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Objectives: Inflammation, measured by abnormal blood
C-reactive protein (CRP) level, has been described in
schizophrenia (SZ), being inconsistently related to impaired
cognitive functions. The aim of the present study is to inves-
tigate cognitive impairment associated with abnormal CRP
levels in a large multi-centric sample of community-dwell-
ing SZ patients, using a comprehensive neuropsychological
battery. Method: Three hundred sixty-nine community-
dwelling stable SZ subjects (76.2% men, mean age 32.7 y)
were included and tested with a comprehensive battery of
neuropsychological tests. Abnormal CRP level was defined
as >3mg/L. Results: Multiple factor analysis revealed
that abnormal CRP levels, found in 104 patients (28.2%),
were associated with impaired General Intellectual Ability
and Abstract Reasoning (aOR = 0.56, 95% CI 0.35-0.90,
P = .014), independently of age, sex, education level,
psychotic symptomatology, treatments, and addiction

comorbidities. Abnormal CRP levels were also associated
with the decline of all components of working memory
(respectively effect size [ES] = 0.25, P = .033; ES = 0.27,
P =.04; ES = 0.33, P = .006; and ES = 0.38, P = .004)
and a wide range of other impaired cognitive functions,
including memory (ES = 0.26, P = .026), learning abili-
ties (ES = 0.28, P = .035), semantic memory (ES = 0.26,
P = .026), mental flexibility (ES = 0.26, P = .044), visual
attention (ES = 0.23, P = .004) and speed of processing
(ES =0.23, P =.043). Conclusion: Our results suggest that
abnormal CRP level is associated with cognitive impair-
ment in SZ. Evaluating the effectiveness of neuroprotective
anti-inflammatory strategies is needed in order to prevent
cognitive impairment in SZ.

Key words: C-reactive protein (CRP)/schizophrenia/cog
nition/cognitive impairment/inflammation
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Introduction

The contribution of chronic inflammation to schizophre-
nia (SZ) has received considerable attention in the last
decade.! In clinical practice, chronic inflammation is pri-
marily measured by an elevated blood level of C-reactive
protein (CRP).> A recent meta-analysis revealed an
increased rate of abnormal CRP levels >5mg/L in 28% of
SZ subjects compared to healthy controls,* with abnor-
mal CRP levels being recently found to be a risk factor
for late-onset SZ.5 Chronic inflammation was also sug-
gested to be one of the biological substrates of several
major psychiatric disorders including depression®’ and
bipolar disorders.®

Cognitive symptoms are thought to have a higher
impact on the outcome of SZ than any other symptoms,
and are considered as a core feature of this disorder.’
Approximately 25% of people with SZ have a poor long-
term outcome due to impaired cognition.!” However the
association between abnormal CRP levels and impaired
cognitive function in SZ is unclear. In non-SZ popula-
tions, increased CRP levels has been associated with a
wide range of brain dysfunctions including age-related
cognitive decline,'"'? all-cause dementia,'? and stroke.'

In SZ, only 2 studies exploring the impact of inflam-
mation on cognition have been carried out to date. In the
first study, abnormal CRP levels were associated with
cognitive impairment.'> This study was well performed
although the cognitive assessment comprised a 30 min-
utes-long battery, which provided only a brief screening
of different cognitive domains associated with abnormal
CRP levels. In a second study using the MATRICS bat-
tery, no association between CRP levels and cognitive
decline was found.'® However, the sample size (N = 88)
was small and the absence of association may be due to a
lack of statistical power. Thus, given the potential impact
of cognitive impairment prevention and treatment in
SZ, the association between abnormal CRP levels and
cognitive function deserves further explorations in this
population.?

The objective of the present study was to investigate if
cognitive impairment was associated with elevated CRP
levels in a large multi-centric sample of community dwell-
ing stabilized subjects with SZ, using an exhaustive neu-
ropsychological battery.

Materials and Methods

Study Population

The FACE-SZ (FondaMental Academic Centers of
Expertise for Schizophrenia) cohort is based on a French
national network of 10 Schizophrenia Expert Centers
(Bordeaux, Clermont-Ferrand, Colombes, Créteil,
Grenoble, Lyon, Marseille, Montpellier, Strasbourg,
Versailles), set up by a French scientific coopera-
tion foundation, FondaMental Foundation (www.
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fondation-fondamental.org) and created by the French
Ministry of Research in order to build a platform that
links systematic clinical assessment to research.!’

Inclusion Criteria

Consecutive clinically stable patients (defined by no hos-
pitalization and no treatment changes during the 4wk
before evaluation) with a DSM-IV-TR diagnosis of SZ
or schizoaffective disorder were consecutively included in
the study. Diagnosis was confirmed by 2 trained psychia-
trists of the Schizophrenia Expert Centres network. All
subjects were referred by their general practitioner or psy-
chiatrist who subsequently received a detailed evaluation
report with suggestions for personalized interventions.

Noninclusion Criteria

Patients with a history of neurological disorders (includ-
ing stroke, epilepsy, and head injury) or all non-psychiatric
concurrent illnesses affecting the central nervous system
and inflammation (especially auto-immune illnesses, such
as lupus and rheumatoid arthritis) were excluded from
the present study.

Measurements

Clinical and Sociodemographic Measures. All patients
were interviewed by members of the specialized mul-
tidisciplinary team of the Expert Centre. All subjects
were interviewed by 2 independent psychiatrists with
the Structured Clinical Interview for Mental Disorders
(SCID 1.0) to confirm the diagnosis. Information about
education, onset and course of the illness, family his-
tory, somatic diseases and comorbidities were recorded.
Schizophrenic symptomatology was assessed using
the Positive And Negative Syndrome Scale (PANSS).'®
Current depressive symptoms were evaluated using the
Calgary Depression Rating Scale for Schizophrenia
(CDRS).” Manic symptoms were assessed with Young
Mania Rating Scale (YMRS).* Ongoing psychotropic
treatment, current cannabis consumption and tobacco
smoking were also recorded.

Neuropsychological Measures. The National Adult
Reading Test* provides an estimate of premorbid intel-
lectual ability. French version of the National Adult
Reading Test was used in our analysis.?

Wechsler Adult Intelligence Scale—3rd Edition® pro-
vides a measure of general intellectual function in older
adolescents and adults. Seven subtest short form* was
used to estimate the Full Scale 1Q (FSIQ), Verbal 1Q
(VIQ) and Performance 1Q (PIQ), and allowed explora-
tion of the following cognitive areas: Picture Completion
(visual exploration and detail perception), Digit-Symbol
Coding (visual-motor coordination, motor and mental
speed), Similarities (abstract verbal reasoning), Arithmetic
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(mathematical problem solving), Matrix Reasoning (non-
verbal abstract problem solving, inductive spatial rea-
soning), Digit span (attention, working memory, mental
control), Information (general information acquired from
culture, semantic memory). An additional subtest, Letter-
Number Sequencing was administered, which along with 2
other primary subtests, Digit Span and Arithmetic, allowed
the calculation of a Working Memory Index (WMI; audi-
tory working memory and mental control).

Trail Making Test® reflects the control of attention,
visual exploration, speed and mental flexibility. The subject
is asked to connect, by making pencil lines, encircled num-
bers randomly arranged on a page in proper order (Part A)
and encircled numbers and letters in alternating order (Part
B). A French version of the normative data was used.*

California Verbal Learning Test? is designed to mea-
sure verbal learning and memory using a multiple-trial
list-learning task. The examiner reads the word list and
records the patient’s oral responses verbatim in the order
in which they are given. Learning efficiency, strategies,
interference management and learning bias are measured.
A French version of the task was used in this study.

Doors test” is a visual recognition memory test in which
participants view photographs of 12 doors for 3 seconds
each. Immediately thereafter, participants are presented
with 12 arrays of 4 doors each, and are asked to identify
the door from the previous list. In the second part new
photographs of doors are displayed, but the recognition
stimuli are rather similar to the key list.

The Continuous Performance Test—Identical Pairs
(CPT-IP) is a computerized measure of sustained, focused
attention or vigilance. This version is a part of MCCB-
Matrics Consensus Cognitive Battery and involves
monitoring a series of multiple digits and responding
with a button press each time that 2 stimuli in a row are
identical.*

Biological Measures. High sensitivity CRP (hs-
CRP) was measured with an assay using nephelometry
(Dade Behring). Abnormal CRP level was defined as
>3mg/L according to the (“The Emerging Risk Factors
Collaboration”; 2010). Patients with hs-CRP levels
>30mg/L, which corresponds to an acute inflammation,
were not included in the analyses (“The Emerging Risk
Factors Collaboration”; 2010).

Ethical Concerns

The study was carried out in accordance with ethical
principles for medical research involving humans (WMA,
Declaration of Helsinki). The assessment protocol was
approved by the relevant ethical review board (CPP-Ile
de France IX, January 18, 2010). All data were collected
anonymously. As this study include data coming from
regular care assessments, a non-opposition form was
signed by all participants.
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Statistical Analysis

Sociodemographics, clinical and neuropsychological
characteristics and treatments are presented using mea-
sures of means and dispersion (SD) for continuous data
and frequency distribution for categorical variables.
The data were examined for normal distribution with
the Shapiro-Wilk test and for homogeneity of variance
with the Levene test. Univariate associations between
demographic, neuropsychological and clinical charac-
teristics of patients with abnormal CRP levels were per-
formed using the chi-square test for categorical variables.
Continuous variables were analyzed with Student z-tests
for normally distributed data and Mann-Whitney tests in
case of non-normal distributions. Effect size-defined as
the mean difference divided by the SD of the whole sam-
ple- were computed for each cognitive tests.’! According
to Samsa et al,’? an effect size of at least 0.2 is considered
as clinically relevant. An effect size of 0.2 is considered a
small effect, 0.5 a moderate effect, and 0.8 a large effect.?

A multivariate logistic regression was performed to esti-
mate the adjusted Odds Ratio (aOR) and its correspond-
ing 95% CI for an association between cognition and CRP.
In order to eliminate multicollinearity associated with cog-
nitive tests, we performed a principal component analysis
(PCA) with varimax rotation to reduce the large number
of cognitive tests to a smaller number of uncorrelated cog-
nitive component scores. The number of components was
chosen based on the Kaiser stopping criterion (ie, all com-
ponents with eigenvalues greater than 1) and the scree test.
The use of component scores as the independent variables
in multivariate models is considered as relevant in the case
of multicollinearity.* The cognitive scores were thus used
for multiple regression analysis, associated to a set of con-
founding factors selected from the univariate analysis, with
selection based on a threshold P-value < .20 (ie, age, years
of education, illness duration). Sex and PANSS score were
also included because of their sociodemographic and clini-
cal interest. CRP levels were also analyzed in a quantita-
tive manner using a multiple linear regression to check the
robustness of our findings.

All of the tests were 2-sided. Statistical significance
was defined as P < .05. Statistical analysis was performed
using the SPSS version 18.0 software package (SPSS Inc).
This study was a confirmatory analysis. The hypothesis
was that abnormal CRP levels were associated with cog-
nitive impairment, based on the previous preliminary
data.® No correction for multiple testing has been there-
fore carried out, consistently with recommendations.*

Results

A sample of 369 community-dwelling stable SZ sub-
jects enrolled in FACE-SZ cohort was included in this
study. Table 1 shows demographical, clinical and neu-
ropsychological characteristics of the sample, as well as
associations with abnormal CRP levels. The majority
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of the subjects in the sample (76.2%) were men and the
mean age of the patients was 32.7 + 10 years. Overall, 104
patients (28.2%) had abnormal CRP levels. The mean age
at SZ onset was 21.7 £ 6.4 years, the mean duration of ill-
ness was 11£8.6 years and the mean PANSS total score
was 70.8 + 18. Current tobacco smoking, current canna-
bis consumption, current alcohol disorder and current
substance abuse disorders were reported in table 1. None
of these variables was significantly associated with abnor-
mal CRP levels (all P > .05).

The impaired cognitive functions associated with
abnormal CRP levels are presented in table 1. The fol-
lowing cognitive functions were found to be significantly
impaired in SZ subjects with abnormal CRP levels com-
pared to those without abnormal CRP levels: current
intellectual ability (FSIQ, effect size [ES] = 0.34, P = .004;
VIQ, ES = 0.33, P = .006; PIQ, ES = 0.29, P = .0106),
working memory (all measures, ES = (0.25-0.38, P < .05),
memory and learning abilities (short delay free verbal
recall, ES = 0.26, P = .026; visual recognition, ES = 0.28,
P = .035), semantic memory (Information subtest,
ES = 0.26, P = .026), mental flexibility (TMT B, time,
ES = 0.26, P = .044), abstract thinking (Matrix reason-
ing subtest, ES = 0.29, P = .016), visual attention (TMT
A, errors, ES = 0.23, P = .004) and speed of processing
(TMT A, time, ES = 0.25, P = .043). These results were
independent of sociodemographic variables, illness dura-
tion and severity (psychotic symptomatology) in multi-
variate analysis.

Four components emerged in the PCA. All 4 compo-
nents had eigenvalues >1 and in total they accounted
for 67.03 % of the variance (table 2). The content of
each component was considered as relevant and mean-
ingful by 2 experts in psychology (E.B. and G.F.) and

Table 2. Principal Component Analysis After Varimax Rotation

Abnormal CRP Levels and Cognitive Impairment in Schizophrenia

named: “General intellectual ability/ Abstract think-
ing,” “Working memory/Attention,” “Processing speed,”
and “Memory and learning.” In the multivariate analy-
ses reported in table 3, the relationship between factor 1
(“General intellectual ability/ Abstract thinking”) score
and CRP level remained significant after adjusting for
sociodemographic and clinical variables. The component
scores are presented in patients with normal and abnor-
mal CRP levels in figure 1. These findings were confirmed
using CRP in a quantitative manner. The component 1
remained significant (standardized § = —.20; P = .04).

Discussion

The major results of this study may be summarized as
follows: peripheral sub-inflammation, assessed here by
abnormal CRP levels, is associated with a wide array
of small to moderate cognitive impairments in a large
sample of community-dwelling SZ patients, indepen-
dently of SZ characteristics, sociodemographic variables,
treatments, tobacco smoking and cannabis consumption.
Multivariate analysis revealed that General Intellectual
Ability/Abstract Reasoning was the most specifically
impaired cognitive factor associated with abnormal CRP
levels, being independent of age, sex, education level,
psychotic symptomatology, treatments, and addiction
comorbidities. Elevated CRP levels were also associ-
ated with an impairment of all components of working
memory and a wide range of other impaired cognitive
functions including memory and learning abilities, as
well as semantic memory, mental flexibility, visual atten-
tion and speed of processing. Firstly, the data presented
here indicate peripheral inflammation to be associated
with a global impairment of current intellectual ability

Component 1, General

Intellectual Ability/ Component 2, Working Component 3, Component 4, Memory
Abstract Thinking Memory/ Attention Processing Speed  and Learning

Information (standard score) 0.876

Full Scale IQ 0.766

Similarities (standard score) 0.638

fNART IQ 0.632

Picture Completion (standard score) 0.552

Matrix Reasoning (standard score) 0.480

Digit Span (standard score) 0.772

Letter-Number Sequencing (standard 0.737

score)

CPT-IP mean d-prime 0.681

Arithmetic (standard score) 0.620

Trail Making Test A (time) -0.808

Trail Making Test B (time) —-0.761

Digit Symbol Coding (standard score) 0.560

CVLT recognition 0.812

CVLT short delay free recall 0.797

Doors Test (A&B) 0.454
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Table 3. Factors Associated With High CRP: Multivariate Analysis

Factors Adjusted Odds Ratio 95% CI P-value
Sex (male) 1.213 0.473-3.110 756
Component 1: “General intellectual ability / Abstract thinking” 0.560 0.347-0.904 014
Component 2: “Working memory/Attention” 0.841 0.565-1.251 271
Component 3: “Processing speed” 0.721 0.471-1.104 227
Component 4: “Memory and learning” 1.120 0.763-1.644 516
PANSS (total score) 0.986 0.963-1.011 212
Age (y) 1.024 0.961-1.091 621
Illness duration (y) 1.002 0.936-1.073 984
Years of education 0.962 0.813-1.140 176
Note: Statistically significant in bold.
© p=0.002 p=0.285 p=0.058 p=0.930
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Fig. 1. Cognitive impairment associated with chronic peripheral inflammation in schizophrenia (measured by C-Reactive protein [CRP]

blood levels 23 mg/L).

in SZ subjects. This suggests a major role for peripheral
inflammation in the debilitating course of SZ, even in
young patients (mean age was 32 y, with a mean illness
duration of 11 y). Such data overlaps with data in older
populations, where elevated CRP levels were associated
with age-related cognitive decline (“inflammaging”),!!:'2
as well as with all-cause dementia.'?

The cognitive impairment following the onset of SZ
has been well documented (see recent meta-analyses).’” 4
This life span neurodegenerative perspective is not new
as SZ was initially termed “dementia praecox” in 1891 by
the German psychiatrist Arnold Pick (1851-1924), due
to the cognitive decline during the first 2 decades of the
illness. From a neuroanatomical point of view, abnormal
CRP is known to be associated with dysexecutive syn-
drome and a cerebral microstructure disintegration in
frontal pathways,**> a crucial cortical area in SZ patho-
physiology.**% CRP is one of the triggering molecules
of peripheral inflammation that may also activate brain
inflammation. A growing body of literature has further
underscored the potential role of microglial activation in
SZ, including an infection-triggered immune reaction.*47
Altogether, our results combined with literature suggest
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that abnormal CRP may be considered as a peripheral
biomarker of cognitive impairment in SZ.

As noted, the association between inflammation and
cognition is not limited to SZ, however the data pre-
sented here indicate some specificity. Inconsistent results
have been found in depression and bipolar disorder, as
to inflammation and cognitive decline. Lower cognitive
functioning in individuals with bipolar disorder has been
associated with elevated levels of CRP® The authors
found an inverse relationship between CRP level and per-
formance on RBANS battery, which was significant on
immediate memory, attention and language factors, as
well as psychomotor speed. In major depression, except
psychomotor speed and some executive components, most
of the neuropsychological variables (verbal and visual
memory, working memory, attention, language) were
not associated with higher CRP levels.*** In summary,
CRP is associated with lowered psychomotor speed in a
non-specific (transnosographic) manner. But our results
further suggest that CRP-associated impaired general
intellectual ability, abstract reasoning, working memory,
semantic memory and mental flexibility is a more diag-
nosis-specific aspect of peripheral inflammation in SZ. It



may be hypothesized that these discrepancies may be due
to several factors: genetic brain vulnerabilities, origin of
chronic inflammation (infections, perivisceral fat, antide-
pressant consumption®), different immunological distur-
bances across illnesses. Further studies should determine
if cognition is differently impacted according to inflam-
mation etiological factors, and if these factors may
explain the differences between SZ and bipolar disorders.

Second, peripheral inflammation was found in our
study to be associated with a global impairment of all
assessed working memory components. This association
was already described in other non-psychiatric popula-
tions (including cancer, coronary heart disease and lupus
patients, as well as middle-age healthy subjects),’'~* but
not in SZ. This suggests a deleterious effect of high CRP
levels on working memory across illnesses. The role of
working memory is crucial to temporarily maintain and
store information. This system supports thought mech-
anisms by providing an interface between perception,
long-term memory and action.”® All working memory
measures were significantly lower in patients with higher
levels of CRP. Targeting CRP may thus be decisive for
improving working memory in SZ subjects.

Thirdly, elevated CRP was associated with impaired
verbal and visual episodic learning abilities, as well as
impaired semantic memory. This is consistent with previ-
ous findings in non-SZ populations, where healthy-aging
subjects with higher CRP had lower memory perfor-
mance and smaller left temporal lobe volumes®® as well
as impaired frontal** and hippocampal functioning.’’
The last 2 areas are essential for memory formation and
its biological underpinnings that are thought to arise
from long-term potentiation. CRP-associated impaired
memory was also described in type II diabetes patients.*®
However, no association was observed between abnor-
mal CRP and long-term verbal recall impairment in SZ.
Memory impairment related to inflammatory processes
is less clear in depression. In 1 study, no association has
been found between memory functions and CRP in mod-
erately depressed elderly.” Instead, encoding and recall
were inversely associated with interleukin (IL)-6 across
the groups. While the results in bipolar patients® are com-
parable to those in this study, this was inconsistent with
previous findings in healthy aging population.®®¢! Several
explanations may be suggested to explain these discrep-
ancies, including variations in the delay of recall across
studies. Also, the wide range of cognitive impairment in
SZ may have erased the CRP-long-term-verbal memory
association, which was found in healthy-aging subjects. It
may be hypothesized that SZ subjects with normal CRP
levels may have decreased verbal memory due to other
causes.

Fourthly, peripheral inflammation was found here to
be associated with lower performance in inductive rea-
soning and mental flexibility. Along with working mem-
ory and abstract thinking, these functions form a broad

Abnormal CRP Levels and Cognitive Impairment in Schizophrenia

executive control and problem solving system that is nec-
essary to adapt to novel contexts, as well as to initiate and
regulate autonomous behaviors. Executive functions cor-
relate with the ability to solve interpersonal problems,®
vocational functioning, daily management of personal
and professional activities,*** and quality of life.®® Our
results are consistent with those found in middle-aged
healthy subjects,> patients with diabetes,® and healthy
aging.*>%-6% In patients suffering from depression, with
elevated CRP levels, there seems to be a tendency for
poorer executive function as indicated on the Wisconsin
card sorting test measures: number of completed catego-
ries,®® and design fluency.®

Fifthly, peripheral inflammation was associated with
impaired components of visual attention and processing
speed. Similarly, increased levels of hsCRP were asso-
ciated with lower psychomotor speed (Trail making A,
Finger Tapping test) in depressed outpatients.** This
association is also observed in nondepressed subjects
with higher CRP levels related to arterial disease.’> A
potential mediator, as discussed might be the cytokine-
induced hypermetabolism in the basal ganglia leading to
a psychomotor slowing.

Our major results were inconsistent with the Joseph
et al study,'s and consistent with Dickerson et al.'> This
is probably due to the higher mean age of SZ subjects
(49 y, mean illness duration 23 y) in Joseph et al study vs
40 years (mean illness duration 19 y) and 32 years (mean
illness duration 11 y), respectively in Dickerson et al study
and ours. Overall, these studies indicate that CRP mostly
impacts cognitive functioning in the first 2 decades fol-
lowing SZ onset. Future longitudinal studies are required
to investigate this hypothesis.

The absence of association between abnormal CRP
levels and psychotic symptoms in our sample was con-
sistent with Dickerson et al' results. However a recent
meta-analysis suggested an association between abnor-
mal CRP and positive symptoms, which may be due to the
inclusion of untreated patients in this meta-analysis.! %7
In our sample, all patients were treated by antipsychotics,
which possibly contributes to the non-replication of this
association in the data presented here.

Contrary to Dickerson et al and Joseph et al studies,
we found no sex differences. Our sex ratio (76% male)
was comparable to Dickerson et al' (70%), although not
with Joseph et al'® (39%). The mean age at illness onset
was also comparable (respectively 21 y here and in the
Dickerson et al study, vs 26 y for Joseph et al) possibly
due to the later onset in SZ female patients. Future meta-
analyses should explore such sex differences to determine
if CRP levels are significantly altered in SZ females com-
pared to males.

The neurobiological underpinnings of CRP-associated
cognitive impairment in SZ are not fully understood to
date. Inflammation in the central nervous system is closely
related to neurodegeneration. Blood CRP levels may be
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seen as an indirect peripheral common marker of central
neuroinflammation. CRP levels are raised by the increase
of pro-inflammatory cytokines, including IL-1p, TNF-a
and IL-6. These pro-inflammatory cytokines have indi-
vidual effects on neurogenesis. IL-13 induces focal and
sustained hippocampal inflammation, resulting in severe
depletion of developing neuroblasts.”! IL-1p was also
found to suppress cell proliferation in the dentate gyrus.”
IL-1pB generally contributes to memory formation at the
physiological level. However, when IL-1f is expressed
excessively, it inhibits hippocampus-mediated memory
formation in a manner of an inverted U shape.” Activated
microglia-derived TNF-§ was found to enhance the death
of hippocampal progenitor cells.”* IL-6 may be the most
important cytokine involved in microglial activity and
inflammatory responses. Overexpressed IL.-6 inhibits hip-
pocampal neurogenesis.” All these mechanisms may be
involved in CRP-associated cognitive impairment.

Elevation in CRP levels may have direct therapeutic rel-
evance to the prevention of cognitive impairment, within a
personalised approach to the management of SZ. A recent
meta-analysis highlighted the clinical utility of anti-inflam-
matory add-on therapies in SZ, perhaps especially aspi-
rin.” These interventions are described as potentially more
effective early in the course of SZ, reinforcing the need to
develop an early prevention-focused perspective, perhaps
especially in patients with elevated CRP levels.”” CRP is
also associated with both increased atheroma genesis’
and increased risk of stroke.'* As the prevalence of meta-
bolic syndrome is high in young SZ subjects,” it may be
reasonably suggested that atheroma may contribute to the
mechanisms of cognitive impairment in SZ.% Aspirin may
therefore be doubly helpful, by its anti-inflammatory and
anti-atheroma properties.®! Future studies should assess the
pro-cognitive effects of anti-inflammatory agents that have
been proposed as beneficial in aged populations.®>** Beyond
anti-inflammatory agents, an “anti-inflammatory diet” was
also suggested to improve cognitive function in healthy
participants and should be evaluated in SZ patients with
both inflammatory disturbances and impaired cognitive
functions.?® The impact of lifestyle hygiene factors (such
as psychological stress management or physical activity)
on the reduction of inflammatory response should also be
taken into consideration.®>* In summary, abnormal CRP
levels in SZ may be a biomarker for cognitive dysfunction
and therefore an indication for anti-inflammatory strategies
as well as early cognitive remediation. Future studies are
needed to investigate the effectiveness of anti-inflammatory
add-on therapies for cognitive improvement in SZ patients
with peripheral inflammation.

The purpose of the present study was not to determine
the etiological factors of chronic peripheral inflamma-
tion in SZ. However, unraveling etiological factors may
help guiding anti-inflammatory and preventive strategies
for the future. For example, abnormal CRP levels have
been independently associated with both antidepressant
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consumption and abdominal obesity in SZ, but not with
tobacco or cannabis consumption.®” The lack of associa-
tion between tobacco smoking or cannabis consumption
in the present study is consistent with previous results.®®
Future studies should determine if different etiological
factors of peripheral inflammation may be associated
with different cognitive outcomes.

Strengths

The present study has clear strengths, particularly the use of
homogenous and exhaustive standardized diagnostic proto-
cols and neuropsychological assessment in a large national
multicentric study. Important confounding factors were
taken into account in our analyses, especially sociodemo-
graphic characteristics, antipsychotic treatments, tobacco
smoking and cannabis consumption. Our sample was rela-
tively young (mean age 32 y, mean illness duration 11 y).

Limits

Due to the cross-sectional design of this study, no lon-
gitudinal data of abnormal CRP on cognitive trajectory
outcome were obtained. First, an important method-
ological problem is the definition of our groups (normal
CRP level and high CRP). Indeed, there are no generally
accepted criteria. However, we have chosen the most con-
sensual definition in the recent scientific literature, which
is recognized as the cut-off point for high cardiovascular
risk.%-%! Second, CRP was the sole marker of inflamma-
tion in this study. Although CRP is strongly associated
with 1L-6 activity, we did not directly assess any pro-
inflammatory cytokines. Future studies with extensive
assessment of inflammatory markers may be required.
Third, we have only collected CRP at one time point,
and repeated testing has been recommended to confirm
clevated plasma levels® especially as concentrations can
be affected by acute infection. However, patients with
acute infections were removed and were not included in
this study. Finally, although the experimental protocol
takes into account a large set of potentially confounding
variables, additional factors might have been interesting
to consider. In particularly, cognitive impairment, a core
symptom of SZ, is associated with metabolic syndrome®
and more specifically with perivisceral fat.”” Alcohol con-
sumption or substance abuse have not been described as
a risk factor for peripheral inflammation in SZ to date,
however this data may have been explored in the present
study as a confounding factor. The purpose of the pres-
ent study was not to determine the potential etiological
factors associated with abnormal CRP levels, which has
been done elsewhere®” and would require larger samples.

Conclusion

Altogether, our results yielded important findings. We
confirmed that peripheral inflammation was associated



with a general loss of intellectual abilities in SZ, which
strongly impacts on functional outcomes, and is indepen-
dent of psychotic symptomatology, age, sex, treatments
and addiction co-morbidities. Therapeutic trials are
needed to determine if anti-inflammatory add-on strate-
gies are effective in preventing cognitive impairment in
SZ, especially at the beginning of the illness.
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