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Abstract: The main aim of this systematic review and meta-analysis is to establish whether there
is a correlation between the brain-derived neurotrophic factor (BDNF) level and electroconvulsive
therapy (ECT) treatment and the reduction in psychotic symptoms in patients diagnosed with
schizophrenia. A systematic search of PubMed/Medline, Cochrane Library, Web of Science, Scopus
and Embase was conducted up to March 2023. Inclusion criteria: studies in which adult patients with
schizophrenia treated with antipsychotic medication received ECT therapy and had the BDNF level
measured before and after ECT treatment. Exclusion criteria: animal and in vitro studies or studies
not involving complete information about the treatment and concentration of BDNF in plasma. The
risk of bias was assessed using Egger’s regression-based test for meta-analysis with continuous
outcomes. Six studies comprising 248 individuals with schizophrenia were included. A statistically
significant increase in BDNF levels after ECT treatment was observed only in two studies (p < 0.001
and p < 0.027, respectively), whereas in four other studies, an upward trend without statistical
significance was noticed. The estimated overall size effect revealed that ECT therapy caused a slight
change in the BDNF level but without statistical significance (ES = —0.328). Different numbers of
ECT procedures (4-10), final measurement of the BDNF level made at a different time point, using
bilateral or unilateral electrode positioning during ECT and treatment with different combinations
of typical or atypical antipsychotic medications may be potential reasons for the lack of statistical
significance in the changes in BDNF levels after treatment. Data regarding the measurement of
BDNF levels pre and post ECT therapy in patients with schizophrenia are very limited without an
extended follow-up period and evaluation of mental health change. Our meta-analysis showed that
treatment with ECT therapy and antipsychotic medication increases serum BDNF levels in patients
with drug-resistant schizophrenia compared to patients treated with medication only; however, this
effect is not statistically significant.

Keywords: schizophrenia; meta-analysis; electroconvulsive therapy (ECT); brain-derived neu-
rotrophic factor (BDNF)

1. Introduction

Schizophrenia is a neuropsychiatric disorder that is characterized by deficits in thought
processing, emotional responsiveness and cognition [1-3]. The cause of this disabling dis-
order remains unclear, but a growing body of evidence has pointed to neurodevelopmental
processes in which neurotrophic factors are involved [4]. Brain-derived neurotrophic factor
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(BDNF) is an important neurotropin and can be found both in the human brain (cortex,
hippocampus and forebrain) and peripheral blood [5]. BDNF plays a significant role in neu-
rodevelopment and the survival, function and repair of neurons, including dopaminergic
and serotoninergic neurons [5,6]. Also, BDNF may be an essential modulator of cognitive
functions like memory, learning and thinking. Moreover, BDNF promotes neuronal plas-
ticity in the nervous system by improving the survival, growth and differentiation of the
nerve synapses [5,7,8].

Research conducted so far has revealed a reduction in BDNF concentrations both
in peripheral blood [9-12] and in brain tissue (post-mortem studies) in patients with
schizophrenia, [12,13] when compared to healthy control subjects. Additionally, the con-
centration of mRNA BDNF in the brain of schizophrenic patients is significantly decreased
in comparison to healthy controls [12,14]. Based on these results, we may conclude that a
low level of BDNF is likely to mediate in the neurodevelopmental pathway of schizophre-
nia by affecting new neuron development, synaptogenesis and neuronal communication.
Decreased production of BDNF also correlates with cognitive dysfunctions (problems with
memory and learning), neurodegeneration and the intensification of apoptosis observed in
schizophrenia. Therefore, the effectiveness of antipsychotic drugs used in schizophrenia
treatment or electroconvulsive therapy (ECT) used in drug-resistant schizophrenia should
be associated with increased BDNF concentration and the resolution of disease symptoms.
However, the results of scientific research are inconsistent in this matter. A number of stud-
ies demonstrated that serum BDNF concentrations were significantly increased in patients
regularly medicated with antipsychotic drugs regardless of the dose [15,16] and in patients
medicated for a long time, at least 10 years [17]. Moreover, Pedrini et al. [18] demonstrated
that not only does chronic administration of clozapine increase BDNF concentration, but
it is also correlated with clozapine dose. Also, in drug-naive first-episode schizophrenia,
BDNF concentration is decreased as administration with antipsychotic drugs normalizes
its level [19]. With regard to ECT, a twofold influence on the concentration of BDNF was
observed. Li et al. [10] reported an increased concentration of BDNF after ECT and antipsy-
chotic medication whereas Akbas et al. [20] and Fernandez et al. [21] obtained opposite
results. Their studies demonstrated that BDNF concentration was increased when only
antipsychotic drugs were used, not in combination with ECT therapy. It may suggest
that an increased concentration of BDNF is a result of using antipsychotic medication, not
ECT itself.

The aim of this systematic review and meta-analysis was to determine whether the use
of ECT is associated with a change in the concentration of BDNF in patients diagnosed with
treatment-resistant schizophrenia compared to the concentration of this factor in patients
treated with antipsychotics only.

2. Material and Methods
2.1. Data Sources and Search Strategy

This meta-analysis was prepared according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement guidelines [22]. The protocol was
registered on the International Prospective Register of Systematic Reviews (PROSPERO),
registration number: CRD 42023417335.

Electronic literature search of PubMed, Medline, Medline Complete, Web of Science,
Cochrane Library, Scopus and Embase from the earliest available date to March 2023 was
conducted. The following terms/keywords were used: [‘schizophrenia’ or “psychotic
disorder’], [‘electroconvulsive therapy’ or ‘/ECT’] and [Brain-derived Neurotropic Factor
or BDNF] were used in various combinations. Additional articles were searched by cross-
checking the references and other available sources. Articles were selected by using a
two-stage process: title and abstract screening and full-text assessment.
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2.2. Data Extraction

Titles and abstracts were screened, and full-text articles were further assessed for
eligibility in an independent manner (A.S.; B.K.). Data extraction of full-text articles was
performed by 2 independent coders (A.S.; B.K.). The selection of the articles was conducted
on the basis of the inclusion and exclusion criteria.

2.3. Study Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) prospective/retrospective case control stud-
ies/prospective/retrospective cohort studies; randomized control studies (RCT), (2) par-
ticipants diagnosed with schizophrenia according to the International Classification of
Diseases, tenth edition (ICD-10) or Diagnostic and Statistical Manual of Mental Disorders,
third to fifth edition (DSM-3, DSM-4, DSM-4TR, DSM-5), (3) course of ECT with both
bilateral and unilateral electrode placements included, (4) studies that reported BDNF
concentration before and after treatment with ECT and (5) articles written in English and
Russian. There was no restriction on antipsychotic medication type and dosage. Exclusion
criteria: (1) in vitro studies, (2) animal studies, (3) literature reviews, (4) conference abstract
without complete methodology and (5) articles with data overlapping with those articles
that were already included in the meta-analysis.

The PRISMA flowchart of the study selection process is presented in Figure 1.

Records identified through databases searching:
PubMed n=19 ; Medline n=16
Identification: Web of science n=41
Cochrane library n=0
SCOPUS database n=73
Embase n = 105

Screening: Records after duplicates removed:
N=110
Records screened: Records excluded on the basis
of abstracts
N=110
MN=67
Eligibility: l’
Full text articles assessed Full text articles excluded with reasons:
for eligibility —_— n=37
N=43 Patients with depression n=8; genetic
research n=6; research on animals n=3;
research without ECT n=5; lack information
about BDONF n=3; review n=2; influence of
drugs on BDNF n=2; singular session of ECT
n=2; poster presentation — lack of data=1;
research without control group n=2; first
episode of schizophrenia n=1; poster
presentation-lack of data n=1; writtenin
French n=1
h 4
Included:

Studies included in systematic review and
meta-analysis from all of the databases
n=6

Figure 1. PRISMA 2020 flowchart for systematic reviews. Identification of new studies via databases
and registers.
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2.4. Data Collected

For the estimation of the overall effect size (changes in BDNF before and after ECT),
meta-analysis was conducted with continuous outcomes on raw data that are provided on
the prepared dataset after PRISMA analysis. Measures of central tendency (averages) and
precision measures (as SD) were collected together with sample sizes. Sample averages
of variables representing the measures of BDNF (at two time points: first pharmacol-
ogy treatment and for the same patients with pharmacology treatment additionally after
ECT—paired measures) were collected.

2.5. Data Synthesis and Statistical Analysis

The studies included in this meta-analysis were from different locations and performed
on different populations, so the random-effect model was chosen. The overall effect
summarizes well the individual studies if the variances between the different effects are
natural, i.e., not large. The study of heterogeneity is proposed to determine to what extent
differences between the results obtained by the individual studies affect the overall effect
created in the meta-analysis. The heterogeneity was assessed by between-study variance
2. Homogeneity was analyzed by testing whether the variability between studies T is
equal to zero. For this purpose, Q statistic with p-value based on chi-square distribution
with k-1 degrees of freedom was applied (where k is the number of studies). Additionally,
I and H? were calculated to assess heterogeneity.

Effect size measures were adjusted by Hedges’ g [23,24]. Hedges’ g, called corrected
effect size, is a measure of effect. It is the standardized effect size for the difference between
means and uses the sample size weighted pooled standard deviation.

Random-effect weights were estimated by using inverse variance (weights including
both within-study and between-study variance).

The estimation of the effect was performed by using the iterative method calculating
the restricted maximum likelihood estimator (REML).

For adjustment of standard error, the truncated Knapp-Hartung [25] method was ap-
plied which truncates the value if it is less than 1 when estimating the variance—covariance
matrix. Hartung-Knapp method for random-effect meta-analysis gives more adequate
error rates than the Der Simonian and Laird method, especially for a few studies [26]. This
method is also recommended when the contributed studies’ precisions vary [27].

Publication bias appears for the reason that studies with preferable outcomes are more
likely to be published [28]. Consequently, the published results may be biased toward
a certain direction. The publication bias analysis was performed by conducting Egger’s
regression-based test for meta-analysis with continuous outcomes [29,30].

Egger test for asymmetry is obtained by regressing the standardized effect on the
precision (1/SE):

Effect/SE = o« + 3(1/SE) + ¢,

where Effect is the estimated effect, SE is the standard error of Effect, and ¢ is random noise.
The size of « indicates the extent of asymmetry. Egger’s test estimates the statistics based
on the t-distribution. Test of intercept o« = 0 is based on t-distribution with k-2 degrees of
freedom. Publication bias was additionally visualized using funnel plots. Funnel plot is
visual method that relates the bias to the asymmetry of the funnel plot. On such plots, the
studies’ effect sizes against their standard errors are presented.

The trim-and-fill analysis of publication bias [31,32] was also applied for the estimation
of the effect size. It is a method of testing and adjusting for publication bias in meta-analysis.
The side of imputation for trim-and-fill analysis based on Egger test was chosen.

Meta-analysis was performed with the usage of analytical tool reporting system PS IMAGO
Pro 9.0 with the IBM SPSS Statistics 29 analytical engine (https:/ /en.predictivesolutions.pl/ps-
imago-pro,en, accessed on 1 August 2023).
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3. Results

The search of Pub Med, Medline, Web of Science Cochrane Library, Scopus and Embase
yielded 254 records. After removing 144 duplicate records and an additional 67 records
on the basis of abstract content, 43 records were left for eligibility. After further analysis,
only six of them fulfilled inclusion criteria and were included in this systematic review
and meta-analysis.

The six included studies involved adult subjects with mean age varying from 32 [20]
to 38 [10] years and a proportion of men from 70% [21] to 100% [20]. Each study was
conducted in a different country, one in Brazil [21], one in China [10], one in Egipt [33],
one in Lithuania [34], one in Russia [35] and one in Turkey [20]. The patients were di-
agnosed with schizophrenia [10,20], refractory schizophrenia [21] or treatment-resistant
schizophrenia [33-35]. All patients were treated with different combinations of typical
(haloperidol) and atypical (aripiprazole, clozapine, quetiapine, olanzapine, paliperidone,
risperidone) drugs [10,20,21,33-35]. The ECT courses were conducted with bilateral fron-
totemporal electrode placement with one exception (unilateral frontotemporal electrode
placement) [21]. The number of ECT procedures varied from 3 [35] to 20 [34]. Table 1 shows
the characteristics of the included studies.
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Table 1. Study characteristics.

Patients Diagnosed with

BDNF Mean Level

Symptom
Rating

Control Group

Patients Diagnosed with Schizophrenia
That Underwent ECT

Schizophrenia on
Antipsychotic Medication
Only

Mean Duration

Study

Study Design

N %F

Duration of
Illness
(years) +/— SD

Mean Age

Mean Age N
(years) +/— SD

(years) +/— SD

%F

of Illness
(years)
+/— SD

Age
(years)
+/— SD

N %F

Scales
before and

ECT Characteristics

Unilateral frontotemporal
electrode placement.

Med.
Only Pre-
treatment

Post
ECT

Pre
ECT

after
Intervention

Med.
Only Post
Treatment

Control
Group

0.39

Fernandes
etal.
2010

[21]

Pilot
study

21 30

Data not

35.79 +10.85 available

35.27 +10.34 7 30

n/a

Charge delivered max
504 mC, current 0.9 A,
frequency 30-70 Hz, pulse
width 1 ms, duration max 8 s
ECT session performed
3 times/week.

Bilateral frontotemporal
electrode placement.

0.14 0.39

mg/mL mg/mL n/a

BPRS, CGI-S

n/a mg/mL

Case
control
study

Lietal.
2016
[10]

77 442

40 £125 80 475 381+11.1 11.3+£89

37.7 £
12.1

80 45 11.4 +10.0

Maximum charge delivered
504 mC; output
current = 0.9 A; frequency
between 10-70 Hz; pulse
width = 0.5 ms; maximum
stimulus duration = 8 s.
8-10 ECT sessions every
other day.

Bilateral frontotemporal
electrode placement.

9.8

9.7 119
ng/mL

ng/mL ng/mL

12.4
ng/mL

11.7
ng/mL

PANSS

Ivanov
etal.
2019

[35]

Case
control
study

6.6 =

33.28 £
51

66 50 8.7

n/a

6.6 =

33.28 £
51

32 50 87

Maximum charge delivered
550 mC; frequency between
27-40 Hz; pulse
width = 1-1.5 ms;

3-12 ECT in session

Bilateral temporal
electrode placement. A

9.9
ng/mL

12.30
ng/mL

10.71
ng/mL

9.53
ng/mL

n/a PANSS

Akbas
etal.
2021

[20]

Case
control
study

35

0

4051 £7.16 19 0 32.47 £9.53 7.00

35.23 £
11.64

9.00

maximum of three

consecutive attempts were

made to achieve
adequate (25 s
minimum) seizure
per session.

0.141

0.320 0.315
mg/mL

mg/mL mg/mL

1.478

0.468
mg/mL

mg/mL

PANSS
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Table 1. Cont.

Patients Diagnosed with Schizophrenia

Control Group That Underwent ECT

Study

Patients Diagnosed with
Schizophrenia on
Antipsychotic Medication
Only

Study Design N
Duration of
Illness

(years) +/— SD

Mean Age
(years) +/— SD

Mean Age

N %F (years) +/— SD

N %F

Mean Duration

Age of Illness
(years) (years)
+/— SD +/— SD

N %F

ECT Characteristics

BDNF Mean Level Symptom
Rating

Scales

before and
after
Intervention

Med.
Only Pre-
treatment

Med.
Only Post
Treatment

Pre Post
ECT ECT

Control
Group

Valiuliene
etal.
2021
[34]

Cohort

study 19 789 4553 £15.02

31 19 34.48 +£11.35 Not provided

n/a

Bilateral temporal
electrode placement.
During the stimulation,
0.5ms
duration biphasic
square impulses were
applied. Impulse current
strength was
constant at 0.9 A. Stimulation
duration ranged from 0.47 to
4.0 s at 70 Hz frequency.
These parameters were
adjusted
according to each patient and
increased gradually in
succession.

ECT was carried out every
2 days; the number of ECT
procedures,
depending on clinical
progress, ranged from 10 to
20 sessions.

28.98 29.3
ng/mL ng/mL

30.12

ng/mL PANSS

n/a n/a

Shahin
etal.
2022

[33]

Cohort

study n/a 45 28

33.49 +10.14 7.43 +5.19

36.40 £

15 26.7 718

7.60 + 4.90

Bilateral temporal
electrode placement.
The baseline parameters
were pulse
width (0.5 milliseconds),
frequency (80 Hertz),
duration (1 s)
and current (800 milli
ampere). These parameters
were adjusted
according to each patient and
increased gradually in
successive
sessions.

4-10 sessions of ECT over
4 weeks.

8.71 9.26 8.26 8.90

ng/mL ng/mL ng/mL ng/mL n/a PANSS

BDNF—brain-derived neurotrophic factor; BPRS—the Brief Psychiatry Rating Scale; CGI-5—the Clinical Global Impression-Severity Scale; ECT—electroconvulsive therapy; %F—percent
of females; Med.—patients receiving only medication; N—number of patients; PANSS—the Positive and Negative Syndrome Scale.
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As reports chosen for this systematic review and meta-analysis come from different
locations, the random-effect model was chosen, and consequently, the heterogeneity of
the data had to be evaluated. To study the heterogeneity of studies, Q, T2, H? and I?
values are given (Tables S1 and S2, attached as supplementary files). The higher the
values, the greater the heterogeneity of the study. Analysis of homogeneity does not reject
the hypothesis of homogeneity (Table S1 (p = 0.066), attached as a supplementary file).
Heterogeneity measures given in Table S2, attached as a supplementary file, confirm the lack
of considerable heterogeneity. For example, statistic I? = (H> — 1)/H? = 52.29% indicates
medium heterogeneity, where H? =Q/(k — 1) = 10.342/5 = 2.096 (Table S2, attached as a
supplementary file).

The I? estimator indicates the percentage of the observed variance that comes from
the true difference in the size of the individual studies’ effects. From a graphical point of
view, the forest plot (Figure 2) reflects how much individual confidence intervals overlap.

Forest Plot

| Confidence interval of effect size
— = Overall effect size value

B Effect size of each study
@ Estimated overall effect size

I Estimated overall confidence interval

-0.327903
|

MNo-effect value

ID Study

1 Fernandes et al. Z010 =

+
_._._._

|
|
!
|
|
Z Li et al. Z01& |
|

3 Ivanov =t al. Z019

I
4 Akbas st al. 2021 : =

I
5 WValiuliene et al. Z0Z1 T .

|
€ Shahin et al. 2022 -

I

I

|
Overall s

I

1

15 10 05 00 05 10

Model: Random-effects model

Figure 2. Forest plot for comparison of effect for schizophrenia patients before and after ECT with
overall effect size [10,20,21,33-35].

12 (tau-squared) equal to 0.059 is the variance of observed effects. Because the variance
between study populations is not too large, we have a basis for an overall summary of the
effect. Additionally, we might expect a similar result for the common (fixed) effect model.

Lower and upper bounds of confidence intervals for individual papers and overall
effect size measured by Hedges’ g are presented in the tables with p-values (Tables 2 and 3).
Forest plots give summary results of meta-analyses (Figures 2 and 3).

Table 2. Effect size estimates for individual studies.

. 95% Confidence
Sig.

i a Interval - ioht (%
1D Study Effect Size  Std. Error t (2-Tailed) nterva Weight  Weight (%)
Lower Upper
Fernandes et al.
1 2010 [21] —0.413 0.5424 —0.762 0.446 —1.477 0.650 2.832 5.7
Lietal.
2 2016 [10] —0.792 0.1643 —4.817 <0.001 —1.114 —0.470 11.649 23.5
3 Ivanov et al. —0.233 0.1747 ~1.333 0.183 0575  0.110 11.192 26

2019 [35]




J. Clin. Med. 2023, 12, 5728

90f19

Table 2. Cont.

95% Confidence

Sig. . .
: a Interval Weigh Weight (%
1D Study Effect Size  Std. Error t (2-Tailed) eight eight (%)
Lower Upper
Akbas et al.
4 2021 [20] 0.005 0.3244 0.016 0.987 —0.631 0.641 6.094 12.3
5 Valiwlieneetal ;00 0.2540 —0.143 0.887 0534 0462 8.106 16.4
2021 [34] . . . . . . . .
Shahin et al.
6 2022 [33] —0.309 0.2121 —1.455 0.146 —0.724 0.107 9.631 19.5
2 Truncated Knapp-Hartung method is used for SE adjustment.
Table 3. Overall effect size estimates.
. Sig. 95% Confidence Interval  95% Prediction Interval P
a
Effect Size  Std. Error t (2-Tailed) Lower Upper Lower Upper
Overall —0.328 0.1421 —2.307 0.069 —0.693 0.037 —1.108 0.453

B Cumulative effect size

2 Truncated Knapp-Hartung method is used for SE adjustment. b Based on t-distribution. Std. Error—standard
error; Sig.—significance.

Cumulative Forest Plot

| Confidence interval of effect size

ID Study Tear

1 Fernandes et al 2010

2 Li et al. Z01&
2 Ivanov et al. Z01s
4  Akbas et al. ozl

5 Waliuliene et a I0Z1

& GShahin et al. Iozz

Model: Random-effects madel

-3 -2 -1 0 1 2

Figure 3. Cumulative forest plot ordered by year of publication [10,20,21,33-35].

In the random-effect model, the weight w; of the study depends on the observed
variability (column in Table 2) according to the formula

w; = 1/(SE? + 12).
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The variability in the obtained effects for each study is due to sampling error (the error
within each study SE) and the differences between the study populations (t: the variance
between the studies). Values of w; or relative weights define the size of squares in the forest
plot (Figure 2).

The confidence interval around the variable effect (whiskers represent 95% confidence
intervals) depends on 72 = 0.059 and individual SE. The random effect estimates a weighted
mean of the true effects of each publication. The forest plot (Figure 2) is a graphical
representation of the meta-analysis, where each row represents individual study results
with the effect size measure. The gray solid vertical line (x = 0) dividing the graph into two
parts is the line of no effect. The dashed vertical line shows the overall effect. The blue
boxes represent the individual studies, with their size reflecting the weights (estimated
by inverse variance). The green diamond represents the overall effect and so does the red
vertical line (described by the value about 0.328).

BDNF is a destimulant of psychotic diseases. The effect sizes (both individual and
overall) have a negative sign, both for the individual and pooled effect. In the context of
this meta-analysis, this represents a constructive outcome because it means that BDNF was
lower after ECT. A confidence interval not reaching the gray line (zero value) suggests
a significant effect, which is confirmed in Table 3. The effect measured by Hedges’ g is
significant in Li et al. [10] (p < 0.001), while the overall effect measured by Hedges” g
is not significant (p = 0.069). On the other hand, only one publication imputed to the
primary six studies according to the trim-and-fill procedure (Table 4) showed a significant
result (p = 0.029). According to the Egger regression test for funnel plot asymmetry, the
publication bias is not significant (Table 5; p = 0.185). However, from the funnel plot
(Figure 4a), we can note visual asymmetry. This inconsistency can be explained by the
fact that the Egger regression test has low power, especially when the number of studies is
fewer than 10.

Table 4. Effect size estimates for trim-and-fill analysis.

Sig. 95% Confidence Interval
Number Effect Size Std. Error? t .
(2-Tailed) Lower Upper
Observed —0.328 0.1421 —2.307 0.069 —0.693 0.037
Observed + Imputed b 7 —0.375 0.1319 —2.847 0.029 —0.698 —0.053

2 Truncated Knapp-Hartung method is used for SE adjustment. b Number of imputed studies: 1; Std. Error—
standard error; Sig.—significance.

Table 5. Egger’s regression-based test 2.

Sig. 95% Confidence Interval
Parameter Coefficient Std. Error t :
(2-Tailed) Lower Upper
(Intercept) —0.596 0.3724 —1.600 0.185 —1.630 0.438
SEb 1.151 1.5053 0.764 0.487 —3.029 5.330

2 Random-effect meta-regression with the truncated Knapp-Hartung SE adjustment. ® Standard error of effect
size. Std. Error—standard error; Sig.—significance.

To study how the effect has changed over the years, studies are added chronologically
in the analysis, and the overall effect is calculated each time. Cumulative forest plot
(Figure 3) presents changes in 95% confidence intervals for effects by year of publication
(corresponding Table 6 gives the detailed values). Adding publications from subsequent
years increases the precision of the joint effect (corresponding whiskers representing the
reduction in 95% confidence intervals).
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Figure 4. (a) Funnel plot, original meta-analysis. (b) Funnel plot, bias-corrected meta-analysis [10,20,
21,33-35].
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Table 6. Effect size estimates for cumulative analysis.

. Sig. 95% Confidence Interval
ID Study Effect Size  Std. Error 2 t : Year P
(2-Tailed) Lower Upper
1 Fernandes et al. 2010 [21] —-0.413 0.5424 —0.762 . . . 2010
2 Li et al. 2016 [10] —0.760 0.1573 —4.831 0.130 —2.758 1,239 2016
3 Ivanov et al. 2019 [35] —0.503 0.2219 —2.267 0.152 —1.458 0.452 2019
4 Akbas et al. 2021 [20] —0.397 0.2019 —1.965 0.144 —1.039 0.246 2021
5 Valiuliene et al. 2021 [34] —0.323 0.1761 —1.834 0.141 —0.812 0.166 2021
6 Shahin et al. 2022 [33] —0.328 0.1421 —2.307 0.069 —0.693 0.037 2022

2 Truncated Knapp-Hartung method is used for SE adjustment; cumulative analysis based upon the variables
sorted in ascending order. P Std. Error—standard error; Sig.—significance.

In the funnel (triangle) plot, the studies with low precision are placed at the bottom
and studies with greater precision at the top of the plot (Figure 4a,b). Funnel plots of the
meta-analysis before (Figure 4a) and after applying the trim-and-fill method (Figure 4b)
are given. Figure 4b shows the plot of the effect estimates from either the observed studies
or both observed and imputed studies. The green circle represents the imputed result,
whereas the blue circles represent the observed results. The side of the funnel plot, where
the missing studies should be imputed, is chosen within the function depending on the
results of Egger’s regression test. The side of imputation on the funnel plot is chosen
automatically to the left (Figure 4a) on the basis of the negative Egger statistic (negative
value —0.596).

The imputation of only one publication can change the result (Table 5) to obtain the
effect measured by Hedges’ g —0.375 with a p-value smaller than the assumed significance
of 0.05 (p = 0.029). According to Figure 4a, we can see that only one study (earliest
publication by Li et al. [10]) is outside the boundary of the triangle (i.e., is not within 95%
confidence intervals), but it is close to its edges.

The Galbraith plot (Figure 5) shows an unweighted regression of z-scores (each es-
timate is divided by its standard error) on the inverse of the standard error. It gives
information about the study-specific effect sizes, their precisions and the overall effect
size which can help to detect potential outliers. In the Galbraith plot, horizontal line y = 0
represents no effect. One study (again Li et al. [10]) is outside 95% confidence intervals;
however, this deviation is not very apparent.

Galbraith Plot - All Studies
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Figure 5. Galbraith plot [10,20,21,33-35].
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4. Discussion

The current meta-analysis was conducted to verify whether ECT therapy in drug-
resistant schizophrenia is associated with a change in BDNF serum levels in comparison
to treatment only with antipsychotic drugs. To our knowledge, to date, this is the first
meta-analysis in this scope that selected exclusively patients with schizophrenia.

As is known, BDNF deficiencies play a role in the etiology of schizophrenia due
to its fundamental involvement in brain function [36,37]. Several studies revealed that
patients with schizophrenia have relatively lower BDNF levels compared to healthy
controls [9,13,38-40]. Moreover, evidence showed that peripheral BDNF synthesis or
release is reduced during acute episodes of schizophrenia [41,42], although it is not
known whether it is a pathologic or compensatory effect. The articles included in this
meta-analysis showed that, in the pre-ECT measurement, serum BDNF was decreased in
drug-resistant patients with schizophrenia in comparison to healthy controls [10,20,21,33-35],
and these differences were statistically significant.

Although there is a consensus regarding a lower BDNF level in patients with acute
symptoms of schizophrenia compared to healthy persons, the changes in BDNF concentra-
tion after pharmaceutical treatment combined with ECT showed conflicting results. Recent
research suggested the relative success in non-responders to pharmaceutical treatment
in patients suffering from schizophrenia [43,44]. Therefore, in this meta-analysis, we ex-
pected the BDNF values to reach higher levels in the drug-resistant ECT group compared
to the group that received medication only. Surprisingly, only in two studies [10,33], a
statistically significant increase in the serum BDNF level after ECT treatment was observed
(p < 0.001 and p < 0.027, respectively). In the case of four other studies included in this
meta-analysis [20,21,34,35], ECT treatment did not cause a statistically significant change in
serum BDNF levels; however, an upward trend in this matter was noticed. The estimated
overall size effect revealed that ECT therapy caused a slight change in the BDNF level but
without statistical significance (ES = —0.328). The obtained result may be attributed to
the small sample size (overall 248 patients), various antipsychotic treatments used among
patients and a short period (up to four weeks after ECT) when BDNF levels were measured.
We may suspect that the BNDF levels of difficult-to-treat schizophrenia patients are more
resistant to increase with treatment and may take some time after the last ECT course
when an increase in the BDNF serum level will be gained. To verify this hypothesis, new
studies in which BDNF levels are measured at a more extended follow-up period after
completion of ECT are required. So far, Haghighi et al. [45] measured serum BDNF levels
in patients with major depressive disorder (MDD), not only during ECT sessions but also
at each follow-up visit after ECT up to 6 months after its completion. This study found
a steady increase in BNDF up to one month after completion of ECT. However, a further
increase in BDNF was less significant, and 6 months later, the BDNF level was similar to the
pre-treatment levels [45,46]. Likewise, some other reports [47-50] have shown an increased
level of BDNF after completion of ECT therapy in patients with MDD or in patients with
bipolar disorder (BDNF levels were measured in the depressive state) [46,51-53].

Factors that could be responsible for the heterogeneity of studies on the BDNF level in
schizophrenia have been recently identified in Ahmad et al.’s [54] review. At least some
of them might influence the results of the studies on BDNF in ECT-treated individuals
with schizophrenia:

Age, sex and weight [12,55,56];

Stage and/or clinical profile of disease, especially depressive symptoms [55,57-62];
Antipsychotic treatment [63,64];

Cognitive efficiency [58,59,65];

BDNF polymorphisms: val66met, 196g/a [66-70];

Insomnia [71];

Diet (i.e., curcumin, polyunsaturated fatty acids) [72,73];

Physical activity [74];

Oxidative stress [65].

0 XN LN



J. Clin. Med. 2023, 12, 5728

14 of 19

Moreover, other possible variables may be considered in this context, i.e., somewhat
various ECT protocols applied in studies, diverse time-frames between ECT procedure
and blood sampling or inconsistent criteria of clinical improvement. Also, different sets of
anaesthesiology medications used in different centers, especially ketamine, may influence
the BDNF level [75]. The above-specified factors should be controlled or standardized in
future research to improve the accuracy of results.

With regard to the mechanism of action, ECT induces an increase in serum BDNF
levels in schizophrenia. As our meta-analysis revealed, this increase was not statistically
significant; however, it may be high enough to provide beneficial effects on schizophrenia
symptoms. It was found that in chronic schizophrenia, not only is there increased striatal
presynaptic dopamine synthesis [76-78] but also a dysregulation of neurotrophic factor
levels, e.g., BDNF, during brain development, which could lead to the disorganization of
neuronal networks. Inadequate neurotrophic support in the adult brain may decrease its
capacity to adapt to changes and increase vulnerability to neurotoxic damage [10]. There-
fore, deficits in BDNF production and utilization have been implicated in the pathology of
schizophrenia [79,80]. Thus, ECT therapy induces an increase in the BDNF level, which
itself enhances dopamine synthesis and turnover and is involved in the maintenance of
midbrain dopaminergic neurons and in the regulation of synaptic plasticity [81,82].

From the authors’ point of view, further analysis of patients” subgroups by using the
meta-regression model seems to be unfeasible, as the heterogeneity of the studies persisted.
Firstly, the patients received a different number of ECT procedures (4-10 [33], 8-10 [10],
3-12 [35], 12-18 [21] up to 10-20 [34]), so the final measurement of the BDNF level (blood
collected on the last day of ECT) was performed at a different time point. What is more, in
most of the cases [10,20,33,34], bilateral electrode positioning was used during ECT, but
due to a lack of information [21,35], unilateral electrode positioning cannot be excluded.
As is known, unilateral electrode positioning during ECT is putatively associated with a
lower efficacy [83] and may have an impact on BDNF production [83,84]. Also, the patients
were treated with different combinations of typical (haloperidol, zuclopenthixol) and
atypical antipsychotic drugs (olanzapine, risperidone, clozapine, aripiprazole, quetiapine,
paliperidone). Moreover, making definitive conclusions about whether there is a relation
between an increased level of BDNF after ECT and schizophrenia improvement was
impossible due to a lack of complete Positive and Negative Syndrome Scale (PANSS)
results or because other scales, e.g., Brief Psychiatric Rating Scale (BPRS) and Clinical Global
Impression Severity scale (CGIs), [21] were used. Therefore, it is clear that new studies to
evaluate BDNF levels after ECT that will take into account antipsychotic treatment, the
heterogeneity of schizophrenia itself and patients’ characteristics are required. The research
should be extended to a bigger group of patients and have a longer follow-up period.

5. Limitations

This meta-analysis has some limitations too. First, there is limited clinical literature
available in this field. Identified studies include small sample sizes of patients in both
groups (treated with ECT and medication or only with medication), which may have an
impact on the interpretation of the results and overall obtained results. Also, the use of
medications with ECT may be a confounding factor that could not be avoided. What
is more, different combinations of antipsychotic medication were used during patients’
therapy, which may have a direct impact on BDNF production. Therefore, a comparison
between subgroups in which particular antipsychotics were used may point to whether
there are any discrepancies in this matter or if the influence of different drugs on the BDNF
level is similar. In the case of our meta-analysis, this confounding effect of medication was
reduced as the BDNF levels were compared by using a paired-sample test that compares
each patient to themselves before and after the intervention. Another limitation is the
short (four-week) follow-up assessment of the BDNF level and a lack of evaluation of this
parameter in an extended period, which should be complemented with psychiatric scales,
e.g., PANSS or BPRS.
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Lastly, it would be worth considering an assessment of the quality of BDNF measure-
ment in each study. The methods and precalculations in the collection and storage of the
samples could likely have an impact on the obtained results. To sum up, more compre-
hensive research including the issues mentioned above with a larger group of patients is
recommended.

6. Summary

Our meta-analysis showed that treatment with ECT therapy and antipsychotic medica-
tion increases serum BDNF levels in patients with drug-resistant schizophrenia compared to
patients treated with medication only. Though the overall effect size measured by Hedges’
g between “before” and “after ECT” is equal to —0.328, we can conclude on the basis of
these six included publications that the obtained results are not statistically significant
(p = 0.069).

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jcm12175728 /51, Table S1: Test of Homogeneity [24]; Table S2: Heterogeneity
Measures [24].
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