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ABSTRACT
Background: A polymorphism in brain-derived neuro-
trophic factor (BDNF) (Val66Met) has been reported as
a risk factor in primary dystonia. However, overall the
results have been inconclusive. Our aim was to clarify
the association of Val66Met with primary dystonia, and
with the most prevalent clinical subtypes, cervical dys-
tonia and blepharospasm.
Methods: We conducted a Spanish multicenter case-
control study (including 680 primary dystonia patients
and 788 healthy controls) and performed a meta-
analysis integrating our study and six previously pub-
lished studies (including a total of 1,936 primary dysto-
nia patients and 2,519 healthy controls).
Results: We found no allelic or genotypic association
with primary dystonia, cervical dystonia, or blepharo-
spasm risks, for the allele A (Met) from a BDNF Val66-
Met polymorphism in our case-control study. This was
confirmed by results from our meta-analysis in white
and mixed ethnic populations in any genetic model.
Conclusion: We did not find any evidence supporting
the association of the BDNF Val66Met polymorphism
with primary dystonia. VC 2014 International Parkinson
and Movement Disorder Society

Key Words: BDNF; Primary dystonia; meta-analysis;
Val66Met; association study

Dystonia (DT) is a hyperkinetic movement disorder.
Recently, the term isolated dystonia has been intro-
duced to define those syndromes in which DT is the
only motor feature, encompassing many cases previ-
ously referred to as “primary”.1 Primary DTs are
those in which DT is not associated with other neuro-
logical features. The most frequent form is the adult-
onset focal DT, which includes, as the most prevalent
clinical subtypes, cervical dystonia (CD) and blepharo-
spasm (BSP). The major mechanisms in primary DT
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include reduced inhibition of the motor system and
increased plasticity.2

The main function of the brain-derived neurotrophic
factor (BDNF) in the adult brain is to facilitate synap-
tic plasticity.3 The Val66Met polymorphism in BDNF
has been reported as being associated with abnormal-
ities in motor cortex plasticity,4-6 being a risk factor
for DT.

Several studies have investigated the association
between Val66Met polymorphism and primary DT.7-12

However, overall the results of these studies have been
inconclusive.

To clarify any suspicion about its role as a risk fac-
tor in primary DT, we first aimed to assess the associ-
ation of this polymorphism in a large Spanish cohort
and, then, to perform a meta-analysis that combined
our data with those of previously published studies.

Methods
Case-Control Study

Participants

Subjects were recruited at the various Spanish hospi-
tals forming the “Multicenter study of genetic factors
in primary dystonia consortium” and signed an
informed consent form. Our case-control study
included 680 patients with adult-onset primary DT
and 788 unrelated healthy control subjects. Of these
patients, 483 had focal DT (252 BSP, 176 CD, 26
writer’s cramp, and 29 with other affected sites), 111
segmental DT, 17 multifocal DT, 16 generalized DT,
and 52 dystonic tremor. Primary DT was diagnosed
by senior neurologists, using accepted clinical criteria
agreed on beforehand. The selection of control sub-
jects was clinic-based, and absence of any neurological
disease was an essential inclusion requirement. The

study was approved by the ethics committees of all
participating centers.

Genetic Analysis

Genomic DNA was isolated from the peripheral
blood of each subject by automated methods (Max-
well 16 System, Promega Corporation, Madison, WI,
USA; MagNA Pure LC, Roche Diagnostics, Indianapo-
lis, IN, USA).

The genotyping was carried out using a TaqMan
SNP Genotyping Assay (Applied Biosciences Hispania,
Alcobendas, Madrid, Spain) performed in a LightCy-
cler480 instrument (Roche) with a high genotyping
quality. Of all genotyping, 3.4% was duplicated to
analyze the concordance.

Statistical Analysis

All association analyses of the BDNF Val66Met poly-
morphism and primary DT, CD, and BSP risk in our
case-control study were carried out with PLINK soft-
ware.13 Hardy-Weinberg equilibrium in the control group
and allelic associations between cases and controls were
tested by v2-test (P< 0.05 was considered significant).

Meta-analysis

Despite the relatively low number of primary DT
patients included in the published studies, we conducted
a meta-analysis using our data and previously published
data on the implication of the BDNF Val66Met poly-
morphism in primary DT or in CD and BSP. We
searched for articles using the PubMed database and
included studies published before 15 January 2014. Stud-
ies were selected if they reported genotype distribution in
case and control groups and, if applicable, genotype dis-
tribution in the subgroup of cases with CD and BSP.

Data Extraction

The following data were collected from each study:
authors, year of publication, sample collection region,
ethnicity, sample size of cases and controls, sex, age
range, diagnosis, genotype, and allele frequency (Sup-
plemental Data Table S1).

Data Analysis

All associations were indicated as odds ratio (OR) with
the corresponding 95% confidence interval (CI). The
meta-analysis was conducted using the R-package “meta”
(cran.r-project.org/web/packages/meta/index.html). Het-
erogeneity between the studies was assessed using the Q-
statistic, and its derived metric I2. When no heterogeneity
was observed (PQ> 0.10 and I2<50%), the pooled OR
was estimated using a fixed effects model.14 Otherwise, a
random effects model was applied.15 We pooled the allelic
ORs using the Mantel-Haenszel method, and the signifi-
cance of the overall effect was assessed by Z test (P< 0.05
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was considered significant). Studies were further grouped
in the meta-analysis by ethnicity to look for possible pop-
ulation stratification effects. Finally, we carried out further
meta-analyses for dominant and recessive inheritance
models.

Results
Case-Control Study

The BDNF Val66Met polymorphism was genotyped
in 680 patients with primary DT and 788 healthy con-
trols. The main demographic and genotypic features
of cases and controls are summarized in Table 1.

The distributions of the allele frequencies in controls
were in harmony with the Hardy-Weinberg equili-
brium. Primary DT and control subjects showed a
similar distribution of genotypes and alleles. When
CD and BSP subgroups versus controls group were
analyzed, similar results were obtained for both geno-
type distribution and allele frequencies.

Meta-analysis

In addition to our study, six other articles were
included in the meta-analyses of primary DT. Two of
these six articles reported only series of CD patients,
but patients entered the meta-analysis of primary DT as
well. Only three of the six studies contained a cohort of
patients with BSP. Genotypic and allelic frequencies dis-
tributions for the polymorphism in each population are
shown in Supplemental Data Tables S2 and S3.

Our meta-analysis consisted of 1,936 primary DT
patients (1,091 CD, 271 BSP) and 2,519 healthy con-
trols from seven different studies, comprising five Cau-
casian populations (four from previous studies and our
case-control association study)7-9,12 and two studies
with samples of Asian origin.10,11

No heterogeneity was detected for allele contribu-
tion OR in the primary DT and CD meta-analyses
under any genetic model. However, a certain degree
of heterogeneity was noted when pooling across eth-
nicities in the BSP meta-analysis.

Results of meta-analysis for primary DT, CD, and
BSP under allelic, dominant, and recessive genetic
models are summarized in Table 2.

The pooling of the allelic ORs across the seven stu-
dies on primary DT showed no effect of the Met allele

in the global population meta-analysis. We only found
a significant contribution for the recessive model
(OR 5 1.32; CI, 1.06-1.65), and with an effect com-
mon for both populations (Pethnicity>0.05).

All analyses for CD were negative, and for BSP we
observed that the significant contribution for the reces-
sive model seen in Chen et al. was not replicated in
the white populations.

The forest plots of the meta-analysis for the allelic
model in all primary DT, CD, and BSP samples are
shown in Supplemental Data Figures S1, S2, and S3,
respectively.

Discussion
In a pioneer study, no association between the

BDNF Val66Met polymorphism and cranial/CD was
observed.8 However, a subsequent study in samples
from the United States suggested a role for this poly-
morphism in the pathogenesis of CD in some sub-
jects.7 These inconsistent results could in theory be
explained by different inter-ethnicity genetic back-
grounds. However, several other reports also failed to
replicate this association in different populations,9-12

including our case-control study. Moreover, the
observed minor allele (A, Met) frequencies were very
similar in all analyzed white populations, also sup-
ported by data in the International HapMap project
(Release 28). Therefore, the positive result for the
study with patients from the United States was pro-
bably attributable to a very small number of cases
(n 5 34), and the CI around the estimated OR was
large.

Similarly, we did not observe an effect of Val66Met
polymorphism on BSP risk, in contrast to a recently
study performed in a Chinese population,11 but in
agreement with other studies in white populations.8,12

Although this discrepancy might again be attributed to
population differences, the positive finding was
obtained once more from a small number of patients
(n 5 37) and with large CI around the estimated OR,
whereas our negative results come from 252 patients
with BSP. However, the observed minor allele frequen-
cies of the polymorphism is higher in the reported
Chinese populations than in the white populations.

TABLE 1. Demographic characteristics and distribution of the genetic frequencies for the population from Spain

Demographic characteristics Genotypes, n [%] Allele A vs allele G

Sex (M/F) Age (y)a AO (y)a n AA AG GG Pgeno OR [95 CI %] Pallelic

Healthy controls 324/464 566 15 - 788 42 [5.3] 264 [33.5] 482 [61.2] - - -
Primary dystonia Total 246/434 616 15 486 17 680 39 [5.7] 226 [33.2] 415 [61.0] 0.94 1.02 [0.85, 1.21] 0.86

Cervical dystonia 65/111 556 14 476 15 176 9 [5.1] 59 [33.5] 108 [61.4] 0.99 0.99 [0.75, 1.31] 0.93
Blepharospasm 70/182 686 10 576 11 252 12 [4.8] 94 [37.3] 146 [57.9] 0.53 1.08 [0.85, 1.37] 0.53
Other subtypes 111/141 576 16 426 19 252 18 [7.1] 73 [29.0] 161 [63.9] NC NC NC

AO, age at onset; n, number of samples; OR, odds ratio; CI, confidence interval; NC, not calculated; y, years; Pgeno, genotypic P value.
aData are presented as the mean 6 standard deviation.
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Therefore, more well-designed association studies
including a larger sample size from a Chinese popula-
tion with BSP are required to further validate the find-
ings in that population.

Our results from the meta-analysis indicated, based
on the recessive model, the Val66Met polymorphism
as a light risk allele in the overall population. How-
ever, when stratified by ethnicity, only the Chinese
population showed a risk role for the polymorphism
in primary DT. This might be partially explained
because the genotypic prevalence of this polymor-
phism in the cohorts was higher in Chinese popula-
tions than in white populations. Hence, the analysis of
the BSP subgroup showed an ethnic-specific risk asso-
ciation but with a significant heterogeneity among the
studies. We conjecture that this could be attributable
to many factors. First, the number of recruited studies
and sample size in each study is relatively limited,
mostly for the Chinese population. This fact did reach
an extreme significance in the BSP analysis, where the
total number of Chinese subjects included was very
small and from only one study, but with a high contri-
bution to positive findings from overall analyses. Fur-
thermore, the existence of interstudy heterogeneity
could be attributable to differences such as sample
selection or different genotyping methods, which could
not be matched well among studies.

In conclusion, our results showed that the BDNF
Val66Met polymorphism is not a risk-conferring fac-
tor for the development of primary DT in white and
Chinese populations.
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TABLE 2. Pooled measures for the associations of BDNF Val66Met polymorphism with primary DT, CD and BSP

Primary dystonia Cervical dystonia Blepharospasm

Population Genetic

model

Pooled

OR (95% CI)

Z score P-value Pethnicity Pooled

OR (95% CI)

Z score P-value Pethnicity Pooled

OR (95% CI)

Z score P-value Pethnicity

Overall Allelic 1.10 [0.99; 1.21] 1.85 0.06 0.32 1.09 [0.97; 1.23] 1.38 0.17 0.86 1.19 [0.83; 1.70] 0.96 0.34 0.01
Dominant 1.06 [0.94; 1.21] 0.96 0.34 0.73 1.07 [0.91; 1.24] 0.82 0.41 0.82 1.18 [0.92; 1.50] 1.32 0.19 0.10
Recessive 1.32 [1.06; 1.65] 2.44 0.01 0.43 1.07 [0.82; 1.40] 0.51 0.61 0.41 1.29 [0.53; 3.13] 0.56 0.57 0.01

Caucasian Allelic 1.06 [0.95; 1.20] 1.05 0.29 1.08 [0.94; 1.25] 1.05 0.29 1.04 [0.84; 1.29] 0.39 0.70
Dominant 1.05 [0.92; 1.21] 0.72 0.47 1.08 [0.91; 1.28] 0.84 0.40 1.10 [0.86; 1.42] 0.75 0.45
Recessive 1.21 [0.88; 1.65] 1.19 0.23 1.21 [0.82; 1.79] 0.96 0.34 0.83 [0.45; 1.54] 0.58 0.56

Asian Allelic 1.19 [0.99; 1.44] 1.82 0.07 1.11 [0.89; 1.37] 0.91 0.36 2.07 [1.25; 3.44] 2.82 0.0048
Dominant 1.12 [0.82; 1.50] 0.72 0.47 1.03 [0.73; 1.46] 0.16 0.87 2.58 [0.96; 6.92] 1.88 0.06
Recessive 1.45 [1.05; 2.00] 2.26 0.024 0.97 [0.67; 1.40] 0.17 0.86 2.94 [1.39; 6.25] 2.81 0.0049

BDNF, brain-derived neurotrophic factor; CD, cervical dystonia; BSP, blepharospasm; DT, dystonia; OR, odds ratio; CI, confidence interval; Pethnicity, P value of
the inter-ethnicity comparison.
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