure 1 attempts to cohesively summarize both
pathways discussed in this section: greater CRP levels causing cognitive dysfunction and
a heightened immune response leading to activation of the kynurenine pathway. The
subsequent astrocyte-dependent conversion to kynurenic acid is also depicted.
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5. Associations of CRP with Psychotic Symptoms and Role in Clinical Evaluation

A review of current findings necessitates further research on a molecular level that
illustrates the processes behind the appearance of psychotic symptoms in patients with
high CRP levels. However, Mendelian randomization (MR) studies on CRP and risk
of developing schizophrenia have mostly shown CRP to have a protective causal effect.
Ligthart believes it is due to the conventionally accepted antimicrobial qualities of CRP
that allow avoidance of childhood infections, which is one of the risk factors of developing
psychosis [55].

Apart from cognitive deficits, CRP levels have been associated with a variety of psy-
chotic symptoms and different forms of schizophrenia. An association of CRP levels and
the appearance of negative symptoms was also found via a cross-sectional study [56]. Ad-
ditionally, a recent systematic review recorded elevated CRP levels to be notably associated
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with positive symptoms of acute psychosis seen in schizophrenia [39]. Furthermore, the
findings showed an increased serum level of CRP may also be used to predict the onset
of schizophrenia along with various cognitive and physical complications of schizophre-
nia [39]. Inability to distinguish meaningful sensory stimuli from others, known as sensory
gating deficit, has also been associated with elevated CRP levels in psychosis [57]. How-
ever, it is important to note that findings of individual cross-sectional studies conducted to
investigate the association of CRP and psychotic symptoms manifesting in schizophrenia
show considerable heterogeneity and variable conclusions [39]. Moreover, the findings
of this systematic review by Fond et al. are inconclusive about the exact role of CRP [39].
While an increased CRP level is noted, it is unclear whether this is an effect of schizophrenia
or it is directly involved in the pathogenic mechanism behind it [39].

However, it is crucial to note that the findings of the systemic review are in line with
conclusions of an earlier meta-analysis consisting of 1963 patients with schizophrenia
compared with 3683 non-schizophrenics [58]. A modest rise in CRP levels was associated
with schizophrenia in comparison to healthy controls [58]. Another study analyzed baseline
CRP levels and prevalence of schizophrenia (with possible hospitalization) in 78,810 Danish
males [42]. It found baseline CRP levels in individuals with schizophrenia were 63% higher
compared to healthy individuals [42]. A large meta-analysis consisting of 85,000 subjects
also found a modest rise in CRP levels in patients with schizophrenia [59]. Along with
CRP, some studies have shown higher levels of baseline neutrophils and other innate
immunological markers in schizophrenia [25]. In addition, individuals with an elevated
baseline CRP (due to any cause such as an autoimmune disease) level had a six to eleven
times greater chance of developing schizophrenia late in their adult life [42]. Further
evidence from various geographical subgroups linking CRP levels with schizophrenia
has strengthened the notion that there is an immune component in active and latent
psychosis [60–62].

A recent meta-analysis of 21 observational studies involving 7682 subjects demon-
strated how CRP is associated with higher suicidality in patients with mental disorders [63].
This could lead to an increase in our understanding of the pathophysiological underpin-
nings of suicide and improve its prevention [63]. In light of continued identification of
environmental and non-genetic risk factors of schizophrenia and psychosis, recognition
of patients at “high risk” is becoming increasingly possible. Therefore, serum CRP levels,
along with levels of other inflammatory mediators, in high-risk individuals have the po-
tential of becoming a useful tool in predicting the appearance of psychotic symptoms [44].
Furthermore, although scarce, evidence exists for elevated CRP levels being associated
with increased mortality in various psychiatric disorders including psychosis [64]. Despite
encouraging advances in investigating immune molecules as a marker for predicting psy-
chosis, it is still not conclusively known whether the prominent inflammation shown to
coincide with schizophrenia occurs in the premorbid phase too [65]. Currently, evidence
found via meta-analyses is still inadequate to use CRP as an accurate predictor to determine
the status of which high-risk individuals would “convert” into psychosis [44,65,66].

6. CRP and Treatment of Schizophrenia

CRP has been used to assess response to treatment in many psychiatric and non-
psychiatric conditions owing to its status as a relatively simple and readily attainable
marker of peripheral inflammation [67]. The available clinical data through individual
longitudinal studies are largely heterogeneous with varying effects on CRP levels observed
after treatment of schizophrenia was initiated via commonly used antipsychotics, such as
haloperidol, risperidone, or clozapine [59]. However, some authors review the literature
and propose that typical (affecting mainly dopaminergic pathways) and atypical (affecting
both dopaminergic and serotonergic pathways) antipsychotics both alleviate the symptoms
of acute psychosis partially via reduction of the overall inflammatory state [68]. The classic
side effects of long-term conventional antipsychotic use include weight gain and metabolic
syndrome and that has been posited to be the reason behind increased inflammation
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and CRP levels that override their partial anti-inflammatory effect [69]. Fernandes et al.
performed multiple meta-analyses on the available clinical data and reported that therapy
with solely typical or atypical antipsychotic medication has not been found to reduce or
bring about a significant change in CRP levels [59]. This is perhaps owing to the immense
importance given to the notion of monoaminergic neurotransmitter disbalance in the
causality of schizophrenia [49]. With more clinical data now reported on the inflammatory
characteristic of psychosis, it is imperative to review our treatment approach.

The role of CRP in the psychopharmacology of schizophrenia must not be limited just
to its position as a marker of recovery or treatment success subsequent to antipsychotic
therapy. Early recognition of abnormal CRP levels and identification of high-risk patients
may assist and guide therapeutic approaches, including targeted anti-inflammatory medi-
cations [67,70]. Therefore, to counter high-grade inflammation denoted by CRP, the use of
“add-on” anti-inflammatory pharmacological agents (like non-steroidal anti-inflammatory
drugs, or NSAIDs) with traditional antipsychotics in the treatment of schizophrenia be-
comes necessary. Functionally, the difference among NSAIDs depends on their activity as a
COX-1 or COX-2 inhibitor and their subsequent effect on kynurenic acid [68]. Activation of
the kynurenine pathway is an important inflammatory sequela that is denoted by a high
CRP level peripherally. Models on COX-isoforms in mouse models have revealed that COX-
1 inhibitors increase the kynurenic acid levels in the brain while COX-2 inhibitors reduce
them [71]. Due to the direct association of increased kynurenic acid in CNS with psychotic
symptoms, pharmacological agents are utilized to achieve a reduced kynurenic acid level.
Selective COX-2 inhibitors like parecoxib, meloxicam, among others have been shown
to decrease brain kynurenic acid levels and possibly treat psychosis [71]. Another drug,
celecoxib (a COX-2 inhibitor), has also been investigated and trials reported a significantly
improved outcome and better functioning cognitive status in groups that were treated
with celecoxib and risperidone (antipsychotic) compared to placebo groups [72]. How-
ever, other anti-inflammatory agents have been highlighted in improving schizophrenic
symptoms. Clinical trials have suggested agents like acetylsalicylic acid (aspirin) and
N-acetylcysteine (NAC) have the potential to reduce some of the debilitating symptoms of
schizophrenia [73,74].

Furthermore, a high CRP level in an individual may denote their resistance to
antipsychotic treatment [67]. An increasing body of evidence now posits treatment-
resistant schizophrenia (TRS) has a distinct pathogenesis compared to treatment-responsive
schizophrenia [75,76]. This can be possibly due to the conventional treatment methods
attempting to restore dopaminergic balance in the CNS while TRS is not shown to have
a prominent dopamine-related pathology [75]. On the other hand, chronic inflammation
has been implicated in TRS. A French population study also found an association between
TRS, and high levels of peripheral inflammation measured via increased CRP levels [77].
Measuring CRP levels, therefore, may allow clinicians to identify patients at high risk for
developing treatment resistance to antipsychotics and in turn identify a cohort that will
be a suitable candidate for receiving anti-inflammatory medication [67]. Naturally, this
further paves way for anti-inflammatory medication being particularly useful in alleviating
negative symptoms in individuals with TRS [77].

7. Conclusions and Ways Forward

As a commonly tested biomarker, CRP can have a groundbreaking impact on the
diagnosis, management, and prevention of schizophrenia. There is a need to reevaluate
and move beyond, our view of CRP as only a conventional biomarker for inflammation.
CRP represents a widespread, inexpensive, and easily executable biomarker all over the
world, which has long been a fairly non-specific peripheral inflammation assessment
tool [78]. Most healthcare settings around the world already perform CRP tests on a
daily basis to ascertain multiple clinical conditions [25] and therefore incorporating CRP
as a routinely performed test in psychiatric conditions will not add a substantial cost
of obtaining new equipment or specialized training of staff. Estimates vary according
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to region but CRP testing is fairly cost-effective and yields results fairly quickly from a
simple serum sample [79]. In fact, many authorities have promoted the use of CRP to test
undiagnosed conditions before other tests like erythrocyte sedimentation rate (ESR) [80].
The use of a simple and commonly used biomarker like CRP in assessing schizophrenia has
the potential to make an enormous difference in the attitude towards psychotic disorders
in resource-strained settings like in healthcare systems of LMICs. Nevertheless, newer
inflammatory biomarkers like procalcitonin (PCT) are now also being utilized in place of
CRP and ESR. However, the available data for use of PCT in the identification or screening
of psychosis is extremely small [81,82] and further empirical data is necessary to compare
the efficacy of PCT against other established biomarkers like CRP.

Further studies on CRP will invariably allow for alteration in our therapeutic ap-
proach to schizophrenia by validating the addition of an anti-inflammatory agent in the
regimen. It is similarly vital to further investigate CRP’s role alone, or in conjunction
with other biomarkers, in predicting the conversion of high-risk individuals into those
with schizophrenia. It is imperative that more studies are conducted on larger population
cohorts to assess more than just the difference of CRP levels between individuals with
schizophrenia and healthy controls. Instead, longitudinal studies to investigate altercations
of CRP levels over time, especially before and after initiation of antipsychotic and anti-
inflammatory treatment, need to be conducted and the efficacy of add-on medications may
be checked as well. Within diagnosed schizophrenia patients, CRP levels should be studied
in association with the severity of symptoms, relapses, and other comorbidities. This article
puts forward an urgent need to collect empirical data and review our understanding of
etiology, diagnosis, monitoring, and treatment of schizophrenia.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Calabrese, J.; Al Khalili, Y. Psychosis, Treasure Island (FL), StatPearls Publishing. 2021. Available online: https://www.ncbi.nlm.

nih.gov/books/NBK546579/ (accessed on 10 November 2021).
2. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association: Arlington, VA, USA, 2013.
3. Schrimpf, L.A.; Aggarwal, A.; Lauriello, J. Psychosis. Continuum 2018, 24, 845–860. [CrossRef] [PubMed]
4. Lieberman, J.A.; First, M.B. Psychotic Disorders. N. Engl. J. Med. 2018, 379, 270–280. [CrossRef]
5. GBD 2019. Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories,

1990–2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet. 2020, 396, 1204–1222, Erratum in 2020, 396,
1562. [CrossRef]

6. Hany, M.; Rehman, B.; Azhar, Y.; Chapman, J. Schizophrenia, StatPearls, Treasure Island (FL), StatPearls Publishing. 2021.
Available online: https://www.ncbi.nlm.nih.gov/books/NBK539864/ (accessed on 29 May 2021).

7. Chong, H.Y.; Teoh, S.L.; Wu, D.B.; Kotirum, S.; Chiou, C.F.; Chaiyakunapruk, N. Global economic burden of schizophrenia: A
systematic review. Neuropsychiatr. Dis. Treat. 2016, 12, 357–373. [CrossRef]

8. Davis, J.; Eyre, H.; Jacka, F.N.; Dean, O.; McEwen, S.; Debnath, M.; McGrath, J.; Maes, M.; Amminger, P.; McGorry, P.D.; et al. A
review of vulnerability and risks for schizophrenia: Beyond the two hit hypothesis. Neurosci. Biobehav. Rev. 2016, 65, 185–194.
[CrossRef] [PubMed]

9. van de Leemput, J.; Hess, J.; Glatt, S.; Tsuang, M. Genetics of Schizophrenia: Historical Insights and Prevailing Evidence. Adv.
Genet. 2016, 96, 99–141. [CrossRef] [PubMed]

10. Brown, A.S.; Derkits, E.J. Prenatal infection and schizophrenia: A review of epidemiologic and translational studies. Am. J.
Psychiatry 2010, 167, 261–280. [CrossRef]

11. Khandaker, G.M.; Zimbron, J.; Lewis, G.; Jones, P.B. Prenatal maternal infection, neurodevelopment and adult schizophrenia: A
systematic review of population-based studies. Psychol. Med. 2013, 43, 239–257. [CrossRef]

12. Buka, S.L.; Tsuangabc, M.T.; Torreyd, E.F.; Klebanoff, M.A.; Wagner, R.L.; Yolken, R.H. Maternal cytokine levels during pregnancy
and adult psychosis. Brain Behav. Immun. 2001, 15, 411–420. [CrossRef] [PubMed]

13. Canetta, S.; Sourander, A.; Surcel, H.-M.; Hinkka-Yli-Salomäki, S.; Leiviskä, J.; Kellendonk, C.; McKeague, I.W.; Brown, A.S.
Elevated maternal C-reactive protein and increased risk of schizophrenia in a national birth cohort. Am. J. Psychiatry. 2014, 171,
960–968. [CrossRef] [PubMed]

14. Khandaker, G.M.; Zimbron, J.; Dalman, C.; Lewis, G.; Jones, P.B. Childhood infection and adult schizophrenia: A meta-analysis of
population-based studies. Schizophr. Res. 2012, 139, 161–168. [CrossRef]

https://www.ncbi.nlm.nih.gov/books/NBK546579/
https://www.ncbi.nlm.nih.gov/books/NBK546579/
http://doi.org/10.1212/CON.0000000000000602
http://www.ncbi.nlm.nih.gov/pubmed/29851881
http://doi.org/10.1056/NEJMra1801490
http://doi.org/10.1016/S0140-6736(20)30925-9
https://www.ncbi.nlm.nih.gov/books/NBK539864/
http://doi.org/10.1016/j.jval.2014.08.293
http://doi.org/10.1016/j.neubiorev.2016.03.017
http://www.ncbi.nlm.nih.gov/pubmed/27073049
http://doi.org/10.1016/bs.adgen.2016.08.001
http://www.ncbi.nlm.nih.gov/pubmed/27968732
http://doi.org/10.1176/appi.ajp.2009.09030361
http://doi.org/10.1017/S0033291712000736
http://doi.org/10.1006/brbi.2001.0644
http://www.ncbi.nlm.nih.gov/pubmed/11782107
http://doi.org/10.1176/appi.ajp.2014.13121579
http://www.ncbi.nlm.nih.gov/pubmed/24969261
http://doi.org/10.1016/j.schres.2012.05.023


Int. J. Mol. Sci. 2021, 22, 13032 10 of 12

15. Benros, M.E.; Nielsen, P.R.; Nordentoft, M.; Eaton, W.W.; Dalton, S.O.; Mortensen, P.B. Autoimmune diseases and severe infections
as risk factors for schizophrenia: A 30-year population-based register study. Am. J. Psychiatry 2011, 168, 1303–1310. [CrossRef]
[PubMed]

16. Eaton, W.W.; Byrne, M.; Ewald, H.; Mors, O.; Chen, C.Y.; Agerbo, E.; Mortensen, P.B. Association of schizophrenia and
autoimmune diseases: Linkage of Danish national registers. Am. J. Psychiatry 2006, 163, 521–528. [CrossRef] [PubMed]

17. Patel, K.R.; Cherian, J.; Gohil, K.; Atkinson, D. Schizophrenia: Overview and treatment options. Pharm. Ther. 2014, 39, 638–645.
18. Khandaker, G.M.; Cousins, L.; Deakin, J.; Lennox, B.R.; Yolken, R.; Jones, P.B. IInflammation and immunity in schizophrenia:

Implications for pathophysiology and treatment. Lancet Psychiatry 2015, 2, 258–270. [CrossRef]
19. Galea, I.; Bechmann, I.; Perry, V.H. What is immune privilege (not)? Trends Immunol. 2007, 28, 12–18. [CrossRef]
20. Tauber, S.C.; Djukic, M.; Gossner, J.; Eiffert, H.; Brück, W.; Nau, R. Sepsis-associated encephalopathy and septic encephalitis: An

update. Expert Rev. Anti-Infect. Ther. 2021, 19, 215–231. [CrossRef]
21. Calsolaro, V.; Edison, P. Neuroinflammation in Alzheimer’s disease: Current evidence and future directions. Alzheimers Dement.

2016, 12, 719–732. [CrossRef]
22. Awan, H.A.; Diwan, M.N.; Aamir, A.; Muneeza, A.; Di Giannantonio, M.; Ullah, I.; Shoib, S.; De Berardis, D. SARS-CoV-2 and the

Brain: What Do We Know about the Causality of ‘Cognitive COVID? J. Clin. Med. 2021, 10, 3441. [CrossRef]
23. Ellul, M.; Solomon, T. Acute encephalitis—diagnosis and management. Clin. Med. 2018, 18, 155–159. [CrossRef]
24. Miller, A.H.; Maletic, V.; Raison, C.L. Inflammation and its discontents: The role of cytokines in the pathophysiology of major

depression. Biol. Psychiatry 2009, 65, 732–741. [CrossRef] [PubMed]
25. Steiner, J.; Frodl, T.; Schiltz, K.; Dobrowolny, H.; Jacobs, R.; Fernandes, B.S.; Guest, P.C.; Meyer-Lotz, G.; Borucki, K. Innate

Immune Cells and C-Reactive Protein in Acute First-Episode Psychosis and Schizophrenia: Relationship to Psychopathology and
Trehatment. Schizophr. Bull 2020, 46, 363–373. [CrossRef] [PubMed]

26. Stefansson, H.; Ophoff, R.A.; Steinberg, S.; Andreassen, O.A.; Cichon, S.; Rujescu, D.; Werge, T.; Pietiläinen, O.P.H.; Mors, O.;
Mortensen, P.B.; et al. Common variants conferring risk of schizophrenia. Nature 2009, 460, 744–747. [CrossRef] [PubMed]

27. Deakin, J.; Lennox, B.R.; Zandi, M.S. Antibodies to the N-methyl-D-aspartate receptor and other synaptic proteins in psychosis.
Biol. Psychiatry 2014, 75, 284–291. [CrossRef] [PubMed]

28. Pedraz-Petrozzi, B.; Elyamany, O.; Rummel, C.; Mulert, C. Effects of inflammation on the kynurenine pathway in schizophrenia
—A systematic review. J. Neuroinflamm. 2020, 17, 56. [CrossRef]

29. Krystal, J.H.; Karper, L.P.; Seibyl, J.P.; Freeman, G.K.; Delaney, R.; Bremner, J.D.; Heninger, G.R.; Bowers, M.B., Jr.; Charney, D.S.
Subanesthetic effects of the noncompetitive NMDA antagonist, ketamine, in humans. Psychotomimetic, perceptual, cognitive,
and neuroendocrine responses. Arch. Gen. Psychiatry 1994, 51, 199–214. [CrossRef]

30. Pomarol-Clotet, E.; Honey, G.D.; Murray, G.K.; Corlett, P.R.; Absalom, A.R.; Lee, M.; McKenna, P.J.; Bullmore, E.T.; Fletcher, P.C.
Psychological effects of ketamine in healthy volunteers. Phenomenological study. Br. J. Psychiatry 2006, 189, 173–179. [CrossRef]

31. Erhardt, S.; Schwieler, L.; Imbeault, S.; Engberg, G. The kynurenine pathway in schizophrenia and bipolar disorder. Neuropharma-
cology 2017, 112, 297–306. [CrossRef]

32. Miller, B.J.; Goldsmith, D.R. Towards an Immunophenotype of Schizophrenia: Progress, Potential Mechanisms, and Future
Directions. Neuropsychopharmacology 2017, 42, 299–317. [CrossRef]

33. Schwarcz, R.; Bruno, J.P.; Muchowski, P.J.; Wu, H.Q. Kynurenines in the mammalian brain: When physiology meets pathology.
Nat. Rev. Neurosci. 2012, 13, 465–477. [CrossRef] [PubMed]

34. Savitz, J. The kynurenine pathway: A finger in every pie. Mol. Psychiatry 2020, 25, 131–147. [CrossRef] [PubMed]
35. Plitman, E.; Iwata, Y.; Caravaggio, F.; Nakajima, S.; Chung, J.K.; Gerretsen, P.; Kim, J.; Takeuchi, H.; Mallar Chakravarty, M.;

Remington, G.; et al. Kynurenic Acid in Schizophrenia: A Systematic Review and Meta-analysis. Schizophr. Bull 2017, 43, 764–777.
[CrossRef] [PubMed]

36. Dean, B. Understanding the role of inflammatory-related pathways in the pathophysiology and treatment of psychiatric disorders:
Evidence from human peripheral studies and CNS studies. Int. J. Neuropsychopharmacol. 2011, 14, 997–1012. [CrossRef] [PubMed]

37. Kegel, M.E.; Johansson, V.; Wetterberg, L.; Bhat, M.; Schwieler, L.; Cannon, T.D.; Schuppe-Koistinen, I.; Engberg, G.; Landén,
M.; Hultman, C.M.; et al. Kynurenic acid and psychotic symptoms and personality traits in twins with psychiatric morbidity.
Psychiatry Res. 2017, 247, 105–112. [CrossRef]

38. Nehring, S.M.; Goyal, A.; Bansal, P.; Patel, B.C. C Reactive Protein, In StatPearls, Treasure Island (FL), StatPearls Publishing. 2021.
Available online: https://www.ncbi.nlm.nih.gov/books/NBK441843 (accessed on 10 May 2021).

39. Fond, G.; Lançon, C.; Auquier, P.; Boyer, L. C-Reactive Protein as a Peripheral Biomarker in Schizophrenia. An Updated
Systematic Review. Front. Psychiatry 2018, 9, 392. [CrossRef]

40. Fond, G.; D’Albis, M.-A.; Jamain, S.; Tamouza, R.; Arango, C.; Fleischhacker, W.W.; Glenthøj, B.; Leweke, M.; Lewis, S.; McGuire,
P.; et al. The Promise of Biological Markers for Treatment Response in First-Episode Psychosis: A Systematic Review. Schizophr.
Bull 2015, 41, 559–573. [CrossRef]

41. Windgassen, E.B.; Funtowicz, L.; Lunsford, T.N.; Harris, L.A.; Mulvagh, S.L. C-Reactive Protein and High-Sensitivity C-Reactive
Protein: An Update for Clinicians. Postgrad. Med. 2011, 123, 114–119. [CrossRef]

42. Wium-Andersen, M.K.; Ørsted, D.D.; Nordestgaard, B.G. Elevated C-reactive protein associated with late- and very-late-onset
schizophrenia in the general population: A prospective study. Schizophr. Bull. 2014, 40, 1117–1127. [CrossRef]

http://doi.org/10.1176/appi.ajp.2011.11030516
http://www.ncbi.nlm.nih.gov/pubmed/22193673
http://doi.org/10.1176/appi.ajp.163.3.521
http://www.ncbi.nlm.nih.gov/pubmed/16513876
http://doi.org/10.1016/S2215-0366(14)00122-9
http://doi.org/10.1016/j.it.2006.11.004
http://doi.org/10.1080/14787210.2020.1812384
http://doi.org/10.1016/j.jalz.2016.02.010
http://doi.org/10.3390/jcm10153441
http://doi.org/10.7861/clinmedicine.18-2-155
http://doi.org/10.1016/j.biopsych.2008.11.029
http://www.ncbi.nlm.nih.gov/pubmed/19150053
http://doi.org/10.1093/schbul/sbz068
http://www.ncbi.nlm.nih.gov/pubmed/31504969
http://doi.org/10.1038/nature08186
http://www.ncbi.nlm.nih.gov/pubmed/19571808
http://doi.org/10.1016/j.biopsych.2013.07.018
http://www.ncbi.nlm.nih.gov/pubmed/23988024
http://doi.org/10.1186/s12974-020-1721-z
http://doi.org/10.1001/archpsyc.1994.03950030035004
http://doi.org/10.1192/bjp.bp.105.015263
http://doi.org/10.1016/j.neuropharm.2016.05.020
http://doi.org/10.1038/npp.2016.211
http://doi.org/10.1038/nrn3257
http://www.ncbi.nlm.nih.gov/pubmed/22678511
http://doi.org/10.1038/s41380-019-0414-4
http://www.ncbi.nlm.nih.gov/pubmed/30980044
http://doi.org/10.1093/schbul/sbw221
http://www.ncbi.nlm.nih.gov/pubmed/28187219
http://doi.org/10.1017/S1461145710001410
http://www.ncbi.nlm.nih.gov/pubmed/21156092
http://doi.org/10.1016/j.psychres.2016.11.017
https://www.ncbi.nlm.nih.gov/books/NBK441843
http://doi.org/10.3389/fpsyt.2018.00392
http://doi.org/10.1093/schbul/sbv002
http://doi.org/10.3810/pgm.2011.01.2252
http://doi.org/10.1093/schbul/sbt120


Int. J. Mol. Sci. 2021, 22, 13032 11 of 12

43. Kuhlmann, C.R.; Librizzi, L.; Closhen, D.; Pflanzner, T.; Lessmann, V.; Pietrzik, C.U.; de Curtis, M.; Luhmann, H.J. Mechanisms of
C-reactive protein-induced blood-brain barrier disruption. Stroke 2009, 40, 1458–1466. [CrossRef]

44. Park, S.; Miller, B.J. Meta-analysis of cytokine and C-reactive protein levels in high-risk psychosis. Schizophr. Res. 2020, 226, 5–12.
[CrossRef]

45. Misiak, B.; Stanczykiewicz, B.; Kotowicz, K.; Rybakowski, J.K.; Samochowiec, J.; Frydecka, D. Cytokines and C-reactive protein
alterations with respect to cognitive impairment in schizophrenia and bipolar disorder: A systematic review. Schizophr. Res. 2018,
192, 16–29. [CrossRef] [PubMed]

46. Bora, E. Peripheral inflammatory and neurotrophic biomarkers of cognitive impairment in schizophrenia: A meta-analysis.
Psychol. Med. 2019, 49, 1971–1979. [CrossRef] [PubMed]

47. Fathian, F.; Løberg, E.-M.; Gjestad, R.; Steen, V.M.; Kroken, R.A.; Jørgensen, H.A.; Johnsen, E. Associations between C-reactive
protein levels and cognition during the first 6 months after acute psychosis. Acta Neuropsychiatr. 2019, 31, 36–45. [CrossRef]

48. Hsuchou, H.; Kastin, A.J.; Mishra, P.K.; Pan, W. C-reactive protein increases BBB permeability: Implications for obesity and
neuroinflammation. Cell Physiol. Biochem. 2012, 30, 1109–1119. [CrossRef]

49. Hsuchou, H.; Kastin, A.J.; Pan, W. Blood-borne metabolic factors in obesity exacerbate injury-induced gliosis. J. Mol. Neurosci.
2012, 47, 267–277. [CrossRef] [PubMed]

50. Fourrier, C.; Singhal, G.; Baune, B.T. Neuroinflammation and cognition across psychiatric conditions. CNS Spectr. 2019, 24, 4–15.
[CrossRef]

51. Owe-Young, R.; Webster, N.L.; Mukhtar, M.; Pomerantz, R.J.; Smythe, G.; Walker, D.; Armati, P.J.; Crowe, S.M.; Brew, B.J.
Kynurenine pathway metabolism in human blood-brain-barrier cells: Implications for immune tolerance and neurotoxicity. J.
Neurochem. 2008, 105, 1346–1357. [CrossRef] [PubMed]

52. Khandaker, G.M.; Pearson, R.M.; Zammit, S.; Lewis, G.; Jones, P.B. Association of serum interleukin 6 and C-reactive protein in
childhood with depression and psychosis in young adult life: A population-based longitudinal study. JAMA Psychiatry 2014, 71,
1121–1128. [CrossRef]

53. Wurfel, B.E.; Drevets, W.C.; Bliss, S.A.; McMillin, J.R.; Suzuki, H.; Ford, B.N.; Morris, H.M.; Teague, T.K.; Dantzer, B.; Savitz, J.B.
Serum kynurenic acid is reduced in affective psychosis. Transl. Psychiatry 2017, 7, e1115. [CrossRef]

54. Dickerson, F.; Stallings, C.; Origoni, A.; Boronow, J.; Yolken, R. C-reactive protein is associated with the severity of cognitive
impairment but not of psychiatric symptoms in individuals with schizophrenia. Schizophr. Res. 2007, 93, 261–265. [CrossRef]

55. Ligthart, S. Commentary: CRP and schizophrenia: Cause, consequence or confounding? Int. J. Epidemiol. 2019, 48, 1514–1515.
[CrossRef]

56. Boozalis, T.; Teixeira, A.L.; Cho, R.Y.; Okusaga, O. C-Reactive Protein Correlates with Negative Symptoms in Patients with
Schizophrenia. Front. Public Health 2018, 5, 360. [CrossRef]

57. Micoulaud-Franchi, J.A.; Faugere, M.; Boyer, L.; Fond, G.; Richieri, R.; Faget, C.; Cermolacce, M.; Philip, P.; Vion-Dury, J.;
Lancon, C. Elevated C-reactive protein is associated with sensory gating deficit in schizophrenia. Schizophr. Res. 2015, 165, 94–96.
[CrossRef]

58. Wang, Z.; Li, P.; Chi, D.; Wu, T.; Mei, Z.; Cui, G. Association between C-reactive protein and risk of schizophrenia: An updated
meta-analysis. Oncotarget 2017, 8, 75445–75454. [CrossRef] [PubMed]

59. Fernandes, B.S.; Steiner, J.; Bernstein, H.-G.; Dodd, S.; Pasco, J.A.; Dean, O.M.; Nardin, P.; Gonçalves, C.A.; Berk, M. C-reactive
protein is increased in schizophrenia but is not altered by antipsychotics: Meta-analysis and implications. Mol. Psychiatry 2016,
21, 554–564. [CrossRef] [PubMed]

60. Akanji, A.O.; Ohaeri, J.U.; Al-Shammri, S.; Fatania, H.R. Association of blood levels of C-reactive protein with clinical phenotypes
in Arab schizophrenic patients. Psychiatry Res. 2009, 169, 56–61. [CrossRef] [PubMed]

61. Suvisaari, J.; Loo, B.M.; Saarni, S.E.; Haukka, J.; Perälä, J.; Saarni, S.I.; Viertiö, S.; Partti, K.; Lönnqvist, J.; Jula, A. Inflammation in
psychotic disorders: A population-based study. Psychiatry Res. 2011, 189, 305–311. [CrossRef]

62. Fawzi, M.H.; Fawzi, M.M.; Fawzi, M.M.; Said, N.S. C-reactive protein serum level in drug-free male Egyptian patients with
schizophrenia. Psychiatry Res. 2011, 190, 91–97. [CrossRef] [PubMed]

63. Miola, A.; Dal Porto, V.; Tadmor, T.; Croatto, G.; Scocco, P.; Manchia, M.; Carvalho, A.F.; Maes, M.; Vieta, E.; Sambataro, F.
Increased C-reactive protein concentration and suicidal behavior in people with psychiatric disorders: A systematic review and
meta-analysis. Acta Psychiatr. Scand. 2021, 144, 537–552. [CrossRef]

64. Horsdal, H.T.; Köhler-Forsberg, O.; Benros, M.E.; Gasse, C. C-reactive protein and white blood cell levels in schizophrenia, bipolar
disorders and depression—Associations with mortality and psychiatric outcomes: A population-based study. Eur. Psychiatry
2017, 44, 164–172. [CrossRef]
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