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Abstract

2016.

AD in overall and ethnicity specific studies.

study to confirm the results of the study.

Objective: To evaluate the association between diagnosis of Alzheimer’s Disease (AD) and brain-derived
neurotrophic factor (BDNF) gene polymorphisms 196 G/A and 270 C/T.

Methods: The authors conducted a meta-analysis along with Trial Sequential Analysis (TSA) of BDNF 196 G/A
and 270 C/T polymorphisms and AD in all the available case-control studies on the topic published from 2002 to

Results: Results showed no significant association between BDNF 196 G/A and 270 C/T polymorphisms and

Conclusion: The present comprehensive meta-analysis suggested that further studies focusing on larger
sample-size multi-ethnicity studies with homogeneous AD patients and well-matched controls are needed for future
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Introduction

Alzheimer's disease (AD) is a common age-associated
neurodegenerative disorder, clinically characterized by progressive
memory disorder and decline in cognitive function, which typically
begins with dementia [1]. The number of people with AD worldwide in
2006 was estimated at 26.6 million and is predicted to nearly quadruple

by 2050 [2].

The key pathological changes associated with AD brain tissue are
the accumulation of intracellular neurofibrillary tangles (NFTs) and
abnormally aggregated ‘reactive’ proteins like p amyloid (AB) plaques
and tau [3]. Several elements, such as senile plaques, neurofibrillary
tangles (NFTs), abnormally aggregated ‘reactive’ proteins like B amyloid
(Ap) and tau, brain inflammation and exposure to aluminum has already
shown the development of AD [4]. Brain derived neurotrophic factor
(BDNF) gene is supposed to be one of the important genes, playing a
significant role in AD progression [5,6]. However, as a complex disorder,
the neuropathological etiology of AD mentioned above are not due to
the gene itself, but are also supposed to be associated with the combined
interaction between genes and environmental factors.

BDNE a member of the neurotrophic factor family, is encoded
by a gene located on chromosome 11p13 [7]. The basal physiological
role of BDNF is to play an important role in the growth, development,
differentiation and regeneration of various types of neurons in the central
nervous system [8]. Earlier studies have already shown reduced mRNA
expression of BDNF in the hippocampus of AD patients [9]. Moreover,
another study has also demonstrated that BDNF and its receptor level,
tyrosine receptor kinase B level, were decreased in the frontal cortex and
hippocampus of AD patients [10], suggesting the possible important
role of BDNF in AD pathogenesis. The possible mechanism underlying
this dysregulated BDNF expression may be due to reduced transport
of BDNF from the Golgi region to appropriate secretory granules in
neurons, resulting in the onset of AD.

Several single nucleotide polymorphisms (SNPs) in BDNF gene,

such as rs11030104, rs16917204, rs7103411, rs6265 and rs2030324
are already been reported for their association with AD. However,
only rs6265 and rs2030324 have been widely studied, with no linkage
disequilibrium between them. The association between AD and the
G196A and C270T polymorphism in the BDNF gene are already been
investigated in several individual case-control studies, producing
inconsistent results, which may be the result of limited power,
different ethnic backgrounds or the different processes and status in
AD patients. Since, individual studies have relatively small power to
confirm this association and meta-analysis can strengthen the power
by combining data from different individual studies and different
ethnicities also, resulting in a more comprehensive conclusion [11-
13]. Moreover, we also conducted Trial Sequential Analysis (TSA)
of all the published case-control studies for validating the result of
meta-analysis.

Materials and Methods
Identification of eligible studies

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2009 guidelines for systematic review and meta-
analysis and the Cochrane Collaboration definition of both terms were
followed for this work [14,15]. Literature search was carried out within
PubMed (Medline), EMBASE and Science Direct database up to July,
2016, using the keywords-BDNF, gene, patient, polymorphism and
Alzheimer’s disease. Then, potentially relevant publications and studies
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were retrieved by examining their titles and abstracts and matching the
eligible criteria.

Inclusion and exclusion criteria

To facilitate the proper interpretation of results and to minimize
heterogeneity, all eligible studies had to fulfill the following inclusion
criteria like evaluation of BDNF gene 196 G>A and 270 C>T with AD
risk; use of case control or cohort studies; recruitment of pathologically
confirmed AD patients and healthy controls; and availability of
genotypic frequency both in case and control. Moreover, when the case
control study was included by more than one article using the same case
series, then we selected the study that included the largest number of
individuals.

The major reasons for exclusion of studies were overlapping data,
case only studies; review articles, family-based studies and animal
studies.

Data extraction and quality assessment

For each meta-analysis, the methodological quality assessment
and data extraction were independently abstracted in duplicate using
a standard protocol. Data accuracy was ensured using data collection
form according to the inclusion and exclusion criteria listed above. In
case of discrepancy on any item of the data collected from the retrieved
studies, the problem was fully discussed to reach a consensus. Data
extracted from each study included the name of first author, year of
publication, ethnicity, number of cases and controls, types of study and
genotyping methods and frequencies of the case and control.

Meta-analysis methods

The meta-analysis examined the overall association and ethnicity
specific association of the A and T allele with the risk of AD relative
to the G and C allele respectively, the contrast of homozygotes AA vs.
GG; TT vs. CC, the contrast of heterozygotes AG vs. GG; TC vs. CC,
the recessive model for the A allele: contrast AA vs. (AG+GG); TT vs.
(TC+CC), and the dominant model for the A allele: contrast (AA+AG)
vs. GG; (TT+TC vs. CC). All associations were indicated as odds ratios
(ORs) with the corresponding 95% confidence interval (CI). A pooled
OR was then estimated based on individual ORs.

Statistical Analysis

Hardy Weinberg equilibrium (HWE) was examined in the control
subjects using a goodness of fit chi-square test for each study, Odds ratio
(OR) with corresponding 95% confidence intervals (CI) was used to
evaluate the association between the BDNF 196 G>A gene polymorphism
and BDNF 270 C>T with AD risk separately. Heterogeneity was assessed
by Chi-square based Q-Test [16]. If heterogeneity existed, then random
effects model was used to calculate the overall pooled OR value [17];
otherwise, the fixed effect model was used [18]. Moreover, 12 statistics
was used to quantify interstudy variability. It ranges between 0% and
100%, where a value of 0% indicates no observed heterogeneity, and
larger values indicate an increasing degree of heterogeneity [19]. The
HWE was examined in the control subjects using a goodness-of-fit chi-
square test for each study. Begg’s funnel plots and Egger’s regression test
were undertaken to evaluate the potential publication bias [20]. P-value
less than 0.05 were judged significant. Publication bias was assessed
by visual inspection of funnel plots in which the standard error of log
(OR) of each study was plotted against its log (OR). An asymmetric
plot suggests a possible publication bias. Funnel plot asymmetry was
also assessed by the Egger’s linear regression test. The significance of

the intercept was determined by the t-test (p<0.05 was considered
representative of statistically significant publication bias) [21]. All the
data analysis was performed using comprehensive meta-analysis (CMA)
V2 software (Biostat, USA).

Trial sequential analysis (TSA)

According to Cochrane Handbook for systematic reviews of
interventions, meta-analyses and systematic reviews are considered the
best available evidence if all eligible trials are included. However, the
best available evidence might not always be equal to strong sufficient
evidence. It is well known that meta-analysis may result in increased
risk of random errors when series of sparse data are analyzed and in
reduplicative significance testing when new trials are updated in
cumulative meta-analysis. Therefore, keeping mind on the issues
raised above, we applied the TSA to increase the robustness of current
conclusions by minimizing the random errors [22-24]. The methods of
using TSA were based on the ‘User manual for Trial Sequential Analysis
(TSA):

In the study, TSA was used to control the risk of random error by
calculating the required information size and an adjusted threshold
for statistical significance to make a robust conclusion [22,23,25].
The required information size was calculated with the assumption of
a plausible relative risk of 20% with low risk bias, and the overall 5%
risk for a type I error (a), 20% risk for a type II error (B) were adopted
[26]. Based on required information size and risk for type I and type II
errors, TSA monitoring boundaries were built. When the cumulative
Z-curve crosses, the TSA monitoring boundary before the required
information size is reached, a sufficient level of evidence might have
been reached and further trials are not necessary. Otherwise, evidence
to reach a conclusion is insufficient and further trials are necessary [27].
The software Trial Sequential Analysis Viewer (version 0.9.5.5 Beta) was
used for the study and 95% Cls was adjusted for sparse data or repetitive
testing, described as the TSA-adjusted 95% Cls.

Results

Eligible studies included in the meta-analysis

The literature review identified a total of 39 studies eligible for
inclusion in our analysis as described in flow chart (Figure 1). Based on
our preliminary search criteria, a total of 555 studies were identified in
PubMed (Medline), EMBASE and Science Direct using the keywords-
BDNE, gene, patient, polymorphism, Alzheimer disease and their
combination. After careful review, finally, 39 potential studies were
included. According to our inclusion criteria, four studies have not been
included for estimating OR and 95% CI because they did not reported
genotypic frequency of patients and healthy controls [28,29]. Finally, 39
eligible studies involving 9409 cases and 9522 controls were enrolled in
the pooled analyses.

The populations came from 14 different countries, including
Brazil, China, Colombia, Croatia, England, Finland, France, Germany,
Hungary, India, Italy, Japan, Spain and USA. Detailed characteristics
of all eligible studies included in meta-analysis are reported in Table 1.
One overall study was conducted on BDNF 196GA polymorphism and
3 ethnicity specific studies were conducted, that includes 8 studies on
American populations [30-36], 11 studies on Asian populations [37-
47] and 12 studies on European populations [35,48-58]. Moreover, one
overall study was also conducted on BDNF 270CT polymorphism and
3 ethnicity specific studies were also possible, that includes 5 studies on
American populations [30,31,33,34,59], 7 studies on Asian populations
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Figure 1: Study flow chart.

[37,39,41,42,44,46,60] and 7 studies on European populations
[48,49,52,56,58,61,62]. Tables 2 and 3 reports genotypic distribution of
G196A and C270T polymorphism of BDNF gene from each study. All
studies observed HWE.

Association of BDNF SNP rs6265 polymorphisms with AD

Overall, the meta-analysis results based on different genetic models
(Allelic, Homozygote, Heterozygote, Dominant and Recessive) revealed
no association between BDNF 196 G/A allele in overall studies.
Moreover, no association were identified between BDNF 196 G/A
polymorphism and AD in ethnicity specific studies (i.e., American,
Asian and European) also.

The pooled ORs of overall study analysis revealed that BDNF
G>A gene polymorphism is not associated with AD risk in allelic (A
vs. G: p=0.257; OR=1.030, 95% CI=0.979 to 1.085) genetic models;
homozygous (AA vs. GG: p=0.683; OR=1.039, 95% CI=0.863 to
1.251) genetic models; heterozygous (AG vs. GG: p=0.329; OR=1.052,
95% CI=0.950 to 1.165) genetic models; dominant (AA+AG vs. GG:
p=0.330; OR=1.051, 95% CI=0.951 to 1.162) genetic models; and
recessive (AA vs. AG+GG: p=0.847; OR=1.016, 95% CI=0.866 to 1.192)
genetic models (Figure 2). All ORs were pooled through a random
effect models (Table 4).

Similarly, the pooled ORs of American study analysis revealed

that BDNF G>A gene polymorphism is not associated with AD
risk in allelic (A vs. G: p=0.242; OR=1.066, 95% CI=0.957 to 1.188)
genetic models; homozygous (AA vs. GG: p=0.672; OR=1.280, 95%
CI=0.644 to 1.328) genetic models; heterozygous (AG vs. GG: p=0.069;
OR=1.127,95% CI=0.991 to 1.282) genetic models; dominant (AA+AG
vs. GG: p=0.106; OR=1.109, 95% CI=0.978 to 1.257) genetic models;
and recessive (AA vs. AG+GG: p=0.493; OR=0.882, 95% CI=0.616 to
1.263) genetic models (Figure 3). All ORs were pooled through a fixed
effect models (Table 5).

Additionally, the pooled ORs of Asian study analysis revealed that
BDNF G>A gene polymorphism is not associated with AD risk in allelic
(A vs. G: p=0.485; OR=1.028, 95% CI=0.952 to 1.110) genetic models;
homozygous (AA vs. GG: p=0.433; OR=1.104, 95% CI=0.862 to
1.413) genetic models; heterozygous (AG vs. GG: p=0.399; OR=1.055,
95% CI=0.932 to 1.193) genetic models; dominant (AA+AG vs. GG:
p=0.385; OR=1.053, 95% CI=0.937 to 1.184) genetic models; and
recessive (AA vs. AG+GG: p=0.777; OR=1.031, 95% CI=0.834 to 1.275)
genetic models (Figure 4). All ORs were pooled through a fixed effect
models except for homozygous and recessive genetic models (Table 6).

Moreover, the pooled ORs of European study analysis revealed
that BDNF G>A gene polymorphism is not associated with AD
risk in allelic (A vs. G: p=0.926; OR=0.991, 95% CI=0.814 to 1.206)
genetic models; homozygous (AA vs. GG: p=0.755; OR=1.070,
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Authors Country Ethnicity Cases Control Genotyping SNP Association
(AD) (HC)
Kunugi et al. [60] Japan Asian 170 498 PCR C>T Yes
Riemenschneider et al. [62] Germany European 210 188 PCR C>T Yes
Ventriglia et al. [57] Italy European 130 111 PCR G>A Yes
. 128 97 G>A
Bagnoli et al. [48] Italy European 128 o7 PCR C>T No
Combarros et al. [51] Spain European 237 218 PCR G>A No
Nacmias et al. [54] Italy European 83 97 PCR-RFLP G>A No
Nishimura et al. [59] Brazil American 188 188 PCR C>T No
Bian et al. [38] China Asian 203 239 PCR G>A No
. 256 194 ABI Prism G>A
Bodner et al. [30] USA American 256 194 7900HT instrument CsT No
. . 995 671 ) G>A
Desai et al. [31] USA American 719 523 Pyrosequencing CsT No
. African 64 45 ) G>A
Desai et al. [31] USA 58 42 Pyrosequencing csT No
. 95 70 G>A
Lee et al. [34] USA American 106 73 PCR-RFLP CsT No
Li et al. [35] England European 359 396 Allele-specific Real Time PCR G>A No
Li et al. [35] USA American 188 361 Allele-specific Real Time PCR G>A No
Li et al. [35] USA American 388 349 Allele-specific Real Time PCR G>A No
. . 487 471 G>A
Matsushita et al. [41] Japan Asian 487 471 PCR CsT Yes
- ) 172 275 G>A
Nishimura et al. [42] Japan Asian 172 275 PCR-RFLP C>T Yes
Mixed (Non-
Olin et al. [69] USA Hispanic 212 202 PCR C>T Yes
American)
. : 375 460 G>A
Vepsalainen et al. [58] Finland European 375 460 PCR CsT No
. 95 108 G>A
Akatsu et al. [37] Japan Asian 05 108 PCR-RFLP C>T No
Forero et al. [67] Colombia Mixed 101 168 PCR G>A Yes
’ 97 101 G>A
Saarela et al. [56] Finland European o7 101 PCR CoT No
. ) ) 175 189 G>A
Tsai et al. [46] China Asian 175 189 PCR CsT Yes
Mixed (European- 295 250 G>A
Zhang et al. [68] USA American) 205 250 PCR-RFLP CsT No
He et al. [40] China Asian 513 575 Allele-specific PCR G>A No
. 220 128 G>A
Huang et al. [33] USA American 220 128 PCR CsT No
251 97 G>A
Cozza et al. [52] Italy European 251 o7 PCR CsT No
’ . . 105 105 G>A
Qian et al. [44] China Asian 105 105 PCR CsT No
Yu et al. [47] China Asian 99 99 PCR G>A No
Feher et al. [53] Hungary European 160 164 PCR G>A Yes
Qi et al. [43] China Asian 80 86 PCR-RFLP G>A No
. 657 525 G>A
Fukumoto et al. [39] Japan Asian 657 505 Tagman PCR Assay T Yes
Cousin et al. [61] France European 425 470 PCR C>T No
. . Tagman based Allele-specific
Pivac et al. [55] Croatia European 211 402 PCR Assay G>A No
Borroni et al. [50] Italy European 234 162 PCR G>A Yes
) . 191 408 G>A
Boiocchi et al. [49] Italy European 192 384 PCR-RFLP T Yes
Sonali et al. [45] India Asian 57 63 PCR-RFLP G>A No
Vieira et al. [36] Brazil American 269 114 Tagman Real Time PCR Assay G>A No
Gomar et al. [32] USA American 222 175 lllumina Human610-Quad G>A Yes
BeadChip

Table 1: Main characteristics of all studies included in meta-analysis.
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Cases (AD) Controls (HC)
First author g:f;y::?;g;é Minor Allele (\;12:1606:::;/?516926:5 Minor Allele HWE
Frequency Frequency
GG GA AA (MAF) GG GA AA (MAF) P-value
Ventriglia et al. [57] 85 33 12 0.219 54 48 9 0.297 0.712
Bagnoli et al. [48] 62 60 6 0.281 55 38 4 0.237 0.414
Combarros et al. [51] 149 78 10 0.206 143 67 8 0.190 0.965
Nacmias et al. [54] 48 29 6 0.246 55 38 4 0.237 0.414
Bian et al. [38] 49 113 41 0.480 73 115 51 0.453 0.649
Bodner et al. [30] 163 85 8 0.197 126 62 6 0.190 0.623
Desai et al. [31] 662 299 34 0.184 456 197 18 0.173 0.549
Desai et al. [31] 59 5 0 0.039 42 3 0 0.033 0.817
Lee et al. [34] 45 47 3 0.278 32 30 8 0.328 0.810
Lietal. [35] 239 105 15 0.188 269 114 13 0.176 0.828
Lietal. [35] 109 73 6 0.226 235 110 16 0.196 0.497
Lietal. [35] 251 126 1 0.190 237 105 7 0.170 0.234
Matsushita et al. [41] 171 247 69 0.395 150 223 98 0.444 0.368
Nishimura et al. [42] 61 85 26 0.398 88 140 47 0.425 0.493
Vepsalainen et al. [58] 280 87 8 0.137 342 109 9 0.138 0.926
Akatsu et al. [37] 25 58 12 0.431 35 53 20 0.430 0.993
Forero et al. [67] 72 27 2 0.153 131 34 3 0.119 0.648
Saarela et al. [56] 62 32 3 0.195 81 17 3 0.113 0.095
Tsai et al. [46] 43 92 40 0.491 64 95 30 0.410 0.592
Zhang et al. [68] 178 108 9 0.213 166 74 10 0.188 0.629
He et al. [40] 155 245 113 0.459 165 285 125 0.465 0.925
Huang et al. [33] 150 66 4 0.168 98 25 5 0.136 0.050
Cozza et al. [52] 152 84 15 0.227 60 33 4 0.211 0.839
Qian et al. [44] 28 52 25 0.485 25 56 24 0.495 0.493
Yu et al. [47] 31 41 27 0.479 28 51 20 0.459 0.712
Feher et al. [53] 94 56 10 0.237 52 79 33 0.442 0.763
Qi et al. [43] 27 32 21 0.462 27 48 1 0.406 0.147
Fukumoto et al. [39] 218 319 120 0.425 197 249 79 0.387 0.982
Pivac et al. [55] 135 59 17 0.220 268 118 16 0.186 0.509
Borroni et al. [50] 128 87 19 0.267 89 63 10 0.256 0.794
Boiocchi et al. [49] 113 63 15 0.243 231 150 27 0.25 0.692
Sonali et al. [45] 3 32 22 0.666 12 23 28 0.626 0.081
Vieira et al. [36] 205 59 5 0.128 84 25 5 0.153 0.095
Gomar et al. [32] 153 69 0 0.155 120 55 0 0.157 0.013

Table 2: Genotypic distribution of BDNF gene rs6265 polymorphism included in meta-analysis.
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Cases (AD) Control (HC)

C270T i C270T . HWE

First author Genotype rs2030324 Minor Allele Genotype rs2030324 Minor Allele
Frequency Frequency
ccC CT TT (MAF) cC CT T (MAF) P-value

Kunugi et al. [60] 150 19 1 0.061 477 21 0 0.021 0.630
Riemenschneider et al. [62] 185 24 1 0.061 175 13 0 0.034 0.623
Bagnoli et al. [48] 113 14 1 0.062 83 14 0 0.072 0.443
Nishimura et al. [59] 175 13 0 0.034 170 17 1 0.050 0.429
Bodner et al. [30] 230 26 0 0.050 175 19 0 0.048 0.473
Desai et al. [31] 629 86 4 0.065 454 69 0 0.065 0.106
Desai et al. [31] 54 4 0 0.034 38 0 0.047 0.745
Lee et al. [34] 102 4 0 0.018 66 0 0.047 0.666
Matsushita et al. [41] 457 30 0 0.030 438 33 0 0.035 0.430
Nishimura et al. [42] 154 18 0 0.052 264 1 0 0.02 0.735
Olin et al. [69] 173 36 3 0.099 189 13 0 0.032 0.636
Vepsalainen et al. [58] 90 199 86 0.494 124 239 97 0.470 0.359
Akatsu et al. [37] 89 6 0 0.031 101 7 0 0.032 0.727
Saarela et al. [56] 88 9 0 0.046 81 19 1 0.103 0.922
Tsai et al. [46] 151 24 0 0.068 167 20 2 0.063 0.129
Zhang et al. [68] 271 22 2 0.044 220 30 0 0.06 0.312
Huang et al. [33] 202 16 2 0.045 113 15 0 0.058 0.481
Cozza et al. [52] 212 35 4 0.085 80 15 2 0.097 0.218
Qian et al. [44] 104 1 0 0.004 96 8 1 0.047 0.101
Fukumoto et al. [39] 611 45 1 0.035 490 34 1 0.034 0.613
Cousin et al. [61] 370 54 1 0.065 419 50 1 0.055 0.698
Boiocchi et al. [49] 55 93 44 0.471 103 192 89 0.481 0.979

Table 3: Genotypic distribution of BDNF gene rs2030324 polymorphism included in meta-analysis.

Egger’s regression analysis Heterogeneity analysis
Comparisons 95% Confidence Model used f<_>r meta-
Intercept Interval P value Q value hetorogeneity 12(%) analysis
Avs. G 0.282 -1.120 to 1.685 0.684 65.777 0.001 49.831 Random
AAvs. GG 0.035 -1.107 to 1.177 0.950 55.024 0.005 43.661 Random
AG vs. GG 0.385 -0.985to 1.755 0.570 61.076 0.002 45.969 Random
AA+AG vs. GG 0.360 -1.052t0 1.773 0.606 64.671 0.001 48.973 Random
AAvs. AG+GG -0.080 -1.098 to 0.936 0.872 48.938 0.021 36.655 Random
Table 4: Statistics to test publication bias and heterogeneity in meta-analysis (rs6265-Overall).
) Egger’s regression analysis Heterogeneity analysis Model used for meta-
Comparisons . ;
Intercept 95% Confidence Interval | P value Q value P ' 12(%) analysis
Avs. G -0.983 -3.139t0 1.172 0.307 4.664 0.701 0.000 Fixed
AAvs. GG -2.776 -5.099 to -0.452 0.027 7.660 0.264 21.671 Fixed
AG vs. GG 0.751 -1.581 to 3.084 0.460 3.218 0.617 0.000 Fixed
AA+AG vs. GG -0.028 -2.278 t0 2.220 0.975 4.784 0.729 0.000 Fixed
AAvs. AG+GG -2.945 -5.356 to -0.533 0.025 8.386 0.211 28.451 Fixed
Table 5: Statistics to test publication bias and heterogeneity in meta-analysis (rs6265- American).
) Egger’s regression analysis Heterogeneity analysis Model used for meta-
Comparisons . N
Intercept 95% Confidence Interval | P value Q value P . 12(%) analysis
Avs. G 0.869 -1.485 to 3.225 0.425 15.621 0.1 35.986 Fixed
AAvs. GG 1.278 -1.164 to 3.721 0.266 19.996 0.029 49.991 Random
AG vs. GG 0.779 -1.429 to 2.988 0.445 16.666 0.082 39.996 Fixed
AA+AG vs. GG 0.989 -1.092 to 3.070 0.310 15.706 0.108 36.330 Fixed
AAvs. AG+GG 0.737 -2.142t0 3.616 0.576 20.385 0.026 50.945 Random

Table 6: Statistics to test publication bias and heterogeneity in meta-analysis (rs6265-Asian).
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Avs G:
Sty i Statistics for each study Qs ratio and 86% CI
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Figure 2: Forest-plot of a meta-analysis of the association between BDNF gene 196 G>A polymorphism (A vs. G; AA vs. GG; AG vs. GG; AA+AG vs. GG; AA vs.

95% CI=0.702 to 1.630) genetic models; heterozygous (AG vs.
GG: p=0.507; OR=0.930, 95% CI=0.750 to 1.153) genetic models;
dominant (AA+AG vs. GG: p=0.674; OR=0.952, 95% CI=0.758 to
1.196) genetic models; and recessive (AA vs. AG+GG: p=0.411;
OR=1.113, 95% CI=0.862 to 1.438) genetic models (Figure 5).
All ORs were pooled through a random effect models except for
recessive genetic model (Table 7).

Association of BDNF SNP rs2030324 polymorphisms with
AD

The meta-analysis results based on different genetic models
revealed no association between BDNF 270 C/T allele in overall
studies for all genetic models i.e. T vs. C allelic contrast, TT vs. CC
homozygous genotype, TC vs. CC heterozygous genotype, dominant
TT+TC vs. CC genotype and recessive TT vs. TC+CC genotype.
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Li et al., 2005d 1431 0985 2078 1.882 0.060 11.97
Li et al., 2005e 1.133 0.828 1.551 0.780 0.435 —t— 16.90
Huang et al., 2007 1725 1.019 2919 2031 0.042 6.02
Vieira et al., 2015 0967 0.568 1.647 -0.123  0.902 —_———— 5.88
Gomar et al., 2016 0.984 0642 1.509 -0.074 0.941 —_— 9.12
1127 0991 1282 1816  0.069 .
05 1 2
Decreases AD Risk Increases AD Risk
Figure 3: Forest-plot of a meta-analysis of the association between BDNF gene 196 G>A polymorphism (A vs. G; AA vs. GG; AG vs. GG; AA+AG vs. GG; AA vs.
AG+GG) and American AD risk.

Comparisons

Intercept 95% Confidence Interval P value
Avs. G 0.935 -5.248 t0 7.119 0.743
AAvs. GG 0.754 -3.555 to 5.064 0.704
AG vs. GG -0.080 -5.035 to 4.873 0.971
AA+AG vs. GG -0.142 -5.701to 5.416 0.955
AAvs. AG+GG 0.517 -3.044 to 4.079 0.752

. Egger’s regression analysis

Comparisons -

Intercept 95% Confidence Interval = P value
Tvs.C -0.362 -1.780 to 1.055 0.599
TTvs.CC 0.191 -0.41510 0.797 0.509
TCvs.CC -0.707 -2.507 to 1.093 0.422
TT+TC vs. CC -0.723 -2.528 to 1.081 0.412
TT vs. TC+CC -0.215 -0.333t0 0.764 0.413

Egger’s regression analysis

Heterogeneity analysis

Model used for meta-

Q value P eteragensity 12 (%) analysis
42.336 0.000 74.017 Random
26.706 0.005 58.810 Random
31.298 0.001 64.854 Random
38.830 0.000 71.671 Random
18.667 0.067 41.074 Fixed

Table 7: Statistics to test publication bias and heterogeneity in meta-analysis (rs6265-European).

Heterogeneity analysis

Model used for meta-

Q value P eteragensity 12 (%) analysis
52.111 0.000 59.701 Random
10.175 0.809 0.000 Fixed
49.386 0.000 57.478 Random
51.664 0.000 59.353 Random
9.348 0.859 0.000 Fixed

Table 8: Statistics to test publication bias and heterogeneity in meta-analysis (rs2030324-Overall).

Ethnicity specific studies also not found to be associated with BDNF
270 C/T polymorphism and AD.

The pooled ORs of overall study analysis revealed that BDNF
C>T gene polymorphism is not associated with AD risk in allelic (T
vs. C: p=0.538; OR=1.059, 95% CI=0.881 to 1.274) genetic models;
homozygous (TT vs. CC: p=0.419; OR=1.125, 95% CI=0.845 to 1.496)
genetic models; heterozygous (TC vs. CC: p=0.748; OR=1.034, 95%
CI=0.842 to 1.270) genetic models; dominant (TT+TC vs. CC: p=0.662;
OR=1.047, 95% CI=0.852 to 1.287) genetic models; and recessive (TT
vs. TC+CC: p=0.499; OR=1.088, 95% CI=0.853 to 1.387) genetic models
(Figure 6). All ORs were pooled through a random effect models except

for homozygous and recessive genetic models (Table 8).

Similarly, the pooled ORs of American study analysis revealed
that BDNF C>T gene polymorphism is not associated with AD risk in
allelic (A vs. G: p=0.358; OR=0.893, 95% CI=0.701 to 1.137) genetic
models; homozygous (AA vs. GG: p=0.446; OR=1.983, 95% CI=0.340
to 11.551) genetic models; heterozygous (AG vs. GG: p=0.148;
OR=0.829, 95% CI=0.643 to 1.069) genetic models; dominant (AA+AG
vs. GG: p=0.226; OR=0.856, 95% CI=0.665 to 1.101) genetic models;
and recessive (AA vs. AG+GG: p=0.428; OR=2.039, 95% CI=0.350 to
11.876) genetic models (Figure 7). All ORs were pooled through a fixed
effect models (Table 9).
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Yuetal, 2008 1219 0564 2638 0504 0614 6.84 Yuetal, 2008 1481 0765 2867 1.166 0244 6.78
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Study name Statistics for each study 0dds ratio and 95% CI
Odds Lower Upper Relative
ratio  limit limit  Z-Value p-Value weight
Bian et al,, 2005 1464 0938 2285 1677 0.094 _d:-— 7.70
Matsushita etal, 2005 0.972 0731 1291 -0.199 0.843 18.90
Nishimura etal. 2005  0.876 0.574 1338 -0.613 0.540 —_— 8.52
Akatsu et al, 2006 1532 0813 2889 1319 0.187 380
Tsai etal, 2006 1441 0891 2332 1489 0.136 6.60
He etal. 2007 0915 0693 1.208 -0.626 0532 —— 19.79
Qian et al., 2008 0829 0420 1601 -0.558 0.577 353
Yuetal, 2008 0726 0377 1.399 -0.956 0.339 355
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Sonali et al., 2013 5565 1409 21.987 2449 0014 D —— 081
1055 0932 1193 0843 0399 <>
0.5 1 2
Decreases AD Risk Increases AD Risk
Figure 4: Forest-plot of a meta-analysis of the association between BDNF gene 196 G>A polymorphism (A vs. G; AA vs. GG; AG vs. GG; AA+AG vs. GG; AA vs.
AG+GG) and Asian AD risk.

Comparisons Egger’s regression analysis Heterogeneity analysis Model used f9r meta-
Intercept 95% Confidence Interval P value Q value P cterogeneity 12 (%) analysis
Tvs.C -1.640 -3.489 to 0.208 0.066 3.206 0.524 0.000 Fixed
TTvs.CC -20.859 -65.562 to 23.843 0.106 1.909 0.385 0.000 Fixed
TCvs.CC -1.441 -3.790 to 0.906 0.145 3.135 0.535 0.000 Fixed
TT+TCvs. CC -1.553 -3.601 to 0.494 0.094 3.083 0.544 0.000 Fixed
TT vs. TC+CC -20.819 -68.169 to 26.529 0.112 1.905 0.386 0.000 Fixed
Table 9: Statistics to test publication bias and heterogeneity in meta-analysis (rs2030324-American).
) Egger’s regression analysis Heterogeneity analysis Model used for meta-
Comparisons N
Intercept 95% Confidence Interval | P value Q value neterogeneity 12(%) analysis
Tvs.C -0.930 -6.291 to 4.429 0.673 20.906 0.002 71.300 Random
TTvs.CC 3.105 -41.558 to 47.770 0.793 3.316 0.345 9.534 Fixed
TCvs.CC -0.780 -5.834 t0 4.273 0.707 18.038 0.006 66.737 Random
TT+TCvs. CC -0.864 -6.112 to 4.382 0.689 19.666 0.003 69.490 Random
TT vs. TC+CC 3.128 -40.505 to 46.761 0.786 3.169 0.366 5.326 Fixed

Table 10: Statistics to test publication bias and heterogeneity in meta-analysis (rs2030324-Asian).

Additionally, the pooled ORs of Asian study analysis revealed that 95% CI=0.812 to 2.088) genetic models; dominant (AA+AG vs. GG:
BDNF C>T gene polymorphism is not associated with AD risk in allelic p=0.327; OR=1.277, 95% CI=0.783 to 2.083) genetic models; and
(A vs. G: p=0.382; OR=1.244, 95% CI=0.762 to 2.032) genetic models; recessive (AA vs. AG+GG: p=0.785; OR=0.810, 95% CI=0.177 to 3.706)
homozygous (AA vs. GG: p=0.797; OR=0.819, 95% CI=0.179 to genetic models (Figure 8). All ORs were pooled through a random effect
3.749) genetic models; heterozygous (AG vs. GG: p=0.274; OR=1.302,  models except for homozygous and recessive genetic models (Table 10).

J Alzheimers Dis Parkinsonism, an open access journal

ISSN:2161-0460 Volume 7 Issue 3 + 1000323



Citation: Shovit R, Praveen KS (2017) Association of Brain-Derived Neurotrophic Factor (BDNF) Gene Snps G196A and C270T with Alzheimer’s Disease:
A Meta-Analysis. J Alzheimers Dis Parkinsonism 7: 323. doi: 10.4172/2161-0460.1000323

Page 10 of 17

Av G AAFAG S Gli:
Study name SIaUSLICE Tor @ach Study Ddda ratio and 95% C1 Study name Stalistics for each siudy ‘Odds ratio and 95% C|

©dds  Lower Upper Relative Odds  Lower Upper Relative

ratio  limit  limit  ZVale pVale waight ratio  fimit  lmit  2-Value p-Value weight
“entrigla of 2| 2002 GAB4 0440 1001 1854 0051 772 Verfriga ot 5, 2002 0502 0200 0843 -2E0T 0009 743
Bagra | 2004 1250 OED G833 1055 0262 750 Bagrai st 3, 2004 1394 0820 2370 1227 0220 - 731
Combarros et 2l | 2004 110E  0&00 1536 CE1B 0838 Ba2 Combarros et al, 2004 1126 Q767 1653 0.606 0.545 9200
Nacmias et al 2004 1058 0&51T 1712 0216 0837 664 Hacmias of 2004 0955 0528 1727 D153 0679 665
Lictal, 2005 TOTE 0B 1401 056 05TF 568 Listal, 2005c 1061 0784 1442 0206 0602 295
‘opsalainengtal 2005 DH94 OTST A5 0042 0957 943 Vepsalainen ctal 2005 0883 0710 1345 D05 0016 0.85
Saarela et al., 2008 1B9E 1082 3321 Z2237 0028 589 Saarela ot al., 2006 2286 1.204 2527 o011 e . ammd G6.18
Gorza ot 3, 2008 T08E 0733 1641 0446 0854 782 Cozza et &, 2008 1056 9603 D222 B24 785
Feher et al., 2009 @393 0281 0551 5425 0000 8.68 Feher et al, 2009 0326 0.207 4826 Q000 818
Fuac atal, 2011 1232 0922 1648 1410 0159 9.29 Frac etal, 2011 TAZ6 0704 DEGE  C.506 042
Borroni et al. 2012 1DSB O7EE 1461 0343 0731 887 Bomoni et al., 2012 1010 0675 0087 0963 878
Boicechi atal, 2013 GORS 078 1280 0244 080T HE] Booechielal 2013 0801 0630 1277 D87 0667 943

G991 0814 T206 G092 0925 LSz 0F0E § D2z 0ET4

102 05 1 5 10

AA VS GG AA v AGHOG:
Study narme Statistics for eseh study ©ads ratio and BS% CI Study name Statistics for each study Odds ratio and 35% €1

Odds  Lower Upper Relative Ln»v.gr UFP.EI era_tvr

ratic  limit  limit  2-Vaue p-Value weight il limil ZValue  palue weight
Ventrigha of al., 2602 0847 0335 2145 03ED 072 ——.1— 865 wentriglia et al., 2002 0467 2846 0308 0758 502
Sagnali of al., 2004 1331 0357 4962 0425 08T S06 Sagnell €1al., 2004 ©.314 4169 0203 0838 EX=r
Combarss stal, 2004 1200 D480 2126 0373 0709 —|.—_ 843 Combarroa e al., 2004 044E 2985 0300 0764 729
Macmiss o1 al, 2004 1719 0458 G454 0802 0422 s04 Nacmias &t al 2004 0483 GESZ 0885 0571 283
L atal, 20050 1299 0606 27ES 0671 0502 — w02 L et al. 2005¢ 0EDS 2733 o517 ——— 1148
Vepsalsnenatal, 2005 1085 0412 Z2ES1 0147 0.847 - b 897 vepsalaien et al. 2005 1. 0.417 2859 0.BsT .08
Saarel ot al. 2006 1306 0255 6696 0321 0749 460 Sasrels et al.. 2008 0.205 5235 0.860 2.48
Cozza &t 3l,, 2008 1480 0472 4641 0572 0501 711 Cozza el al., 2002 0476 4369 0.488 515
Feher et al., 2008 0188 0077 0367 4483 0000 .83 Feher el &, 2008 0125 0558 -3 o.000 o 11.81
Pivac etal, 2011 2409 1034 4305 2051 0040 1045 Fivat etal, 2071 1045 4.275 007 13.22
Sarroni et al., 2012 1321 058 ZOTE 0872 0502 .60 Sarroni et al. 2012 0.608 2870 0.488 — 0.4z
Boiccehi ¢t al., 2012 113 0581 2220 0372 0710 1083 Saigcchl et al., 2012 0624 2317 0581 15.25

1LO70 0762 1630 03Z 0755 0.882 1.438 o411

01 02 05 42 50 01 02 LI B 510
Decreases AD Risk  Inerenses AD Risk

AG s Gk
Study name Statistics for each study Odds ratic and B5% €I

Odds  Lower Upper Relative

ratio  limit  lmit ZValue p-Value waight
veririgia etal, 200F 0437 0250 0764 2803 0004 fp— 704
Bagnali e al | 2004 1401 0812 245 122 022 L 721
Combaros stal, 2004 1117 0750 1686 OE4E 0588 —f— 218
Hacmias ot 3 2004 0874 0471 1624 0425 08T 535
Lieral. 2005¢ 1037 OTSE 1424 0222 0824 .39
Vepsalainen et al. 2005 0975 070¢ 1347 0154 0877 ©.30
Saarala o1 al., 2008 2459 12EF 4820 2813 0009 — 578
Coza et al, 2008 1005 060G 1659 0019 0985 7.8
Fahar et al, 2000 0392 0242 G636 3810 0000 — 402
Pivac etal, 2011 0993 DEEZ 1444 003 0969 253
Bamoni gt al., 2012 0050 DEZG 14656 018% 0850 884
Boicoeni et &, 2013 0850 0562 1244 0807 0420 260

0930 0750 1153 05564 0507

05 1 2

Decreases AD Risk  Inereases AD Risk

Figure 5: Forest-plot of a meta-analysis of the association between BDNF gene 196 G>A polymorphism (A vs. G; AA vs. GG; AG vs. GG; AA+AG vs. GG; AA vs.
AG+GG) and European AD risk.

Egger’s regression analysis Heterogeneity analysis Model used for meta-

Comparisons . N
Intercept 95% Confidence Interval = P value Q value P cterogencity 12 (%) analysis
Tvs.C -0.637 -3.265 to 1.991 0.560 9.550 0.145 37.172 Fixed
TTvs.CC -0.057 -0.957 to 0.841 0.875 2.047 0.915 0.000 Fixed
TCvs.CC -1.504 -4.871 to 1.862 0.302 8.455 0.207 29.038 Fixed
TT+TCvs. CC -1.425 -4.930 to 2.078 0.343 9.412 0.152 36.249 Fixed
TT vs. TC+CC -0.004 -0.711100.702 0.988 1.363 0.968 0.000 Fixed

Table 11: Statistics to test publication bias and heterogeneity in meta-analysis (rs2030324-European).

Moreover, the pooled ORs of European study analysis revealed
that BDNF C>T gene polymorphism is not associated with AD
risk in allelic (A vs. G: p=0.546; OR=1.041, 95% CI=0.914 to 1.186)
genetic models; homozygous (AA vs. GG: p=0.589; OR=1.086, 95%
CI=0.806 to 1.462) genetic models; heterozygous (AG vs. GG: p=0.696;
OR=1.038, 95% CI=0.860 to 1.253) genetic models; dominant (AA+AG
vs. GG: p=0.620; OR=1.047, 95% CI=0.874 to 1.254) genetic models;

or European study populations. Begg’s Funnel Plot and Egger’s Test
were performed to evaluate the publication bias among the included
studies for this meta-analysis. The shape of funnel plots did not reveal
any evidence of obvious symmetry in all comparisons and the Egger’s
regression test was used to provide statistical evidence of funnel plot.
The results of Egger’s regression analysis did not show any evidence
of publication bias in all genetic models except for homozygous and

and recessive (AA vs. AG+GG: p=0.656; OR=1.059, 95% CI=0.824 to
1.360) genetic models (Figure 9). All ORs were pooled through a fixed
effect models (Table 11).

Evaluation of publication bias

No between study heterogeneity was found in analyses of the BDNF
196 G/A and 270 C/T polymorphisms in the overall, American, Asian

recessive genetic models of BDNF 196 G/A polymorphism in the
American study populations (Egger’s regression test p values>0.05;
(Tables 4-11).

Quantitative sensitivity analysis

Sensitivity analysis was conducted to verify the robustness of our
results. It is also used to ascertain whether modification of the inclusion
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Figure 6: Forest-plot of a meta-analysis of the association between BDNF gene 270 C>T polymorphism (T vs. C; TT vs. CC; TC vs. CC; TT+TC vs. CC; TT vs. TC+CC)
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criteria of the meta-analysis affected the final results. The effect of each
study included in this meta-analysis assessed by sensitivity analysis of
each individual study on the pooled OR by eliminating each single case-
control study was done for each BDNF polymorphism [rs6265(G>A),
rs2030324(C>T)] to evaluate the influence. Outcomes of sensitivity
analysis revealed that no individual genetic model influenced the
pooled ORs significantly in all the BDNF variants, which suggest the
credibility and stability of this meta-analysis.

Trial sequential analysis (TSA)

Thirty nine trials (27329 subjects) were used to investigate the
association of rs6265 and rs2030324 gene polymorphisms with AD risk.

Using the data of dominant model for rs6265 (including 34 trials with
16165 subjects) as an example, the TSA was performed and found that
the required information size (RIS) is 12506 subjects to demonstrate the
issue. The cumulative Z-curve crosses the TSA monitoring boundary
before reaching RIS, indicating that the cumulative evidence is
sufficient and further trials are not necessary (Figure 10). However, the
cumulative Z-curve does not crossed with TSA monitoring boundary
when we performed the analysis using the data of recessive model,
confirming that cumulative evidence is insufficient and further relevant
trials are necessary (Figure 11).

Similarly, for rs2030324, we chose the data of five models to perform
TSA. The cumulative Z-curve have not crossed with TSA monitoring
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Figure 7: Forest-plot of a meta-analysis of the association between BDNF gene 270 C>T polymorphism (T vs. C; TT vs. CC; TC vs. CC; TT+TC vs. CC; TT vs. TC+CC)

boundaries before the required information size is reached, indicating
that cumulative evidence is insufficient and further trials are necessary
(figures were not shown).

Moreover, when we performed the sub-analysis based on the
ethnicity (American, Asian and European) for all models for both
BDNF gene polymorphisms, the cumulative Z-curve does not crossed
with TSA monitoring boundary, confirming that cumulative evidence
is insufficient and further relevant trials are necessary in this regard
(figures were not shown).
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