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ABSTRACT
Objectives: In recent years there has been an increased interest on the role of inflammation in the
pathophysiology of schizophrenia and a search for readily applicable prognostic markers. The impact of
electroconvulsive therapy (ECT) on inflammatory function in schizophrenia is still unclear. The aim of this
retrospective study is to compare pre- and post-ECT values of red cell distribution width (RDW), mean platelet
volume (MPV), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) which are considered to be inflammatory
markers, and to discuss the findings in context of neuroinflammatory ethiology of schizophrenia. 
Methods: Inpatient files were reviewed via complete blood count (CBC), sociodemographic and clinical
characteristics (e.g. gender, age, Body Mass Index (BMI), type of psychotropic medication). A total of 58
schizophrenic patients who underwent ECT were were compared in terms of pre- and post-ECT values of
RDW, MPV, MCH, MCHC, NLR and PLR in association with type of psychotropic medication. 
Results: It was found that MPV, RDW, MCH and MCHC levels significantly decreased after ECT (p < 0.05),
but no significant difference was found in terms of NLR and PLR (p > 0.05). When compared according to the
type of psychotropic medication during ECT, MPV and MCHC were decreased after ECT in both typicaland
atypical antipsychoticintervention groups (p < 0.05). ECT-related inflammatory marker changes were more
likely to be associated with atypical antipsychotic medication use during ECT. 
Conclusions: Our results indicate that recurrent ECT sessions caused a change in the function of the immune
system which might be considered to explain the therapeutic effects of ECT in schizophrenia. 
Keywords: Electroconvulsive therapy, schizophrenia, inflammatory markers, antipsychotic medication,
immune system

Schizophrenia is a severe, complex and multifacto-
rial disorder with well-defined symptoms and a

lifelong course causing disability. Increasing evidence
suggests that immunological and inflammatory mech-
anisms play important roles in the pathophysiology of
schizophrenia. Various immune alterations, such as in-
creased frequency of activated lymphocytes [1] and

abnormal levels of inflammatory cytokines [2, 3] have
been observed in schizophrenic patients. Previous
studies have demonstrated an association between el-
evated plasma inflammatory biomarkers and increased
risk of schizophrenia [4, 5]. It had been suggested that
the relationship between the long duration of disease,
therapy resistance and high pro-inflammatory cy-
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tokine levels indicatedistinct immune processes might
be taking place in different stages of schizophrenia [6]. 
Previous researches which demonstrated that mean
platelet volume, neutrophil-to-lymphocyte ratio,
platelet-to-lymphocyte ratio and red blood cell distri-
bution width are correlated with inflammation in
chronic diseases (such as cardiovascular diseases,
chronic nephropathies, neoplasms, cerebrovascular
diseases and autoimmune diseases), and that they may
have valuable potential to evaluate the inflammation
in these diseases [7-9]; the relationship between these
hematologic parameters and immune dysfunction in
schizophrenia is still unclear. 
      The neutrophil-to-lymphocyte ratio (NLR) has
been suggested as a new indicator of low-grade in-
flammation and a predictor of clinical outcomes in
neuroimmune disorders [10, 11]. NLR is previously
been studied in major depressive disorder and bipolar
disorder and higher NLR  levels are detected to be cor-
related with the severity of MDD which is presented
as evidence supporting the inflammatory hypothesis
of MDD [12-15]. Cytokine abnormalities and other
markers of immune dysfunction were severally iden-
tified in schizophrenic patients; but any credible cor-
relation could not be demonstrated between the
magnitude of the inflammatory process and the sever-
ity of schizophrenia [16]. Previous findings of limited
number of studies demonstratedelevated NLR levels
in non-obese patients with schizophrenia individuals
and a statistically significant positive relationship be-
tween PANSS total scores with NLR [17, 18]. Also,
platelet-to-lymphocyte ratio (PLR) is thought to be
better than NLR for determining the severity of in-
flammation [19]. 
      Electroconvulsive therapy (ECT), a procedure
which provide faster therapeutic effects, is used for
managing the patients with psychiatric disorders, such
as major depressive disorder and refractory psychiatric
disorders, in acute critical conditions, such as suicidal
attempt or severe mania [20, 21]. Despite this range
of action, the mechanisms by which ECT exerts its
beneficial effects remain largely unknown. In a recent
study of Kruse et al. [22], the levels of CRP, Inter-
leukin-6 (IL-6), Interleukin-8 (IL-8) and tumor necro-
sis factor alpha (TNF-α)in 29 patients with treatment
resistant depression were compared before ECT treat-
ment and after second session of ECT; and the re-
searchers suggested that acute changes in IL-6 and

CRP had not been related to the alteration of depres-
sive symptom severity over the course of ECT. Re-
cently, Asoğlu et al. [23] investigated the effects of
ECT on hematological parameters and reported a sig-
nificant increase in MCH and no difference in MCHC,
MPV and RDW after repetitive ECT in 25 patients di-
agnosed with schizophrenia, bipolar disorder and
unipolar depression. There is compelling evidence that
ECT is closely related to an enhanced innate neuroin-
flammatory as well as hematogenous immune re-
sponse. For this reason, it is clear that studies to be
done in this area may contribute to explain the mech-
anisms of ECT's therapeutic effect. 
      The aim of this retrospective study was to compare
hematologic inflammatory markers (NLR, PLR, MPV,
RDW, MCH and MCHC), before and after ECT,
which is considered to have mediating roles on the
therapeutic effects of ECT; and to discuss in context
of neuroinflammatory ethiology of schizophrenia in
the light of recent studies. 

METHODS

Study population 
      This retrospective study was conducted at Bursa
Yüksek İhtisas Training and Research Hospital
Psychiatric Inpatient Unit. The study protocol was
approved by local Ethics Committee (approval
number: 2011-KAEK-25 2018/06-09). Data regarding
age, gender, duration of disease, psychiatric diagnosis,
indication of ECT, treatment status, type of
psychotropic medication before and during
hospitalization were collected from the hospital
records. A total of 159 patients who had been
hospitalized and had been applied ECT between April
2016 and June 2018 were recruited. Ninety-five
patients, between 18 and 65 years of age, diagnosed
with ‘Schizophrenia Spectrum and Other Psychotic
Disorders’ according to DSM-5 criteria and underwent
ECT during hospitalization were included in the study.
All inpatient files were reviewed via complete blood
count (CBC), sociodemographic and clinical
characteristics such as gender, age, body mass index
(BMI), duration of disease, previous history of
medication, accompanying physical disease
(hematological, cardiovascular, liver, rheumatic, etc.).
Patients receiving any anti-inflammatory treatment
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(non-steroid anti-inflammatory drug, corticosteroid or
other anti-inflammatory drug) and having a history of
coronary artery disease/myocardial infarction/heart
valve disease, pulmonary disease, rheumatic disease,
liver disease, neurological deficit, mental retardation,
autism, iron deficiency anemia, bone marrow disease,
kidney disease, alcohol and substance use, antiplatelet-
anticoagulant drug use, clozapine use and also morbid
obesity, pregnancy and acute infection during
hospitalization period were excluded due to the risk of
these affecting blood values in association with
inflammation. Thus, 16 patients were excluded from
the study because of the above comorbid conditions.
Twentyone patients, whose post-ECT CBC results had
not been available in the files, were also excluded
from the study. 

Data collection 
      Thus, a total of 58 schizophrenic patients (27
females and 31 males) were enrolled in the study. All
patients had been initiated on psychotropic medication
on the admission, which had not been altered during
ECT procedure. Antipsychotic prescription data before
hospitalization and during ECT intervention were also
noted; antipsychotic prescription was further coded as
typical (TAP), atypical (AAP) and combined typical-
atypical (CAP) to examine for differences in
hematologic values. 
      The patients underwent ECT procedure with a
MECTA spECTrum 5000 ECT device, 3 times a week.
The effective duration of seizure was determined to be
at least 20 seconds. ECT was administered in the
morning after an overnight fasting. Moreover,
intravenous propofol and rocuronium bromide were
administered to all patients in order to induce
anesthesia and muscle relaxation. Blood samples
being taken the day before the first session of ECT
(pre-ECT) and the day after the 7th session of ECT
(post-ECT) were extracted from the laboratory files to
exclude bias due to different number of ECT sessions.
The following parameters were reviewed from the
inpatient laboratory files for all the subjects: Red cell
distribution width (RDW), mean platelet volume
(MPV), mean cell hemoglobin (MCH) and mean cell
hemoglobin concentration (MCHC). The neutrophil-
to-lymphocyte ratio (NLR) was calculated by dividing
the absolute neutrophil count by the absolute
lymphocyte count. The platelet-to-lymphocyte ratio

(PLR) was calculated by dividing the absolute platelet
count by the absolute lymphocyte count. 

Statistical Analysis 
      Statistical Package for Social Sciences (SPSS v22,
Chicago, IL, U.S.A.) programme for Windows was
used. Descriptive parameters are expressed as mean,
standard deviation or percentage. After performing
Kolmogorov-Smirnov test the distribution normality
of the quantitative variables, independent t-test was
used for the normally distributed variables and
Kruskal-Wallis and Wilcoxon test was used for the
non-normally distributed variables. The significance
level was set as p < 0.05.

RESULTS

      A total of 58 schizophrenic patients (27 females
and 31 males) were evaluated in this study. The mean
age of the study group was 39.43 ± 10.43 years. The
mean duration of disease was 12.98 ± 8.51 years. Of
the 58 patients, 44.8% of them (n = 26) had been
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receiving regular psychotropic medication before
hospitalization. Of these 26 patients, 10 were having
typical (TAP), 15 were having atypical (AAP), 9 were
having combined typical and atypical antipsychotic
(CAP) medication. None of the patients were using
clozapine before hospitalization. According to ECT
indications; 72.4% (n = 42) of the patients were
underwent ECT for treatment resistance; 10.3% (n =
6) for refusal of oral intake; 6.9% (n = 4) for severe
agitation, 5.2% (n = 3) for suicidal ideation and 5.2%

(n = 3) for catatonic symptoms. The mean BMI of the
study group was 26.96 ± 3.73 kg/m2 on the admission.
Socio-demographic and clinical characteristics of the
patient group are given in Table 1. According to the
comparison of inflammatory markers; there were
statistically significant difference between pre-ECT
and post-ECT measures of MPV, RDW, MCH and
MCHC (p < 0.001, p = 0.004, p = 0.031 and p = 0.003,
respectively); but no significant difference was found
in terms of NLR and PLR (p = 0.769 and p = 0.421,
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respectively). It was found that MPV, RDW, MCH and
MCHC levels significantly decreased after 7 sessions
of ECT (Table 2). 
      NLR, PLR, MPV, RDW, MCH and MCHC values
were compared according to the type of psychotropic
medication before hospitalization. Only MPV was
found to be significantly different between three
groups (TAP, AAP and CAP) (p < 0.001).The mean
MPV was 7.54 ± 0.58 in patients using TAP (n = 10);
9.3 ± 0.49 in patients using AAP (n = 15) and 8.16 ±
0.48 in patients using CAP (n = 9) (Table 3). 
      The study parameters were also compared
according to the type of psychotropic medication
during ECT intervention. Of the total 58 patients, 30
of them was initiated on TAP and 25 of them was
initiated on AAP (except for clozapine) on the

admission; which had not been altered during ECT
procedure. None of the patients underwent combined
antipsychotic medication during ECT. There were
statistically significant difference between pre-ECT
and post-ECT values of MPV and MCHC in the both
TAP (p < 0.001 and p = 0.031, respectively) and AAP
groups (p < 0.001 and p = 0.032, respectively). Both
MPV and MCHC were decreased after ECT in both
medication groups. No significant difference was
found in terms of NLR, PLR, RDW and MCH values
in both groups (Table 4). 
      Since MPV changes before and after ECT were
significant in both atypical and typical antipsychotic
use during ECT and MPV was normally distributed,
Independent t-test was done to examine which MPV
change is more significant between the different
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antipsychotic types. Mean MPV change was 3.57 ±
4.68 % in TAP group and 7.33 ± 4.87 % in AAP group
(t = -2.998, df = 56, p = 0.004) (Table 5). 

DISCUSSION

      To the best of our knowledge, this is the first study
examining the effects of ECT on hematologic
inflammatory markers as NLR, PLR, MPV, RDW,
MCH and MCHC with regard to its anti-inflammatory
effects in schizophrenia. The present study mainly
suggested that MPV, RDW, MCH and MCHC were
decreased but NLR and PLR did not differ after ECT.
Also, it is proposed that the mean MPV values differ
in schizophrenicpatients according to the type of
medication. In contrast, MPV and MCHC were found
to be differed after ECT independently of type of
antipsychotic medication. 
      Animal studies have demonstrated that
electroconvulsive seizures induce several changes in
neurotrophin and immune signaling, both in the
central nervous system (CNS)and in peripheral tissues.
Fluitman et al. [24] showed that acute ECT (15-30
min.after the electrostimulus) induces a leukocytosis
in MDD patients, driven by significantincreases in
absolute numbers of granulocytes, monocytes and
natural killer cells. A similar leukocyte pattern of
polymorphonuclear leukocytosis and relative
lymphopeniawas observed 2 hour after a single ECT
in a previous study[25]. 
      The abnormalities of the immune system seen in
schizophrenia and related psychosis are varied and
overlapping, and involve many immune components
[26]. Thus, many current studies have inadequately
accounted for confounding factors such as body mass,
smoking, and medication to fully understand the role
of inflammation and immunity in neuropsychiatric
disorders. In this study we also evaluated some factors
such as duration of disease and type of psychotrop
medication before and during ECT intervention to
exclude partially their confounding effects. 
      It has been reported that obesity is associated with
a low-grade inflammatory process in the white adipose
tissue (WAT) [27, 28]. Increased mass of adipose
tissue simultaneously activates the inflammatory
process in WAT itself, in the liver and in immune cells
[29]. In our study the mean BMI of the schizophrenia

group was less than obesity range (< 30 kg/m2) on the
admission and thus, the confounding effect of obesity
on inflammatory changes was ensured. 
      A meta-analysis of 26 cross-sectional or
longitudinal studies demonstrated that increased levels
of C-reactive protein (CRP) in schizophrenic patients
was parallel to the severity of positive symptoms but
not associated with the initiation of antipsychotic
medication; and the researchers suggested that CRP
might be a marker of systemic low-grade
inflammation [30]. The NLR can be derived from the
white blood cell count, and is inexpensive, replicable
and also it has been found to be significantly
correlated with CRP [31]. It has been suggested as a
new indicator of low-grade inflammation and a
predictor of clinical outcomes inneuroimmune
disorders [10, 11]. Previously, NLR is found to be
higher in patients with MDD, bipolar disorder and
schizophrenia[14, 17, 32-34]. Özdin et al. [14] have
shown that PLR values like NLR are higher in
schizophrenia patients than healthy controls and
bipolar disorder patients, and authors have suggested
that the sefindings support the imflammatory
hypothesis of schizophrenia and bipolar disorder.
However, to date one study has been encountered in
the literature investigating the effect of ECT on NLR
and in this study it is noted that no significant
difference was found in NLR after repeated ECT
treatments in 61 patients with schizophrenia, bipolar
disorder and depression [35]. The authors argued that
the use of psychotropic drugs has not been evaluated
and the few number of patients in the subgroups
according to the diagnosis may have affected the
results of the study. Unlike previous studies, the type
of antipsychotic treatment before hospitalization and
during ECT was also assessed in our study. Our results
showed that antipsychotic treatment both before and
during ECT treatment did not cause any significant
changes in NLR after ECT intervention. Some
previous data suggest that cytokine levels, including
IL-6, are associated with severity and duration of
schizophrenia and antipsychotic therapy [26, 36,
37].As the vast majority of patients indication of ECT
were treatment resistance and the mean duration of
disease was 12.98 ± 8.51 years; so the difficulty of
suppressing the inflammatory response by somatic
therapies in patients with long duration of
schizophrenia and treatment-resistance might be the
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reason why NLR and PLR did not altered with ECT
in our study. 
      Wysokinski and Szczepocka [38] examined 1243
patients with schizophrenia and showed a significantly
lower PLT count and significantly higher MPV value
compared with bipolar disorder and unipolar
depressive patients. In a study of Lee et al. [39], which
was carried out with 100 patients who were initiated
on clozapine, the researchers demonstrated higher
MPV in patients with schizophrenia, which was
unaltered after 1 year of clozapine treatment. Except
for the recent study of Asoğlu et al. [23], that could
not found any significant difference between pre- and
post-ECT MPV values in schizophrenic patients, there
were no studies evaluating MPV levels in patients
underwent ECT in the literature. Our results
demonstrated that mean MPV was higher in patients
using atypical antipsychotic medication than typical
antipsychotic medication on the admission. When
compared according to the type of antipsychotic drug
used during ECT, MPV was found to be decreased
after ECT in patients receiving both typical and
atypical antipsychotic treatment in our study.
Furthermore, univariate analysis showed that MPV
was reduced by 7.33% in patients underwent atypical
antipsychotic medication, while it was reduced by
3.57% in patients underwent typical antipsychotic
medication during ECT. Considering the fact that the
mean MPV values were higher in patients using
atypicalantipsychotics before hospitalization and more
MPV reduction was observed in patient sunder went
atypical antipsychotic medication after ECT, it can be
concluded that ECT-related inflammatory marker
changes were more likely to be associated with
atypical antipsychotic medication use. We suppose
that this is one of the most important finding that differ
our study from previous studies. 
      The relationship between inflammation and
anemia in some disease is well described and it has
been shown that inflammation enforce both direct and
indirect effects on erythropoiesis [40]. Ayyildiz et al.
[41] found higher RDW in 518 schizophrenic patients
than healthy controls in their retrospective study and
suggested that RDW might be a helpful diagnostic and
prognostic marker of schizophrenia with potential
utility in risk estimation and treatment monitoring.
Another study with a smaller sample comparing MPV,
RDW and vitamin B12 levels in schizophrenic

patients and healthy controls claimed that higher RDW
and MPV is associated with the inflammatory
hypothesis of schizophrenia [42]. According to our
study results, like MPV, RDW is also significantly
decreased after ECT. 
      Huang and Hu [43] found decreased levels of
MCHC in acute myocardial infarction (AMI) and
speculated that similar to RDW, MCHC can be
regarded asan inflammatory marker and thus can
affect the prognosis after AMI. Ayyildiz et al. [41]
determined higher MCH and lower MCHC in
schizophrenic patients compared to healthy
controls.When the literature was reviewed, only one
study could be found assessing hematologic
differences in schizophrenic patients after ECT. In the
same study Asoglu et al. [23] reported a significant
increase in MCH and no difference in MCHC, MPV
and RDW after repetitive ECT in 25 patients
diagnosed with schizophrenia, bipolar disorder and
unipolar depression. In our study we determined a
significant decrease in both MCHC and MCH after
ECT, which are inconsistent with the previous
relatively smaller sample sized study findings. It can
be asserted that our findings are more representative
due to the higher number of schizophrenic patients
included. There was no difference in MCH and
MCHC according to the type of medication before
hospitalization. But when all patients were grouped
due to their type of medication during ECT, only
MCHC showed significant change between pre- and
post-ECT measures. It can be speculated that MCHC
might be considered as a better indicator of
inflammatory response than MCH according to our
results.
      For a long time it has been known that
antipsychotic drugs have immunmodulatory effects
[44]. It has been asserted that antipsychotic agents
might exert varying effects on immune system
mediated by their effect on weight gain and increased
adiposity [44]. Previous studies showed that both
atypical and typical antipsychotic agents stimulate the
production of anti-inflammatory cytokines and
suppress the production of pro-inflammatory
cytokines [45]. Antipsychotic-naive first episode
psychosis and acute psychotic relapse are also found
to be associated with increased serum pro-
inflammatory cytokine levels and decreased
anti-inflammatory cytokine levels, which are returned
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to previous serum concentrations after remission of
symptoms with antipsychotic treatment [36, 46].
Semiz et al. [47] ascertained that MPV levels are
influenced by both atypical antipsychotics and
schizophrenia itself. According to our findings, only
MPV and MCHC values were decreased after ECT in
both groups of schizophrenic patients having TAP or
AAP treatment, but the mean MPV change was more
in AAP group. Thus, it can be speculated that ECT
may have anti-inflammatory effects by decreasing
MPV levels and this effect is more prominent in
patients having atypical antipsychotic treatment. 
      Propofol is one of the most widely used, safe
intravenous anesthetic agent with minimal side effects
[48] which has been shown to have anti-inflammatory
effects by inhibiting neutrophil functions and the
release of pro-inflammatory cytokines [49, 50]. In the
literature, no evidence could be found investigating
the impact of rocuronium bromide on inflammatory
markers. Although there are some data on the short-
term anti-inflammatory effects of propofol [51], we
consider that the evaluation of hematologic
inflammatory parameters a day after the last session
of ECT anesthesia provide support toexclude the
confounding anti-inflammatory effects of propofol on
our hematological variables. 
      Our study has some strengths but as well as a
number of limitations. The most important limitation
of this study was the retrospective file screening
design and therefore the relation with the clinical
response could not be evaluated. CRP was not
routinely evaluated before ECT; so, we could not be
able to assess CRP levels due to the retrospective
design of the study. The fact that chlorpromazine
equivalent antipsychotic drug doses were not specified
is another limitation of our study. In addition, pre-ECT
hematologic parameters of patients were not compared
with a healthy control group. Another limitation is that
accompanying depressive symptoms, which might be
an important potential confounder on either ECT and
inflammation, and the severity of psychotic symptoms
before and after ECT was not measured with clinical
evaluation scales. 
      Although there are small sample studies
evaluating some inflammatory markers in patients
with major depression, bipolar disorder and
schizophrenia who had undergone ECT [22, 23], our
study is the first in the literature that extensively

handle the effect of ECT on hematologic inflammatory
markers in patients with schizophrenia: (1) The
evaluation of a wide range of indications for ECT, (2)
the fact that only schizophrenic patients were included
in this study, (3) the assesment of type of psychotropic
drug use before and during ECT, (4) exclusion of risk
factors that affect hematologic parameters (like
clozapine use and obesity), and (5) the fact that pre-
and post-ECT blood samples have been collected
within certain time, are the strengths of this study. We
suggest that the larger sample size, evaluation of a
wider hematologic profile and research of a longer-
term effects of ECT on these easily applicable
hematologic parameters makes our study different
from previous studies and provide a distinct
perspective on the immunological effects of ECT. 

CONCLUSION

      ECT is one of the oldest and most effective
biological treatment methods in psychiatry which
unfortunately lose its popularity from time to time. In
the literature there is limited number of studies that
examine the effect of ECT on the immune system.
Previous researches assessing the effects of ECT on
inflammatory response are mainly had focused on
changes in anti-inflammatory and pro-inflammatory
cytokine levels, but unfortunately cytokine levels do
not appear to be cost-effective markers in everyday
practice. It is obvious that inflammatory markers that
are easier and faster to implement, compatible with
clinical features and predicting prognostic factors are
needed. 
      In conclusion, NLR, PLR, RDW, MPV, MCH and
MCHC, which are easy to apply and inexpensive
inflammatory markers, were evaluated before and
after ECT in the present study. Both MPV and RDW
levels in schizophrenia patients were found to be
decreased after 7 sessions of ECT treatment.
According to our results, it can be affirmed that
recurrent ECT sessions caused a change in the
function of the immune system. This finding supports
the hypothesis of alteration in the immune system,
which is asserted to explain the mechanism of action
of ECT. Because of the fact that all of 58 patients were
receiving psychotropic medication during ECT, it
seems to be difficult to claim that the change in
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hematologic parameters are due to ECT intervention
alone. In order to obtain more robust evidence about
the effect of ECT on hematologic inflammatory
markers further researches (1) carried out with patients
who had the first psychotic episode and did not receive
additional psychotropic medication, (2) excluded
confounding factors such as smoking and obesity
besides drug use, (3) evaluated other immunological
markers, like cytokines, with inflammatory markers
and (4) with wider patient samples are required to be
conducted. There is a need of scope for new research
in schizophrenia over the coming years, encompassing
immune, genetic, microbiological, and other
biomarkers. 
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