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Background

Interleukin-6 (IL-6) is assumed to play a role in the emergence of cognitive deficits in
schizophrenia.

Aim

The aim of this work was to assess cognitive functions in the domains of working
memory, executive functions, psychomotor speed, and sustained attention in patients
with schizophrenia and to determine its relationship to serum levels of IL-6.
Methods

Forty patients with schizophrenia recruited from the Kasr Al-Ainy psychiatric outpatient
clinic and forty healthy controls matched in age, sex, and educational level to the
patients’ group were assessed and compared as regards the level of serum IL-6.
Cognitive functions were assessed using letter cancellation test, digit symbol coding
test, digit span, visual memory span, and Wisconsin card sorting test.

Results

The mean level of serum IL-6 of the patients with schizophrenia was significantly higher
than that of the control group. Patients showed poorer performance in all cognitive

tests. There was a statistically significant negative correlation between the level of
serum IL-6 and visual memory span backward score.

Conclusion

Patients with schizophrenia have higher levels of serum IL-6. They show poorer
cognitive performance in the domains of sustained attention, verbal and visual working
memory, processing speed and executive functions, and visual memory deficits. There
is a correlation between serum IL-6 and visual memory deficits in patients with

schizophrenia.
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Introduction

Cognitive symptoms of schizophrenia typically involve
disturbances in executive functions, working memory
impairment, and inability to sustain attention [1].
Evidence for the involvement of the immune system
in schizophrenia has accumulated. Schizophrenia has
been associated with decreased mitogen-induced lym-
phocyte proliferation, increased numbers of total T and
T-helper cell [2] and the presence of numerous
peripheral pro-inflammatory cytokines such as interleu-

kin (IL)-1f,interleukin (IL) 6 and 1L-8 [3].

Cytokines are proteins that modulate systemic and
central nervous system responses to infection, inflamma-
tion, and injury [2]. Cytokines such as IL.-2, tumor
necrosis factor-a, and interferon y are produced by
T-helper 1 (Th1) cells, whereas 1L.-4, 11.-6, and 1L.-10
are produced mainly by T-helper 2 (Th2) cells.
sirculating levels of 11.-6 were found to be higher in
patients with schizophrenia. The “I'h2 hypothesis’
suggests that the 'Th1-Th2 balance is shifted to Th2 in

2090-5408 © 2017 Institute of Psychiatry, Ain Shams University

schizophrenia. Increased I1.-6 activity in schizophrenia is
considered to be evidence supporting the Th2 hypoth-
esis [4].

Changes in cytokines and cytokine receptors have been
reported in plasma, serum, and cerebrospinal fluid of
schizophrenic patients, particularly an increase in serum
IL-6 [4,5]. The mechanisms through which inflammatory
cytokines such as IL-6 mediate the onset of schizo-
phrenia are still largely under investigation and may
include interaction with multiple pathways such as
monoamine metabolism, neuroendocrine function, and
synaptic plasticity [6]. Besides schizophrenia, I1.-6 serum
levels were also found to be elevated in other psychiatric
disorders such as depression [7] and Alzheimer’s
disease [8].

There is a positive correlation between the severity of
cognitive deficits and enhanced levels of inflammatory
markers in schizophrenic patients, including IL.-1p, 11.-6,
tumor necrosis factor-a, C-reactive protein, and S100B
[1]. However, cognition is sparsely addressed in studies
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investigating immune and inflammatory aspects of
schizophrenia [9]. Serum IL.-6 level was also found to
be elevated transiently after electroconvulsive therapy
[10], in medical conditions such as obesity [11], diabetes
[12], systemic lupus erythematosus [13], rheumatoid
arthritis [14], and both acute [15] and chronic liver
diseases [16].

As regards the impact of antipsychotic intake on levels of
1L.-6, inconsistent results have been observed even when
specific antipsychotics were investigated separately [4].
Interestingly, growing evidence from clinical studies
with nonsteroidal anti-inflammatory agents points to the
favorable effects of immunomodulatory therapy in
schizophrenia and in particular in attenuating the
cognitive impairment in these patients [9].

"This study was based on the hypothesis that serum IL-6
level is higher in patients with schizophrenia than in
healthy controls, which may reflect a possible immune
pathophysiology in these patients. Patients with schizo-
phrenia were expected to perform worse than healthy
controls in the cognitive domains of sustained attention,
working memory, processing speed, and psychomotor
speed, as well as in executive functions, and it was
hypothesized that there is a relationship between serum
IL-6 level and cognitive deficits in these patients.

The aim of the study was to assess cognitive functions in
the domains of working memory, executive functions,
psychomotor speed, and sustained attention in patients
with schizophrenia and to determine its relationship to
serum levels of IL.-6 in these patients.

Patients and methods

Design

The study was a cross-sectional comparative study, and
the sample included was a convenient one.

Participants

Participants included in this study were 40 patients with
schizophrenia with active symptoms diagnosed according
to the Diagnostic and Statistical Manual of Mental Disorders,
4th ed., text revision (DSM-IV-TR) criteria recruited
from the Kasr Al-Ainy psychiatric outpatient clinic, as
well as 40 healthy controls matched in age, gender, and
educational levels to the patients’ group. The controls
were volunteers working in Kasr Al-Ainy and their
relatives. The recruitment of the participants started in
October 2012 and ended in April 2014. It was difficult for
some patients to continue the lengthy psychometric
assessment, and this led to the dropout of seven patients
who were replaced by others.

Patients were selected on the basis of the inclusion
criteria of being in the age range of 20-50 years to
minimize the confounding effect of aging on cognitive
functions, being literate, and nonadherent on psycho-
tropic drugs for at least 2 weeks before the day of
assessment (not stopped by the researchers) to reduce
their possible confounding effect on cognitive perfor-

mance and serum level of IL-6. Patients with other
psychiatric comorbidities including substance abuse,
clinically subnormal mentality, and those with electro-
convulsive therapy administration in the past 6 months
were excluded.

The exclusion criteria for both patients and controls were
having a medical or neurological condition, acute
allergies or infections, and intake of antibiotics, anti-
inflammatory, or immunomodulatory drugs at the time of
assessment. History of significant head trauma was also
an exclusion criterion to avoid its possible confounding
effect on cognitive functioning. Participants with BMI
more than or equal to 30 were also excluded because of
confounding effect of obesity on serum level of IL.-6. In
the control group, in addition to the above-mentioned
exclusion criteria, participants with past or family history
of psychiatric disorders were excluded to minimize the
possible confounding effects on cognitive performance.

Methods

Procedure

The diagnosis of schizophrenia according to DSM-IV
criteria and the exclusion of psychiatric comorbities in
patients were confirmed by the Structured Clinical Inter-
view for DSM-IV Disorders [17] that was translated to
Arabic by Hatata [18], and the clinical information was
recorded during the interview. The control group was
screened through the screening questions of the Structured
Clinical Interview for DSM-IV Disorders interview to
exclude participants with current or past history of
psychiatric disorders including substance abuse.

Both cases and controls were subjected to the following:

(1) Clinical and laboratory assessments

(a) The exclusion of medical conditions and infections
was ensured by history taking, physical examina-
tion, and laboratory tests (complete blood count,
liver and kidney function tests, random blood
sugar, and erythrocyte sedimentation rate).

(b) Venous samples were collected by a nurse from
all participants by aseptic venipuncture, and the
blood was then added to serum separator
vacutainer tubes and centrifuged at a rate of
3000 rpm by a trained laboratory technician. The
separated serum was harvested and frozen until
assay at —20°C. Serum IL-6 was assayed in one
setting using ‘I11.-6 enzyme linked immunosor-
bent technique assay kit’ (AviBion Human 11.-6
ELISA; Orgenium Laboratories, Viikinkaari 6,
Helsinki, Finland).

(c¢) The procedure performed was as follows: first 50 pl
of standard starting sample, as well as the test
sample, and sample diluents were added as a blank
into the appropriate wells of the strips. Then 50 pl
of green-colored biotin antibody was promptly
added to each well. After incubation, they were
then washed with wash buffer and 100 pl of
peroxidase-labeled  streptavidin ~ solution  was
added. Then 50 pl of tetramethylbenzidine one-
step substrate reagent was added to each well and
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incubated for 20 min at room temperature. Next,
25 pl of stop solution (H,SO,4) was added to each
well and then read at 450 nm against 630 nm
immediately.

(2) Psychometric assessment
(a) Letter cancellation test by Diller ez @/. [19] in its

Arabic version standardized by El Kholi [20] was
used to assess sustained attention [21]. The
participants were asked to cancel two fixed
Arabic letters as fast as they could, and the time
taken in seconds was calculated. Omission errors
were also counted.

(b) The digit symbol coding subtest of the Arabic
version of the Wechsler adult intelligence scale
translated by Melika and Ismail [22] was used to
assess psychomotor speed [23] and mental
processing speed [24]. In this test, participants
were asked to transcribe a digit symbol code as
quickly as possible with a time limit of 90 s.
The digit span subtest of the Arabic version of
the Wechsler adult intelligence scale translated
by Melika and Ismail [22] was used to assess
verbal working memory [24]. The participant was
asked to repeat a dictated series of digits forward
and another backward with two trials each time.
The score of the digit forward span and digit
backward span was recorded for each participant.
(d) The visual memory span of the Wechsler memory

scale by Wechsler [25] was used to assess visual

working memory [26]. In this test, the examiner
touched a sequence of colored squares that the
participant was asked to touch in the same order.

In the second task, the participant was asked to

touch the squares touched by the examiner but in

the reverse order.

(e) The Wisconsin card sorting test (WCST) by
Heaton ez /. [27] in its computer administered
version to assess executive functions. The test
consists of four stimulus cards that were pre-
sented on the computer screen in front of the
subject. Response cards, which had designs
similar to those on the stimulus cards, varying
in color, geometric form, and number, appeared

(c

~

on the screen in front of the subject, one at a
time. The subject was then asked to match each
of the cards to one of the four stimulus cards and
was given feedback each time whether he or she
was right or wrong.

Statistical analysis

Precoded data were entered into the statistical package
of the social science software program (IBM SPSS
for Windows, version 21.0; IBM Corp., Armonk,
New York, USA) [28] to be statistically analyzed. Data
were summarized using mean and SD for quantitative
variables and frequency and percentage for qualita-
tive ones. Comparison between groups was performed
using independent sample ztest (if parametric) or
Mann-Whitney U-test (if nonparametric). Spearman’s
correlation coefficients were calculated to signify the
association between different quantitative variables.
P values less than 0.05 were considered statistically
significant, and P values less than 0.01 were considered
highly significant.

Ethical consideration

The research was approved by Ethical and Research
Committee, Faculty of Medicine, Cairo University. An
informed written consent was obtained from both
patients and controls before participating in the study.
The consent form included details about the study,
as well as the participant’s right to withdraw from the
study at any time.

Results

The mean age of the patients was 31.9+£8.1 years and
that of the healthy control group was 31.2+7.4 years.
The mean age at illness onset of the schizophrenic group
was 23 years and the mean duration of illness was
9.0+ 7.8 years.

The mean serum IL-6 level (35.3+10.1) in the schizo-
phrenic group was higher than the mean serum IL-6

Table 1 Comparison between the schizophrenia group and the healthy control group regarding the scores of the cognitive tests

Schizophrenia group

Healthy control group

Cognitive tests (mean+SD) (mean+SD) P-value
Letter cancellation test
Omission errors 6.4+95 2.3+2.4 0.01
Time per second 164.3+58.5 90.0+22.0 <0.001
Digit symbol coding 19.3+£6.4 46.7+£9.7 <0.001
Digit span test
Forward 4.7+0.9 6.2+1.4 <0.001
Backward 28+1.6 4.7+1.3 <0.001
Visual memory span test
Forward 50+£1.3 85+2.2 <0.001
Backward 3.7+1.4 73+1.7 <0.001
WCST
Total errors 82.2+14.7 34.7+13.4 <0.001
Categories completed 0.4+0.8 5.7+2.6 <0.001
Perseverative errors 22.2+26.1 20.1£10.0 0.6
Nonperseverative errors 60.0+31.7 14.6+9.2 <0.001

Mann—Whitney U-test.
WCST, Wisconsin card sorting test.
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Table 2 Correlation between the serum interleukin-6 level and
each of the cognitive tests scores in the schizophrenia group

Serum interlekin-6 r P-value

Letter cancellation test Omission errors 0.058 0.483
Time per second —0.001 0.994

Digit span test Digit symbol coding —0.081 0.619
Forward 0.098 0.549

Backward —0.200 0.217

Visual memory span test Forward 0.034 0.837
Backward —0.329 0.038

WCST Total errors 0.293 0.066
Categories completed 0.028 0.863

Perseverative errors —0.039 0.810

Nonperseverative errors 0.137 0.401

r=Spearman’s correlation coefficient.
WCST, Wisconsin card sorting test.

level in the healthy control group (27.5£7.9), with a
statistically significant difference (P<0.001).

Table 1 shows that the mean omission errors score and
mean time/s score in the letter cancellation test were
higher in schizophrenia patients than in controls, and the
mean score of the digit symbol coding test, the digit span
forward and backward tests, and the visual memory span
forward and backward tests were lower in patients than in
controls, with a statistically significant difference be-
tween both groups.

As regards the performance on the Wisconsin card sorting
test, patients showed a higher mean number of total
errors, perseverative errors, and nonperseverative €rrors,
as well as a lower mean number of categories completed
than controls, which revealed a poorer performance of
patients in this test than in the control group, all with
statistically significant differences except the mean
number of perseverative errors, where the patients also
showed a larger mean than controls but the difference
between both groups was not statistically significant.

Table 2 shows that there was a statistically significant
negative correlation between the visual memory span
backward score and the serum IL-6 level in the
schizophrenia group; however, there were no statistically
significant correlations between serum 1L-6 level and the
other cognitive test scores.

Discussion

Cognitive functioning is moderately to severely impaired
in most important domains including attention, memory,
processing speed, and executive functions in schizo-
phrenia patients [9]. The aim of the study was to assess
cognitive functions in the domains of working memory,
executive functions, psychomotor speed, and sustained
attention in patients with schizophrenia and to determine
its relationship to serum levels of IL.-6.

In the patients’ group, the mean serum IL-6 level was
higher than that of the control group, with a statistically
significant difference, which was consistent with the
results of the studies by Miller ¢z a/. [29], Frydecka ez al.
[9], and Shahraki er a/. [30] that support the notion of
altered proinflammatory cytokine levels in schizophrenia

and the possible role of IL-6 in the pathophysiology of
schizophrenia. A study conducted by Hatata and Attlah
[31], which aimed at characterizing the immunological
variations of Egyptian patients with bipolar disorder and
schizophrenia by the quantification of the serum levels of
IL-6, also showed a relatively higher level in the
schizophrenia group than in the healthy control group,
but unlike our study the difference was not statistically
significant. "This discrepancy may be due to the small
control group in the latter study or because of the
difference in sample selection, where all the patients in
the latter study were newly admitted with active
psychotic symptoms.

In the present study, the patients with schizophrenia
showed poorer performance than controls in the cogni-
tive tests applied to assess sustained attention (letter
cancellation test), processing and psychomotor speed
(digit symbol coding), verbal and visual working memory
(digit span and visual memory span, respectively), and
executive functions (WSC'T), with a statistically signifi-
cant difference between the mean scores of almost all the
cognitive tests. "This is concordant with the results of the
meta-analysis conducted by Fioravanti ez /. [32], where
patients with schizophrenia showed a statistically sig-
nificant poorer performance than controls on tests
applied to assess working memory, attention, and
executive functions.

"This is also consistent with the results of a case—control
study conducted by Frydecka er @/ [9], in which the
patients with schizophrenia performed worse than the
healthy control group with a statistically significant
difference in the digit symbol coding and the digit span
subscores of the Wechsler adult intelligence scale (for
assessment of processing speed and verbal working
memory respectively) and also in the trail-making test
part A for assessment of attention.

However, in our study, the WSCT perseverative errors
subscore was higher in patients than in controls, but the
difference was statistically insignificant unlike the mean
of nonperseverative errors subscore, which was higher
with a statistically significant difference in the patients’
group. This finding was concordant to that of the
comparative study conducted by Garas [33], which
studied the executive functioning in an Egyptian sample
of patients with schizophrenia in comparison with
healthy controls and patients with bipolar disorder. In
both studies, the statistically insignificant difference in
this domain may be because of the relatively small
sample size.

However, this finding was inconsistent with that of the
study conducted by Wobrock ¢z a/. [34], which showed
that the patients with schizophrenia had statistically
significantly higher WSC'T perseverative errors mean
score than healthy controls. This discrepancy may be
attributed to the relatively small sample size in that study
(24 patients and 23 controls) or to the possibility of
psychotropic drug intake as the medication status was not
clearly mentioned. Psychotropics intake may affect
cognitive performance as a direct consequence of the



Interleukin-6 and cognition in schizophrenia Abdel Mohsen et al. 185

mechanism of action of the psychotropic agent, or
indirectly through side effects such as sedation [33].

The correlations conducted in this study revealed a
statistically significant negative correlation between the
serum [L.-6 level and the visual memory span backward
score for assessment of working memory (i.e. higher IL-6
levels were associated with poorer performance in this
test), which is consistent with the finding of the
case—control study conducted by Frydecka ez /. [9], in
which serum IL-6 level showed a statistically significant
correlation with the trail-making test, part B score, used
to assess both working memory and executive control.
This association between IL-6 and working memory
further supports the extensive evidence suggesting that
IL.-6 may influence cognitive functioning [9]. However,
inconsistent with our results, the latter study found a
statistically significant negative correlation between
serum IL-6 level and both the digit symbol coding and
the digit span forward score. The discrepancy in these
findings may be due to the smaller sample size in our study.

The latter study also found a statistically significant
positive correlation between the serum IL.-6 level and
the trail-making test, part B score, implicating the
association of serum IL-6 level with poorer executive
control [9], which was not concordant with our study, in
which no significant correlation was found between
serum [L.-6 level and any of the WSC'T test scores. In
addition, the same study showed a positive correlation
between serum IL-6 level and the score of the trail-
making test part A, used to assess attention, unlike our
study, where no significant correlation was found
between serum IL-6 level and the score of the letter
cancellation test. This discrepancy may be because of the
different psychometric tools applied to assess executive
function and attention in both studies, or because of the
different number of participants or both.

One of the limitations in this study is the relatively small
sample size, although it is comparable to multiple studies
aiming at assessment of differences between patients
with schizophrenia and controls regarding serum I1L-6
levels. The sample was a convenient sample, which is
another limitation. Not all cognitive domains were
assessed; however, those assessed in this study were
the most commonly affected in schizophrenia.

Conclusion

Patients with schizophrenia have a higher level of serum
IL-6 than healthy controls. They show poorer cognitive
performance in the domains of sustained attention,
verbal and visual working memory, processing speed,
and executive functions. There is a significant negative
correlation between serum I1.-6 level and visual memory
span backward score (which reflects visual working
memory performance) in patients with schizophrenia.

Recommendations
Longitudinal studies with larger sample sizes and studies
assessing at-risk individuals may help in better under-

standing of the possible neuroinflammatory pathophy-
siology in schizophrenia and the potential role of I1.-6 as
a biomarker. In addition, similar studies assessing the
relation between serum IL-6 levels and the various
cognitive deficits in patients with schizophrenia, including
deficits in social cognition, can help elucidate the possible
relation between cognition in schizophrenia and immuno-
logical dysregulation. It is also highly recommended
to conduct clinical trials assessing the role of anti-
inflammatory treatment in amelioration of the cognitive
symptoms of schizophrenia. Given the various cognitive
deficits in patients with schizophrenia, implementation of
cognitive remediation programs may help improve their
cognitive performance and subsequently their quality of
life as a whole.
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