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Abstract

Background Conflicting results identifying the association between Brain-derived neurotrophic factor (BDNF) polymorphism,
Val66Met, and cognitive impairment in Parkinson’s disease (PD) have been reported.

Methods and results To clarify whether Val66Met is related to cognitive impairment in PD, we carried out this meta-analysis by
searching literature from PubMed, Web of Science, and Embase databases regarding this polymorphism. Six eligible studies
involving 1467 PD patients were included in this meta-analysis. Our results showed statistically significant association between
Val66Met and risk of cognitive impairment in PD patients in additive model (Met/Met vs. Val/Val: OR 3.82, 95%CI 1.32 to 11.08,
p=0.01) and recessive model (Met/Met vs. Val-carrier: OR 3.81, 95%CI 1.38 to 10.53, p=0.01) except for dominant model.
Conclusions Our meta-analysis implicates Valo66Met BDNF polymorphism may be associated with Parkinson’s disease cognitive
impairment, further well-designed studies with larger populations are required to validate these results owing to the limited research.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder characterized by disabling motor (tremor, bradykine-
sia, rigidity, and postural instability) and nonmotor (e.g.,
sleep, mood, and cognitive disturbances) symptoms.
Cognitive impairment is one of the most common neuropsy-
chiatric manifestations of PD, especially in the late stage. It is
considered a predictor for dementia, which greatly affects
functioning and quality of life and costs on patients, care-
givers, and society [1-3]. The pathophysiology of PD-
related cognitive impairment and dementia is still unknown.
Currently, some general features such as severity of PD, in
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particular gait and postural disturbances, age onset PD, and
dopaminergic deficits, have been found to be associated with
PD-related cognitive impairment [4—7]. Published studies
have suggested a genetic contribution to PD-dementia predis-
position, evidenced in a family history of the disease [8]. So, it
is believed that environmental and genetic factors contribute
for the development of this symptom [8]. More recently, genes
involved in neuroplasticity have been investigated in associa-
tion with cognitive functions with interesting results [9-16].
The gene encoding brain-derived neurotrophic factor
(BDNF) is interesting in this respect, as its product is widely
distributed throughout the brain and is especially important for
survival and differentiation of dopaminergic neurons in the
basal ganglia [17, 18]. BDNF has been also shown to act as
a modulating role in synaptic plasticity after the nervous sys-
tem has matured [19] and to interact with dopamine receptor
stimulation in the fronto-striatal circuitry, with alteration of
cognition in PD [16]. A functional polymorphism,
Val66Met, localized in the BDNF has been found to be asso-
ciated with in PD-related cognitive impairment [10-15], but
the results were controversial. To clarify whether Val66Met is
related to PD cognitive impairment risk, we performed this
meta-analysis, aiming to identify the contribution of
Val66Met to PD-related cognitive impairment pathogenesis
and to illustrate possible reasons for these conflicting results.
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Fig. 1 Six eligible studies (1467
PD patients)
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Methods
Literature search strategy

We searched the PubMed, Web of Science, and Embase da-
tabases for studies, with keywords including “Parkinson’s
disease or PD cognitive impairment” and “Val66Met OR
rs6265 OR G196A”. Last literature search was conducted
on August 5, 2018. To identify studies that may have been
missed by the database search, reference lists of all articles
that met the inclusion criteria and of relevant review articles
were examined.

Records excluded(4)
Non-human: 1
Meta-analysis for PD risk:3

A

Full-textarticles assessed
for eligibility(n =13 )

Full-text articles excluded(n=7)
For invovied in other clinical

\4

feature,ex.dyskinesia or age onset PD

A

Studies
(meta-analysis)(n =6 )

included in

Selection and exclusion criteria

Included studies should meet the following criteria: (1) studies
on the relationship between BDNF polymorphism and PD
cognitive impairment or PD clinical features, (2) using of a
case-control design, (3) studies with full text articles, (4) suf-
ficient data for estimating an odds ratio (OR) with 95% con-
fidence interval (CI), and (5) genotype distribution of control
population was in Hardy-Weinberg equilibrium (HWE).
Reviews, abstracts from conferences, republished or duplicate
studies, and studies with insufficient information for data ex-
traction were excluded.

Table 1 Characteristics of studies included in this meta-analysis

Author Year Country Ethnicity Study outcomes Sample size (PD) Asso (Y/N)
Guerini FR 2009 Italy Caucasians CINCI 294 Y

Gao L 2010 Spain Caucasians CI/NCI 193 N

Biatecka M 2014 Polish Caucasians CI/NCI 244 N

Altmann V 2016 Brazil Caucasians CI/NCI 175 Y

Svetel M 2013 Belgrade Caucasians MMSE 177 N
VanderKolk NM 2014 Netherlands Caucasians MMSE 384 N

Altmann V 2016 Brazil Caucasians MMSE 175 Y

IC cognitive impairment of Parkinson’s disease, NCI no cognitive impairment of PD patients, Asso association between theValo66Met BDNF polymor-
phism and Parkinson’s disease cognitive impairment
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Table 2 The distribution of BDNF Val66Met polymorphism in
cognitive impairment and no cognitive impairment of PD patients

Results

Author Year  CINCI Characteristics of published studies

Val/Val  Val/Met Met/Met A total of 17 potentially eligible articles were identified after
Guerini FR 2009 12/145 10/106 714 removnlllg dllljphcate;. I"ll'hen, (tl‘ouF artlclis were excludedhbe-
Gao L 2010 14585 8/67 (Metcarrier) - cause t elo _Jecft © }I ¢ study Is nolz man 811_6163\/; reef
BialeckaM 2014 14333 47/15 5/1 gl]gtg}:anady;g ,Oit e_zss‘:&atlolr} ,et‘:,’eerih af rf_t 10
Altmann V. 2016 56/61 3820 (Met-carrier)  — and PD risk (n=3). After elimnating the four articles

Data extraction

Data from eligible studies were extracted independently by
two investigators, and discrepancies were resolved by discus-
sion with a third reviewer. The following information was
extracted: (1) first author and publication year, (2) country
and ethnicity, (3) sample size, (4) genotype in cognitive im-
pairment and no cognitive impairment patients, and (5)
MMSE scores according to BDNF genotypes.

Statistical analysis

Associations between Val66Met of BDNF and risk of PD-
related cognitive impairment were calculated by odds ratios
(OR) and 95% confidence intervals (CI). Continuous out-
comes for MMSE scores between different genotypes were
calculated standardized mean difference (SMA). A pooled
OR or SMA and 95%CI were calculated by the Z test to
evaluate this association under the dominant (Met carrier vs.
Val/Val), recessive (Met/Met vs. Val carrier), and additive
(Met/Met vs. Val/Val) genetic models. Heterogeneity among
studies was evaluated using the Q test and was quantified
using I (p <0.10 and > 50% indicated evidence of hetero-
geneity). The ORs or SMA were pooled through a fixed ef-
fects model when no heterogeneity was observed among stud-
ies. Otherwise, a random effects model was adopted.
Publication bias was assessed by Begg’s and Egger’s tests.
P <0.05 was considered significant for all tests. All above
statistical analysis was performed using Stata 12.0 (http:
//www. Stata. com).

mentioned above, the remaining 13 were read in full and sev-
en are excluded because the study designs are for other clinical
feature, for example, dyskinesia or age onset PD, not involv-
ing the cognitive impairment. Finally, 6 eligible studies (1467
PD patients) were chosen, and the data were extracted (Fig. 1).
The main characteristics of them are summarized in Tables 1,
2, and 3. Four studies involved the incidence of PD-related
cognitive and non-cognitive impairment in different BDNF
genotypes, and three studies referred to the MMSE scores of
patients with different BDNF genotypes in these six studies.
The MMSE scores of different genotypes and the incidence of
PD-related cognitive impairment of different genotypes were
studied simultaneously in Altmann V’s research [15]. In Gao
L’s and Altmann V’s studies, cases with Met/Val or Met/Met
genotype were pooled together due to the small sample size
with Met/Met genotype [11, 15]. So, the Met allele was
unaccounted.

Meta-analysis of Val66Met

Overall, heterogeneity in the additive model and recessive
model was not statistically significant, and the ORs and 95%
CIs were therefore calculated in fixed-effect model.
Otherwise, in dominant model and comparison of continuous
outcomes for the MMSE scores, the heterogeneity test re-
vealed obvious heterogeneity among studies, so the random-
effect model was used (Tables 3 and 4). The meta-analysis
suggests that Valo6Met was significantly associated with an
increased PD-related cognitive impairment risk in additive
and recessive models not in dominant model in Caucasians
(Table 4, Fig. 2a—). Pooled SMA showed that there was no
significant difference among the BDNF Met carrier and Val/
Val genotypes (P =0.63) on MMSE scores (Table 3, Fig. 2d).

Table 3 The MMSE scores of patients according to BDNF genotypes

Author Year BDNF Met carrier BDNF Val/Val P (meta) Begg’s test (P)  Egger’s test (P)
(mean (+standard deviation)) (mean (+standard deviation))

Svetel M 2013 28.5(1.9) 27.9(3) 0.63(random model)  1.00 0.81

VanderKolk NM 2014 28(1.6) 28(1.6)

Altmann V 2016 23.3(4.3) 25.1(3.8)
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Table 4 Meta-analysis of BDNF Val66Met polymorphism and risk of cognitive impairment in PD

Pq P OR 95%CI P, Calculated model Begg’s test (P) Egger’s test (P)
Additive model 0.00 45.9% 3.82 1.32-11.08 0.01 fix 1.00 -
Recessive model 0.20 37.9% 3.81 1.38-10.53 0.01 fix 1.00 -
Dominant model 0.09 53.5% 1.21 1.08-3.97 0.49 random 0.73 0.61
Study %
ID OR (95% Cl) Weight

Guerinia FR (2009)

Bialecka M (2014)

6.04 (2.05, 17.82)

Overall (I-squared = 45.9%, p = 0.174)

Heterogeneity chi-squared = 1.85 (d.f. = 1) p=0.174
|-squared=45.9%

Test of OR=1:2z= 247, p=0.014

1.15 (0.13, 10.21)
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Overall (I-squared = 37.9%, p = 0.204)
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|-squared=37.9%

Test of OR=1:z= 258, p=0.010
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Fig. 2 An increased PD-related cognitive impairment risk in additive and recessive models not in dominant model in Caucasians
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Study

Guerinia FR (2009)

OR (95% Cl)

1.71(0.79, 3.73)

Gao L (2010)

0.72 (0.29, 1.83)

Bialecka M (2014)

Altmann V (2016)

Overall (I-squared = 53.5%, p = 0.092)

Heterogeneity chi-squared = 6.45 (d.f. = 3) p = 0.092
|-squared= 53.5%

Test of OR=1:z= 0.69, p=0.492

NOTE: Weignts are from random efects analjsls
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\
7 2.07 (1.08, 3.97)
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27.44

28.28

100.00

Study

Svetel M (2013)

van der Kolk NM (2014)

Altmann V (2016)

SMD (95% Cl)

Overall (l-squared = 79.0%, p = 0.009)

Heterogeneity chi-squared = 9.53 (df. =2)p= 0.009<:

I-squared =79%
Test of SMD=0: z= 0.49, p=0.625

NOTE: Weighs re fom ranom e%ecs sasls's.
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37.14
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Fig. 2 (continued)

Assessment of publication bias and sensitivity

analysis

Significant risk of publication bias was not observed in
Egger’s test or Begg’s test (Tables 3 and 4). Sensitivity anal-
ysis in dominant model showed that none of the studies on its

own significantly influenced the results.

Discussion

Val66Met (rs6265) polymorphism is located in the terminal
exon of the BDNF gene. The presence of the minor allele
(Met) of this polymorphism causes an altered intracellular dis-
tribution and a reduced activity-induced secretion of the BDNF
protein in neurons [20, 21]. BDNF which is widely expressed
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in the central nervous system is important for growth, survival,
and neuronal cell differentiation in the central nervous system
[17, 18] and plays a role as neuromodulator in neurological
(cognitive and motor) activities [19]. The involvement of
BDNF in cognitive processes is supported by the association
of Val66Met polymorphism with abnormal hippocampal func-
tion, poor episodic memory [20], reduced hippocampal volume
[22], and variation in cortical morphology [23] in healthy sub-
jects. Recently, studies of BDNF Val66Met polymorphism in
PD-related cognitive impairment increased gradually; however,
the results were controversial.

Guerini FR et al. found that the BDNF (AA) genotype was
associated to a sixfold risk of cognitive impairment in PD
patients using the logistic regression analysis model [10].
Altmann V et al. showed that BDNF 66Met carriers presented
mean lower MMSE scores (1.9 points) when compared to Val/
Val homozygous subjects (p =0.005). Cognitive impairment
was associated with presence of at least one Met allele (p =
0.036) in univariate analysis. After controlling for gender,
ancestry, disease duration, and disease severity, the BDNF
66Met allele was still associated with cognitive impairment
in PD (p=0.005, RR =1.45,95%CI =[1.1-1.8]) [15]. In ad-
verse, Gao L et al. reported that no association was detected
between this genetic variant and any clinical feature including
cognitive dysfunction in univariate and multivariate analyses
[11]. None of the variants of the studied polymorphisms was
associated with cognitive status in demented PD and non-
demented PD in Bialecka M’study; interestingly, they found
that the BDNFMet/Met + Val/Met subgroup performed slight-
ly better in terms of delayed recall [14]. The results from both
Svetel M and VanderKolk NM’s studies revealed that there
was no statistically significant difference in MMSE scores
between the BDNF Met carrier and Val/Val groups [12, 13].
This discrepancy about genetic factors linked to PD-related
cognitive impairment should not be surprising, given that
PD-related cognitive impairment is a complex disease associ-
ated with genetic and environmental risk factors, for instance,
age and disease severity. Another reason is that the different
definition of the PD-related cognitive impairment may con-
tribute to the different results in the above studies. In Guerini
FR’s study, the cognitive impairment was defined as
MMSE < 24 score; for other studies, it is not mentioned how
to define cognitive impairment. As all the above studies ex-
plored the association between Val66Met and PD-related cog-
nitive impairment risk in Caucasians, so we mainly focused on
Caucasians.

Significant association of Val66Met with risk of cognitive
impairment in PD was found in the pooled Caucasian popu-
lation under the additive and recessive models not in dominant
model. In addition, an interesting question was that no statis-
tical difference of MMSE scores was observed between the
BDNF Met carrier and BDNF Val/Val, for the reason of this
problem may be that the included studies compared MMSE

@ Springer

scores in the Met carrier VS. Val/Val not Met/Met vs. Val
carrier as mentioned above the additive or recessive models.

While our meta-analysis offers the first comprehensive as-
sessment of Val66Met polymorphism and risk of cognitive
impairment of PD, the results should be interpreted with cau-
tion in light of several limitations. One is that we only ana-
lyzed Caucasians not in other ethnic population. Another lim-
itation is that we could not perform multivariate regression
analysis based on age, disease severity gender, and phenotype
of PD due to limited data reporting. In addition, in dominant
model, four studies’ data were available; however, there were
only two studies’ data available in the additive and recessive
models, so the result should be cautiously treated due to the
limited data under the additive and recessive models.

Our results suggest that the homozygote Val66Met may be
associated with increased risk of cognitive impairment of PD,
at least among Caucasians. However, future studies should
verify our findings in larger populations, particularly in other
ethnicities in multivariate regression analysis model for ex-
cluding the effect of confounding factors such as age, disease
severity, and gender. In addition, this polymorphism of BDNF
should be studied in different phenotype of PD patients (pre-
senting tremor dominant or postural instability gait disorders)
with cognitive impairment which may better guide clinical
treatments and judge the prognosis.
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