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Abstract

Background: The relationship between brain-derived neurotrophic factor (BDNF) and

depression is a hot topic in research as several results of preclinical and clinical studies

have shown controversial results. Our meta-analysis aims to evaluate and update the

current status of peripheral BDNFwith depression.

Methods:We performed a meta-analysis by comprehensively searching PubMed and

Web of Science for English-language literature from inception to 1st of June 2020. The

search terms included brain-derived neurotrophic factor or BDNF in combinationwith

depression, without year restriction. Using STATA software, data were pooled using a

random-effects model.

Results: In our literature search, 24 studies involving 1130 depressed patients and

1378 healthy individuals met our inclusion criteria. The results of our meta-analysis

showed that the peripheral levels of BDNF levels significantly decreased in depression

than nondepressed healthy controls (SMD=−0.89, 95%CI=−1.41,−0.38, p< .0001);

however, the significant heterogeneity among studies (Q= 740.91, I2= 96.8; p< .001)

was discovered. Trim-and-fill estimations for the adjustment of publication bias indi-

cated that publication bias had no impact on our results. Our sub-group analysis

showed that a history of depression and alcohol consumption had an effect on the level

of BDNF. In addition, age and gender did not affect the heterogeneity of BDNF in the

meta-analysis.

Conclusions: Although decreased peripheral expression of BDNF certainly presents a

risk of depression, we cannot find a definite relationship between the peripheral level

of BDNF with depression to use BDNF as a reliable biomarker to assess the depres-

sion in clinical practice.Wepropose that future research should consider all the factors

affecting BDNF and assess the level of proBDNF and mBDNF separately while evalu-

ating the patients with depression objectively.
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1 INTRODUCTION

In recent years, depression has receivedmuch attention due to its high

prevalence, recurrence rate, and considerable impact on the economy.

Depression is a profounddebilitating disease that is projected to be the

leading cause of the burden of disease worldwide by 2030, resulting

in a high socioeconomic burden to society due to severe limitations on

psychosocial functioning and diminished quality of life (Liu et al., 2020;

Malhi & Mann, 2018). Multiple risks and causative factors of depres-

sion give rise to the following symptoms: depressed mode, anhedo-

nia, irritable behavior, neuro-vegetative symptoms, suicidal thoughts,

and other organic and cognitive complications (Fried et al., 2016; H. S.

Kim & Moore, 2019). Despite advancements in the field, the underly-

ing pathophysiology andmechanismof depression are still inconclusive

compared to other diseases.Moreover, proper and reliable assessment

methods such as the measurement of biomarkers need to be intro-

duced so that physicians can objectively determine a patient’s status

in depression.

Presently, there are no concrete biomarkers to assess depression

clinically. However, many scientists have proposed that brain-derived

neurotrophic factor (BDNF) might play a significant role in the patho-

physiological mechanism of depression. BDNF has a notable involve-

ment in neurogenesis, neuroplasticity, cognitive functions, and other

vital functions of the brain that have been contributed to depression

(Colucci-D’Amato et al., 2020; Failla et al., 2016; Kowiański et al., 2018;

Yang et al., 2020). According to the neurotrophin hypothesis, altered

neurogenesis, whichmay regulatememory and emotion, has been pro-

posed to be the result of the lowered level of BDNF (Schinder & Poo,

2000). Many previous animal, postmortem, and clinical studies have

suggested that BDNF level decreases in patients with depression-like

behavior and impaired neurogenesis phenomena (Emon et al., 2020;

Lorenzetti et al., 2020; Murínová et al., 2017; Nunes et al., 2018;

Sheldrick et al., 2017). Additional studies have been conducted to

establish the relationship between BDNF and depression, and some

of the results have demonstrated that BDNF might act as a poten-

tial biomarker for depression, as a low level of BDNF was found in

depressed patients (Polyakova, Stuke, et al., 2015; Rana et al., 2020).

However, other studies have presented not only inconsistent results

but also contradictory results to the aforementioned claim (Castrén &

Kojima, 2017;Miao et al., 2020;Miranda et al., 2019; Zhou et al., 2017).

Because of the inconsistent results in the literature, this article aims

to address the controversial issue regarding the BDNF with depres-

sion. Based on the hypothesis of “peripheral as a window to the brain,”

our study examined peripheral BDNF level as a proxy for its cen-

tral nervous system (CNS) expression and compared the peripheral

level of BDNF between depressed patients and healthy individuals

(Gejl et al., 2019; Molendijk et al., 2014). We conducted this meta-

analysis to expand our current knowledge in this issue by performing

a comprehensive analysis of all the currently available data related to

BDNFanddepression. In addition,we aim to determinewhetherBDNF

could act as a biomarker for depression in light of any controversial

inconsistent results between the relationship of peripheral BDNF and

depression.

2 METHODS

Our study followed the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) reporting guidelines. The liter-

ature search, data extraction, and inclusion decisions were conducted

by two authors (Sagun Tiwari and Zhenxiang Han) (Figure 1).

2.1 Data sources, searches, and eligibility criteria

Weperformed a comprehensive systematic search of English-language

publications using PubMed and Web of Science, which have been

published until the 1st of June 2020, to identify research articles

on BDNF concentration in depressed patients without any treatment

and healthy controls. Additional searches on Google Scholar, manual

search, and the reference lists of relevant articleswere also performed.

The search terms used for the database search included brain-derived

neurotrophic factor or BDNF in combination with depression. Original

peer-reviewed empirical human studies (> 18years) that reported data

on peripheral blood levels of BDNF in patients with depression under-

going at least 2 weeks drug-naïve or drug-free treatment and healthy

controls were included, independent of the methodological character-

istics of the sample or study. Excluded from our analysis were articles

with secondary analyses of the same data and those with a sample size

below 10.

2.2 Study selection and data extraction

After the titles and abstracts of the search results were screened,

the full-text articles were obtained to further assess eligibility.

Potential errors and doubts were resolved by discussion among all

researchers. Sample sizes, mean (SD) BDNF concentrations (depressed

and healthy), publication year, names of the first authors, sample

source (plasma/serum), assay type, mean age, and gender distribution

were extracted from the selected studies (Table 1). In the case of miss-

ing, incomplete, and ambiguous data, the corresponding authors of

included studies were contacted for clarification.

2.3 Statistical analysis

Statistical analyses were performed using the STATA software (ver-

sion 16.0; Stata Corporation, College Station, TX, USA). We examined

the relationship between peripheral BDNF and depression based on

standardized mean differences (SMDs) and 95% confidence intervals

(CIs) reported in each study. Statistical heterogeneity between stud-

ies was evaluated by the Q statistic and I2 statistic, and substantial

heterogeneity was determined when p < .1. In the presence of statis-

tical heterogeneity, a random effect model was used for the analysis.

In the absence of statistically significant heterogeneity, the SMDs of

the fixed effectmodel are calculated. Publication biaswas examined by

visual inspectionof a funnel plotwith additional trimand fill estimation.
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F IGURE 1 Preferred Reporting Items for Systematic Reviews andMeta-Analyses (PRISMA) flow diagram of the literature search

Sensitivity analysis was performed to test the stability of the results by

excluding each study iteratively. Meta-regression and subgroup analy-

sis were performed. All reported p-values are two-sided, and p-values

≤0.05 were considered statistically significant for all the included

studies.

3 RESULTS

First, we performed a systematic search in which we yielded a total

number of 9487 studies. Then, after removing 4280 duplicate studies,

we screened 5207 studies for a preliminary screening phase based on

the titles and abstracts to further exclude 4888 studies because they

were irrelevant to our study. The remaining 319 studieswere retrieved

for a more detailed full-text analysis in which we excluded 295 studies

based on our eligibility criteria. Finally, 24 studies were included in our

meta-analysis study, which involves 1130 patientswith depression and

1378 healthy controls (Table 1). In addition, we contacted several cor-

responding authors to complement incomplete data from their studies.

A random-effects model meta-analysis was performed on the

extracted 24 studies representing 1130 patientswith depressionwith-

out any treatment and 1378 healthy individuals (controls). As shown

in Figure 2, our findings demonstrated that in patients with depres-

sion without any treatment, the peripheral levels of BDNF levels were
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F IGURE 2 Forest plot for random-effects meta-analysis differences in peripheral levels of brain-derived neurotrophic factors are shown
between the patients with depression and healthy controls. The sizes of the squares are proportional to study weights. Diamondmarker indicates
pooled effect size

significantly decreased relative to levels in nondepressed healthy con-

trols (SMD = −0.89, 95% CI = −1.41, −0.38, p < .0001). According

to sensitivity analysis, no single study had a substantial impact on the

notable difference in blood BDNF levels between depression patients

and healthy controls (Figure S1). In our meta-analysis, however, we

discovered significant heterogeneity among studies (Q = 740.91,

I2= 96.8; p< .001).

3.1 Subgroup analysis and meta-regression

We performed subgroup analyses on alcohol consumption and his-

tory of depression (Figures 3 and 4). Depressed patients with no alco-

hol consumption had significantly decreased blood BDNF levels com-

pared with healthy controls (SMD = −0.62, 95% CI = −1.06, −0.18;

p = .000). In addition, patients with a history of depression had sig-

nificantly decreased blood BDNF levels compared with healthy con-

trols (SMD = −2.24, 95% CI = −4.90, −0.42; p = .000). Furthermore,

the results of meta-regression analyses demonstrated that continuous

variables suchaspatient ageandgenderhadnoeffect on the significant

heterogeneity between studies (Figures S2 and S 3). The publication

was evaluated through the visual inspection of the funnel plot, which

was found to bemildly asymmetric. Hence, the trim and fill method for

adjusting the publication biaswas used to evaluate the number ofmiss-

ing studies, resulting in six missing studies. After including those hypo-

thetical six missing studies, the results remained unchanged, and the

differences between groupswere statistically significant (−1.100 [95%

CI: −1.182, −1.019]; p = .000) under the fixed-effects model; (−1.182

[95%CI:−1.655,−0.709]; p= .000) under random-effects model.

4 DISCUSSION

Prior studies related to BDNF and depression have produced conflict-

ing results that fail to show conclusively whether BDNF is directly

or indirectly proportional to depression (Castrén & Kojima, 2017;
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F IGURE 3 Forest plot for sub-group analysis (history of depression). Pooled results compare peripheral brain-derived neurotrophic factor
(BDNF) between the patients with depression and healthy controls. The study design is stratified into the history of depression and not available of
history of depression. The sizes of the squares are proportional to study weights. Diamondmarker indicates pooled effect sizes

Druzhkova et al., 2019; Miao et al., 2020; Miranda et al., 2019;

Papakostas et al., 2013; Zhou et al., 2017). As a result, in this current

study, we explored the possible reason behind the conflicting outcome

across studies of BDNF and depression by evaluating and/or compar-

ing the BDNF concentrations in both drug-naïve or drug-free patients

and healthy controls. We were able to confirm that the peripheral

expression of BDNF concentrations is lower in drug-naïve or drug-free

depressed patients than in healthy individuals, which have been pre-

viously reported in individual studies that have been previously pub-

lished (Chiou&Huang, 2017; deAzevedoCardoso et al., 2014; Fornaro

et al., 2015; Kishi et al., 2017;Molendijk et al., 2014; Zhou et al., 2017).

Although our study validates altered expression in the depressed

patient, we also discovered a significant amount of heterogeneity

between studies, significantly influencing the BDNF expression in

drug-naïve or drug-free depressed patients. We speculate that a high

heterogeneity might have resulted from between-sample characteris-

tics, such as alcohol consumption and cigarette smoking, sleep-related

issue, circadian variation, socioeconomic status, and differences in the

severity of patient samples’ clinical features such as ahistory of depres-

sion (Bus et al., 2012;Miranda et al., 2019;Wessels et al., 2020). These

heterogeneous variables are interdependent in a complexmanner, and

any disruption of this complex mechanism may give rise to depression

(Athira et al., 2020; Beirão et al., 2020; McEwen & Akil, 2020). It was

impossible to differentiate all these variables in our study. The 24 dif-

ferent studies in our analysis included subjects with unique physio-

logical or pathological stressors affecting each of them in a different

way, and all subjects were included as a whole despite these individ-

ual differences, thereby affecting the results of our study.While not all

those variables were available from all the selected studies, we were

able to perform subgroup analyses on alcohol consumption and his-

tory of depression. According to our results, drug-naïve or drug-free

depressed patientswith alcohol have lower BDNF concentrations than
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F IGURE 4 Forest plot for subgroup analysis (alcohol consumption). Pooled results compare peripheral brain-derived neurotrophic factor
(BDNF) between the patients with depression and healthy controls. The study design is stratified into alcohol consumption, not available, and no
alcohol consumption. The sizes of the squares are proportional to study weights. Diamondmarker indicates pooled effect sizes

thosewithout alcohol. Specifically, a historyofdepression indrug-naïve

or drug-free depressed patients was negatively correlated with blood

BDNF levels. Altogether, alcohol consumption and history of depres-

sion had a significant effect on our results. Meta-regression analyses,

however, of other variables such as age and gender did not affect the

level of BDNF (Figures S2 and S 3), even thoughmany of the previously

published studies have reported that BDNF concentrations consider-

ably decrease with increasing age and in females compared to males

(Albert, 2015; Geldsetzer et al., 2019; Kreinin et al., 2015; Weisbrod

et al., 2019; Zis et al., 2017).

In our analysis, trim-and-fill estimations were used to assess the

impact of publication bias (Figure S4). If trim-and-fill estimation reveals

numerous missing reports, suggesting publication bias, it would be

unreliable to accept research that states that peripheral levels ofBDNF

are decreased in depression. Our study revealed that six studies were

missing, which when imputed the result remain unchanged, suggest-

ing that publication bias has little effect on our result (−1.100 [95%

CI: −1.182, −1.019]; p = .000) under the fixed-effects model; (−1.182

[95%CI:−1.655,−0.709]; p= .000) under random-effects model.

Our results led to the conclusion that BDNF cannot be used as reli-

able clinical biomarker for depression. However, in atrophy, synaptic

disconnection, and irregular functioning of depression circuits, BDNF

has been shown to play an important role (Arosio et al., 2021; Yang

et al., 2020). Decreased neurotrophic support through chronic stress

negatively impacts the survival of neurons and hampers the func-

tions of the hippocampus, so BDNF may be involved in promoting

the progression of depression symptoms (Arosio et al., 2021; Pitsillou

et al., 2020). Recent studies have also concluded that BDNF is corre-

lated with depression (Emon et al., 2020; He et al., 2019; Yang et al.,

2020). In our previous study, we have also concluded that BDNF is a
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F IGURE 5 Funnel plot Publication bias in
studies comparing peripheral brain-derived
neurotrophic factor (BDNF) levels between
patients with depression and healthy controls.
The plots describe the effect size (Hedges g
statistic) of studies against their precision
(inverse of SE). Datamarkers indicate
individual studies

valuable predictor of poststrokedepressionbut not for poststroke anx-

iety (Han et al., 2020). Although BDNFmay have an important involve-

ment in the pathophysiological mechanism of depression, it does not

seem to be a reliable indicator of functional outcome in the gen-

eral population. Furthermore, no association between BDNF polymor-

phisms and depression has been found in large-scale studies (Kishi

et al., 2017; Peters et al., 2020; Tsai, 2018; Youssef et al., 2018). For

decades, it was believed that monoamine deficiency was the cause of

depression’s pathophysiology. But, later on, therewas no universal effi-

cacy in this theory and then the BDNF hypothesis was proposed, and

this hypothesis is now being used in many studies. However, several

irregularities and inconsistencies have been discovered in this current

theory throughout the research. Thus, we suggest that nowmay be the

time to reassess this theory just like the scientific community did with

themonoamine hypothesis of depression.

Inflammation has been proposed as one of the pathological mech-

anisms in major depression disorder (MDD). Many studies have sup-

ported that geneproductsofBDNF (proBDNFandmBDNF)mighthave

a potential role to play in developing depression (Arteaga-Henríquez

et al., 2019; Pitsillou et al., 2020; Wang et al., 2019). The Yin and Yang

hypothesis of BDNF has provided significant insight into depression

(Jaggar et al., 2019; Lu et al., 2005). Various studies have reported

that the precursor proBDNF and themature protein mBDNF can elicit

opposite biological effects through binding to p75NTR and Trk recep-

tors, respectively (Bothwell, 2019; Gibon et al., 2016; Porcher et al.,

2018). Therefore, it may be necessary to differentiate proBDNF and

mBDNF and study their action or mechanism in depression state.

Recently, one article has presented evidence that mBDNF could be the

biomarker to assess depression, through their newly developed ELISA

kit. Nevertheless, the mechanism of howmBDNF is decreased inMDD

still has not been elucidated (Lin et al., 2021), but a thorough investiga-

tion of the action of proBDNF/mBDNFmay potentially present amajor

breakthrough in our understanding ofMDD.

The main limitation of our meta-analysis is that we were unable to

examine all the determinants of peripheral BDNF concentrations apart

from the history of depression, alcohol consumptions, age, and gen-

der because these variables that might alter BDNF expression were

missing from a majority of studies. Second, we did not compare the

databetweendepressionpatientswithdrugs anddrugnaïvedepressed

patients and compared them to the healthy controls. Third, we only

selected English literature and published articles in a peer-reviewed

journal, and it is very possible that there is a higher number of studies

published with positive results than ones with negative ones, resulting

in a significant publication bias, although we did not find any publica-

tion bias in our study (Figure 5). Fourth, BDNF values were not inves-

tigated before and after treatment on depressed patients. Fifth, we

adopted a combination of depression diagnoses including major, mild

and minor, to refer to depression as a whole. Considering that depres-

sion itself is a complex heterogeneous disease with many variations in

its etiopathogenesis and high heterogeneity, this study proposes that

a lowered expression of BDNF blood levels in depression patients may

not only be due to the pathophysiologicalmechanismof depression but

also due to other confounding factors, whichwe should look into detail

in future studies.

5 CONCLUSION

Decreased peripheral expression of BDNF certainly presents a risk

of depression, but in our sub-group analysis, alcohol consumption

and history of depression, unlike age and gender, may have influ-

enced the outcome of our results, a novel finding that has not been

previously reported. Because it is difficult to confirm a definite rela-

tionship between the peripheral level of BDNF with depression,

we advocate that we should rather focus on studying mBDNF and

proBDNF separately, not BDNF as a whole, in depression. Altogether,
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future research should consider all the potential determinants of

BDNF (sampling, sociodemographic, lifestyle indicators, and diseases)

and evaluate the ratio of proBDNF and mBDNF to generate a full pic-

ture of the complex relationships between these factors.
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