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ABSTRACT

Background and Objective: Schizophrenia (SZ) is a chronic mental illness that is associated with increased inflammation, adverse effects
on the immune system, and abnormal concentrations of biochemical molecules. This study is the first to determine the concentrations of
C-reactive protein (CRP) and some proinflammatory and anti-inflammatory cytokines, the differential complete blood count (CBC), and

the lipid profile in Saudi patients with SZ.

Methods: Blood samples were collected from 45 randomly chosen male in-patients with chronic SZ and 29 healthy males, with an age
range of 28-47 years. The concentrations of CRP, IL-6, IL-4, TNF-a, and IFN-y; body mass index (BMI); CBC; and the lipid profile were
determined through standard guidelines and compared between the patients and controls.

Results: The results showed that there were no significant differences in the CRP and cytokines’ concentrations for the patients compared
with those of the controls. Patients, however, had significantly higher red blood cell (RBC) distribution width. Additionally, patients had
significantly lower BMI, basophil and RBC counts, basophil-lymphocyte and eosinophil-lymphocyte ratios, hemoglobin, cholesterol, and

low-density lipoprotein concentrations.

Conclusion: In conclusion, patients with SZ in local population showed slight inflammation and the immune system was minimally affected.
Additionally, patients had dyslipidemia and were possibly more prone to anemia.
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Introduction

Affecting around 20 million people worldwide,* schizophrenia
(SZ) is a chronic mental iliness that is characterized by severe
symptoms such as delusion, hallucination, and paranoia. In
Saudi Arabia in 2019, 34% of Saudis were diagnosed with
a mental disorder with 40% being in the age range 25-34
years.?

Recent research studies ** found that inflammation has a
role in SZ since abnormal levels of cytokines and C-reactive
protein (CRP) are found in patients with SZ. It is generally
accepted that CRP is a marker for general inflammation °
and in mental disorders.® Tumor necrosis factor-a (TNF-a)
and interferon-y (IFN-y) are pro-inflammatory cytokines,
while interleukin-4 (IL-4) is an anti-inflammatory cytokine,
and finally IL-6 may be either a pro-inflammatory or anti-
inflammatory cytokine.” Thus, the measurement of the
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concentrations of these cytokines and CRP is an accessible
way to determine the inflammatory status in a subject.

Compared to healthy controls, some studies have found
that serum levels of many cytokines, such as IL-6, IL-4, IFN-y,
and TNF-a in patients with SZ are abnormal. ##1° In addition,
CRP levels are associated with a high risk of SZ where previous
results showed that patients with SZ had significantly higher
levels of high-sensitivity CRP (hs-CRP) than the controls.>!

It has been shown that patients with SZ have abnormal
counts of blood cells, > which lead to the possibility that the
immune system may be affected adversely. These effects
may be attributed to low counts of blood cells of the innate
(basophils, eosinophil, monocyte, and neutrophil) and/
or acquired (lymphocytes) immune systems both.?* White
blood cells (WBCs) are related to inflammation and higher
than normal counts may indicate the presence of abnormal
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levels of inflammation in the body.* Other indicators or
markers of inflammation are the ratios of some WBC, such
as neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte
ratio (MLR), and platelets-lymphocyte ratio (PLR), ** which
have been found to be elevated in patients with SZ.1

Lipids are one of the important groups of molecules that
have an important role in the development of psychiatric
disorders, especially SZ, depression, and bipolar disorders.’
In fact, it has been found that the levels of lipids in serum
have a role in the pathophysiology of SZ.18

There are no studies yet published that elucidate
the effects of SZ on the counts of immune system cells,
concentrations of inflammatory markers, and the lipid
profile in Saudi Arabian patients with the exception of only
one study ° that determined the levels of inflammatory
markers, TNF-a, IL-6, and IFN-y, only. Therefore, this study
was planned to determine whether patients with SZ in the
local community have immunological and/or biochemical
differences compared to normal healthy controls by
determining the concentrations of CRP, IL-6, IL-4, TNF-a, and
IFN-y; the differential complete blood count (CBC); the lipid
profile; and the body mass index (BMI).

Methods
Subjects

This study was carried out among 45 male in-patients with
SZ, randomly chosen from the Eradah Complex Mental
Health Services, Jeddah, Saudi Arabia, and 29 randomly
chosen healthy male subjects with no SZ or any other mental
disorders. All subjects resided in Jeddah, Saudi Arabia, had
an age range 28-47 years, none had any diseases other than
SZ, and none were taking any medications other than the
antipsychotic medications for the patients. Two inclusion
criteria for the control subjects were not having had any
lifetime diagnosis of any mental disorder or exposure to
any antidepressant, antipsychotic, and mood stabilizer
medications. The study was conducted from October 2020
to January 2021. Ethical approval for this study was granted
by the Directorate of Health Affairs, Jeddah, Saudi Arabia
(Institutional Review Board Approval Number: A00857). All
subjects filled a consent form. Access was granted to the
hospital files of the patients from which most of the lifestyle
information and some test results were obtained.

Blood collection

Blood samples were collected, after fasting for a minimum of
10 hours, from both the patients and controls. Serum blood
samples were collected in gel serum separator vacutainer
tubes and that were separated by centrifugation at a speed
of 4,400 rpm for 3 minutes, for the determination of the lipid
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profile, and the concentrations of the CRP and cytokines.
Serum samples were collected from 27 patients only, as
remaining patients were discharged from the hospital. Blood
samples were also collected in ethylene diamine tetraacetic
acid vacutainer tubes for the determination of the differential
CBC.

Determination of CRP and cytokines concentrations
The CRP, TNF-a, IL-6, IL-4, and IFN-y concentrations were
measured by using human enzyme-linked immunosorbent
assay kits (ElabScience, Houston, Texas, United States) and
the results were read using a microplate reader (BioTek
Instruments, Inc., Winooski, VT) at King Fahad Center for
Medical Research, Jeddah, Saudi Arabia. The serum samples
were applied neat on the plates for all cytokines, whereas
the CRP was diluted 1:2000 before applying to the wells.

Determination of the differential CBC and lipid profile
The lipid profile and the differential CBC of the patients’
samples were done at the Eradah Complex Mental Health
Services Laboratory, Jeddah, Saudi Arabia, on a D x H 500 and
UniCel D x C 600 instruments, respectively (Beckman Coulter
Inc., Brea, CA). The samples of the healthy control group
were analyzed on a CELL-DYN instrument (Abbott, Abbott
Park, IA) for the differential CBC while the lipid profile was
done on an ARCHITECT instrument (Abbott, Abbott Park, IA)
at King Abdulaziz University Hospital, Jeddah, Saudi Arabia.

Statistical analysis

Data were analyzed using the MegaStat program version 9.4
(Butler University, Indianapolis, IA). Data were summarized
as mean, SD (+SD), SE of the mean (+SE), maximum (max)
value, and minimum (min) value. The p-value was calculated
and used to determine the statistical differences between
the patients and the control groups for each parameter.
The Student t-test was used for the normally distributed
parameters while the Mann-Whitney U test was used for the
non-normally distributed parameters.

Results

The age ranges for the control and patient groups were
similar, as shown in Table 1. The mean age for the patients
was significantly higher than that for the control. The range
of weights for the control subjects was higher for both the
minimum and maximum compared to those for the patients’
range. In addition, the mean body weight for the patients
was significantly lower than that for the controls. The height
range for the controls was narrower than for the patients
with the patients having a higher minimum and maximum.
The mean height for the patients was not significantly
different than for the controls. Finally, the BMI results for
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the controls were compared with the previously published
results for the patients.’ The minimum and maximum and
the mean BMI for the control subjects were higher than for
the patients The lifestyle questionnaire results are shown in
Table 2 where most of the patients had a duration of illness
from 1 to 10 years.

Using the Mann-Whitney U test (Table 3), there were no
significant differences for the mean concentrations of CRP,
IL-6, TNF-a, and IFN-y for the patients with SZ compared to
the healthy control subjects. Using the t-test (Table 3), there
was no significant difference for the mean concentration of
IL-4 between the patients and the controls.

Using the t-test (Tables 4 and 5), there were no significant
differences between the patients with SZ and control subjects
for the mean total WBC counts; lymphocyte, monocyte,
neutrophil, and eosinophil counts; NLR and MRL for counts
and percents; and eosinophil-lymphocyte ratio (ELR) for
counts. Additionally, using the Mann-Whitney U test, there
was no significant difference for the mean PLR for counts for
the patients compared to the controls. On the other hand,
using the t-test, the mean basophil count and percent, mean
basophil-lymphocyte ratio (BLR) for counts and percents,
and mean ELR for percents were significantly lower for the
patients compared to the controls.

As shown in Table 6, using the t-test, the mean red
blood cell (RBC) counts, hematocrit (HCT), and the mean
hemoglobin concentration were significantly lower for the
patients compared to the controls. Also using the t-test, the
mean corpuscular hemoglobin concentration (MCHC) and the
mean volume of RBC distribution width-standard deviation
(RDW-SD) was significantly higher for the patients compared
with the controls. There were no significant differences, using
the t-test, for the mean platelet counts and mean platelets
volume (MPV) between the patients and the controls. On
the other hand, using the Mann-Whitney U test, the MCH
and RDW-coefficient of variation (RDW-CV) percents for the

patients were significantly higher compared to the same for
the controls. There was no significant difference, using the
Mann-Whitney U test, for the mean corpuscular volume
(MCV) for the patients compared to the controls.

Using the t-test (Table 7), the mean cholesterol and low-
density lipoprotein (LDL) concentrations for the patients
with SZ were significantly lower as compared to the healthy
controls. On the other hand, there were no significant
differences between the patients and control group for
the mean high-density lipoprotein (HDL) concentrations.
Compared to the respective levels for the controls, using the
Mann-Whitney U test, the patients had significantly lower
cholesterol:HDL and LDL:HDL concentrations, while there
were no significant difference for the mean triglycerides (TG)
and TG:HDL concentrations between the groups.

Discussion

To the best of authors’ knowledge, this is the first study to
measure the CRP and IL-4 concentrations, differential CBC,
and the lipid profile in Saudi patients with SZ and to compare
these parameters with the healthy controls. There is only
one research study ° that measured the concentrations of
TNF-q, IL-6, and IFN-y in patients with SZ.

The mean weight and BMI for the patients was significantly
lower as compared to the healthy controls. These results
are in contradiction with the previous findings by other
researchers 2% who found that patients with SZ are more
likely to have an overweight or obese BMI as compared to
the healthy controls. Additionally, other studies ?>?*found no
significant difference for the BMI between the patients and
controls, in disagreement with the current findings. On the
other hand, in agreement with the current results, a study
from USA *found lower BMI (p < 0.01) for patients with SZ as
compared to healthy subjects.

The mean CRP, IL-6, IL-4, TNF-a, and IFN-y concentrations
showed no significant differences between patients with SZ

Table 1. Comparison of the mean age, weight, height, and the BM| for the patients and controls. The results
for the mean BMI| for the patients have been previously reported.®

Parameters Groups N Min Max Mean +SD +SE p-value
Control 29 28 47 36 1
Age 0.0498
(year) Patient 45 28 47 38 1
i Control 29 58 120 84 17 3
Weight 0.001%s
(kg) Patient 45 50 110 71 15 2
; Control 29 160 184 173 1
Height 0.103ns
(cm) Patient 44 155 188 171 1
Control 29 19.3 425 28.2 5.8 1
MeanzBMI k 0.007"
(kg/m?) Patient 45 16.1 372 24.6 5.1 0.7

t-test was used for the significance testing

HS: Highly significant (p < 0.01); NS: Not significant (p > 0.05); S: Significant (p < 0.05).
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Table 2. Characteristics of the patients with SZ and the control and healthy subjects. These results are in contradiction with
subjects. the findings of previous researchers *49102526 who reported
Factors Cznt:ols Patiints significantly abnormal levels of serum CRP, IL-6, IL-4, TNF-
(%) N (%) a, and IFN-y in patients with SZ when compared to the
Number of subjects 29% 45% healthy subjects. On the other hand, the current findings
Duration of illness 32 (100%) are in agreement with those of Okasha et al.Z, and Hope et
1-10 years - 17 (53%) al.?® where the levels of CRP for patients with SZ showed no
11-20 years - 13 (41%) significant differences with that of controls.
21-30 years - 2 (6%) It has been shown 2°% that a higher weight or BMI is
Education related to a higher level of inflammation in the body and
Elementary/middle - 14 (31%) conversely lower weight or BMI is associated with a lower
High school 2 (7%) 19 (42%) level of inflammation. In addition, it has been found 333 that
College/diploma 27 (93%) 12 (27%) patients with SZ show significant differences in the levels
Employment status of cytokines before and after treatment with antipsychotic
Unemployed - 31 (69%) medications. The current results do not support the presence
Employed 29 (100%) 7 (16%) of an inflammatory condition in patients with SZ due to the
Retired B 7 (16) unchanged levels of CRP, IL-6, IL-4, TNF-a, and IFN-y compared

to the controls. These findings may be explained by the fact
that the patients had lower BMI compared to the controls,

Marital status

Single - 34 (76%) i . ) . .
Married 29 (100%) 5 (11%) all had chronic SZ, were taking antipsychotic medications,
Divorced _ 6 (13%) and were all hospitalized (thus, medication compliance was
Smoking high), which are all factors that may be associated with a
Vos 8 (29%) 36 (80%) lower inﬂ'am'n.watory status. ' .
o 20 (71%) 2 20%) The significantly lower mean basophil count in the
patients is the only difference between the patients and
Substance abuse the controls for the counts of WBC and their types. When
ves - 29 (64%) the counts of basophil are less than the normal range in the
No . 16 (36%) blood, this condition is known as basopenia. ** Reductions in
Family history of mental disorders the counts of basophil cells is found in acute hypersensitivity,
Yes 1 (3%) 16 (36%) acute stress, hyperthyroidism, and anxious depression. %3
No 28 (97%) 29 (64%)

Therefore, the patients of the current study may be more

Table 3. Comparison of the mean concentrations of CRP and cytokines for the controls and
the patients.

Parameters Groups N Mean +SD +SE p value
ab Control 27 5.47 6.02 1.16
CRP 0.682Ns
(ng/ml) Patient 23 6.41 756 157
|L-62 Control 26 2.59 7.08 1.39
0.239Ns
(pg/ml) Patient 25 1.72 2.85 0.57
L-aA Control 26 0.13 0.06 0.01
0.966MNs
(pg/ml) Patient 24 0.13 0.07 0.01
_yab Control 29 1.98 4.58 0.85
TNF-a 0.862'
(pg/ml) Patient 26 1.89 3.20 0.62
_yab Control 27 16.3 32.2 6.20
IFN=y 0.1121
(pg/ml) Patient 21 777 15.1 3.30

Ar-test and @Mann-Whitney U test were used for the significance testing
NS: Not significant (p > 0.05).

137



Alyoubi and Mahassni. Biomedica. 2022;38(3):134-142

Table 4. Mean total and differential WBC counts in patients and controls.

Cell count (x10%/pl) Cell%
Cells Groups
N Mean +SD p value Mean +SD p value
Control 29 6.83 1.90 - -
WBC 0.372N8 -
Patient 45 7.26 2.07 - -
Control 29 2.81 0.78 42.4 10.9
Lymphocyte - 0.585N8 0.099N8
Patient 45 2.71 0.80 38.3 10.1
Control 29 0.59 0.24 8.65 2.56
Monocyte 0.154N8 0.225N8
Patient 45 0.67 0.22 9.41 2.64
Control 29 3.10 1.30 45.5 10.8
Neutrophil - 0.147N 0.141Ns
Patient 45 3.61 1.57 48.6 11.0
Control 26 0.25 0.20 3.53 2.08
Eosinophil 0.928Ns 0.864Ns
Patient 42 0.26 0.16 3.62 2.07
. Control 26 0.07 0.03 1.18 0.58
Basophil - 0.000"8 0.000"
Patient 42 0.02 0.01 0.29 0.10
The t-test was used for the significance testing.
HS: Highly significant (p < 0.01); NS: Not significant (p > 0.05)
Table 5. Mean differential WBC and platelets ratios in patients and controls.
. Count (x10%/pl) Cell%
Ratios Groups
N Mean +SD p value Mean +SD p value
Control 29 1.18 0.61 1.20 0.60
NLRA 0.108Ns 0.137N
Patient 45 1.46 0.76 1.45 0.76
Control 29 0.21 0.08 0.21 0.08
MLRA 0.075N 0.072N8
Patient 45 0.27 0.14 0.27 0.13
Control 26 0.02 0.01 0.47 0.29
BLR” 0.000"s 0.000"
Patient 42 0.00 0.00 0.00 0.00
Control 26 0.09 0.06 1.33 0.84
ELRA 0.766N8 0.000"8
Patient 42 0.09 0.05 0.09 0.05
Control 29 103 34.3 - -
PLRee 0.876N8 -
Patient 45 11 49.8 - -

At-test and ®Mann-Whitney U test were used for the significance testing.
HS: Highly significant (p < 0.01); NS: Not significant (o > 0.05).

prone to basopenia due to their underlying condition. The
present study is the first to find a low count of basophil, BLR,
and ELR for patients with SZ, therefore we were unable to
compare the current results with those of others. It may be
assumed that the low count of basophil cells in patients with
SZ may be due to stress and anxiety as found previously in
patients with anxious depression. ** Additionally, a low count
of eosinophil cells was found in acute stress conditions. 3
Therefore, further studies with a larger number of patients
may lead to the finding of lower eosinophil counts, in
addition to the current finding of lower basophil counts in
patients, since the ELR was lower for them.
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For the lipid profile, there were significantly lower
concentrationsforthe meancholesterol, LDL, cholesterol:HDL,
and LDL:HDL ratios for the patients compared to the levels
for the controls. On the other hand, mean TG and TG:HDL
ratio showed no significant differences between patients
with SZ and healthy subjects. These results disagree with the
previous studies that found higher levels of cholesterol, TG,
LDL, cholesterol:HDL, and LDL:HDL, and low levels of HDL
18253637 for patients with SZ as compared to healthy subjects.
Additionally, the current results are contradictory with those
of previous studies that found no significant differences for
the levels of cholesterol and LDL **” for patients with SZ
compared to healthy controls. Finally, the current results
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Table 6. Mean hemoglobin concentrations and RBC and platelets counts and indices in
patients and controls.

Parameters Groups N Mean +SD +SE p value
A Control | 29 | 547 0.57 0.11
(><R1l(3)‘5c/: ) 0.000"
H Patient 45 5.00 0.50 0.12
inA Control 29 14.7 1.15 0.25
Hemol%llobln 0.0455
(g/dl) Patient 45 14.1 1.35 0.47
A Control 29 274 58.6 179
T'itgl'/atls) 0.862"
x107u Patient 45 277 85.4 25.3
Control | 29 | 447 3.3 0.61
Hgv 0.000+s
(%) Patient 45 419 35 0.52
" Control | 29 | 822 6.20 115
M?IV 0.102%
() Patient | 45 | 84.2 6.89 1.02
o Control | 29 271 2.33 0.43
MCH 0.005Hs
(P9) Patient | 45 | 28.4 2.91 0.43
A Control | 29 | 32.9 1.19 0.22
'V'C/'ZIC 0.012
(grdi) Patient 45 | 337 1.21 0.18
Oy Control | 29 13.1 142 0.26
RDVY/CV 0.005Hs
(%) Patient 45 14.6 1.83 0.27
_SDA Control 22 38.5 3.17 0.67
RDV\f'I SD 0.007+8
(f) Patient | 45 | 413 299 | 044
A Control 28 9.83 145 0.27
'V";V 0.059"
(f) Patent | 45 | 9.28 102 0.15

At-test and ®@Mann-Whitney U test were used for the significance testing.
HS: Highly significant (p < 0.01); NS: Not significant (p > 0.05); S: Significant (p < 0.05).

Table 7. Mean lipid profile and lipid ratios in patients and controls.

Parameters

(mg/di) Groups N Mean +SD +SE p-value
Control 29 214 50 9
Cholesterol* 0.000"s
Patient 43 161 40 6
Control 29 133 93 17
TGee 0.099Ns
Patient 42 109 75 12
Control 28 51.6 28.4 5.3
HDLA 0.463\s
Patient 20 46.6 12.8 2.8
Control 28 137 54.7 10.3
LDLA : 0.003"
Patient 19 92.7 35.7 8.2
Control 28 5.34 4.9 0.9
Cholesterol:HDL?® 0.0148
Patient 20 3.62 12 0.2
Control 28 3.40 3.7 0.7
TG:HDL®* 0.391N8
Patient 19 2.36 1.6 0.3
Control 28 3.67 41 0.7
LDL:HDLz® 0.0128
Patient 18 2.19 1.1 0.2

At-test and @Mann-Whitney U test were used for the significance testing.
HS: Highly significant (p < 0.01); NS: Not significant (p > 0.05); S: Significant (p < 0.05)
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agree with the previous studies that found no significant
differences in the levels of TG and HDL ?23%37 between
patients with SZ and healthy subjects.

In summary, compared with the control subjects, patients
with SZ had no differences in the CRP and cytokines levels,
while they had significantly lower mean BMI, basophil, and
BLR for counts and percents, and ELR percent. Additionally,
patients had significantly lower mean RBC counts and
hemoglobin and HCT concentrations compared to the
controls, which may indicate the prevalence of anemia
among the patients. Significantly higher mean RDW
(indicating the presence of inflammation) were found for
the patients in the current results compared with controls,
which agree with previous findings.*® Significantly higher
or lower mean MCH concentration and MCHC were found
in the patients compared with the same in controls. Finally,
significantly lower mean cholesterol and LDL concentrations,
and cholesterol:HDL and LDL:HDL ratios were found for
patients with SZ compared to the same for the controls.

Conclusion

It may be concluded that patients with SZ in the Saudi Arabian
population have dyslipidemia with minimal alterations in the
immune system cells count and the levels of inflammatory
biomarkers. These findings may be attributed to the fact
that the patients have lower BMI, good dietary lifestyle, and
compliance to the medication.

Limitations of the study

This study is a single-center study with a small sample size, thus
lesser generalizability. The number of control subjects included
in the present study was even lesser than the patients due to
difficulties encountered in recruitment related to the ongoing
COVID-19 epidemic and the refusal of many prospective control
subjects to fast for 10 hours for the lipid profile. It is recommended
that future large-scale studies should be carried out to measure the
levels of stress and anxiety and thyroid hormones in patients with
SZ, since they have been linked to lower basophil counts, as also
found in the current study.
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