
Abstract
Background: To explore the relationship between serum brain derived neurotrophic factor (BDNF) level and post stroke depression 
(PSD).

Methods: Prospective randomized controlled trails of the relationship between serum BDNF level and PSD were selected from data-
base such as PubMed, CNKI, VIP Data, Wangfang Data. Review Manager 5.4 was used for the Meta analysis.

Results: 10 case-control studies were collected, there were 579 PSD patients and 639 stroke patients without depression. The results 
showed that PSD patients exhibited significantly lower serum BDNF levels than stroke patients without depression in the Chinese 
population (SMD =-5.82, 95% CI: -6.21 – -5.44). Additionally, PSD patients with mild depression showed significantly elevated serum 
BDNF levels compared with PSD Patients with moderate depression (SMD = 1.98, 95% CI: 1.05–2.91) or with severe depression (SMD 
= 4.73, 95% CI:3.78–5.67). Serum BDNF levels decreased as the degree of depression increased, and were negatively correlated with 
the degree of depression.

Conclusion: Our study suggested that serum BDNF levels were found significantly associated with the PSD patients in the Chinese 
population. 
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As the third leading cause of death worldwide, and a major health 
issue in the elderly population, stroke not only results in physical 
impairments such as disability, but also leads to social nonpartici-
pation and psychological disease. Post-stroke depression (PSD) is 
one of the most common neuropsychiatric sequelae of stroke that 
affects around 33% of stroke patients and has been associated with 

both poorer outcome and increased mortality. Additionally, stud-
ies suggested that the prevalence of PSD has increased from28% to 
56% recently [1]. PSD has become a prominent negative factor in 
stroke recovery. However, benefit of present used antidepressant 
drug was not satisfactory [2].
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Previous studies showed that PSD may be related to numerous fac-
tors, including biological, psychological and social factors [3]. Al-
though, the pathogenesis of PSD remained unclear. Therefore, fur-
ther study on the pathogenesis of PSD and development of effective 
prevention and treatment are in urgent needs. Recently, brain-de-
rived neurotrophic factor (BDNF), as one of the main neuroprotec-
tive mediators in the central nervous system, attracted increasing 
attention from both research and clinical fields because of its im-
portant functions and its serum level notably affected in the central 
nervous system. Some of researches shown that BDNF was involved 
in delayed neurological recovery, depression, and cognitive impair-
ment following stroke [4].

Accordingly, there is accumulating evidence for the role of BDNF 
in the pathophysiology of depression. However, the association be-
tween BDNF and PSD remained unelucidated, and it is still unclear 
whether BDNF affected PSD. Recent study showed that serum con-
centrations of BDNF decreased in PSD patients and BDNF may play 
an important role in the pathogenesis of PSD [5]. In addition, Zhang 
GP., et al. also found that there was an association between de-
creased serum BDNF and PSD [6]. Although, some studies showed 
conflicting results on the relation between serum BDNF and PSD. 
For instance, Du DB.et al. found that there were no differences in 
serum BDNF levels between PSD and stroke patients without de-
pression [7]. Likewise, Guo RY. et al. also claimed that PSD patients 
had serum BDNF levels similar to stroke patients without depres-
sion [8]. Until now, the relationship between serum BDNF levels 
and PSD was controversial. To our knowledge, no previous meta-
analysis article has compared the serum BDNF levels between PSD 
patients and the stroke patients without depression. Therefore, we 
performed the present meta-analysis study to determine the influ-
ence of BDNF on PSD risk. Our aim was to test the possible associa-
tion between BDNF and PSD.

Eligible studies were identified by searching in the Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), Pubmed, Embase, 
China National Knowledge Infrastructure (CNKI), Chinese Biomedi-
cal Database (CBM) for relevant trials without language restrictions 
using the following mesh search terms :serum brain derived neu-
rotrophic factor, post stroke depression, Chinese population, stoke, 
depression, case-controlled trial. Terms were exploded whenever 
possible in each database. We fixed Sep. 2018 as the cut-off date for 
inclusion of studies.
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We included studies in our review that met all of the following 
criteria: (1) case control design. (2) studies needed to providing 
information on the criteria for diagnosing stroke and depression; 
(3) stroke patients without depression as controls; (4) reporting 
results on the association between serum BDNF levels and post 
stroke depression (PSD), as well as stroke patients without de-
pression; and data was expressed as mean ± standard deviation; 
(5) Studies would be excluded if they were: no original data, no 
controls, review articles and overlapping data.

Two independent reviewers obtained full manuscripts of all cita-
tions that were likely to meet the predefined selection criteria. They 
independently reviewed the articles and extracted the data from 
the included studies. Areas of disagreement or uncertainty were re-
solved by discussion and consultation with a third reviewer. When 
multiple articles were published from a single study, we selected 
the report that contained the most complete and relevant data on 
the association of serum BDNF levels between PSD patients and 
the stroke patients without depression. The study characteristics, 
number of PSD patients and the stroke patients without depression, 
and data of serum BDNF levels were extracted from each selected 
article. Standardized mean difference (SMD) and 95%confidence 
interval (CI) were calculated to estimate the association between 
serum BDNF levels and PSD. The levels of serum BDNF were all 
measured using enzyme-linked immunosorbent assay (ELISA) in 
the included studies. We calculated statistical heterogeneity by an 
X2 test on N-1 degrees of freedom with P < 0.1 indicating signifi-
cant heterogeneity [9]. To evaluate the heterogeneity, we also used 
the I2 test, taking values in the range 0-100% [10]. I2 values of 25% 
may be represent low, 50% modest, and 75% large heterogeneity, 
respectively [11]. When P ≥ 0.1 or I2 ≤ 50% indicated a lack of het-
erogeneity, the fixed effect model was employed to pool all studies 
for summary SMD estimation. Otherwise, the random effect model 
was chosen. Potential publication bias was examined using funnel 
plots [12]. A sensitivity analysis was also performed by repeating 
the meta-analysis and omitting each study at each iteration [13]. 
The calculations were performed using the Revman 5.4 Statistical 
software.

139 studies were identified from the initial search, we identified 
10 studies for the meta-analysis [7,8, 14-21]. All these studies were 
the PSD and the levels of serum BDNF correlation study. Three 

Identification of studies 
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PSD: post stroke depression, N-PSD: stroke patients without de-
pression, BDNF: brain derived neurotrophic factor.

There was significant statistical heterogeneity among the stud-
ies, thus, a random effect model was employed. Pooling all studies 
for summary SMD estimation, PSD patients have significant lower 
BDNF levels than stroke patients without depression (SMD =-5.82, 
95% CI: -6.21 – -5.44 (Figure 1). There was an evidence of an asso-
ciation between the reduced serum BDNF levels and PSD patients. 
In the subgroup analysis, we studied the association between the 
degree of PSD and serum BDNF levels. For the subgroup analysis, 
data for 251 patients of three studies were available. The PSD pa-
tients with mild depression showed significantly elevated serum 
BDNF levels compared with PSD patients with moderate depres-
sion (SMD = 1.98, 95% CI: 1.05–2.91 (Figure 2) or with severe de-
pression (SMD = 4.73, 95% CI: 3.78–5.67 (Figure 3). In addition, the 
PSD patients with moderate depression also showed significantly 
elevated serum BDNF levels compared with severe depression 
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Figure 1: The serum BDNF levels in PSD patients compared with 
stroke patients without depression in the Chinese population.

Figure 2: The serum BDNF levels in PSD patients with 
mild depression compared with PSD Patients with 

moderate depression in the Chinese population.

Figure 3: The serum BDNF levels in PSD patients with 
mild depression compared with PSD Patients with 

severe depression in the Chinese population.

studies of them showed the association between the degree of PSD 
and serum BDNF levels [18, 20, 21]. We excluded 129 studies for 
the following reasons: reviews or case reports, the publications 
dealt with other topics, duplication of data, using other diseases as 
control or not available as full text articles. All eligible studies were 
considered case–control in design. Selected characteristics of the 
included studies are summarized in Table 1. These studies repre-
sented data from 579 PSD patients and 639 stroke patients without 
depression in the Chinese population. 

year Author N serum BDNF levels (ug/L)
PSD N-PSD PSD N-PSD

2010 Guo 46 50 25.8 ± 8.35 24.2 ± 7.48
2010 Du 38 30 12.44 ± 4.33 8.56 ± 3.55
2011 Wang 46 50 25.42 ± 8.32 23.87 ± 7.26
2013 Lu 86 68 17.2 ± 3.48 18.4 ± 4.15
2013 Zhu 40 38 24.87 ± 4.02 33.61 ± 2.62
2015 Zhao 33 55 22.9 ± 4.86 28.24 ± 4.68
2016 Li 40 50 16.75 ± 4.45 29.55 ± 3.21
2016 Zhang 43 57 18.76 ± 2.47 38.52 ± 4
2016 Liu 168 211 7.1 ± 2.28 11.43 ± 2.89
2016 Li 38 30 21.38 ± 4.26 28.75 ± 3.58

Table1: The characteristics of all studies 
included in the meta-analysis.

(SMD = 3.95, 95% CI: 1.37–6.53 (Figure 4). Serum BDNF levels de-
creased as the degree of depression increased, and were negatively 
correlated with the degree of depression. The results remained the 
same when we performed a secondary analysis by repeating the 
meta-analysis and omitting each study at each iteration. Publica-
tion bias may be acceptably low because all the funnel plots for the 
included studies did not reveal obvious signs of publication bias 
(Figure 5).
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Figure 4: The serum BDNF levels in PSD patients with 
moderate depression compared with PSD Patients 
with severe depression in the Chinese population.

Figure 5: Funnel plots for the included studies.

PSD is one of the most frequent neuropsychiatric consequences of 
stroke. Depression also negatively impacts stroke outcome with 
increased morbidity, mortality and poorer functional recovery 
[22]. Therefore, early diagnosis of PSD would greatly benefit pa-
tients with relevant disorders in terms of decreasing their disabil-
ity and mortality. However, the pathogenesis of PSD is not unclear 
and the identification of PSD is still a significant clinical problem. 
So the clinicians and researchers have tried to identify predictors 
that indicated patients at risk of developing PSD. One of the most 
widely potential biomarkers is BDNF which is a neurotrophin that 
is involved in neuronal cell growth, survival, and synaptic plasticity 
[23]. Recent years, there have been many documents which shown 
a strong relationship between BDNF levels and PSD [24, 25]. Fur-
thermore, in stroke survivors diagnosed with PSD, serum BDNF 
concentrations were found to be decreased at 3–6 months post-
event [25]. Several studies also reported that reduced BDNF levels 
were associated with an increased risk of subsequent depression 
[18, 20]. However, it is still unclear whether BDNF affects PSD. We 
believe this is the first meta-analysis study to examine relationship 
between serum BDNF levels and PSD. Overall, we found that PSD 

patients had lower serum BDNF levels than the stroke patients 
without depression. Our findings are consistent with most prior 
studies of BDNF levels and PSD [5, 6]. 

In Addition, the subgroup analysis confirmed that the degree of de-
pression was negatively related to the levels of BDNF, It is currently 
accepted that stroke may cause the reduction or even deficiency of 
BDNF, which is an important factor in the cause of PSD [26]. So, 
we though that serum BDNF levels should be used as the degree 
of depression in patients with stroke. And the BDNF level differ-
ences between PSD and the stroke patients without depression 
suggested that a possible association between expression of BDNF 
in the pathogenesis of PSD. The complex interaction between BDNF 
and PSD might be explained by the follow reasons. First, BDNF 
protects against ischaemic brain injury and attenuates apoptosis 
in cultured neurons after glucose deprivation [27, 28]. In addition, 
BDNF is promising as a candidate molecule underlying the struc-
tural changes associated with ischemia damage, and as a potential 
target for cerebral ischemia injury [29, 30]. Furthermore, BDNF 
signalling is crucially involved in hippocampal neurogenesis [31]. 
Besides, BDNF in periinfarct cortex improves functional recovery 
after stroke [32]. 

As previously noted, some publication reported that antidepressants 
have been shown to increase BDNF levels in the brain, and higher 
serum BDNF may predict better antidepressant response[33]. Fur-
thermore, BDNF produces antidepressant effects in behavioural 
models of depression and confers resilience to chronic stress[34]. 
Therefore, it is estimated that serum BDNF levels can be used as 
the antidepressant effect of reference index. Most importantly, a 
number of studies have also reported beneficial effects of antide-
pressants and especially of selective seroto-nin reuptake inhibitors 
(SSRIs) on post- stroke outcome including activities of daily living 
as well as cognitive and executive functioning [23, 35]. Antidepres-
sant treatment initiated soon after stroke may prevent the emer-
gence of PSD [5, 36].

Discussions

Despite an extensive research effort, the exact etiology of PSD 
remains elusive. Thus, polymorphisms of BDNF have been inves-
tigated as candidate genes for PSD. Recently, the BDNF Val66Met 
polymorphism have been found to modify the association between 
stroke and depression [37], which provides a direction for the in-
vestigation of mechanisms underlying the pathogenesis of PSD and 
brings promise for the effective prevention, diagnosis, and therapy 
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of PSD [38]. Although. Lu L., et al. found that no significant differ-
ences were demonslrated in Val66Met BDNF genotype (P=0.844) 
or allele frequencies(P=0.899)between PSD patients and the con-
trols in the Chinese patients [14]. So, it remains unclear whether 
BDNF gene was associated with the risk of PSD. With the develop-
ment of biomedical techniques, increasing studies are undertaken 
to investigate the targets of BDNF gene, which not only is beneficial 
to elucidate the mechanisms underlying the development of PSD, 
but also provides theoretical evidence for the diagnosis and treat-
ment of PSD.

Our results showed that there was an evidence of an association 
between the reduced serum BDNF levels and PSD patients. These 
findings suggested a possible association between expression of 
BDNF in the the pathogenesis of PSD. Future attempts should be 
done to unravel this neurotrophin in the pathogenesis of PSD.

Conclusion
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