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Schizophrenia is a complex disorder with a highly heterogeneous 
combination of symptoms that affects nearly 1% of the population 
and contributes substantially to the global burden of disease. 
The disorder is associated with an increased risk of cardiovascular 
diseases, which may decrease life expectancy by up to 20 years 
compared to the general population (1).

The mechanisms by which schizophrenia patients are susceptible 
to cardiovascular diseases are complex and include lifestyle factors 
such as excessive smoking, unhealthy dietary choices, alcohol/
substance use, sedentary behavior and lack of physical activity, along 
with side effects of antipsychotic drugs and genetic factors (2). In 
addition to these well-known risk factors for cardiovascular diseases, 
one common physiological process that may be involved in the 
pathogenesis of both schizophrenia and cardiometabolic-vascular 
diseases is chronic inflammation (3). Furthermore, it has been 
already reported that chronic inflammation affects blood viscosity, 
another variable associated with an increased risk of cardiovascular 
diseases. Indeed, there is accumulating evidence that increased 

INTRODUCTION

Cite this article as: Balcıoğlu YH, Gökçay H, Yeşilkaya ÜH, Namlı MN. Blood Viscosity and Inflammation in First-Episode and Acute Exacerbations of Schizophrenia:  
A Case-Control Study with Healthy Controls. Arch Neuropsychiatry 2023;60:265−270.

Introduction: Elevated proinflammatory status and alterations in 
blood flow, both of which are associated with the pathophysiology of 
schizophrenia, may be linked with an increased risk of cardiovascular 
diseases. However, such a relationship at different acute stages of 
schizophrenia has not been evaluated. We aimed to examine whether 
blood viscosity and systemic inflammatory status varied between first-
episode schizophrenia (FES) and acute exacerbations of schizophrenia.

Methods: Fifty-two patients with FES, 69 schizophrenia patients with 
acute exacerbation (S-AE) and 56 healthy controls (HC) were included 
in the study. Whole blood viscosity (WBV) was calculated according to 
de Simone’s formula at low and high shear rates (LSR and HSR). Systemic 
immune-inflammation index (SII) and systemic inflammatory response 
index (SIRI) were calculated from hemogram screening data at admission.

Results: When adjusted for age, WBV at both LSR and HSR were 

significantly decreased in both FES and S-AE groups compared to HCs. 
Systemic inflammatory response index was significantly higher in FES 
patients than in the S-AE and HC groups. Total cholesterol (TC) and WBV 
at HSR were correlated in patients. Total cholesterol predicted WBV at 
LSR in patients with FES whereas other independent variables including 
age and SIRI did not.

Conclusion: Both first and subsequent episodes of schizophrenia 
are associated with reduced blood viscosity. Increased inflammatory 
status may not fully explain such a relationship. Extrapolation of 
hemorheological characteristics in schizophrenia may help to stratify 
cardiovascular risk and reflect the pathophysiological process in the 
early and later stages of schizophrenia.

Keywords: Blood viscosity, cardiovascular risk, first-episode 
schizophrenia, inflammation, schizophrenia
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proinflammatory status and blood viscosity are associated with an 
increased risk of cardiovascular diseases (4).

Elevated inflammation has been increasingly reported in both chronic 
schizophrenia and first psychotic episode of schizophrenia cohorts (5). 
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Allostatic load, which is a useful concept to operationalize biological 
representations and multisystem alterations related to chronic stress, 
was reported to be higher in acutely relapsed schizophrenia patients 
compared to those with first psychotic episode of schizophrenia (6). 
On the other hand, while first psychotic episode of schizophrenia 
is closely associated with increased inflammatory status, data on 
whether inflammation is alleviated during the later stages of the 
illness, especially under antipsychotic treatment is inconsistent (7).

Parameters such as blood fluidity and blood viscosity, are influenced 
by inflammation-triggered by environmental changes, metabolic 
abnormalities, and the psychological state of the patient (8). Previous 
research has demonstrated that both physical and psychological stress 
can cause changes in hemorheology measures such as hemoglobin 
content, hematocrit (Hct), total protein (TP) and blood viscosity 
(9,10). Viscosity, defined as the thickness and stickiness of the blood, 
is one of the major determinants of local blood flow. Blood viscosity 
is relatively high at low shear rates (LSR), such as when the blood is 
moving at a low velocity during diastole and is relatively lower during 
systole at high shear rates (HSR) (11). Whole blood viscosity (WBV), 
a primary determinant of endothelial shear stress, is a physiological 
parameter that is considered to be a reliable tool for the assessment 
of blood fluidity in various patient groups (12).

Patients with schizophrenia are known to suffer from cardiovascular 
morbidity. Therefore, blood viscosity and systemic proinflammatory 
status have the potential to reflect this relationship. However, to our 
knowledge there are no clinical studies on WBV in this patient group, 
leading to a lack of clear and sound postulations on the association 
between inflammatory indexes, hemorheology and clinical stage 
of schizophrenia. In light of recent reports suggesting that different 
clinical stages of schizophrenia vary in terms of allostatic load (6,7), 
we examined both blood viscosity and inflammatory indexes in 
the first psychotic episode of schizophrenia and clinically relapsed 
patients with schizophrenia. In the current study, WBV was calculated 
according to the de Simone formula. We hypothesized that blood 
viscosity, which potentially indicates the cardiovascular risk status, 
would be altered in patients with both first psychotic episode of 
schizophrenia and acute exacerbation of schizophrenia compared to 
controls, whereas increased inflammatory status, which is associated 
with both cardiovascular risk and etiopathogenesis of schizophrenia, 
would be found in first psychotic episode of schizophrenia more 
prominently compared to previously diagnosed schizophrenia 
patients and healthy subjects.

METHODS

Study Sample and Procedure
This study was designed in a cross-sectional nature and included 
patients with first psychotic episode of schizophrenia who were 
admitted to either the psychiatry outpatient or inpatient units 
at Bakirkoy Prof Mazhar Osman Training and Research Hospital 
for Psychiatry, Neurology, and Neurosurgery (İstanbul, Türkiye), 
between April 2022 and October 2022. After a follow-up period of 
4–6 months by a senior psychiatrist, six out of 66 patients with the 
first psychotic episode were excluded as they were diagnosed with 
disorders other than schizophrenia. Within the time frame of the 
study, 128 schizophrenia patients who were admitted to the same 
institution with acute clinical exacerbation were identified. Two 
senior psychiatrists independently diagnosed both groups of patients 
with schizophrenia on the basis of the Structured Clinical Interview 
for DSM-5 Disorders-Clinician Version (SCID-5-CV). This tool 
ensured that the diagnostic criteria of psychiatric disorders according 
to Diagnostic and Statistical Manual of Mental Disorders (DSM-5) 

were met (13,14), along with an assessment of individual medical 
records. Only those patients who never used any antipsychotics or 
had completely ceased the use of their recommended antipsychotics 
for at least one month prior to the start of the study were included. 
Exclusion criteria for both patients groups were as follows: the 
presence of a comorbid psychiatric disorder, the presence of a systemic 
disease that may influence hemorheology and inflammatory statuses 
such as previous cardiovascular diseases, diabetes mellitus, hepatic 
or renal failure, hypertension, acute infection, acute or chronic 
immuno-inflammatory disease or pregnancy, heavy smoking (>20 
cigarettes per day), use of anti-inflammatory or immunosuppressive 
medication or any psychotropic medication, documented laboratory 
findings of liver or renal pathology, nutritional deficiency of vitamin 
B12 or folate and iron-deficiency anemia, and not having a laboratory 
screening at admission. After applying the exclusion criteria, 52 
patients with the first psychotic episode of schizophrenia (31 males, 
21 females) and 69 schizophrenia patients with acute exacerbation 
(40 males, 29 females) were included. A comparison group of healthy 
controls consisted of 56 individuals (36 males, 20 females) who were 
selected from hospital employees with no psychiatric disorders, 
no previous history of cardiovascular diseases, no alcohol and/or 
substance abuse, no systemic disease that could affect blood viscosity 
or inflammatory statuses such as diabetes mellitus, hepatic or renal 
failure, hypertension, acute infection, acute or chronic immuno-
inflammatory disease or pregnancy, heavy smoking (>20 cigarettes 
per day), vitamin B12 or folate nutritional deficiency, and iron 
deficiency anemia. Control subjects were matched to both patient 
groups according to smoking status.

All participants were normal on physical examination at admission. 
Blood samples were collected from an arm vein between 8–9 a. m. . 
The patients were asked to refrain from eating or drinking for at least 
eight hours before blood sampling to standardize water-food intake. 
Routine hemogram and biochemical screenings including hemogram, 
serum lipids and total protein were carried out for all participants. 
In addition, sociodemographic and clinical characteristics of the 
patients such as age, gender, and Positive and Negative Syndrome 
Scale (PANSS) (15,16) scores at admission were recorded. According 
to de Simone’s formula, WBV was calculated from hematocrit and 
total plasma protein for LSR as WBV (0.5 sec-1)=(1.89 × Hct) + [3.76 
× (TP − 78.42)] and for HSR as (208 sec-1)=(0.12 × Hct) + [0.17 × 
(TP – 2.07)] (17). In addition, systemic immune-inflammation index 
(SII) [neutrophils × platelets/lymphocytes], systemic inflammation 
response index (SIRI) [neutrophils × monocytes/lymphocytes], 
neutrophil/lymphocyte ratio (NLR), monocyte/lymphocyte ratio 
(MLR) and platelet/lymphocyte ratio (PLR) were calculated from the 
routine blood screening data at first admission.

The study protocol was reviewed and approved by the Scientific 
Research Ethics Committee of the University of Health Sciences, 
Hamidiye Faculty of Medicine (Date: 11.03.2022; Number: 22/142) 
and was conducted according to the principles stated in the 
Helsinki Declaration. Following a thorough explanation of the study 
procedure, all participants or their legal representative/guardian 
(where necessary) provided written informed consent to participate 
in the study.

Statistical Analysis
The minimum required sample size (n=144) to reach statistical 
significance in WBV at HSR between groups was calculated with 
G*Power software V. 3.1.9.2, considering α-error as 0.05, power as 
0.90 and effect size as 0.3. The latter is based on a previous study 
by Kalelioğlu et al. (18). Statistical Package for Social Sciences (SPSS) 
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software for Mac OS, Version 25.0 (Armonk, NY: IBM Corp.) was used 
to analyze the study data. The Kolmogorov-Smirnov test was used 
to determine the normality of the distribution of the numeric data 
before performing further analyses. Accordingly, chi-square, Kruskal-
Wallis, and Mann-Whitney U tests were used for comparisons of 
categorical and continuous variables between the groups. Analysis of 
covariance (ANCOVA) was used to adjust levels of biological indexes 
for age. According to ANCOVA test results, Bonferroni’s post-hoc 
analysis was used for pairwise comparisons. Pearson’s correlation 
coefficient was used to determine the relationship between serum 
lipids, blood viscosity parameters, SII and SIRI. Multivariate linear 
regression models using enter method were used to identify potential 
predictors of WBV at both LSR and HSR in either the first psychotic 
episode of schizophrenia or schizophrenia-acute exacerbation 
groups. Potential predictors were determined as independent 
variables that are thought to have a clinical impact on WBV at both 
LSR and HSR. A p-value <0.05 was considered to be significant.

RESULTS
Descriptive characteristics and comparison of laboratory parameters 
between the study groups are presented in Table 1. The mean age 
of the schizophrenia-acute exacerbation group (35.04±8.43 years) 
was significantly higher than first psychotic episode of schizophrenia 
patients (29.73±8.68 years) and healthy controls (31.71±9.15 years) 
(F=12.554, p=0.02). The study groups did not show a significant 
difference in gender (χ2=0.537, p=0.764), or body-mass index 

(χ2=1.519, p=0.468). Among the PANSS subscales, a significant 
difference was observed solely in the Negative subscale score, which 
was significantly higher in the schizophrenia-acute exacerbation 
group compared to the first psychotic episode of schizophrenia group 
(Z=-2.203, p=0.028). The serum lipid levels were not significantly 
different between the three groups (p>0.05).

When adjusted for age, statistically significant differences were 
observed in WBV at both LSR and HSR (F=4.693, p=0.010 and 
F=8.054, p<0.001, respectively) between the groups. Whole blood 
viscosity values at LSR were 46.48±3.01, 47.51±2.62, and 57.63±2.86 
for the first psychotic episode of schizophrenia, schizophrenia-
acute exacerbation, and healthy control groups, respectively 
(pairwise comparisons; first psychotic episode of schizophrenia vs. 
schizophrenia-acute exacerbation [p=1.000], first psychotic episode 
of schizophrenia vs. healthy controls [p=0.023], schizophrenia-
acute exacerbation vs. healthy controls [p=0.031]). Whole blood 
viscosity values at HSR were 16.56±0.15, 16.53±0.13, and 17.22±0.14 
for the first psychotic episode of schizophrenia, schizophrenia-
acute exacerbation, and healthy control groups, respectively 
(pairwise comparisons; first psychotic episode of schizophrenia vs. 
schizophrenia-acute exacerbation [p=1.000], first psychotic episode 
of schizophrenia vs. healthy controls [p=0.004], schizophrenia-acute 
exacerbation vs. healthy controls [p=0.001]). When adjusted for age, 
significant differences were identified between the three groups for SII 
(F=3.831, p=0.024), SIRI (F=5.765, p=0.004), NLR (F=3.924, p=0.022), 

Table 1. Descriptive variables and comparison of blood viscosity and proinflammatory markers and indexes between study groups

First psychotic episode of 
schizophrenia (n=52)

Schizophrenia acute 
exacerbation (n=69)

Healthy controls 
(n=56)

Test statistic pMean ± SD / n (%)
Gender (Male/Female)a 31/21 40/29 36/20 0.537 0.764

Ageb 29.73±8.68 35.04±8.43 31.71±9.15 12.554 0.002
BMI (kg/m2)b 26.76±3.08 27.04±2.69 26.02±2.85 1.519 0.468

Duration of illness (years) - 8.46±7.65 -

PANSS Positivec 26.71±8.27 25.32±6.56 - -0.879 0.379

PANSS Negativec 16.90±7.36 17.97±5.39 - -2.203 0.028
PANSS Generalc 43.87±8.02 42.51±7.96 - -0.987 0.232

PANSS Totalc 93.14±15.02 91.03±14.28 - -1.372 0.157

Hct (%)d 42.13±0.77 41.28±0.67 43.13±0.73 1.742 0.178

Hemoglobin (g/dL)d 14.02±0.27 13.68±0.23 14.36±0.26 1.914 0.151

Total protein (g/L)d 69.59±0.74 70.32±0.65 71.42±0.71 1.635 0.198

Total cholesterol (mg/dl)d 175.11±5.72 179.36±4.98 190.57±5.44 2.126 0.122

LDL (mg/dl)d 125.42±16.77 127.96±14.61 111.52±15.96 0.321 0.726

HDL (mg/dl)d 48.13±1.90 45.26±1.65 49.61±1.81 1.626 0.200

Neutrophil (×109 L)d 5.16±0.26 4.44±0.23 4.17±0.25 4.083 0.019
Lymphocyte (×109 L)d 2.40±0.12 2.50±0.11 2.67±0.12 1.305 0.274

Monocyte (×109 L)d 0.70±0.03 0.60±0.03 0.57±0.03 4.128 0.018
Platelet (×109 L)d 257.95±9.62 261.16±8.38 248.95±9.16 0.505 0.604

WBV at LSRd 46.48±3.01 47.51±2.62 57.63±2.86 4.693 0.010
WBV at HSRd 16.56±0.15 16.53±0.13 17.22±0.14 8.054 <0.001
SIId 713.87±78.34 530.73±68.23 417.12±74.56 3.831 0.024
SIRId 2.09±0.25 1.24±0.22 0.95±0.24 5.765 0.004
NLRd 2.79±0.29 2.05±0.26 1.66±0.28 3.924 0.022
MLRd 0.34±0.02 0.27±0.02 0.22±0.02 6.315 0.002
PLRd 123.96±8.43 120.85±7.34 99.21±8.02 2.850 0.061
aChi-squared test; bKruskal-Wallis test; cMann-Whitney U; dadjusted levels for age with ANCOVA (mean ± standart error).
BMI: body mass index; Hct: hematocrit; HDL: high-density lipoprotein; HSR: high shear rate; LDL: low-density lipoprotein; LSR: low shear rate; MLR: monocyte/lymphocyte ratio; 
NLR: neutrophil/lymphocyte ratio; PANSS: Positive and Negative Syndrome Scale; PLR: platelet/lymphocyte ratio; SD: Standard deviation; SII: systemic immune-inflammation 
index (neutrophil×platelet to lymphocyte ratio); SIRI: systemic inflammation response index (neutrophil×monocyte to lymphocyte ratio); WBV: whole blood viscosity.
Statistical significance set at 0.05 (bold text). 
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and MLR (F=6.315, p=0.002). The SII values were 713.87±78.34, 
530.73±68.23, and 417.12±74.56 for the first psychotic episode 
of schizophrenia, schizophrenia-acute exacerbation, and healthy 
control groups, respectively (pairwise comparisons; first psychotic 
episode of schizophrenia vs. schizophrenia-acute exacerbation 
[p=0.252], first psychotic episode of schizophrenia vs. healthy controls 
[p=0.020], schizophrenia-acute exacerbation vs. healthy controls 
[p=0.793]). The SIRI values were 2.09±0.25, 1.24±0.22, and 0.95±0.24 
for the first psychotic episode of schizophrenia, schizophrenia-
acute exacerbation, and healthy control groups, respectively 
(pairwise comparisons; first psychotic episode of schizophrenia vs. 
schizophrenia-acute exacerbation [p=0.040], first psychotic episode 
of schizophrenia vs. healthy controls [p=0.004], schizophrenia-
acute exacerbation vs. healthy controls [p=1.000]). Neutrophil/
lymphocyte ratio values were 2.79±0.29, 2.05±0.26, and 1.66±0.28 
for the first psychotic episode of schizophrenia, schizophrenia-
acute exacerbation, and healthy control groups, respectively 
(pairwise comparisons; first psychotic episode of schizophrenia vs. 
schizophrenia-acute exacerbation [p=0.192], first psychotic episode 
of schizophrenia vs. healthy controls [p=0.019], schizophrenia-
acute exacerbation vs. healthy controls [p=0.948]). Monocyte/
lymphocyte ratio values were 0.34±0.02, 0.27±0.02, and 0.22±0.02 
for the first psychotic episode of schizophrenia, schizophrenia-
acute exacerbation, and healthy control groups, respectively 
(pairwise comparisons; first psychotic episode of schizophrenia vs. 
schizophrenia-acute exacerbation [p=0.089], first psychotic episode 
of schizophrenia vs. healthy controls [p=0.002], schizophrenia-acute 
exacerbation vs. healthy controls [p=0.420]) (Table 2).

We then evaluated the correlation between serum lipids, WBV at 
LSR, WBV at HSR, SII and SIRI between the patients (Table 3). Total 
cholesterol (TC) and WBV at HSR were positively and significantly 
correlated (r=0.28, p<0.05). As expected, both low-density lipoprotein 
(LDL) (r=0.26, p<0.05) and high-density lipoprotein (HDL) (r=0.21, 
p<0.05) were positively correlated with TC, whereas WBV at LSR was 
correlated with WBV at HSR (r=0.98, p<0.001) and SII was correlated 
with SIRI (r=0.92, p<0.001).

Multivariate linear regression analyses were performed to identify 
potential predictors of WBV at both LSR and HSR in patients with 
either first psychotic episode of schizophrenia or acutely exacerbated 
schizophrenia (Table 4). A significant model was obtained (F=2.770, 
p=0.048, adjusted R2 of 0.094) when age (β=-0.152, p=0.289), SIRI 
(β=0.032, p=0.813) and TC were included in the model for the 
prediction of WBV at LSR. TC (β=0.309, p=0.006) was significantly 
associated with WBV at LSR in the first psychotic episode of 
schizophrenia group. However, the model (F=2.110, p=0.111, 
adjusted R2 of 0.061) was not significant for predicting WBV at HSR in 
the same patient group when including age (β=-0.178, p=0.223), SIRI 
(β=0.013, p=0.092), and TC (β=0.356, p=0.018). In the schizophrenia-
acute exacerbation group, age (β=-0.007, p=0.959), SIRI (β=-0.201, 
p=0.104), and TC (β=-0.112, p=0.379) could not significantly predict 
WBV at LSR (F=1.085, p=0.362, adjusted R2 of 0.004). Whole blood 
viscosity at HSR was also not significantly predicted in the model 
(F=0.866, p=0.463, adjusted R2 of -0.006) when age (β=0.012, 
p=0.925), SIRI (β=-0.170, p=0.171), and TC (β=-0.124, p=0.333) were 
included as independent variables.

Table 2. Pairwise comparisons of blood viscosity and proinflammatory markers and indexes (p values)

FES vs. S-AE FES vs. HC S-AE vs. HC
Neutrophil (×109 L) 0.124 0.018 1.000

Monocyte (×109 L) 0.102 0.018 1.000

WBV at LSR 1.000 0.023 0.031
WBV at HSR 1.000 0.004 0.001
SII 0.252 0.020 0.793

SIRI 0.040 0.004 1.000

NLR 0.192 0.019 0.948

MLR 0.089 0.002 0.420

ANCOVA (analysis of covariance) test results adjusted for age with Bonferroni’s post-hoc analysis.
FES: first psychotic episode of schizophrenia; HC: healthy controls; HSR: high shear rate; LSR: low shear rate; MLR: monocyte/lymphocyte ratio; NLR: neutrophil/lymphocyte 
ratio; S-AE: schizophrenia acute exacerbation; SII: systemic immune-inflammation index; SIRI: systemic inflammation response index; WBV: whole blood viscosity.
Statistical significance set at 0.05 (bold text).

Table 3. Correlations between serum lipids, blood viscosity and proinflammatory indexes in patients with both first 
psychotic episode of schizophrenia and schizophrenia acute exacerbation

r 1 2 3 4 5 6 7

1. TC 1

2. LDL 0.26 1

3. HDL 0.21 -0.07 1

4. WBV at LSR 0.13 -0.11 0.07 1

5. WBV at HSR 0.28 -0.17 0.03 0.98 1

6. SII -0.07 -0.07 0.13 -0.07 -0.09 1

7. SIRI -0.14 -0.09 0.10 -0.07 -0.07 0.92 1

HDL: high-density lipoprotein; HSR: high shear rate; LDL: low-density lipoprotein; LSR: low shear rate; r: Pearson’s correlation coefficient; SII: systemic 
immune-inflammation index; SIRI: systemic inflammation response index; TC: total cholesterol; WBV: whole blood viscosity. 
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DISCUSSION
In the current study, whole blood viscosity and four out of five 
peripheral inflammatory indexes were lower in patients experiencing 
a first psychotic episode of schizophrenia compared to healthy 
individuals. This suggests that the onset of schizophrenia is likely to 
be closely linked to acute psychophysiological events that may cause 
alterations in hemorheology and inflammatory status. Since altered 
blood viscosity and inflammation are associated with impaired 
cardiometabolic and cardiovascular outcomes, our results may 
support previous findings that patients with the first psychotic episode 
of schizophrenia are at short– and long-term risk for cardiovascular 
diseases (5). It is known that WBV at an LSR is a better discriminator 
of cardiovascular risk than WBV at an HSR (19). Correspondingly, 
our finding that total cholesterol and WBV at LSR are closely related 
in patients with the first psychotic episode of schizophrenia may 
partially explain the increased risk of cardiovascular diseases in this 
patient group.

Two previous studies have demonstrated increased erythrocyte 
aggregation and hypercoagulability in response to stress in psychotic 
patients (20,21). However, blood viscosity levels at different acute 
stages of schizophrenia have not been reported, precluding any 
direct comparisons with the available literature. A few studies have 
evaluated blood rheology in psychiatric disorders such as bipolar 
disorder (22), major depressive disorder (23), neuroleptic malignant 
syndrome (24) and panic disorder (25). These studies argued that 
blood fluidity was affected in psychiatric disorders in both short and 
long terms.

SIRI, a novel integrated indicator based on peripheral neutrophil, 
monocyte and lymphocyte counts, has been recognized as a reliable 
tool to indicate increased systemic inflammatory status (26). In the 
current study, SIRI was higher in patients with the first psychotic 
episode of schizophrenia compared to both acutely exacerbated 
schizophrenia patients and healthy controls. An imbalance favoring 
a proinflammatory state has been reported to be involved in the 
pathogenesis of schizophrenia; both in the disease predisposition 
process and in the early stages, such as the high-risk state for psychosis 
(27). However, other indexes of peripheral inflammation used in the 

current study were not different between the first psychotic episode 
of schizophrenia and schizophrenia-acute exacerbation groups, 
supporting previous findings that increased proinflammatory 
status is rather a function of the presence of initial or subsequent 
exacerbations and may not differentiate between early and later 
stages of the disorder (7).

Systemic inflammation and related oxidative stress can affect labile 
groups in plasma proteins and the erythrocyte’s cytoskeleton. The 
subsequent modification of plasma and membrane proteins and 
lipids may increase blood viscosity and erythrocyte aggregation and 
decrease microcirculation (4,28). However, the association between 
inflammatory indexes and WBV did not reach statistical significance. 
Since blood viscosity may be affected by many components, our 
data suggest that in addition to the inflammatory status, parameters 
such as blood lipids can also affect blood viscosity. These factors 
may interact with each other to ensure homeostasis (29). Acute 
psychophysiological stress was also reported to alter the fluid 
balance in the body (30); thus, an imbalance in fluid homeostasis may 
also contribute to decreased plasma viscosity in patients with a first 
psychotic episode of schizophrenia.

The current study has several limitations. Due to the cross-sectional 
design of the study, we were unable to obtain follow-up data on 
the patients with subsequent cardiovascular diseases. The inclusion 
of schizophrenia patients in remission would have provided more 
accurate information on the association between blood viscosity and 
the pathophysiology of schizophrenia, but they were not included 
in the study. Although de Simone’s formula is widely acknowledged 
for determining blood viscosity, a more sensitive viscometer would 
provide more accurate results.

The replication of this study with larger patient samples can support 
the role of hemorheological characteristics in the pathogenesis of 
cardiovascular morbidity in schizophrenia. Such studies would also 
help establish to what extent these characteristics reflect the ongoing 
pathophysiological process in psychotic episodes. Extrapolation of 
whole blood viscosity with a simple, bedside formulated evaluation 
tool using hematocrit and total protein level may provide a new tool 

Table 4. Multivariate linear regression analyses of clinical features and biological indexes for each WBV at LSR and at HSR in patients 
with either first psychotic episode of schizophrenia or schizophrenia acute exacerbation

First psychotic episode of schizophrenia† Schizophrenia acute exacerbation††
Beta t Sig. [95% CI] Beta t Sig. [95% CI]

WBV at LSR

Age -0.152 -1.073 0.289 [-1.110 – 0.337] -0.007 -0.052 0.959 [-0.667 – 0.663]

SIRI 0.032 0.238 0.813 [-1.726 – 2.189] -0.201 -1.649 0.104 [-9.887 – 0.944]

TC 0.309 2.869 0.006 [0.054 – 0.307] -0.112 -0.886 0.379 [-0.208 – 0.080]

Constant 2.094 0.042 [1.073 – 53.076] 4.079 0.000 [33.219 – 96.947]

First psychotic episode of schizophrenia‡ Schizophrenia acute exacerbation‡‡
Beta t Sig. [95% CI] Beta t Sig. [95% CI]

WBV at HSR

Age -0.178 -1.234 0.223 [-0.057 – 0.014] 0.012 0.094 0.925 [-0.032 – 0.035]

SIRI 0.013 0.092 0.092 [-0.091 – 0.099] -0.170 -1.385 0.171 [-0.475 – 0.086]

TC 0.356 2.450 0.018 [0.001 – 0.014] -0.124 -0.974 0.333 [-0.011 – 0.004]

Constant 25.343 0.000 [14.650 – 17.174] 21.044 0.000 [15.741 – 19.042]

Results from multivariate linear regression (enter), model summary.
†F=2.770; p=0.048; adjusted R2 of 0.094; ††F=1.085, p=0.362; adjusted R2 of 0.004; ‡F=2.110, p=0.111; adjusted R2 of 0.061; ‡‡F=0.866, p=0.463; adjusted R2 
of -0.006.
CI: Confidence interval; HSR: high shear rate; LSR: low shear rate; SIRI: systemic inflammation response index; TC: total cholesterol; WBV: whole blood 
viscosity. p<0.05 statistically significant (bold text). 
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for risk stratification of short– and long-term cardiovascular diseases 
in newly diagnosed schizophrenia patients. Identification of changes 
in blood viscosity and inflammatory status may help facilitate the 
development of personalized or precision clinical approaches to 
psychosis by helping stratify patients and implement biologically 
tailored pharmacological and psychological interventions to reduce 
any cardiovascular and cardiometabolic risk at the early stages of the 
disease.
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