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Abstract

Objective: Inverse relationships between the C-reactive protein (CRP) levels and cognitive
performance in acute psychosis have been demonstrated. We aimed to investigate how the
serum level and initial change of CRP in acutely admitted patients with psychosis was
correlated with cognitive performance during a 6-months follow-up period. Methods: The
study is part of a pragmatic, randomised trial comparing four different second-generation
antipsychotic drugs, and consists of 208 acute phase patients recruited at admittance for
psychosis. This study reports data for all groups collectively, and does not compare treatment
groups. Measurements of CRP and cognitive performance were conducted at baseline (T1)
and after 4 weeks on average after inclusion (T2). Cognition was also assessed after 3 months
(T3) and 6 months (T4) of follow-up. Results: Global cognition improved during the follow-
up period of 6 months, especially in the T1–T2 interval. The different cognitive subdomains
showed different time-dependent profiles of improvement, with memory and attention
improving significantly also in the later phases. Reduction of the CRP level during the initial
follow-up interval (T1–T2) was associated with increased overall cognitive performance in
the T2–T4 interval, but not in the T1–T2 interval. For the cognitive subdomains, we found
an inverse association between change in CRP level and verbal abilities (T2–T4 interval), and
attention (T2–T3 interval). Conclusion: These findings indicate that initial changes in the
serum level of CRP in the acute phase of psychosis may predict cognitive function in later
phases of the disease.

Trial registration

ClinicalTrials.gov ID; URL: http://www.clinicaltrials.gov/:NCT00932529

Significant outcomes

∙ Global cognition and several cognitive subdomains continued to improve beyond the
initial phase of acute psychosis treatment and into the later phase of follow-up.

∙ Reduction of the C-reactive protein (CRP) level in the initial acute phase was associated
with delayed improvement of global cognition. Inverse associations between CRP levels
and cognitive subdomains were found for learning, verbal abilities, and attention.

Limitations

∙ There was considerable attrition in the study during follow-up.
∙ CRP was the only inflammatory marker measured in the study.

Introduction

Cognitive dysfunctions are core features of schizophrenia that detrimentally affect func-
tional outcome (1–3). The neurobiological disturbances involved in cognitive dysfunctions
are, however, largely unknown. Abnormal myelination, white matter changes, and
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immunological processes, including low-grade inflammatory
responses, have been suggested as possible mechanisms (4).
Many studies have indicated that the cognitive impairments
seem to stabilise after the first episode of psychosis (5,6),
although there have also been some findings suggesting cogni-
tive improvements (7–10). The inconsistent literature might at
least in part be explained by differences in the patient samples,
the duration of follow-up, and the cognitive test batteries. Taken
together, recent findings indicate that cognitive dysfunction is
not always irreversible and can be dynamic, especially in the
acute phases (11,12). Importantly, current treatment options in
psychosis, including psychosocial interventions and anti-
psychotic medications, have few if any beneficial effects on
cognitive performance (4,13–17). Thus, this central area of
dysfunction in psychosis is in need of a better understanding
and novel treatment approaches.

Inflammation has been the focus of recent studies addressing
the pathophysiology of psychotic disorders. Immune abnorm-
alities in the blood, cerebrospinal fluid, and central nervous
system, including immune cell numbers, inflammatory markers,
and antibody titers, have been demonstrated in schizophrenia
(18–23). There is increasing evidence for underlying inflam-
matory mechanisms relevant to cognitive functioning (4,24–26).
Indeed, neuroinflammation with white matter pathology has
been demonstrated in the early stages of psychosis (27), and it
has been suggested that these changes can lead to both structural
and functional dysconnectivity and cognitive dysfunction (21).
Low-grade elevation of the CRP, a well characterised and stan-
dardised marker of inflammation (28), has been found in some
studies in schizophrenia (29–35). An inverse association
between the serum levels of CRP and cognitive function has
been reported (18,36,37). However, these studies are pre-
dominantly cross-sectional and include patients in the chronic
phase. This might restrict the generalisability of the results, and
longitudinal studies with repeated cognitive assessments are
scarce.

We have recently shown an inverse association between the
serum level of CRP and cognitive performance in the acute phase
of psychosis (11). What remains unresolved, however, is whether
the levels and change of CRP in the initial phase of acute psy-
chosis influence cognition in later phases. The main aim of this
study was therefore to investigate how the CRP level in the first
acute phase of psychosis correlates with cognitive function during
a 6 months follow-up.

Material and methods

The study is part of a pragmatic, randomised trial comparing four
different second-generation antipsychotics in the treatment of
psychosis (Fig. 1). Importantly this study reports data for all
treatment groups collectively, and does not compare treatment
groups. We have previously published cross-sectional compar-
isons of treatment groups, and no differences were found (11).
The main objective of the present study was to investigate overall
associations between longitudinal changes in CRP and cognition
in the whole group. The clinical sample and methods have been
described in detail elsewhere (38).

Clinical sample

The sample consists of 208 consecutive, acute phase patients
recruited at admittance for psychosis, who underwent CRP

measurements and cognitive assessment. The project was
designed and approved by the Ethics committee with two phases:
The first was the quality assurance phase from admission to
discharge or 6 weeks at the latest, and was approved by the
Ethics Committee without the requirement of informed consent
as this phase included only elements of best clinical practice.
At admission all psychotic patients admitted to the hospital for
symptoms of acute psychosis were consecutively included, if they
were to use the hospital’s standard antipsychotic medication
regimen, and could cooperate with clinical assessments of con-
dition. This phase should assure that psychosis patients were
offered best-quality guideline-concordant treatment for psychosis.
The second phase (research phase) was based on informed con-
sent provided at discharge or after 6 weeks at the latest. This
included invitation to visits and tests at 3, 6, 12, and 24 months
after admission. In this part of the project there were procedures
beyond usual clinical standard, such as collections of data for
use in psychiatric basic research within genetics and brain
functioning.

The recruitment period was from March 2004 until February
2009 at Haukeland University Hospital, Bergen, Norway, with a
catchment population of about 400 000. The study was approved
by the Regional Committee for Medical Research Ethics, and by
the Norwegian Social Science Data Services. The study was
publicly funded and did not receive any financial or other support
from the pharmaceutical industry.

All adult patients were eligible for participation if they were
acutely admitted to the emergency ward for symptoms of active
psychosis, as determined by a score of ≥4 on one or more on the
items Delusions, Hallucinatory behaviour, Grandiosity, Suspi-
ciousness/persecution, or Unusual thought content in the Positive
and Negative Syndrome Scale (PANSS) (39) and were candidates
for oral antipsychotic drug therapy. All eligible patients met the
International Statistical Classification of Diseases and Related
Health Problems (ICD)-10 diagnostic criteria (http://apps.who.
int/classifications/icd10/browse/2010/en) for schizophrenia, schi-
zoaffective disorder, acute and transient psychotic disorder,
delusional disorder, drug-induced psychosis, major depressive
disorder with psychotic features, bipolar disorder except manic
psychosis. Manic psychosis was excluded based on a priori
expectation that these patients would not be able to cooperate
with the assessments in the acute phase.

Figure 1. Estimated mean level and change in global cognitive score over time, with
standard deviations to display individual variation (N= 181).
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Patients were excluded from the study if they were unable to
use oral antipsychotics, were suffering from manic psychosis or,
for other behavioural or mental reasons related to the state of
illness, were unable to cooperate with assessments, did not
understand spoken Norwegian, were candidates for electro-
convulsive therapy, or were medicated with clozapine on admit-
tance. Patients with drug-induced psychoses were included only
when the condition did not resolve within a few days and when
antipsychotic drug therapy was indicated.

The patients were assessed at baseline (T1: N= 208 with data
on CRP level and/or cognition), at the first follow-up (on average
after 4 weeks; T2: N= 103), at the second follow-up after
3 months (T3: N= 43), and at the third follow-up after 6 months
(T4: N= 35). This period corresponds to the treatment of the
acute phase during which the largest reduction of psychotic
symptoms is seen, and treatment response is expected in the
majority of patients (40).

Clinical and biochemical assessments

Eligible patients underwent the PANSS structured clinical inter-
view at baseline, before inclusion. All tests were performed by
personnel independent of the clinical departments, who were
trained and with inter-rater reliability training. Intra-class cor-
relation coefficients were calculated based on inter-rater assess-
ments and showed high inter-rater reliability (0.92). Furthermore,
the Calgary Depression Scale for Schizophrenia (41), and the
Clinical Drug and Alcohol Use Scales (42) were used, and the
patients were rated according to the Clinical Global Impression-
Severity of Illness Scale (43), and the Global Assessment of
Functioning-Split Version, Functions Scale (44). Illicit drug use
data was based only on information from the participant.

For analysis of CRP, a blood sample was collected from the
patients in the fasting state between 08:00 and 10:00 h in the
morning at baseline (T1) and after 4 weeks follow-up (T2).
The laboratory changed the routine CRP analysis method in Jan-
uary 2005, and hence only data obtained after this revision is used in

the present work. The CRP level was measured by the Tina-quant
C-reactive Protein (Latex) method from Roche Modular P®

(Mannheim, Germany), which measures CRP levels >1mg/l.

Cognitive assessment

Cognitive assessments were conducted at baseline (T1)
and follow-up (T2, T3, and T4). A brief neuropsychological
screening instrument with alternative forms; the Repeatable
Battery for the Assessment of Neuropsychological Status
(RBANS), was used to minimise potential practice effects (45–
47), since longitudinal studies on cognitive functioning usually
do not sufficiently address the issue of practice effects (48,49).
The RBANS has previously shown to have good reliability and
validity in psychosis (47). To increase clinical validity, a more
comprehensive cognitive battery, but with the same cognitive
subdomains, was administered at T3 (Table 1). In a pre-
liminary analysis, a satisfactory relationship between the
RBANS/short battery and equivalent domains from the long
battery/more comprehensive neuropsychological battery
3 months later emerged, even despite of symptom-level dif-
ferences at the two time points (50). The five cognitive
domains were the same as for the RBANS: Language;
Visuospatial/constructional; Immediate memory; Delayed
memory; and Attention. We have used the already set
domains from the RBANS, which does not include executive
functioning. We do argue, however, that both Trails B and
Stroop do depend as much on attentional resources, as
executive functioning making it correct to group them together
with the Attention domain. If we had an executive domain we
would have grouped in this domain also. The policy of
grouping test with several domains when they do capture
several cognitive processes is what we consider the most
transparent way of taking the complexity into account. The
grouping of WAIS III digit span with both Attention and
Learning was done for the same reason. In addition, in the
before mentioned preliminary analysis, this method of grouping

Table 1. Neuropsychological assessment by cognitive subdomain and time

Cognitive
subdomain T1 (baseline) T2 (4 weeks*) T3 (3 months) T4 (6 months)

Verbal
abilities

RBANS A language RBANS B language WAIS-III similarities
WAIS-III vocabulary
COWAT letters/animals

COWAT letters/animals

Visuospatial
abilities

RBANS A visuospatial/
constructional

RBANS B visuospatial/
constructional

WAIS-III digit symbol-coding
WAIS-III block design
ROCF copy

ROCF copy

Attention RBANS A attention RBANS B attention WAIS-III digit span
Digit vigilance test (time)CalCAP CPT (choice
reaction time/sequential reaction time)
Trail making test B
Stroop colour/word conflict (time)

WAIS-III digit span
CalCAP CPT (choice reaction time/
sequential reaction time)
Stroop colour/word conflict (time)

Learning RBANS A immediate
memory

RBANS B immediate
memory

CVLT-II (immediate recall)
WMS-R logical memory
WAIS-III digit span

WMS-R logical memory
WAIS-III digit span

Memory RBANS A delayed
memory

RBANS B delayed
memory

CVLT-II (delayed recall)
ROCF delayed recall

ROCF delayed recall

CalCAP CPT, California Computerized Assessment Package-Continuous Performance Test; COWAT, Controlled Oral Word Association Test; CVLT, California Verbal Learning Test; RBANS,
Repeatable Battery for the Assessment of Neuropsychological Status; ROCF, Rey Osterrieth Complex Figure Test; WAIS-III, Wechsler Adult Intelligence Scale; WMS-R, Wechsler Memory Scale-
Revised.
*Mean follow-up time at T2 was 4.1 weeks after baseline.
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the tests was the one that obtained a satisfactory relationship
with the RBANS (50). Raw scores for the neuropsychological
variables were converted to t-scores using the best available
norms from corresponding manuals (when available) or pub-
lished papers. The final summary score based on the mean t-
scores across the five cognitive domains defined the overall
cognitive function t-score. Neuropsychological assessment by
cognitive domain and time are shown in Table 1.

Statistical analyses

Descriptive statistics (mean, standard deviation, frequency) and
independent sample-t-test were analysed with SPSS version 24.0.
The program Mplus 8 (51) was used to analyse the level and
change in variables with latent growth curve and time contrast
models (52). The standard linear change assumption was tested
based on the goodness of fit measures, residual results, and plots
of the observed and estimated change model were used to decide
the change pattern. If this assumption was not met, piecewise
growth was explored. If the model indicated one piece based on
two measurements only, this part is a difference score model (53).
Some residuals had to be set as constant to fit such a model. The
models were evaluated based on their goodness of fit measures, as
follows: threshold values in comparative fit index and Tucker–
Lewis index beyond 0.95; root mean error of approximation
(RMSEA)< 0.05 as close fit, RMSEA <0.08 as fair fit, and RMSEA
<0.10 as a mediocre fit (52). Model fit measures were presented
for unconditional level and change models, but not for prediction
models, as these models solely are predictions with statistical
significant and non-significant relations and not structural
models. The estimator was set to maximum likelihood with
robust standard errors (MLR) to account for non-normality in
data (54). The full information maximisation likelihood (FIML)
method uses all available data under the assumption that missing
data are random (‘Missing at Random’) (51,54). Thus, the level
and change results are estimated and not observed values based
on all observations. After analysing the variables separately, level
and change in CRP were related to levels and changes in neu-
rocognitive scales. A sensitivity analysis was performed for CRP
levels <10mg/l.

Finally, we controlled for confounders, known to have impact
on both CRP level and cognition, as metabolic syndrome,
smoking, being antipsychotic medication-naive, illicit drug use,
and educational level (11).

Results

The study included 208 patients with data in one or more of the
outcome variables. At baseline, there were CRP measurement for
158 patients and cognitive assessments for 169 patients and a total
of 123 patients had both measurements. In total, 181 patients had
observations on cognitive performance and 169 on CRP at any
time point. The demographic and clinical characteristics are
shown in Table 2. The patients that were tested only at baseline
were not statistically different from those with follow-up data for
the clinical or demographic characteristics at baseline, with the
exception of a higher PANSS negative subscale score in patients
with baseline test only compared to those with two or more visits
[independent samples t-test: p= 0.034; mean difference 2.2
points; 95% confidence interval (CI): 0.2–4.2], and fewer years of
education (independent samples t-test: p= 0.027; mean differ-
ence, 0.8 years; 95% CI: 0.10–0.6).

Levels and changes in cognitive performance

The mean and individual levels and changes in cognitive sub-
domains are presented in Table 3. The mean level of global
cognitive performance increased over time in a non-linear man-
ner, being most pronounced in the T1–T2 interval (Fig. 1). The
figure also shows more individual change variation in the T1–T2
interval than in the later intervals. Statistically significant
improvements over time were also found for verbal abilities,

Table 2. Baseline demographics and clinical characteristics (N= 208)

Characteristics N %

Male 143 68.8

Antipsychotic drug naive 92 44.2

Alcohol abuse last 6 months 22 10.6

Illicit drug use last 6 months 139 66.8

Current tobacco smoking 103 49.5

Diagnosis*

Schiz and related 106 53.2

Drug-induced 28 14.1

Affective 23 11.6

Acute psychosis 17 8.5

Other 25 12.5

Mean SD Range

Age 33.5 13.1 17–73

Body mass index 23.7 4.8 15.8–42.6

Years of education 12.5 2.8 8.0–22.0

PANSS total 74.1 13.2 44–111

PANSS positive 19.9 4.4 11–32

PANSS negative 19.6 7.4 7–39

PANSS general 34.6 6.7 20–56

CDSS 6.6 5.2 0–23

GAF-F 30.7 6.0 2–62

CGI 5.2 0.6 4–6

RBANS 38.3 7.7 20.2–58.8

CRP 4.0 8.3 0–89

N, number of patients; Antipsychotic drug naive, no life-time exposure to antipsychotic
drugs before index admission; Abuse, abuse or dependence according to the Clinical Drug
and Alcohol Use Scales (CDUS/CAUS), patients with no illicit drug use could be included in
the category alcohol use last 6 months; Schz and related, schizophrenia and related dis-
orders: Schizophrenia, schizoaffective disorder, acute polymorphic psychotic disorder with
symptoms of schizophrenia, acute schizophrenia-like psychotic disorder, delusional dis-
order; Acute psychosis, acute psychosis other than those categorised under Schz and
related; Affective, bipolar and unipolar depression; Other, miscellaneous psychotic dis-
orders.
CDSS, the Calgary Depression Scale for Schizophrenia; CGI, the Clinical Global Impression,
severity of illness scale; CRP, C-reactive protein (mg/l); GAF-F, the Global Assessment of
Functioning, split version, Functions scale; PANSS, the Positive and Negative Syndrome
Scale; RBANS, the Repeatable Battery for the Assessment of Neuropsychological Status.
All diagnoses are according to ICD-10;
*Patients with missing diagnoses are not included in the list. According to the naturalistic
design, patients were included on the basis of the presence of active psychosis as deter-
mined by the PANSS, and not based on diagnosis.
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learning and attention in the T1–T2 interval, and for memory and
attention in the T2–T4 interval, respectively. Individual differ-
ences in change (standard deviation) were also present. Some
patients improved their performance, whereas others showed
decline. The goodness of fit measures showed close fit between
model and data for global cognitive performance, verbal abilities
and learning scales, while the other three scales were based on
saturated models and thereby giving no fit measures (please see
Supplementary Table 1).

The relationship between levels and changes in CRP
and cognition

The mean change in CRP from T1 to T2 was not statistically
significant (0.52mg/l/ month, p= 0.652, baseline mean level:
3.99mg/l, SD = 8.32). However, the individual variation in
change was statistically significant (SD = 12.13, p= 0.031). In the
total sample, a reduction in the CRP level from T1 to T2 was
associated with an increase in global cognitive performance in the
T2–T4 interval, whereas no such association was found between
CRP and cognition during the T1–T2 interval (Table 4). Patients
with most reduction in CRP also were the patients with most
improvement in global cognitive performance, illustrated with a
steeper increase in their performance, compared to those with a
smaller reduction or an increase in CRP (Fig. 2).

For the cognitive subdomains, we observed a statistically sig-
nificant association between reduction of the CRP level and
increase in verbal abilities for the T2–T4 interval and in attention
for the T2–T3 interval (Table 4).

For patients with CRP <10mg/l (N= 191), the results
remained unchanged regarding the association between changes
in global cognitive performance (T2–T4), verbal abilities (T2–T4),
and attention (T2–T3), and CRP level changes. However, we also
found additional statistically significant associations in this sub-
sample compared to the total sample (Table 4).

A separate model for the sub-sample of patients diagnosed
within the schizophrenia spectrum showed that change in CRP
level did not predict T2–T4 change in the global cognitive per-
formance as was found in the total sample (b= − 0.01, p= 0.208).
Two new statistically significant associations were found between
change in CRP level and attention in the T1–T2 interval (b= 0.12,
p= 0.045) and in the T3–T4 interval (b= 0.03, p= 0.026).

Finally, the models were adjusted for the covariates metabolic
syndrome, smoking, being medication naïve, illicit drug use, and
the educational level. The association between baseline CRP level
and global cognitive performance for the whole follow-up
remained essentially unchanged. Baseline CRP level and visuos-
patial performance in the T3–T4 interval was no longer statisti-
cally significant (p= 0.120), whereas a statistically significant
association was found between CRP baseline level and this sub-
domain in the T1–T2 interval (b= 0.66, p= 0.018). CRP level
change and verbal abilities in the T2–T4 interval was no longer
statistically significant associated (p= 0.067), while such an
association was found in the T1–T2 interval (b= − 0.09,
p= 0.039). Additional statistically significant associations were
found between CRP baseline level and attention in the T3–T4
interval (b= 0.31, p< 0.001), and CRP level change and attention
in the T1–T2 interval (b= 0.12, p= 0.045), and in the T3–T4
(b= 0.03, p= 0.026), respectively.

A separate model for the sub-sample of patients diagnosed
within the schizophrenia spectrum showed some differences.
Change in CRP did not predict T2–T4 change in the global score
as it did in the total sample (b= − 0.01, p= 0.208), whereas
change in CRP was found to be associated with change in
attention for the T1–T2 (b= 0.12, p= 0.045) and T3–T4 (b= 0.03,
p= 0.026) intervals, respectively.

In the schizophrenia group, the inclusion of covariates showed
that higher CRP baseline level was related to lower baseline level
in global cognitive performance (b= − 0.26, p= 0.036). CRP
baseline level was found to be associated with verbal abilities in
the T1–T2 interval (b= 0.64, p= 0.016). In addition, CRP level
change was found to be associated with verbal abilities in
(b= − 0.09, p= 0.024) and learning in the T1–T2 interval
(b= −0.04, p= 0.009). The model with the attention outcome
variable did not converge, even after increasing the number of
iterations.

Discussion

The main finding of the present study was that the global cog-
nitive performance continued to improve from the initial phase
(baseline to 4 weeks) of acute psychosis to the later phase (4 weeks
to 6 months), and was predicted by the reduction of the CRP level
as observed during the initial phase (baseline to 4 weeks) of the

Table 3. Levels and changes in global cognition and cognitive subdomains over time

T1 Level (I) Change T1–T2 (S1) Change T2–T4 or change T2–T3 (S2)* Change T3–T4 (S3)*

Scale Mean SD p Mean p SD p Mean p SD p Mean p SD p

Global performance 38.3 7.6 0.000 2.9 0.000 4.9 0.000 1.4 0.000 1.1 0.003

Verbal abilities 40.1 8.4 0.000 6.0 0.000 6.8 0.000 0.2 0.643 2.0 0.002

Visuospatial abilities* 47.3 12.1 0.000 1.4 0.148 10.1 0.000 − 0.7 0.295 5.1 0.000 2.1 0.000 3.2 .004

Learning 35.8 8.1 0.000 2.9 0.000 1.7 0.078 − 0.3 0.315 1.9 0.000

Memory* 38.1 12.1 0.000 1.2 0.326 11.3 0.000 2.8 .000 4.8 .000 3.0 .000 2.3 .000

Attention* 29.7 9.0 0.000 3.5 0.000 7.4 0.000 4.2 .000 4.0 .000 0.4 .167 2.1 .000

The time unit for change is months. T1, baseline; T2, 4 weeks; T3, 3 months; T4, 6 months.
S1: change from T1–T2; S2: change from T2–T4 if supported by data; and S3: change T3–T4. Change in the T3–T4 interval was estimated if a linear change from T2–T4 was not supported. In
these models, S2 consists of the change between T2–T3.
Group mean and individual differences (standard deviation, SD) for both level and change are reported.
Statistical p-values are presented for individual differences at baseline level (T1 Level), and mean change and individual differences in change (standard deviation).
*Three change factors had to be estimated: S1: T1–T2; S2: T2–T3; and S3: T3–T4.
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treatment. Similar associations were found for several of the
cognitive subdomains. These findings might indicate a prolonged
effect of inflammatory processes on cognition after an acute
psychosis, stretching beyond the initial phase.

The stability of cognitive dysfunctions in patients with psy-
chosis has been debated for decades. Most studies have suggested
stability or decline in cognitive functioning (55–58). A study of
first-episode schizophrenia spectrum disorders and controls with
follow-up intervals of 1-year and 3-years showed that, although
patients performed worse than controls at any given time, the
cognitive performance of the patients improved in a similar way
as the controls in all domains, except for verbal and visual
memory, which showed greater improvement in controls (6).

Another longitudinal study demonstrated improvement of gen-
eral cognitive function, working memory, and verbal learning
after 12 weeks, but these changes were mediated by improve-
ments in both positive and negative symptoms (59).

There is substantial evidence that inflammatory processes are
involved in the cognitive performance in psychosis (23,60,61).
Oxidative stress and inflammation have been suggested to be
associated with specific aspects of cognitive functioning in first-
episode psychosis patients (62). Of particular interest, several
studies have shown a link between CRP and cognitive function
(25,29,37,63,64). CRP levels have been associated with cognitive
impairment in patients with schizophrenia (25,36). In one study,
abnormal CRP levels were correlated with poorer cognitive

Table 4. Baseline level and changes over time in cognitive performance predicted by baseline and change in C-reactive protein (CRP) level

Total sample Subsample (CRP <10 mg/l)

CRP level T1 CRP change T1–T2 CRP level T1 CRP change T1–T2

b β p b β p b Β p b β p

Global performance

T1 − 0.35 − 0.37 0.002 – – – − 0.70 − 0.17 0.059 – – –

T1–T2 0.13 0.21 0.455 − 0.01 − 0.03 0.748 0.95 0.34 0.013 − 0.02 − 0.04 0.573

T2–T4 0.08 0.54 0.025 − 0.02 − 0.18 0.004 − 0.07 − 0.12 0.684 − 0.02 − 0.14 0.026

Verbal abilities

T1 − 0.35 − 0.35 0.120 – – – − 0.75 − 0.17 0.095 – – –

T1–T2 0.13 0.17 0.610 − 0.06 − 0.10 0.124 1.11 0.30 0.082 − 0.07 − 0.09 0.103

T2–T4 0.11 0.39 0.197 − 0.04 − 0.23 0.003 0.17 0.15 0.600 − 0.03 − 0.14 0.039

Visuospatial abilities

T1 − 0.28 − 0.19 0.067 – – – − 0.49 − 0.07 0.434 – – –

T1–T2 0.56 0.44 0.059 0.04 0.05 0.724 0.94 0.16 0.146 0.05 0.05 0.684

T2–T3 − 0.31 − 0.48 0.111 − 0.05 − 0.11 0.416 − 0.96 − 0.34 0.048 − 0.06 − 0.11 0.311

T3–T4 0.16 0.40 0.022 0.01 0.02 0.699 0.53 0.29 0.043 0.01 0.02 0.663

Learning

T1 − 0.32 − 0.32 0.024 – – – − 0.47 − 0.10 0.337 – – –

T1–T2 − 0.01 − 0.04 0.916 − 0.02 − 0.17 0.198 0.54 0.44 0.008 − 0.02 − 0.10 0.112

T2–T4 − 0.09 − 0.37 0.200 0.01 0.06 0.512 − 0.58 − 0.54 0.041 0.01 0.05 0.360

Memory

T1 − 0.63 − 0.41 0.002 – – – − 1.30 − 0.10 0.000 – – –

T1–T2 0.25 0.18 0.288 − 0.06 − 0.06 0.501 0.62 0.44 0.144 − 0.06 − 0.05 0.488

T2–T3 0.06 0.10 0.673 0.05 0.13 0.142 0.23 0.15 0.300 0.05 0.10 0.143

T3–T4 − 0.15 − 0.50 0.260 − 0.02 − 0.11 0.074 − 0.22 − 0.30 0.222 − 0.02 − 0.10 0.080

Attention

T1 − 0.42 − 0.38 0.001 – – – − 1.06 − 0.21 0.002 – – –

T1–T2 0.50 0.54 0.191 0.10 0.16 0.096 1.75 0.43 0.001 0.06 0.07 0.304

T2–T3 − 0.12 − 0.26 0.903 − 0.08 − 0.24 0.003 − 0.43 − 0.19 0.225 − 0.06 − 0.14 0.047

T3–T4 − 0.06 − 0.21 0.684 0.03 0.17 0.070 0.63 0.56 0.003 0.02 0.11 0.040

The table presents results for all patients (i.e. total sample) and patients with CRP <10mg/l (i.e. subsample). The time unit for change is months.
Relations are given by unstandardised and standardised regression weights (b and β).
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functioning of general intellectual ability, abstract reasoning,
memory, working memory, semantic memory, learning abilities,
attention, mental flexibility, and processing speed (25). In
another, longitudinal study, CRP levels did not predict changes in
cognitive performance (65), but this study included chronic phase
patients with an average illness duration of 22.5 years, who are
likely to have a lesser potential for inflammation related cognitive
improvements.

Taken together, the present study supports a link between
inflammation and cognitive performance in schizophrenia. Our
study shows that early low-grade inflammation can predict cog-
nitive improvement in later phases. Some studies have suggested
that low-grade inflammation as indicated by elevated CRP levels
is related to cerebral microstructural disintegration, involving
frontal lobe executive functions (66). It has been suggested that
increased levels of CRP can increase blood–brain barrier per-
meability, which might lead to inflammatory-related cognitive
impairment (67). As neuroinflammation has been demonstrated
to be associated with white matter pathology (27), any psychosis-
related inflammation could, in principle, have a negative impact
on brain tissue components of relevance to cognition, and the
reversibility of such effects would likely include more slow
regenerative processes.

There are some limitations to this study. First, attrition was
substantial, but generally not related to any of the baseline
characteristics except a higher PANSS negative subscale score and
lower educational level in those patients tested only at baseline. As
negative symptoms have been found to correlate with cognitive
dysfunctions (12), those with the most pronounced cognitive
difficulties may have dropped out during follow-up.

It is, however, difficult to predict how any selective dropout
might have biased our results. Furthermore we used statistical
methods that reduce the effect of missing data (68), and give
improved statistical power and generalisability to the results, as all
information in the data set is taken into consideration, rather than
using the listwise deletion method that gives a net sample based
on intact data in all variables under the assumption of missing-
ness to be completely at random. However, the FIML method
does not rule out the possibility of missingness to be non-random.
The study included several models for different outcome variables
in the total sample and in the schizophrenia sub-sample. In
addition, several covariate variables were included in sensitivity
analyses. This strategy has implication for statistical power, which
has consequences particularly for small effects. Studies with larger
samples are needed to increase the validity of our findings.

Being exploratory, we did not adjust for multiple testing. The
high number of tests could theoretically result in statistical type I
error. However, we find it very unlikely that such a high number
of statistically significant findings could be the result of chance.

According to the naturalistic design, patients were included on
the basis of the presence of active psychosis as determined by the
PANSS, and not based on diagnosis. Hence all patients were
psychotic and in need of antipsychotic medication. The lack of
specific diagnosis for nine patients probably reflects that some
patients may have dropped out or been discharged before the
treating clinician were able to make a proper diagnostic evalua-
tion. This is clearly a limitation, but the direction of any influence
on our results is difficult to predict.

Moreover, CRP was the only inflammatory marker that was
measured, at baseline and the first follow-up (T2). Further mea-
surements during the follow-up period would have allowed for
analyses of associations between potential later changes in the
CRP level and cognitive performance. We are also aware of the
limitation that other factors potentially confounding the rela-
tionship between CRP and cognition might exist that we have not
accounted for, although many relevant factors were included in
the analyses. Finally, the cognitive test battery at the T3 follow-up
was more comprehensive but assessed the same cognitive
domains as the test battery at T1, T2, and T4. We have no reason
to suspect that this difference could have influenced the results.

We have shown that initial changes in the serum level of CRP
in the acute phase of psychosis may predict cognitive function in
later phases of the disease. These findings create an opportunity
for future RCT research efforts to develop more individualised
treatments with add-on anti-inflammatory agents (69). Some
efforts have already been made in this field of research, but the
results are mixed. A double-blind, randomised, placebo-con-
trolled, add-on study with Celecoxib, a cyclo-oxygenase-2 inhi-
bitor showed significant effect on the total PANSS score and the
cognition factor of PANSS scale in patients with schizophrenia
(70). N-acetyl cysteine significantly improved working memory
compared to placebo in patients with psychosis, however, these
preliminary data require replication (71). A double-blind, ran-
domised study with minocycline treatment was associated with
improvement in negative symptoms and executive functioning in
early phase schizophrenia (72), whereas another study with add-
on minocycline treatment showed improvement in negative
symptoms, but not in cognition (73). Aspirin given as add-on
treatment in another study reduced the total and positive PANSS
score, but did not affect cognitive function (74). Finally, omega-3
fatty acid (ethyl eicosapentaenoic acid) add-on treatment did not
affect cognition, positive or negative symptoms (75). Possible
explanations for the equivocal findings might at least in part be
related to small, unselected samples both with and without signs
of an increased inflammatory status, with predominantly chronic
phase psychosis, and with anti-inflammatory agents under
investigation typically of low anti-inflammatory potency (76).
Therefore, a more targeted approach might be to investigate more
potent anti-inflammatory agents, for example, corticosteroids, in
selected samples with signs of low-grade inflammation as deter-
mined by, for example, elevated CRP levels.
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