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Serum brain-derived neurotrophic factor (BDNF)
levels in schizophrenia : A systematic review

Huiru CUI%, Yi JIN?, Jijun WANG?®, Xuchu WENG*?, Chunbo LI**

Background: There is increasing interest in the role of brain-derived neurotrophic factor (BDNF) in the onset and course of
schizophrenia, but there are conflicting reports about serum levels of BDNF in patients with schizophrenia.

Aim: Conduct a meta-analysis combining studies from China and other countries that have evaluated the relationship of
serum BDNF levels to schizophrenia.

Methods: We used Cochrane methodology and RevMan 5.1 software to identify and pool the results of studies. Electronic
searches of western and Chinese registries and follow-up assessment of references located 268 potential articles. Twenty-five
articles (20 in English and 5 in Chinese) published before December 2011 that used case-control methods, included patients
with schizophrenia who had no concurrent disorders, and used ELISA technology to assess serum BDNF were included in the
analysis. The main outcome was the pooled standardized mean difference (SMD) between cases and controls. The quality of
the studies was independently assessed by two raters using the GRADE system. The heterogeneity, sensitivity and potential
publication bias of the studies was evaluated using RevMan.

Results: The pooled sample included 1663 patients with schizophrenia and 1355 controls. Fifteen of the included studies
were rated as ‘poor quality’ and 10 were rated as ‘very poor quality’. The results of the studies were quite heterogenous
(1>=95%) but subgroup analyses found that the heterogeneity was not related to country of origin, sample size, age, gender,
prior use of antipsychotic medication, or study quality. The pooled SMD (computed using a random-effect model because of
study heterogeneity) was -0.74 (95% Cl, -0.99~-0.50; Z=5.99, p<0.001). Sensitivity analysis found that the result was stable
and there was no evidence of publication bias.

Conclusion: Despite the robust statistical findings of lower serum BDNF in patients with schizophrenia than in controls,
given the low quality of the available studies and the substantial heterogeneity between studies, the evidence of lower
serum BDNF in patients with schizophrenia must be considered ‘weak’. The potential use of serum BDNF as a biomarker
for schizophrenia must wait until higher-quality prospective studies that follow patients over time and that use uniform

selection and monitoring procedures confirm these preliminary results.

1. Introduction

Schizophrenia is a common form of severe mental
illness with a lifetime prevalence of 1% in the general
population. The cause of this disabling disorder remains
unclear, but a growing body of evidence has focused on
the role of neurodevelopmental processes.” One marker
of neurodevelopmental processes is the activity of the
brain-derived neurotrophic factor (BDNF), a key member
of the family of neurotrophic factors that play important
roles in the growth, survival, differentiation and repair
of neurons.®! Many studies find that patients with
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schizophrenia have lower levels of BDNF and of BDNF
mRNA in their brains compared with normal controls. !
Studies using animal models of schizophrenia have also
found lower levels of BDNF mRNA in the brains of mice
that have been treated to mimic schizophrenia than in
the brains of control mice."”

BDNF in peripheral blood is produced in the central
nervous system (CNS), so changes in BDNF levels in
the peripheral blood are considered a reasonable
proxy measure of BDNF changes in the CNS.® This
indirect measure of BDNF activity in the CNS is much
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easier to perform than direct assessment of BDNF in
the CNS so it is a potential biomarker that could be
used in the diagnosis and monitoring of treatment for
schizophrenia. However, studies about BDNF levels in
the peripheral blood of patients with schizophrenia have
been inconsistent: most report lower serum BDNF levels
compared with controls,'*?”! but some find no difference
between patients and controls?*32 and a few studies
report higher levels of serum BDNF in patients than in
controls. 3

The current paper reports on a systematic review of
guantitative studies from China and elsewhere about
the relationship of serum BDNF levels to schizophrenia.

2. Methods

2.1 Study ascertainment

The results of the search strategy are shown in
Figure 1. The following databases were used to identify
potential studies for the meta-analysis: PubMed, ISI
Web of science, EMbase, Chinese National Knowledge
Infrastructure (CNKI), Chinese Science and Technology
Full-text Database (VIP) and Wan Fang Data. The search
strategies combined free-text searching and keyword
searching. The keywords used in the search included
English and Chinese versions of ‘schizophrenia,” ‘brain-
derived neurotrophic factor’ and ‘BDNF’. All references
of identified articles were also reviewed.
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2.2 Assessment of included studies

All identified articles were independently reviewed
by two evaluators (the first two authors) using the
following inclusion criteria: a) the article was published
in a publicly available journal prior to 31 December,
2011; b) the article provides original data on the sample
size and on serum BDNF levels; c) the patient group
in the study met diagnostic criteria for schizophrenia
(specified by any diagnostic system) and excluded
those with concurrent neurological illnesses , substance
abuse, or psychotic symptoms secondary to a general
medical condition; d) the study used Enzyme-linked
Immunosorbent Assay (ELISA) to test the serum BDNF
levels; and e) the study used a case-control or clinical
trial study design.

The following types of articles were excluded: a)
papers about animal studies; b) duplicate reports of
previously published data sets; c) papers on studies
without a control group; d) papers about genetic
polymorphism of BNDF; and e) reviews.

2.3 Quality assessment

The quality of the included studies was independent-
ly assessed and cross-checked by the two evaluators
using the criteria for evaluating observational studies
recommended in the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) 1% 35!
statement, as well as the Grading of Recommendations

Figure 1. Identification of articles for inclusion

Search PubMed, ISI Web of science, EMbase, CNKI, VIP, Wan Fang
using ‘BDNF’, ‘brain-derived neurotrophic factor’ and
‘schizophrenia’ as keywords in both English and Chinese for
studies published before December 31, 2011

!

| 268 articles |

Y

Exclusion criteria
e animal studies
¢ duplicated reports of same study
s studies without controls
® review papers

A 4
o 0 0 0

Inclusion criteria

¢ published before December 2011
case-control or clinical study design
cases have diagnosis of schizophrenia
sample size numbers provided
provided serum BDNF levels
BDNF assessed using ELISA

Y

25 articles (20 in English, 5 in Chinese) included in meta-analysis
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Assessment, Development and Evaluation (GRADE).®
The quality of evidence was classified A to D as follows.

A. High quality: Both reviewers were very confident
thatthe actual effect size is close to the estimated
effect size.

B. Medium quality: Reviewers’ confidence in the
estimated effect size is fair; the actual effect size
is probably close to the estimated effect size, but
it might be quite different.

C. Low quality: Reviewers have limited confidence
in the estimated effect size; the actual value may
be very different from the estimated one.

D. Very low quality: Reviewers have no confidence
in the estimated value of the effect size; it is
probable that the actual value is very different
from the estimated one.

2.4 Data Retrieval

The articles were managed using EndNote X4 and
the data retrieval table was developed using Microsoft
Excel. In order to ensure the accuracy of the data
retrieval, two evaluators collected, organized and
checked the materials independently. In the few cases
where the two evaluators’ opinions conflicted, they
discussed their differences in an attempt to arrive at a
consensus opinion; if they remained in disagreement
a third evaluator (the corresponding author) made
a final decision. The information collected included
demographic and clinical characteristics of participants
(sample size, age, sex, medication, ethnicity, country,
duration of illness) and the mean and standard deviation
of the serum BDNF levels in each group.

2.5 Statistical analysis

Meta-analysis was conducted using RevMan 5.157
developed by the Cochrane Collaboration. The effect
size of continuous variables was summarized using
standardized mean difference (SMD). The results of the
pooled analyses are shown in the Forest Plots.

2.5.1 Test of heterogeneity

The heterogeneity of the studies was assessed using
the chi-squared test and 12 in the RevMan software pro-
gram. The |12 value assesses the proportion of variance in
the SMD that is due to cross-study heterogeneity. When
the significance level (i.e., p-value) of the chi-square test
is >0.1 and 1°’<50%, the possibility that the studies are
heterogeneous is small, so the fixed-effect model is used
to assess pooled results. But when the significance of
the chi-square test is <0.1 and 12>50%, the studies are
considered heterogeneous so the random-effect model
is used to assess pooled results®® and the sources of the
heterogeneity need to be considered. In this study, we
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assess heterogeneity using sub-group analysis and the
Meta regression model in the Stata software package.?!

2.5.2 Sensitivity analysis

The stability of the results was assessed using
sensitivity analysis. To assess the potential effect of each
study on the overall conclusion, each included study
is sequentially removed and the pooled standardized
mean difference (SMD) of the remaining studies is
compared to the pooled SMD for all studies.

2.5.3 Publication bias

The potential publication bias was assessed using a
fail-safe number (Nfs) and a funnel plot. Nfs indicates
how many studies with negative results are needed to
reverse the previous conclusion.*” With 0.05 as the
a-level, the formula is Nfs(o‘05)=(z 7/1.645)>-K where K is
the number of studies tested and the Z-value for each
study is calculated using the NORMSINV function in
Excel based on the p-value of the study calculated using
Stata.!*+42

3. Results

3.1 Characteristics of included studies

Among the 268 articles identified, 25 (20 in English
and 5 in Chinese) were included in the meta-analysis
(Figure 1). There were two articles for which the
evaluators disagreed about whether or not to include
in the analysis, but they were able to resolve their
differences after discussion about the articles.

Included studies are listed in table 1. Five studies
used drug-naive patients who had never used
antipsychotic medications, 18 studies used patients
who had used antipsychotic medication (in one of the
studies® the patients were drug-free at the time of
the BDNF assessment), and two studies included both
drug-naive and drug-exposed patients. Only three of the
studies included follow-up assessments of BDNF over
the course of treatment;?2+?42% 3|l the other studies were
cross-sectional assessments. (In these three studies the
post-treatment results were used in the analysis.['%)
Among the 25 studies, 15 received a quality rating of ‘C’
(low) and 10 received a quality rating of ‘D’ (very low).
The main reasons for the low quality ratings were that
the articles did not provide sufficient details about the
methods or did not assess the potential biases in the
results.

Pooling all 25 studies, there were 1663 patients with
schizophrenia (the case group) and 1355 individuals
without schizophrenia (the control group). Both groups
were 66% male; the mean (standard deviation) age was
38.8 (9.8) for cases and 38.0 (9.6) for controls. Outcome
measures for all 25 studies were continuous variables.
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Table 1. Characteristics of the 25 included studies
g mean (sd)
L duthor mean male/ sample serum BDNF
year country age female N p z
[reference] (vears) ratio  °'°¢ of controls

(ng/ml)

Toyooka MED: 34 )

1 2002 [9] Japan 47.0 31/38 CTL: 35 11.4(7.7) <0.001 -3.19
Shimizu DN: 15

2 2003 [29] Japan 36 40/40  MED:25 MED: 14.1 (9.9) 28.5(9.1) 0.355 -0.37

CTL: 40

Jockers DN: 102

3 2004 28] Germany 32.9 78/85 1l 1 13.2(5.2) 0913 136
Pirildar MED: 22

4 2004 [10] Turkey 26.8 14/30 055 26.8(9.3) <0.001 -3.72
Tan . MED: 46

> 2004 [11] China 46.8 72/18 1 aa 9.5(4.4) 0012 -226
Tan , MED: 81

6 2005 [12] China 47.2 D e 9.9 (4.3) <0.001 -3.72
Huan DN: 10

7 E Taiwan, China 319 108/114 MED: 116 14.2 (6.9) 0.974  1.95
2006 [30] :

CTL: 96

Grillo . MED: 44

8 5007 [13] Brazil 35 SES 0.169 (0.026) <0.001 -3.72
Li ) MED: 81

9 2007 [14] China 47.2 97/29 1l 45 9.9 (4.3) <0.001 -3.72
Mackin MED: 20

10 5007 (31] England 42.8 30/4 CTL: 14 13.8 (9.17) 0.903 1.30
Zhang . MED: 124

11 5007 32] China 47.0 127/47 CTL: 50 9.3 (4.4) 0.209 -0.81
lkeda MED: 74

12 5008 [15] Japan 40.8 86/75  11.87 52.2(25.3) <0.001 -3.72
Reis . b MED: 40

13 5008 33] Brazil 52.3 60/0 CTL: 20 4.4(2.0) <0.001 -3.72
Rizos DN: 14

14 5008 [16] England 26.0 16/13 CTL: 15 30.0(8.4) 0.034 -1.82
Bai . MED: 28

15 5009 [20] China 32 30/28 130 0.111 (0.039) <0.001 -3.72
Chen . DN: 88

16 5009 (17] China 29.5 96/82 CTL: 90 12.1(2.2) 0.0001 -3.72
Vinogradov MED: 56

17 009 [18] USA 44.1 52/20  7ig 31.3(9.0) 0.038 -1.77
Xiu : MED: 364

18 5009 [19] China 51.1 509/178  1i-353 11.9 (2.3) 0.001 -3.72
Chen® . MED: 80

19 Jo10 26] China 283 86/78 CTL: 84 12.0 (2.5) 0.003 -2.79
Fernandes® . b MED: 7

20 7010 [21] Brazil 35.4 528 o5 0.39 (0.12) <0.001 -3.72
Jindal DN: 24

21 5010122 UsA 223 4123 \n 0.117 (0.038) 0042 -1.73
Rizos DN: 37

22 5010 (23] Greece 26.7 29/30 CTL: 22 29.2(7.7) 0.001 -3.72
Rizos" MED: 47

23 2010 [24] Greece 45.0 61/30 CTL: 44 27.5(8.2) <0.001 -3.43
Carlino MED: 40

24 5611 [25] Italy 46.3 40/40 1700 28.9 (2.5) <0.001 -3.72
Zeng : MED: 44

25 5011 [27] China 40.5 46/43  TC 0.010 (0.004) 0.020 (0.004) <0.001 -3.72

BDNF, brain-derived neurotrophic factor; ECT, electroconvulsive therapy
MED, medicated patients with schizophrenia; DN, drug-naive patients with schizophrenia; CTL, control subjects;

?C=low quality (limited confidence in the estimated effect size); D=very low quality (no confidence in the estimated effect size)

®no information for controls

‘no standard deviation of age provided in paper

“study compared BDNF before versus after treatment with antipsychotic medication (Rizos, 2010 and Chen, 2010) or with ECT (Fernandes, 2010)
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Characteristics of the included studies including sample
size, male/female ratio, duration of illness, method of
treatment, BDNF level, and the evaluation of the quality
of the study are listed in Table 1.

3.2 Pooled results

3.2.1 Heterogeneity test

The heterogeneity test found robust cross-study
variations in results (x>=215.55, df=24, p<0.001, 1>=89%).
Thus, a random-effect model was used to calculate the
pooled estimates. Possible causes of heterogeneity
include country of origin of the study, methodological
quality of the study, differences in sample size, male/
female ratio, age of subjects, use of medications, and so
forth.
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3.2.2 Comparison of BDNF between cases and controls

Pooling estimates from 25 studies, a statistically
significant lower level of serum BDNF was found in
patients with schizophrenia compared to controls
(pooled SMD= -0.74; 95%Cl=-0.99, -0.50; p<0.001 using
a random-effect model, see Figure 2).

3.2.3 Sensitivity analysis

The influence of each study on the overall estimate
was assessed by removing studies one by one and
comparing the pooled estimate yielded from the
remaining 24 studies to the pooled estimate from all 25
studies. Results found a lower level of serum BDNF in
patients with schizophrenia compared to controls in all
25 analyses, indicating that removal of any study would
not alter the overall results. The overall conclusion also

Figure 2. Forest plot of differences in BDNF levels between patients with schizophrenia

and controls

Std. Mean Difference

Std. Mean Difference

Study IV, Random, 95% CI IV, Random, 95% Cl _Weight
Toyooka 2002 [9] — -0.84 [-1.34,-0.35]  4.0%
Shimizu 2003 [29] —r -0.21 F0.65, 0.23]  4.2%
Jockers 2004 [28] T -0.02 [-0.33, 0.30] 4.4%
Pirildar 2004 [10] — -1.75[2.45,-1.04] 3.4%
Tan 2004 [11] — -0.54 [0.96,-012]  4.2%
Tan 2005 [12] - -0.78[F1.16,-0.40]  4.3%
Huang 2006 [30] T 0.00 [-0.26,0.27] 4.5%
Grillo 2007 [13] — -1.35[-1.89,-0.81] 3.9%
Li 2007 [14] -~ -0.78[1.16,-0.40] 4.3%
Mackin 2007 [31] —r -0.04 -0.72, 0.64] 3.5%
Zhang 2007 [32] =T -0.21 [[0.54,012] 4.4%
lkeda 2008 [15] - -0.65[0.97,-0.33]  4.4%
Reis 2008 [33] — 1.75[1.13,2.38] 3.6%
Rizos 2008 [18] — -0.81 [1.57,-0.04] 2.3%
Bai 2009 [20] — -1.36[1.94,-0.79] 3.8%
Chen 2008 [17] - -0.92 [1.23,-0.61] 4.5%
vinogradoy 2009 [18)] — -0.59[1.16,-0.03] 3.8%
®iu 2008 [19] - -0.93[-1.09,-0.77] 4.7%
Chen 2010 [26] - -0.47 [0.79,-016] 4.5%
Fernandes 2010 [21] —_— -2.08[-3.13,-1.05] 2.6%
Jindal 2010 [22] — -0.53[1.04,-0.01] 4.0%
Rizos 2010 [23] — -1.27 [1.84,-0.69] 3.8%
Rizos 2010 [24] — -0.79[1.21,-0.36]  4.2%
Cartlino 2011 [25] —— -1.71[2.23,-1.19]  3.9%
Zeng 2011 [27] — -2.40 [-2.95,-1.85] 3.9%

Total (95% CI) L

i

-0.74 [-0.99, -0.50] 100.0%

i i

t 1
-4 -2 o
Lower BDNF
in patient group

L Ll

2 4

Higher BODNF
in patient group

The pooled sample size for patients was 1663 and that for controls was 1355. The heterogeneity measures are as follows: Tau’=0.32;
Chi’=215.55, df=24 (p<0.00001); I’=89%. The test for the overall effect found Z=5.99 (p<0.00001). These results show that patients had

significantly lower serum BDNF than controls.
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remained unchanged after removing the three studies
that evaluated changes in serum BDNF with treat-
ment.2+?4281 These findings suggest that the pooled SMD
results are stable.

3.2.4 Publication bias

The funnel plot (Figure 3) was symmetric and the
computed fail safe N (Nfs) was 1392, which means
that 1392 unpublished studies with null results would
be needed to make the current results non-significant.
Taken together, these findings suggest that there is little
publication bias in our results.

3.2.5 Sub-group analyses

Of the 25 studies included in this meta-analysis,
20 included patients who had been treated with
antipsychotic medication and 7 included drug-naive
patients (2 studies included both types of patients).
Separate meta-analyses were conducted for these two
sub-groups of studies. The heterogeneity tests found
statistically significant variation in the study results
(1?=90% and 74%, respectively, p<0.001) so the random-
effect model was used to provide the overall estimates.
Results found a lower level of serum BDNF in patients
with schizophrenia compared to controls in both
subgroups of studies. The pooled SMD was -0.75 (95%
Cl=-1.04, -0.46; Z=5.09; p<0.001) for the antipsychotic
medication-exposed patients and -0.62 (95% CI=-0.98,
-0.26; Z=3.37; p<0.001) for drug-naive patients (Figures
4 and 5).

We also conducted separate meta-analyses for the
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10 studies from China and the 15 studies from other
countries. Since heterogeneity tests found statistically
significant variation in study results (1°’=89% and p<0.001
for both groups of studies), the random-effect model
was used to provide the overall estimate. Lower levels of
serum BDNF in patients with schizophrenia (compared
to controls) were found from studies in China as well as
from studies conducted in other countries. The pooled
SMD was -0.80 (95% Cl=-1.13, -0.48; Z=4.89; p<0.001)
for studies in China and -0.70 (95% CI=-1.09, -0.31;
Z=3.50; p<0.001) for studies from other countries.

Comparison of the results of the 15 studies rated as
‘low quality’ and the 10 studies rated as ‘very low quality’
also found that the patient group in both subgroups of
studies had lower serum BDNF than the control group.
The 15 low-quality studies were heterogenous (1>=83%,
p<0.001) so a random-effect model was used; the SMD
was -0.80 (95% Cl=-1.05, -0.55; Z=6.30; p<0.001). The
10 very low-quality studies were also heterogeneous
(1>=93%, p<0.001); the SMD was -0.66 (95% Cl=-1.18,
-0.13; Z=2.46; p<0.001).

3.2.6 Meta regression analysis

Table 2 shows the results for the meta regression
(using Stata 11.2 software) which used the study SMD
as the dependent variable and patient mean age,
patient gender ratio, sample size, study location (China
vs. non-China), medication status (medication-naive vs.
medication-exposed) and study quality (low vs. very low)
as the dependent variables. No significant associations
were found between these covariates and the results of
the studies.

Figure 3. Funnel plot of the primary results of the 25 included

studies
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The graphs show that the distribution of the results from the 25 separate
samples described in the 25 included studies is symmetric.
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Table 2. Meta-regression of relationship of study factors to heterogeneity of study results®

dogesion, St Sandardied e puae o
mean age of patients 0.067 0.085 0.175 0.80 0.435 -0.108, 0.242
M/F gender ratio -2.93 5.19 10.74 -0.56 0.578 -13.67, 7.80
Sample size 0.005 0.006 0.019 0.84 0.409 -0.001, 0.018
Location (China vs. other) 1.24 1.71 2.38 0.49 0.292 -1.14, 3.62
Drug-naive vs. drug-exposed -1.32 2.54 5.28 -0.52 0.609 -6.60, 3.96
Low study quality vs ‘very low’ study quality 1.07 1.16 2.41 0.92 0.365 -1.33,3.48

95% Cl, 95% confidence interval

°Study result is the standardized mean difference (SMD) of serum BDNF between patients and controls; R*for model=0.028

Figure 4. Forest plot of differences in BDNF levels between patients with schizophrenia who
had been treated with antipsychotic medication and controls

Std. Mean Difference

Std. Mean Difference

Study IV, Random, 95% CI IV, Random, 95% Cl__ Weight
Toyooka 2002 [9] — -0.84 [-1.34,-0.35] 4.0%
Shimizu 2003 [29) —-r -0.21 [-0.65, 0.23)] 4.2%
Jockers 2004 [28] T -0.02 [-0.33, 0.30] 4.4%
Pirildar 2004 [10] —— -1.75 [-2.45,-1.04] 2.4%
Tan 2004 [11] — -0.54 [-0.96,-0.12] 4.2%
Tan 2005 [12] - -0.78 [1.16,-0.40] 4.3%
Huang 2006 [30] T 0.00 [-0.26, 0.27) 4.5%
Grillo 2007 [13] — -1.35 [-1.89,-0.81] 3.9%
Li 2007 [14] - -0.78 [-1.16,-0.40] 4.3%
Mackin 2007 [31] — -0.04 [-0.72, 0.64] 3.5%
Zhang 2007 [32] -1 -0.21 [-0.54, 0.12] 4.4%
Ikeda 2008 [15] —— -0.65 [-0.97,-0.33)] 4.4%
Reis 2008 [33] = 1.75[1.13, 2.38) 3.6%
Rizos 2008 [16] —] -0.81 [-1.57,-0.04] 3.3%
Bai 2008 [20] — -1.36 [-1.94,-0.79)] 3.8%
Chen 2008 [17] - -0.92 [-1.23,-0.61] 4.5%
vinogradoy 2008 [18] — -0.59 [-1.16,-0.03] 3.8%
iu 2000 [19] - -0.93 [-1.09,-0.77) 4.7%
Chen 2010 [26] - -0.47 [[0.79,-0.15] 4.5%
Fernandes 2010 [21] -2.09 [-3.13,-1.05) 2.6%
Jindal 2010 [22] — -0.53 [-1.04,-0.01] 4.0%
Rizos 2010 [23] — -1.27 [-1.84,-0.69)] 3.8%
Rizos 2010 [24] - -0.79 [-1.21,-0.36] 4.2%
Carlino 2011 [25) — -1.71[-2.23,-1.19] 3.9%
Zeng 2011 [27) —— -2.40 [-2.95,-1.85) 3.9%
Total (95% CI) ¢ -0.74[-0.99, -0.50] 100.0%
N R T

Lower BDNF
in patient group

Higher BDNF
in patient group

The pooled sample size for patients was 1373 and that for controls was 1126. The heterogeneity measures are as follows:
Tau’=0.37; Chi>=195.00; df=10 (p<0.00001); I’=90%. The test for the overall effect found Z=5.09 (p<0.00001). These results show
that patients who had previously been treated with antipsychotic medication had significantly lower serum BDNF than controls.
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Figure 5. Forest plot of differences in BDNF levels between antipsychotic medication-naive
patients with schizophrenia and controls

Std. Mean Difference

Std. Mean Difference

Study 'Y, Random, 95% CI IV, Random, 95% Cl Weight
Shimizu 2003 [29] i -0.52[F1.13,008] 131%
Jockers 2004 [28] — -0.02[-0.33,0.30] 17.8%
Huang 2006 [30] - - 1 -0.41 [-1.06, 0.25] 12.3%
Rizos 2008 [16] - -0.81 [-1.57,-0.04] 10.8%
Chen 2009 [17] — -0.92 [-1.23,-061] 17.9%
Jindal 2010 [22] - ] -0.53[-1.04,-0.01] 14.6%
Rizos 2010 [23] - -1.27 [-1.84,-069] 13.5%
Total {(95% CI) i -0.62 [-0.98, -0.26] 100.0%
-2 1 0 1 2
Lower BDNF Higher BDNF

in patient group

in patient group

The pooled sample size for patients was 290 and that for controls was 365. The heterogeneity measures are as follows: Tau’=0.16;
Chi’=22.90; df=6 (p=0.0008); I’=74%. The test for the overall effect found Z=3.37 (p=0.0007). These results show that patients who
had never been treated with antipsychotic medication had significantly lower serum BDNF than controls.

3.2.7 Comparison of serum BDNF before and after
treatment

Of the 25 studies included in this meta-analysis,
three were comparisons of before and after treatment
(medication®?% or ECT®Y). Heterogeneity tests found

no statistically significant variation in the results for the
three studies (1°<1%, p=0.77), so a fixed-effect model
was used to compute the overall estimate. The results
indicated no difference in the level of serum BDNF in
patients before versus after treatment (pooled SMD=
-0.18; 95% Cl=-0.42, 0.06; Z=1.48; p=0.14; Figure 6).

Figure 6. Forest plot of BDNF levels among patients with schizophrenia before and

after treatment
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Chen 2010 [26] — -0.22 [-0.54,0.09] 59.7%
Fernandes 2010 [21] -0.41 [-1.48, 0.659] 5.1%
Rizos 2010 [24] -0.07 [-0.48,0.33] 35.2%
Total (95% Cl) -0.18 [-0.42, 0.06] 100.0%
S .
Lower BDNF Higher BDNF

after treatment

after treatment

The pooled sample size for patients was 134 with BDNF values before and after treatment. The heterogeneity measures are as follows:
Chi’=0.53; df=2 (p=0.77); I’=0%. The test for the overall effect found Z=1.48 (p=0.14). These results show there was no significant before

versus after change in serum BDNF levels with treatment.

4. Discussion

4.1 Main findings

Pooling from the 25 studies, 1663 individuals with
schizophrenia and 1355 without schizophrenia were
included in this meta-analysis. There was significant
between-study heterogeneity (1>=89%) so a random-
effect model was used to compute the pooled estimates.
The pooled standardized mean difference (SMD)

indicated that there was a significantly lower serum
BDNF level in the schizophrenia group when compared
to the control group. Sensitivity analysis found that the
pooled results were robust. A symmetrical funnel plot
of the studies and the large estimated fail safe number
indicated that there was little evidence for publication
bias. The methodological quality of the studies identified
was poor, largely due to insufficient description of the
methods and lack of adjustment for potential biases.

With a few exceptions, our findings are similar to
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those of a recently reported meta-analysis of Green
and colleagues!®! that pooled the results of 16 studies
and found reduced serum BDNF in both drug-naive and
drug-exposed patients with schizophrenia. Our review
identified more studies because we searched more
databases and included studies published in Chinese.
Unlike our study, their meta-regression analysis found
that reduced serum BDNF was associated with increasing
age. Most importantly, they reported that the evidence
was of ‘moderate quality’ while our more rigorous
assessment of data quality found that the studies were
all either of ‘low quality’ or of ‘very low quality’.

4.2 Limitations

Our search strategy did not identify unpublished
articles or those published in languages other than
English or Chinese and it may have missed articles
published in supplemental journals or as conference
abstracts. However, the lack of publication bias in the
results suggests that failure to identify such studies
probably had little effect on the overall outcome.

The more disturbing problem is the heterogeneity
of the study results. Despite strictly enforcing inclusion
and exclusion criteria that limited included papers to
controlled studies of patients with schizophrenia who
did not have other concurrent diagnoses and that used
the same method to assess serum BDNF levels, we still
found substantial heterogeneity between the studies.
Our subgroup analyses and meta-regression analysis
indicated that this heterogeneity could not be explained
by cross-study differences in medication status (drug-
naive vs. drug-exposed), country of origin, study quality,
patient age, patient gender, or sample size. One factor
we were unable to assess that has been shown to be
related to BDNF levels — differences in BDNF Val66Met
polymorphism* — may have inflenced in study
heterogeneity, but we doubt that this could explain the
large cross-study differences we found.

We expect the main reason for the heterogeneity of
results between studies was the low scientific quality of
the included studies (10 graded as ‘very low quality’ and
15 graded as ‘low quality’). There were methodological,
clinical and analytic components of these studies that
were obscured in the reports that may have substantially
influenced the results. For example, several of the
studies did not provide detailed information about the
type or dose of medication used or details about the
ELISA kit employed,111526:2931 g0 it was not possible to
include these variables in our analysis.

4.3 Significance

In 2005, Angelucci and colleagues®*! hypothesized
that brain functioning in patients with schizophrenia is
related to levels of BDNF and/or the expression of the
BDNF receptor TrkB. Specifically, they suggested that
the BDNF Val66Met single nucleotide polymorphism
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(GUG substitution of AUG) results in lower expression
of BDNF in the central nervous system, and, thus,
plays an important role in the onset and course of
schizophrenia. Studies in Han Chinese have provided
supplementary confirmation for this hypothesis: BDNF
levels have been associated with the development
of schizophrenia and with the short term memory of
patients with schizophrenia;!*® and the BDNF Val66Met
polymorphism has been associated with the age of onset
of schizophrenia*” and with the severity of cognitive
decline in schizophrenia.!®!

BDNF can pass through the blood-brain-barrier and
undergoes the same maturation and aging process in
peripheral blood as in the brain.® Thus, if subsequent
research confirms the importance of BDNF in the onset
and course of schizophrenia, serum BDNF could be a
valuable potential biomarker for the disorder.

This meta-analysis pooled 25 rigorously selected
studies and found a statistically significant lower level
of serum BDNF in individuals with schizophrenia than
in control subjects, supporting the hypothesis that
BDNF plays a role in the illness. However, the validity
of results was undermined by the low quality of the
included studies and by the heterogeneity of results.
Thus, despite the strong statistical findings, we consider
the evidence of lower serum BDNF in patients with
schizophrenia — which is almost exclusively dependent
on cross-sectional studies — as ‘weak.’ Prospective
studies with larger samples that follow patients over
the course of illness and that use uniform selection
and monitoring procedures are needed to confirm the
relevance of these preliminary results. It is too early to
decide whether or not serum BDNF can be used as a
biomarker for schizophrenia.
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