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Abstract
Although numerous genetic studies have reported the link between Val66Met in BDNF gene with smoking, the findings
remain controversial, mainly due to small-to-moderate sample sizes. The main aim of current investigation is to explore
whether the variant of Val66Met has any genetic functions in the progress of smoking persistence. The Val-based dominant
genetic model considering Val/* (namely, Val/Val+Val/Met) and Met/Met as two genotypes with comparison of the
frequency of each genotype in current smokers and never smokers. There were seven genetic association articles including
eight independent datasets with 10,160 participants were chosen in current meta-analytic investigation. In light of the potent
effects of ethnicity on homogeneity across studies, we carried out separated meta-analyses according to the ancestry origin
by using the wide-used tool of Comprehensive Meta-analysis software (V 2.0). Our meta-analyses results indicated that the
Val66Met polymorphism was significantly linked with smoking persistence based on either all the chosen samples (N=
10,160; Random and fixed models: pooled OR= 1.23; 95% CI= 1.03–1.46; P value= 0.012) or Asian samples (N= 2,095;
Fixed model: pooled OR= 1.25; 95% CI= 1.01–1.54; P value= 0.044; Random model: pooled OR= 1.25; 95% CI=
1.001–1.56; P value= 0.049). No significant clue of bias in publications or heterogeneity across studies was detected. Thus,
we conclude that the Val66Met (rs6265) variant conveys genetic susceptibility to maintaining smoking, and smokers who
carry Val/* genotypes have a higher possibility of maintaining smoking than those having Met/Met genotype.

Introduction

Cigarette smoking, a chronic and complex brain-related
disorder, has been documented to lead to many diseases,
including various cancers [1–3]. Notably, smoking conveys
highly susceptibility to lung cancer, ranging from fivefold to

tenfold. However, the smoking prevalence is still high or
increasing in some Asian countries. Recently, an author-
itative report from World Health Organization [4] demon-
strated that there were about six million deaths worldwide
each year resulting from smoking. In China, the largest
tobacco-consuming country in the world, suffering a huge
health hazard threating from cigarette smoking, which leads
to ~1.4 million people to die in the year of 2010 [5–7].
Badly, the number of smoking-related deaths is estimated to
reach to two million in the year of 2030 and about three
million in the year of 2050 if the patterns of smoking in
China are unchanged [6–8]. Thus, it is necessary to develop
powerful and effective approaches for promotion of smok-
ing cessation and prevention of smoking initiation.

Twin- and family-based genetic studies [9–13] have
documented various behaviors relevant to smoking,
including the initiation of smoking, persistence in smoking,
dependence of nicotine, attempt to stop smoking, and ces-
sation, are affected by both environmental factors and
genetic components. In total, the average heritability of
dependence of nicotine is 0.56 in both male and female
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smokers [9]. Additional studies have reported a similar level
of heritability for smoking initiation and cessation [12, 13].
Thus, a large and growing interests in exploring the risk of
genetic components for smoking and subsequent nicotine
dependence. Many studies based on candidate genes and
several large genome-wide association studies (GWAS)
have reported a great number of variants relevant to
smoking behaviors [14–19]. One of the most promising
results in GWASs is genetic variants mapped in the
CHRNA5-A3-B4 gene cluster on the chromosome of
15q24–25.1 region are remarkably linked with nicotine
dependence [16, 19].

Genetics-based linkage and association studies have
implicated the functions of genetic components in the
pathogenesis of smoking-related behaviors, including
the effect on the dopamine-related reward circuit [14].
Nicotine could activate dopamine-related nerve fibers in the
mesolimbic-reward pathway and increase the concentrations
of extracellular dopamine that are higher than those stimu-
lations from sex and food [20, 21]. Since the dopaminergic
reward circuit is extensively involved in the pathogenesis of
smoking behaviors, various genes in the pathway have been
extensively chosen for good candidates in smoking-related
genetic association studies. Recent studies have demon-
strated the neurotrophic factor family protein of brain-
derived neurotrophic factor (BDNF), a potent dopamine
modulating protein, is considered to involve in the effects of
nicotine on enhancing cognitive functions, which poten-
tially modulate nicotine reward [22, 23].

BDNF, encoded by BDNF gene in the chromosome
11p13–15, shows highly expression in the mammalian
brain, and involves in regulation of multiple biological
functions of neurons, such as neuron development, regen-
eration, survival, and maintenance [24]. BDNF is a required
element for modulating the neuron development and
molecular regulation of dopaminergic reward pathways
[25–27]. Animal and human studies have reported that
cognitive stimulation, antidepressant treatment, and physi-
cal activity improve BDNF secretion, whereas mood dis-
orders and stress reduce its secretion [28]. These previously
reported findings showed that BDNF might regulate the
responsiveness of dopamine in such a vital way that may
relevant to the etiology or treatment of several conditions
implicating dopamine. Earlier studies [29] have docu-
mented that chronic nicotine could increase BDNF expres-
sion in the rat hippocampus, whereas acute nicotine
prominently decreases the gene expression of BDNF.
Genome-wide linkage investigations have suggested that
the chromosome 11p13 region is likely to harbor genes
conferring susceptibility to nicotine dependence [30].
Recent genetics-based association studies [19, 23, 31, 32]
have demonstrated that variants in BDNF implicated in
vulnerability to smoking behaviors.

In particular, the genetic variant of Val66Met (i.e.,
rs6265) has been investigated extensively to influences the
BDNF system. The functional polymorphism of Val66Met
was observed to change BDNF intracellular packaging and
trafficking, which affects the activity-dependent secretion of
BDNF protein [33]. Since Beuten et al. first [34] found a
significant link between genetic variant in BDNF and
dependence of nicotine in male smokers based on
European-American origin, a growing number of genetics-
based association researches [23, 35–42] have been per-
formed to reveal the genetic correlation of rs6265 with
cigarette smoking-related traits. Nevertheless, these results
are still equivocal. Furthermore, more relevant studies are
essential for better determining the functional role of rs6265
in smoking behaviors and whether harboring the variant of
rs6265 may have clinical therapeutic implications. To our
best knowledge, no meta-analysis has performed a com-
bined analysis of the effect of rs6265 in BDNF on smoking
persistence. Thereby, we conducted a meta-analysis based
on a large-scale sample sizes of existing studies for the
association between rs6265 in BDNF and smoking
persistence.

Materials and methods

Effective search strategy and stringent inclusion
criteria

We interrogated the public database of NCBI PubMed
(https://www.ncbi.nlm.nih.gov/pubmed) for studies with
regard to the association of variants in BDNF with smoking
behaviors prior to June 25, 2018. The searching keywords
used were “susceptibility”, “polymorphism”, “genetics”,
“variant”, “BDNF”, “brain-derived neurotropic factor”,
“smoking”, “nicotine”, “cigarette”, and “tobacco”.
Abstracts were tested for possible related papers in con-
sistent with the normal criteria for inclusion and exclusion
proposed by Moher et al. [43]. The references cited in these
full text papers were hand-checked for underlying other-
related publications missed by the original search. Dupli-
cation studies were dumped and articles reported in pre-
vious data were removed.

Data extraction

According to the “Quality of Reporting of meta-analysis
and PRISMA guidelines” [43], nine studies [23, 35–42]
were read carefully for potent eligible dataset according to a
strictly systematic and comprehensive review (see Supple-
mentary Fig. S1 for details). Only studies or datasets
meeting the five strict criteria as following were chosen: (1)
a case-control-based studies (namely, family-based studies
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were abandoned); (2) a peer-reviewed publication; (3) data
were independent from other previous studies; (4) raw
genotype or allele frequency could be accessed for use; and
(5) sufficient data could be employed to reckon an odds
ratio (OR) and 95% confidence interval (CI). For each
chosen study, two authors (Wu Xubiao and Hailong Zhao)
used a standardized forms to extract the following data:
author names and publication years, paper based on English
or based on other kinds of languages, used samples’
ancestry, types of the chosen studies, ethnicity, the number
of participants in each chosen study, gender ratio, P values
of Hardy–Weinberg equilibrium (HWE), criteria of diag-
nosis for defining smoking phenotype, and the count of
subjects with distinct smoking status stratified by the gen-
otypes of rs6265.

Classification of phenotypes and genotypes

As documented in previous studies [15, 18, 44], we defined
the elements of smoking behaviors as comparing the status
of smoking: (1) use ever smoking versus (vs.) never
smoking to assess initiation of smoking, (2) use current
smoking vs. never smoking to assess maintaining smoking
(i.e., smoking persistence), and (3) use current smoking vs.
ex-smoking to assess smoking cessation. In the accepted
studies, the data for smoking was mainly concentrated on
smoking persistence. Thus, we carried out our meta-analysis
for the association of Val66Met genotypes in BDNF under a
dominant model (Val/Val and Val/Met genotypes vs. Met/
Met genotypes) with smoking persistence.

Statistical analysis

Firstly, we combined all datasets from the included articles
to conduct an overall meta-analysis. Further, we performed
separated meta-analyses through taking into account the
underlying influence of different race: Asian ancestry and
Caucasian ancestry. Since there is only one study for
African ancestry, no stratified meta-analysis for this race.
All meta-analyses were conducted by employing the wide-
used tool of Comprehensive Meta-analysis software pack-
age (V. 2.0; Biostat Inc., Englewood, NJ). The significance
of a combined OR is calculated by a Z-score examination,
and P value < 0.05 is thought to be significant.

We used both random and fixed models for meta-
analyses. With respect the random model based on DerSi-
monian and Laird methods [45], which assumes that the
heterogeneity across distinct chosen studies is attributed to
variation within- and between-study, the effect size of each
study was computed to create a combined OR and 95% CI.
The effect size of each single study using the fixed model
was combined with the use of Mantel–Haenszel methods
[45], which assumes that genotype effect is constant acrossTa
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different researches and the observed variation is attributed
to chance of random. Compared with the fixed model, the
random model that generating a wider CI is more con-
servative. Thus, the fixed model appears to be more
encouraged when no heterogeneity across studies exists;
otherwise, the random model should be acceptable.

We used both Cochran’s Q and I2 test [46] to evaluate the
potential heterogeneity between different chosen studies.
The across-all-studies heterogeneity is of significance when
PQ < 0.05, and further it can be assessed by the value of I2

(I2=Q− df/Q), which is employed for determining the
percentage of evaluated variation across different chosen
studies resulting from heterogeneity instead of that by
chance of random. For a typical example, when I2 value is
equal to 50%, the outcomes from meta-analyses can inflate
evaluated variation percentage not explained by genotype to
50% [15, 18]. Further, we also utilized two kinds of
approaches of funnel-shaped distribution and Egger-
regression test to assess publication bias. Funnel plot uses
a method of linear regression to visualize the funnel-shaped
distribution asymmetry based on the natural logarithm of
the OR. When several chosen studies were out of the funnel
distribution, the plot tends to be asymmetrical, indicating
there exists a possibility of bias in publication.

Results

Basic characteristics on the chosen studies

In current study, we searched ten studies reported between
2007 and 2017 (Supplementary Table S1). All these chosen
studies contain a total of 11,348 subjects, ranging from 149
to 3404 samples in each study. There are two main popu-
lations based on Asian ancestry and Caucasian ancestry.
Among these studies, different sex ratios were detected
(Table 1). Except for the study of Zhang et al. [37], the
genotypes of all studies were HWE (Supplementary
Table S1). Since other three typical genetic-based models,
i.e., allelic, additive, and recessive genetic model, showed
no evidence of a significant association between Val66Met
and smoking persistence (data not included), we thus
adopted a genetic model of Val/* genotype dominant for all
the subsequent analyses. There are seven eligible studies
with a total of 10,160 samples for meta-analysis (Table 1).
Genotype distributions of Val/* (i.e., Val/Val and Val/Met
genotypes) of these eight studies are shown in Table 1.

Meta-analysis based on all included studies

We first carried out an overall meta-analysis to reveal
whether the link of Val66Met genotypes in BDNF with
maintaining smoking by incorporating all the chosen

datasets. The dataset from the chosen studies reported by
Jiang et al. [35] was stratified into two datasets based on
Asian and Caucasian ancestry (Table 1). The pooled OR
was 1.23 (P value= 0.021) with the 95% CI from
1.03–1.46 in both the fixed and random models (Fig. 1 and
Table 2), suggesting that the Val/* genotypes convey a
higher susceptibility to smoking persistence. The Cochran’s
Q and I2 test demonstrated no evidence of significant het-
erogeneity across all the chosen studies existed (I2= 0.0;
PQ= 0.49).

Meta-analysis based on different ethnicities

By considering the Val/* genotypes frequency differences
between different populations, we conducted two stratified
meta-analyses, incorporating the datasets depended on
Asian population and Caucasian population. With respect to
the Asian ancestry, the combined OR was 1.25 (95% CI=
1.01–1.54; P= 0.044) in the fixed model (Fig. 2). Similar
with the outcomes from overall meta-analysis, no evidence
of significant across-study heterogeneity was observed in
Asian population (I2= 5.6; PQ= 0.35; see Table 2). When
the meta-analysis for Asian population conducted in the
random model, the association is still significant with the
pooled OR of 1.25 (95% CI= 1.001–1.56; P= 0.049).
Although there was no evidence of significant heterogeneity
between studies of Caucasian population (I2= 18.9; PQ=
0.296), no significant association was detected (Table 2 and
Supplementary Fig. S2).

Sensitivity-based and accumulative-based analysis
for reliability of current meta-analysis

A sensitivity-based analysis was carried out for datasets
from all the chosen articles in the fixed model to test
whether the detected effect of Val66Met variant on smoking

Fig. 1 Forest plot shows the results from current meta-analysis for the
association of the polymorphism of Val66Met in BDNF with smoking
persistence based on all chosen studies. The specific odds ratio, lower
limit, upper limit, Z-score, and P value of each individual study are
shown by rows. The central vertical solid line represents the value of
ORs. The OR of null hypothesis is assumed to be equal to 1. We used
the horizontal and square bar to represent the 95% CI and OR of each
study. The pooled OR is computed in the fixed model and underneath
of the forest plot with the use of diamond symbol for representation
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persistence was significantly affected by kicking out one
independent article each time. As presented in Fig. 3, the
combined ORs fluctuated faintly ranging from 1.196 to
1.303, suggesting our current findings from meta-analytic
approach were not prominently impacted by any single
dataset from chosen study. All calculated P values for
sensitivity-based test were detected to be statistically sig-
nificant (Fig. 3a and Supplementary Table S2). To deter-
mine whether Val66Met polymorphism showing significant
association with smoking persistence alters with the
increase of years of publication, we also conducted an
accumulative-based analysis for all the datasets from our
current chosen studies in the fixed model. The combined
ORs reduced from 1.422 in 2007 to 1.207 in 2009, and went
to relatively stable after the year of 2009 to now (Fig. 3b).
Please refers to Supplemental Table S3 for the specific
P values and other detailed relevant information.

Assessment of possible bias in publication

For all these performed meta-analyses in the current
investigation, we employed the approaches of Egger-

regression analysis and funnel-shaped distribution to eval-
uate the existing bias in publication. As shown in Table 2,
all the calculated P values from the Egger-regression ana-
lysis were >0.05, suggesting that there existed no significant
evidence of publication bias in all three meta-analyses
performed in the present investigation. Consistently, the
funnel-shaped plots for meta-analyses based on all chosen
studies, Asian population, and Caucasian population tend to
be of symmetry with no study deviated out of the funnel-
shaped plot (Fig. 4, Supplementary Figs. S3 and S4), which
provides further supportive evidence of no publication bias
for all these conducted meta-analyses.

Functional analysis of rs6265 polymorphism in
BDNF

Consistent with previous evidence [24], we observed the
BDNF gene is highly expressed in human brain tissues based
on the web-based database of GTEX PROTAL (https://
gtexportal.org/home/). The nonsynonymous Val66Met
(C196T) polymorphism (rs6265) is located at the position of
196 in the genomic region encoding pro-BDNF protein
(Fig. 5b). To further explore the cis-regulatory effects of
rs6265 polymorphism on the expression of BDNF gene, we
performed cis-acting eQTL analyses in human tissues by
using a web-based tool of Haploreg v4.1. We observed that
the polymorphism of rs6265 showed prominent allele-
specific mRNA expression of BDNF in nerve tibial tissue
(P= 5.75 × 10−6), thyroid tissue (P= 6.30 × 10−6) and
whole blood samples (P= 0.00135) (Fig. 5c).

Discussion

In current investigation, we first conducted a meta-analysis
to identify the association between Val66Met (rs6265) in
BDNF and smoking persistence, and detected a prominent

Table 2 Results from the meta-analysis for smoking persistence stratified by different datasets

Dataset of meta-analysis Cohorts (n) Sample size (N) Estimate of
Heterogene-
ity

Fixed-effects model Random-effects model B(d)

I2 (%) P (Q) Pooled OR 95% CI P (Z) Pooled OR 95% CI P (Z) P (B)

All samplesa n= 8 N= 10,490 0.0 0.49 1.23 1.03–1.46 0.021 1.23 1.03–1.46 0.021 0.71

Asian samplesb n= 3 N= 2,095 5.6 0.35 1.25 1.01–1.54 0.044 1.25 1.001–1.56 0.049 0.08

Caucasian samplesc n= 4 N= 4,991 18.9 0.296 1.18 0.86–1.61 0.31 1.14 0.78–1.66 0.51 0.2

Current results were based on Val/* dominant model
aMeta-analysis of all samples from all chosen studies
bMeta-analysis of all Asian samples from chosen studies
cMeta-analysis of all Caucasian samples from chosen studies
dEgger’s regression test for publication bias

Fig. 2 Forest plot shows the results from current meta-analysis for the
association of the polymorphism of Val66Met in BDNF with smoking
persistence based on Asian population-based studies. The specific odds
ratio, lower limit, upper limit, Z-score, and P value of each individual
study are shown by rows. The central vertical solid line represents the
value of ORs. The OR of null hypothesis is assumed to be equal to 1.
We used the horizontal and square bar to represent the 95% CI and OR
of each study. The pooled OR is computed in the fixed model and
underneath of the forest plot with the use of diamond symbol for
representation
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effect of Val66Met polymorphism on smoking persistence
based on a large-scale samples. Since there exist no sig-
nificant evidence of heterogeneity across all chosen studies
or publication bias identified, we thus concluded that the
Val allele play a crucial role in the pathology of the per-
sistence of smoking, suggesting that carriers of Val/Val and
Val/Met genotypes have a higher likelihood of maintaining
smoking than individuals carrying the homozygous geno-
type of Met/Met.

The dopaminergic reward system functionally response
to the stimulation of nicotine is regulated by BDNF pro-
tein, which could regulate dopamine D3 receptor (DRD3)
expression through a regulation system of stimulating the
function of the DRD1 [47]. The encoding BDNF gene,
located on chromosome 11, has been well-reported to be
correlated with substance abuses and psychiatric diseases,

such as nicotine dependence [19, 31], alcohol dependence
[31, 48], schizophrenia [49], personality [28], and attention
deficit hyperactivity disorder [50]. The well-studied poly-
morphism of Val66Met, located in the region of exon 9
that codes for the pro-BDNF, was observed to change
BDNF intracellular packaging and trafficking, which
affects the activity-dependent secretion of BDNF protein
[33]. The rs6265 variant has been demonstrated to be
functionally linked with the impaired function of memory
and hippocampal [51] and increased anxiety-related
behaviors [52]. Consistently, multiple lines of evidence
have documented that the genetic variant of rs6265 is
significantly associated with various psychiatric diseases,
including schizophrenia, bipolar, and eating disorders
[53, 54]. Furthermore, a number of genetic researches have
reported a potential association between the common

Fig. 3 Plots of sensitivity-based and accumulative-based analysis
results for the meta-analyses combined all chosen studies. a The Y-axis
represents the combined OR, and the X-axis for each single study left
out in sequence from the chosen articles. The diamond symbols stand
for the combined OR, and the bottom and top horizontal bars represent
the 95% confidence intervals (CIs). b The pooled OR of the rs6265

polymorphism for smoking persistence was shown against years of
publication among all chosen studies. The Y-axis represents the pooled
OR and the X-axis for the years of studies published relative to the
pooled OR. The diamond symbols show that the pooled OR, and each
vertical line with horizontal bars labels the 95% CI

Fig. 4 Funnel plots of
publication biases of Asian
population-based studies. Here,
Y-axis stands for the standard
error of the log OR and X-axis
represents the log OR. Each dot
represents an individual study
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Val66Met variant and susceptibility to smoking-related
phenotypes [23, 35–42]. For example, a large-scale GWAS
[19] identified the polymorphism of rs6265 was sig-
nificantly associated with smoking initiation (OR= 1.06,
95% CI 1.08–1.18, P= 3.6 × 10−8). However, the pattern
of the results for smoking persistence is inconsistent,
which primarily because of the small sample size or
sampling bias in each investigation. It remains an open
question whether the genetic variant of rs6265 has an
effect on smoking persistence. The meta-analytic method
is extensively thought to be an effective tool for improving
the power of our statistical analysis through combining
various studies on the same topic.

In view of recessive, additive, and allelic genetic models
have no significant results, the Val-dominant model was
mainly applied in current meta-analytic investigation. The
rs6265 polymorphism was detected to be significantly cor-
related with maintaining smoking based on all chosen
samples and Asian ancestry-based samples. As for Cauca-
sian population, we did not detect any evidence for the link.
The allele frequencies of Val allele of rs6265 variant show
highly differences across different population, with Val
allele estimated to be ~78.4% in Caucasian population but
only about 51.5% among Asian populations, which is in
consistent with the findings reported by previous articles
[28, 55]. As such, the different frequencies of rs6265 allele

Fig. 5 The BDNF gene expression in different 53 human tissues and
rs6265-eQTL analysis. a For BDNF gene expression. The source of
expression data were attained from GTEx analysis release V7 (dbGaP
Accession phs000424.v7.p2). Expression values are shown in tran-
scripts per million (TPM). Box plots are presented as median, 25th and
75th percentiles; points are shown as outliers if the value above or
below 1.5 times the interquartile range. b The Human BDNF gene
structure. The 10 introns are presented as black lines and the 11 exons

as green boxes. Only the 3’ exon 9 is coding and generates the
polypeptide of BDNF. The blue box represents the region of exon 9
coding for the pro-BDNF protein. The functional rs6265 polymorph-
ism is located at the position of 196 in the genomic region encoding
the protein of pro-BDNF [31, 58]. c rs6265-eQTL analysis. The cis-
acting SNP-eQTL analyses in different human tissues was based on a
web-based tool of Haploreg v4.1 (https://pubs.broadinstitute.org/ma
mmals/haploreg/haploreg.php)
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may contribute to the nonsignificant association of smoking
persistence among Caucasian population. However, we
observed on significant clue of bias in publication or
between-study heterogeneity in all the present meta-
analyses. Further, no study fell noticeably out of the
funnel-shaped distribution. After applying of the method of
Duval and Tweedie trim and fill by adding missing negative
studies, our meta-analyses-based results remain to be sig-
nificant. In addition, from sensitivity-based and
accumulative-based analysis, the findings from meta-
analysis based on all the chosen studies showed that the
combined OR was not substantially vulnerable to any single
study and gradually tended to steady as the years of relevant
publications increased. Our interesting results offer strong
evidence that the effect of rs6265 polymorphism contribute
susceptibility to maintaining smoking.

Although a significant association between rs6265 and
smoking persistence was observed, the findings of current
meta-analytic investigation should be cautiously explained
in light of underlying flaws as listed in the following. First,
smoking is a common brain disorder with a complex
etiology influenced by multiple factors and commonly show
a comorbidity with other neuropsychiatric disorders or drug
addictions, which appears to have a highly likelihood to
share common genetic susceptibility components in the
dopamine-related reward circuit. Further, the vast majority
of the chosen studies did not offer relevant data that allows
us to include or exclude subjects with comorbidity diseases
in the selected samples. Thus, these comorbidity diseases in
included smokers or never smokers might confuse the
results of current meta-analysis. Second, there existed dis-
tinct gender ratios of subjects among these chosen articles,
which might contribute to the existing limitations, as indi-
cated by many previous reported studies [15, 18, 56, 57].
Third, in the present study, we did not compute the inter-
rater-reliability for choosing published studies, which might
cause some selecting biases. Nevertheless, if such bias
existed, it would be minimized by using two authors inde-
pendently reviewed all these published studies. Finally, due
to there exist a deficient number of published articles on
other variants, we could not test the biological interactions
of gene by gene, which confer risk to the etiology of
addictions or addictive behaviors, including smoking per-
sistence. For example, Terracciano et al. [28] have docu-
mented that BDNF Val66Met show genetic interaction with
5-HTTLPR variant in the serotonin transporter gene. They
demonstrated that individuals with BDNF Met variant and
5-HTTLPR LL have a higher scores of neuroticism, but
with BDNF Val variant and 5-HTTLPR LL have a lower
scores of neuroticism.

In sum, our current meta-analyses show the Val66Met
variant has a moderate effect on smoking persistence in a
large-scale samples. Compared with individuals with Met/

Met genotype, individuals with Val/* genotypes have a
23% greater possibility of maintaining smoking, which
suggests that the dopamine-relevant functions of Val66Met
variant is implicated in mediating the biological process of
smoking persistence. More related molecular experiments
are needed to explore the biological function and regulation
mechanism of the rs6265 variant on smoking persistence
and reveal the genetic interactions with other genes. Current
investigation advances our understanding of genetic com-
ponents underlying smoking persistence, and would con-
tribute to the development of effective strategies for
smoking cessation.

Acknowledgements We would like to acknowledge Prof. Sidong
Xiong and Prof. Chunsheng Dong at the Institutes of Biology and
Medical Sciences, Soochow University, Suzhou, China, for their
careful guidance and support in this manuscript. This work was sup-
ported in part by National Natural Science Foundation of China (No.
31701007), the Initial Research Funds for the Ph.D in Zunyi Medical
University (F-818), Training Project of Young Talents Engineering of
Science and Education of Guizhou Province (No. 2017–198).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Ma Y, Li MD. Establishment of a strong link between smoking
and cancer pathogenesis through DNA methylation analysis. Sci
Rep. 2017;7:1811.

2. Alexandrov LB, Ju YS, Haase K, Van Loo P, Martincorena I, Nik-
Zainal S, et al. Mutational signatures associated with tobacco
smoking in human cancer. Science. 2016;354:618–22.

3. Pleasance ED, Stephens PJ, O’Meara S, McBride DJ, Meynert A,
Jones D, et al. A small-cell lung cancer genome with complex
signatures of tobacco exposure. Nature. 2010;463:184–90.

4. WHO. WHO tobacco fact sheet N°339 (http://www.who.int/
mediacentre/factsheets/fs339/en/). World Health Organization;
2014.

5. Li Q, Hsia J, Yang G. Prevalence of smoking in China in 2010. N
Engl J Med. 2011;364:2469–70.

Meta-analytic method reveal a significant association of the BDNF Val66Met variant with smoking. . . 405

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.who.int/mediacentre/factsheets/fs339/en/
http://www.who.int/mediacentre/factsheets/fs339/en/


6. Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, et al.
Rapid health transition in China, 1990-2010: findings from the
Global Burden of Disease Study 2010. Lancet. 2013;381:
1987–2015.

7. Ma Y, Wen L, Cui W, Yuan W, Yang Z, Jiang K, et al. Prevalence
of cigarette smoking and nicotine dependence in men and women
residing in two provinces in China. Front Psychiatry. 2017;8:254.

8. Chen Z, Peto R, Zhou M, Iona A, Smith M, Yang L, et al.
Contrasting male and female trends in tobacco-attributed mortality
in China: evidence from successive nationwide prospective cohort
studies. Lancet. 2015;386:1447–56.

9. Li MD, Cheng R, Ma JZ, Swan GE. A meta-analysis of estimated
genetic and environmental effects on smoking behavior in male
and female adult twins. Addiction. 2003;98:23–31.

10. Johnson EO, Chase GA, Breslau N. Persistence of cigarette
smoking: familial liability and the role of nicotine dependence.
Addiction. 2002;97:1063–70.

11. True WR, Heath AC, Scherrer JF, Waterman B, Goldberg J, Lin
N, et al. Genetic and environmental contributions to smoking.
Addiction. 1997;92:1277–87.

12. Hardie TL, Moss HB, Lynch KG. Genetic correlations between
smoking initiation and smoking behaviors in a twin sample.
Addictive Behav. 2006;31:2030–7.

13. Li MD. The genetics of smoking related behavior: a brief review.
Am J Med Sci. 2003;326:168–73.

14. Ma Y, Yuan W, Jiang X, Cui WY, Li MD. Updated findings of
the association and functional studies of DRD2/ANKK1 variants
with addictions. Mol Neurobiol. 2015;51:281–99.

15. Ma Y, Wang M, Yuan W, Su K, Li MD. The significant asso-
ciation of Taq1A genotypes in DRD2/ANKK1 with smoking
cessation in a large-scale meta-analysis of Caucasian populations.
Transl psychiatry. 2015;5:e686.

16. Wen L, Jiang K, Yuan W, Cui W, Li MD. Contribution of variants
in CHRNA5/A3/B4 gene cluster on chromosome 15 to tobacco
smoking: from genetic association to mechanism. Mol Neurobiol.
2016;53:472–84.

17. Chen J, Ma Y, Fan R, Yang Z, Li MD. Implication of genes for
the N-methyl-D-aspartate (NMDA) receptor in substance addic-
tions. Mol Neurobiol. 2018;55:7567–78.

18. Ma Y, Yuan W, Cui W, Li MD. Meta-analysis reveals significant
association of 3’-UTR VNTR in SLC6A3 with smoking cessation
in Caucasian populations. Pharmacogenom J. 2016;16:10–17.

19. Tobacco, Genetics C. Genome-wide meta-analyses identify mul-
tiple loci associated with smoking behavior. Nat Genet.
2010;42:441–7.

20. Little HJ. Behavioral mechanisms underlying the link between
smoking and drinking. Alcohol Res Health. 2000;24:215–24.

21. Di Chiara G, Bassareo V, Fenu S, De Luca MA, Spina L, Cadoni
C, et al. Dopamine and drug addiction: the nucleus accumbens
shell connection. Neuropharmacology. 2004;47(Suppl 1):227–41.

22. Levin ED, McClernon FJ, Rezvani AH. Nicotinic effects on
cognitive function: behavioral characterization, pharmacological
specification, and anatomic localization. Psychopharmacology.
2006;184:523–39.

23. Lang UE, Sander T, Lohoff FW, Hellweg R, Bajbouj M, Winterer
G, et al. Association of the met66 allele of brain-derived neuro-
trophic factor (BDNF) with smoking. Psychopharmacology.
2007;190:433–9.

24. Altar CA, DiStefano PS. Neurotrophin trafficking by anterograde
transport. Trends Neurosci. 1998;21:433–7.

25. Hyman C, Hofer M, Barde YA, Juhasz M, Yancopoulos GD,
Squinto SP, et al. BDNF is a neurotrophic factor for dopaminergic
neurons of the substantia nigra. Nature. 1991;350:230–2.

26. Altar CA, Cai N, Bliven T, Juhasz M, Conner JM, Acheson AL,
et al. Anterograde transport of brain-derived neurotrophic factor
and its role in the brain. Nature. 1997;389:856–60.

27. Thoenen H. Neurotrophins and neuronal plasticity. Science.
1995;270:593–8.

28. Terracciano A, Tanaka T, Sutin AR, Deiana B, Balaci L, Sanna S,
et al. BDNF Val66Met is associated with introversion and inter-
acts with 5-HTTLPR to influence neuroticism. Neuropsycho-
pharmacol. 2010;35:1083–9.

29. Kenny PJ, File SE, Rattray M. Acute nicotine decreases, and
chronic nicotine increases the expression of brain-derived neuro-
trophic factor mRNA in rat hippocampus. Brain Res Mol Brain
Res. 2000;85:234–8.

30. Li MD, Ma JZ, Cheng R, Dupont RT, Williams NJ, Crews KM,
et al. A genome-wide scan to identify loci for smoking rate in the
Framingham Heart Study population. BMC Genet. 2003;4:S103.

31. Haerian BS. BDNF rs6265 polymorphism and drug addiction: a
systematic review and meta-analysis. Pharmacogenomics.
2013;14:2055–65.

32. Li MD, Lou XY, Chen G, Ma JZ, Elston RC. Gene-gene inter-
actions among CHRNA4, CHRNB2, BDNF, and NTRK2 in
nicotine dependence. Biol Psychiatry. 2008;64:951–7.

33. Egan MF, Kojima M, Callicott JH, Goldberg TE, Kolachana BS,
Bertolino A, et al. The BDNF val66met polymorphism affects
activity-dependent secretion of BDNF and human memory and
hippocampal function. Cell. 2003;112:257–69.

34. Beuten J, Ma JZ, Payne TJ, Dupont RT, Quezada P, Huang W,
et al. Significant association of BDNF haplotypes in European-
American male smokers but not in European-American female or
African-American smokers. Am J Med Genet Part B Neu-
ropsychiatr Genet. 2005;139B:73–80.

35. Jiang K, Yang Z, Cui W, Su K, Ma JZ, Payne TJ, et al. An exome-
wide association study identifies new susceptibility loci for age of
smoking initiation in African- and European-American popula-
tions. Nicotine Tob Res. 2017;21:707–13.

36. Zhang XY, Chen DC, Xiu MH, Luo X, Zuo L, Haile CN, et al.
BDNF Val66Met variant and smoking in a Chinese population.
PloS One. 2012;7:e53295.

37. Zhang XY, Chen DC, Tan YL, Luo X, Zuo L, Lv MH, et al.
Smoking and BDNF Val66Met polymorphism in male schizo-
phrenia: a case-control study. J Psychiatr Res. 2015;60:49–55.

38. Jamal M, Van der Does W, Elzinga BM, Molendijk ML, Penninx
BW. Association between smoking, nicotine dependence, and
BDNF Val66Met polymorphism with BDNF concentrations in
serum. Nicotine Tob Res. 2015;17:323–9.

39. Suriyaprom K, Tungtrongchitr R, Thawnashom K, Pimainog Y.
BDNF Val66Met polymorphism and serum concentrations of
BDNF with smoking in Thai males. Genet Mol Res.
2013;12:4925–33.

40. Montag C, Basten U, Stelzel C, Fiebach CJ, Reuter M. The BDNF
Val66Met polymorphism and smoking. Neurosci Lett. 2008;442:
30–33.

41. Wang ZR, Zhou DF, Cao LY, Tan YL, Zhang XY, Li J, et al.
Brain-derived neurotrophic factor polymorphisms and smoking in
schizophrenia. Schizophrenia Res. 2007;97:299–301.

42. Landi MT, Chatterjee N, Yu K, Goldin LR, Goldstein AM,
Rotunno M, et al. A genome-wide association study of lung
cancer identifies a region of chromosome 5p15 associated with
risk for adenocarcinoma. Am J Hum Genet. 2009;85:679–91.

43. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. J Clin Epidemiol. 2009;62:1006–12.

44. Munafo M, Clark T, Johnstone E, Murphy M, Walton R. The
genetic basis for smoking behavior: a systematic review and meta-
analysis. Nicotine Tob Res. 2004;6:583–97.

45. DerSimonian R, Laird N. Meta-analysis in clinical trials. Con-
trolled Clin Trials. 1986;7:177–88.

46. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ. 2003;327:557–60.

406 H. Zhao et al.



47. Novak G, LeBlanc M, Zai C, Shaikh S, Renou J, DeLuca V, et al.
Association of polymorphisms in the BDNF, DRD1 and DRD3
genes with tobacco smoking in schizophrenia. Ann Hum Genet.
2010;74:291–8.

48. Logrip ML, Barak S, Warnault V, Ron D. Corticostriatal BDNF
and alcohol addiction. Brain Res. 2015;1628:60–67.

49. Libman-Sokolowska M, Drozdowicz E, Nasierowski T. BDNF as
a biomarker in the course and treatment of schizophrenia. Psy-
chiatr Pol. 2015;49:1149–58.

50. Liu DY, Shen XM, Yuan FF, Guo OY, Zhong Y, Chen JG, et al.
The Physiology of BDNF and Its Relationship with ADHD. Mol
Neurobiol. 2015;52:1467–76.

51. Brooks SJ, Nilsson EK, Jacobsson JA, Stein DJ, Fredriksson R,
Lind L, et al. BDNF polymorphisms are linked to poorer working
memory performance, reduced cerebellar and hippocampal
volumes and differences in prefrontal cortex in a Swedish elderly
population. PloS ONE. 2014;9:e82707.

52. Dincheva I, Yang J, Li A, Marinic T, Freilingsdorf H, Huang C,
et al. Effect of early-life fluoxetine on anxiety-like behaviors in
BDNF Val66Met mice. Am J Psychiatry. 2017;174:1203–13.

53. Gratacos M, Gonzalez JR, Mercader JM, de Cid R, Urretavizcaya
M, Estivill X. Brain-derived neurotrophic factor Val66Met and

psychiatric disorders: meta-analysis of case-control studies con-
firm association to substance-related disorders, eating disorders,
and schizophrenia. Biol Psychiatry. 2007;61:911–22.

54. Post RM. Role of BDNF in bipolar and unipolar disorder:
clinical and theoretical implications. J Psychiatr Res. 2007;
41:979–90.

55. Tochigi M, Otowa T, Suga M, Rogers M, Minato T, Yamasue H,
et al. No evidence for an association between the BDNF Val66-
Met polymorphism and schizophrenia or personality traits. Schi-
zophrenia Res. 2006;87:45–47.

56. Ohmoto M, Sakaishi K, Hama A, Morita A, Nomura M, Mitsu-
moto Y. Association between dopamine receptor 2 TaqIA poly-
morphisms and smoking behavior with an influence of ethnicity: a
systematic review and meta-analysis update. Nicotine Tob Res.
2013;15:633–42.

57. Lerman C, Caporaso NE, Audrain J, Main D, Bowman ED,
Lockshin B, et al. Evidence suggesting the role of specific genetic
factors in cigarette smoking. Health Psychol. 1999;18:14–20.

58. Fritsch B, Reis J, Martinowich K, Schambra HM, Ji Y, Cohen LG,
et al. Direct current stimulation promotes BDNF-dependent
synaptic plasticity: potential implications for motor learning.
Neuron. 2010;66:198–204.

Meta-analytic method reveal a significant association of the BDNF Val66Met variant with smoking. . . 407


	Meta-analytic method reveal a significant association of the BDNF Val66Met variant with smoking persistence based on a large samples
	Abstract
	Introduction
	Materials and methods
	Effective search strategy and stringent inclusion criteria
	Data extraction
	Classification of phenotypes and genotypes
	Statistical analysis

	Results
	Basic characteristics on the chosen studies
	Meta-analysis based on all included studies
	Meta-analysis based on different ethnicities
	Sensitivity-based and accumulative-based analysis for reliability of current meta-analysis
	Assessment of possible bias in publication
	Functional analysis of rs6265 polymorphism in BDNF

	Discussion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




