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Abstract
Introduction: Brain derived neurotrophic factor (BDNF) is a growth factor in the central nervous system.
There is evidence for the involvement of BDNF in addictions and mental disorders. We aimed to
replicate the earlier reported association of a functional genetic variant of BDNF with smoking initiation
(SI) using a large population-based sample, and to test whether the association is independent of
depression.
Methods: Our sample was drawn from the Finnish population-based FINRISK Surveys conducted in
1992, 1997, 2002 and 2007. The BDNF Val66Met (G/A) variant (rs6265) was genotyped in 26,751 adults
aged 25-74 years. SI phenotype was defined as self-reported ever (n=12,543) versus never (n=19,340)
smoking. The association between BDNF Val66Met and SI was modeled using logistic regression
adjusted for age and sex, and in secondary analyses also for depression (n= 26,647). Depression was
defined as self-reported depression diagnosed or treated by physician during the past year.
Results: The sex and age adjusted analysis confirmed that the major (Val) allele increased the risk of
being a lifetime ever smoker (per allele OR=1.07; 95%CI 1.01, 1.12; p=.01). When depression, which
itself was significantly associated with SI (OR=1.58; 95%CI 1.37, 1.82; p<.001), was added to the model,
the association of the gene with SI remained unchanged (per allele OR=1.06; 95%CI 1.01, 1.12; p=.01).
Exclusion of depressed individuals did not change the results (OR=1.06; 95%CI 1.01, 1.12; p=.02).
Conclusions: In a population dataset we replicated the earlier reported association of BDNF Val66Met
with SI. Our data further suggest that this association is independent of depression.
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Introduction
Brain derived neurotrophic factor (BDNF) is a growth factor in the central nervous system. BDNF has an
important role in the survival of existing neurons and in the growth and differentiation of new neurons
and synapses. Autry and co-authors (1) summarized evidence for the involvement of BDNF in
addictions, such as cigarette smoking, and mental disorders, such as depression. Genetic variation in
BDNF has been studied earlier in relation to cigarette smoking. An early meta-analysis suggested that
BDNF SNPs are associated with initiation of cigarette smoking. These SNPs in the BDNF region include
the Val66Met polymorphism (2) and the NTRK2 gene (3). Earlier literature further suggests that people
with an altered BDNF signaling are more likely to become and remain addicted to nicotine. In humans,
nicotine potentially causes BDNF release in the cortex and in the striatum (1). Thus, BDNF signaling may
enhance the rewarding properties of cigarette smoking in the human brain.

In addition to evidence in humans, several animal studies have demonstrated the link between BDNF
and nicotine. Long-term nicotine administration in rodents has been shown to lead to increased Bdnf
expression in the brain (4). Also, it has been demonstrated in animals that nicotine enhances Ntrk2
transcription and protein expression in the cortex and the striatum and decreases Ntrk2 expression in
the Ventral Tegmental Area (5).

A combined analysis of three large meta-analyses (the Tobacco and Genetics (TAG) Consortium, the
ENGAGE consortium, and the Oxford-GlaxoSmithKline consortium) including a total of 143,023 persons
identified altogether eight BDNF SNPs associated with smoking initiation. The most robustly associated
variant was the Val66Met (rs6265). Importantly, no potential covariates apart from age and sex were
taken into account. (6-8).

The first aim of the present study was to replicate the association between BDNF Val66Met and smoking
initiation in a large population-based sample originating from the homogenous Finnish population. This
sample did not contribute to the prior meta-analyses (6-8). Because BDNF has been found to associate
also with depression, especially with increasing age (9) and among men (10) and because smokers are
more often depressed than non-smokers (11-13), the reported association between BDNF and smoking
could be confounded, mediated or moderated by depression. Thus, our second aim was to test whether
the association between BDNF Val66Met and smoking initiation is influenced by depression.

3

Methods
Sample
Our sample was drawn from the Finnish population-based national FINRISK Study which is a large
population survey on risk factors of non-communicable diseases in Finland (14). Every five years since
1972, area, sex and age stratified random samples have been drawn from the Population Information
System. The areas varied by study year, as Northeast and Southwestern Finland were represented each
year, but Northern Finland only in later years (Oulu in 1997, 2002 & 2007 and Lapland in 2002 and 2007,
yet in Lapland only mailed questionnaire in 2007). We used data from the national FINRISK 1992, 1997,
2002 and 2007 surveys. FINRISK Studies have included a self-administered questionnaire, physical
examination, and blood draw for laboratory analyses and extraction of DNA. The FINRISK studies have
been approved by the Coordinating Ethics Committee of the Helsinki University Hospital District. Each
participant has given a written informed consent.
Genotyping
DNA was derived from whole blood samples, which were frozen immediately at the clinical study sites.
The samples were transferred to the National Institute of Health and Welfare (earlier National Public
Health Institute), where the DNA was extracted. Genotyping of the BDNF Val66Met (G/A) variant was
done under standard protocols of iPLEX Gold technology on the MassARRAY System (Sequenom, San
Diego, CA, USA) (15). The BDNF Val66Met (G/A) variant (rs6265) was genotyped in 26,751 adults aged
25-74 years. In the FINRISK data the major (Val) allele frequency was 0.84. The success rate was >0.99
and the genotypes were in Hardy-Weinberg equilibrium (p=0.17). The genotype frequencies did not vary
by study year (Chi-sq p=0.60), but showed regional variation (p=0.014)
Phenotypes
Smoking initiation phenotype was defined as self-reported ever (n=12,543) versus never (n=19,340)
smoking. In the questionnaire, participants were asked whether they had ever smoked. Those stating that
they had never smoked were categorized as never smokers and were advised to skip the other smokingrelated questions. Among those who stated they had smoked at least once, the threshold for ‘ever
smoker’ was defined as at least 100 cigarettes smoked in their lifetime. Those who had ever smoked less
than 100 cigarettes in their lifetime were coded as ‘never smokers’.
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In the 1992 survey cotinine was measured on all participants using a gas chromatography, mass
spectrometric method; the cut point for active smoking was set at 10 ng/ml (16). Of the self-reported
never smokers with genotype data available, 2.3% had cotinine levels of 10ng/ml or more and 0.6% of 50
ng/ml or more. Among current smokers, the mean cotinine was 222ng/ml (95% CI 213 to 230).
Depression was reported also in a self-completed questionnaire. Cases were individuals who reported
that they had depression diagnosed or treated by a physician during the 12 months preceding the survey.
We had data on this variable for the 2002 and 2007 surveys, but in 1992 and 1997 there was no data on
depression. Thus, when adjusting for depression, we created a variable including three categories as
follows: 0 = no depression (n=13,161); 1 = depression (n=1,005); 2 = not known (n= 12,481).

Statistical analyses
Our final analysis sample included 26,647 adults aged 25-74 years (52.2% women) with genotype and
smoking data available. The mean age of participants was 48.0 years (SD=13.1). We estimated that we
were fully powered to detect the association reported by the 2010 analyses, i.e. power was 100% in order
to observe the difference between genotype frequencies. Because no sex by genotype -interaction was
observed, men and women were pooled together in the analyses. The association between BDNF
Val66Met and ever smoking was modeled using logistic regression adjusted for age and sex. The allele
main effects were modeled assuming an additive effect. Additionally, we adjusted for study region.
Further, we adjusted the analysis for self-reported depression diagnosed or treated by a physician during
the 12 months preceding the survey (no/yes). In a sensitivity analysis we excluded those who reported
that they had the above described depression (n= 1,005). We also tested gene by depression –interaction,
but it was not significant. In order to test pleiotropic effects, we further tested whether BDNF Val66Met
was associated with depression in our data set. However, no significant association was seen, also not if
adjusted for ever smoking. No gene by ever smoking –interaction on depression was observed.
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Results
Proportions of never and ever smokers by BDNF genotype are shown in Table 1 (χ2=9.14, p=0.010). We
see that the proportions of ever smokers become higher by increasing number of the major (Val) allele
(GA and GG genotypes).
The results of logistic regressions are shown in Table 2. When logistic regression was adjusted for sex
and age the major (Val) allele was significantly associated with the risk of being a lifetime ever smoker
(OR=1.07; 95%CI 1.01, 1.12; p=.01). Further adjustment for area did not change the results (OR=1.06;
95%CI 1.01, 1.12; p=.01).
When depression, which itself had a significant and expected association with ever smoking (OR=1.58;
95%CI 1.37, 1.82; p<.001), was added to the age and sex adjusted model, the results remained
unchanged (OR=1.06; 95%CI 1.01, 1.12; p=.01). Exclusion of depressed individuals had no effect on the
results (OR=1.06; 95%CI 1.01, 1.12; p=.02).
In order to test pleiotropic effects, we further tested whether BDNF Val66Met was associated with
depression in our data set. In this Mendelian randomization analysis, BDNF Val66Met was not associated
with depression (OR=0.97, 95%CI 0.86 to 1.10, p=0.67) in a model without smoking. The association of
smoking with depression remained strong after adjusting for genotype (OR=1.63, p=7.2E-13). No gene by
ever smoking –interaction on depression was observed.

Discussion
Here, we aimed to replicate the finding of the three consortia reporting that BDNF Val66Met is
associated with smoking initiation. Our special focus was to test in a large Finnish population-based
sample whether the association is independent of depression. We robustly replicated the modest effect
reported by the TAG consortium. Interestingly, this association remained significant when adjusting for
depression and after excluding depressed individuals.
The association we replicated was based on a combined analysis of three large meta-analyses (6-8).
They identified altogether eight BDNF SNPs associated with smoking initiation. The most robustly
associated variant was the Val66Met (rs6265). The Odds Ratio (OR) was 1.06 among 143,023 adults.
When comparing this effect size with our sex and age adjusted effect size (OR=1.07; 95%CI 1.01, 1.12;
p=.01) we can confirm that the replication was successful even in a smaller but genetically more
homogeneous sample of Finns.
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Strengths of the study include that we had a population-based sample originating from the homogenous
Finnish population, with little risk of bias from population stratification. There was regional difference in
genotype frequencies, but when adjusting for study region, the results did not change. An important
strength of this study is the ability to test for the confounding effect of depression. To our knowledge,
no other covariates apart from age and sex have been taken into account in earlier studies on BDNF
genetic variants and smoking initiation.

Weaknesses of this study include that both smoking behavior and depression are based on self-reported
questionnaire data. However, smoking status was biochemically verified in a large proportion (21%) of
participants. Only 2.3% of self-reported never smokers in the FINRISK 1992 survey had elevated cotinine
levels and virtually all current smokers in the FINRISK sample have been reported to have high cotinine
levels (16), suggesting that the self-reported smoking status is highly reliable. Also depression was based
on self-reported depression diagnosed or treated by a physician during the past 12 months, available for
participants of the 2002 and 2007 surveys (n=14,166). To deal with the missing data we added a
category ‘unknown’ into the depression variable. Among adult population the question about having
depression diagnosed or treated by a physician is quite clear and easy to answer in an anonymous
survey situation. Compared to diagnostic interviews providing clinical diagnosis phenotypes the validity
of self-report has been found to be adequate (17).

Conclusions
The earlier reported association of BDNF Val66Met with smoking initiation was replicated In the Finnish
population data. The effect size was very similar to that reported in the 2010 large meta-analyses. Our
data suggest that the association of BDNF with smoking initiation is robust and independent of
depression.
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Tables
Table 1. Proportions of Never and Ever Smokers by BDNF Genotype (Val66Met) (rs6265)
GG

Never
Smoker
Ever
smoker
Total

GA

AA

N

%

N

%

N

%

Total

7529

39.5

2791

40.4

299

44.8

10 619

11551

60.5

4109

59.6

368

55.2

16 028

19080

100

6900

100

667

100

26 647

Table 2. Logistic regressions on the association of the BDNF Genotype (Val66Met) (rs6265) with smoking
initiation
Outcome

Model 1 (n=26,647)

Model 2 (n=26,647)

Ever

Adjusted for sex and age

Adjusted for sex, age, and depression

Smoking
BDNF1

OR

95% CI

p-value

OR

95% CI

p-value

1.07

1.01,1.12

0.012

1.06

1.01,1.12

0.013

1.58

1.37,1.82

<0.001

0.84

0.80,0.89

<0.001

Depression
No

-

-

Yes

-

-

Not asked
1

1.00
-

Additive model, BDNF, risk per allele (0, 1, 2 ‘A’-alleles)
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