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Genetic association of NOS1 exon18, NOS1
exon29, ABCB1 1236C/T, and ABCB1
3435C/T polymorphisms with the risk
of Parkinson’s disease
A meta-analysis
Hongbin Huanga,b, Cong Peng, PhDc, Yong Liu, MSa,d,e, Xu Liua,b, Qicong Chen, BSf,
Zunnan Huang, PhDa,d,e,∗

Abstract
Background: Parkinson’s disease (PD) is the second most frequent neurodegenerative disorder. Previous publications have
investigated the association of NOS1 and ABCB1 polymorphisms with PD risk. However, those studies have provided some
contradictory results.

Methods: Literature searches were performed using PubMed, Embase, PDgene, China National Knowledge Infrastructure
database, and Google Scholar. Odds ratios (ORs) with 95% confidence intervals (CIs) were applied to evaluate the strength of
association.

Results: The analysis results indicated that NOS1 exon18 polymorphism was associated with developing PD in 4 genetic models
(allelic: OR = 1.25, 95%CI 1.09–1.44, P=0.001; homozygous: OR=1.79, 95%CI 1.32–2.45, P<0.001; recessive: OR=1.70, 95%
CI 1.26–2.28, P<0.001; dominant: OR=1.22, 95%CI 1.02–1.46, P=0.03), whereas exon29 polymorphism was not correlated to
PD susceptibility. In addition, ABCB11236C/T polymorphism was related to PD in the recessive (OR=0.80, 95%CI 0.66–0.97, P=
0.025) and overdominant (OR=1.21, 95%CI 1.03–1.43, P=0.02) models, which might indicate the opposite effects of 2 minor
variants of this locus on Parkinson’s disease. However, this associated result was not robust enough to withstand statistically
significant correction. On the other hand, no association was found between ABCB13435C/T polymorphism and the predisposition
to PD in 5 genetic models, and such an absence of relationship was further confirmed by subgroup analysis in Caucasians and
Asians. Whether the polymorphisms of these 4 loci were linked to PD or not, our study provided some interesting findings that differ
from the previous results with regard to their genetic susceptibility.

Conclusion: The NOS1 exon18 and ABCB11236C/T variants might play a role in the risk of Parkinson’s disease, whereas NOS1
exon29 and ABCB13435C/T polymorphisms might not contribute to PD susceptibility.

Abbreviations: 95%CI = 95% confidence intervals, ABCB1 = ATP-binding cassette, sub-family B, member 1, BON =
Bonferroni–Holm correction, FDR = Benjamini–Hochberg False Discovery Rate, HWE = Hardy–Weinberg equilibrium, NOS =
Newcastle–Ottawa Scale criteria, NOS1 = nitric oxide synthase 1, ORs = odds ratios, PD = Parkinson’s disease, P-gp = P-
glycoprotein, SNPs = single nucleotide polymorphisms.
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1. Introduction

Parkinson’s disease (PD), regarded as a common incurable
neurodegenerative disease, influences around1%of theworldwide
population above age 60.[1–3] Patients suffering from PD have
facedmany problems in their daily life, such as a life of lowquality,
an economic burden of health care, and a collapse of physical and
emotional well-being. Besides, the increasing numbers of PD
patients have a negative effect on the development of society and
economy.[4,5] The pathological characteristics of PD include the
lossofdopaminergic neurons in the substantianigrapars compacta
and the buildup of a-synuclein in Lewy bodies.[6,7]

The pathogenesis of Parkinson’s disease could be attributable
to genetic, environmental, or other factors.[8] The genetic
background of Parkinson’s disease was well established,[9] in
which the monogenic forms could influence the development of
Parkinson’s disease. Recently, the polymorphisms of several
genes, such as CYP1A1, CYP1A2, ABCB1, PON1, PON2, and
NOS1,[3,10] were considered as the candidate risk factors for
Parkinson’s disease. In this study, we focused on the NOS1 and
ABCB1 gene polymorphisms with the risk of PD.
The NOS1 gene is located at chr12q24.2 to chr12q24.3,

which is the first isoform found in neurons. The nNOS (NOS1) is
calcium (Ca2+)-dependent and its isoforms are constitutively
expressed in many tissues, which include vessels and neu-
rons.[11,12] In addition, the NOS1 can control a variable low level
of nitric oxide (NO) to carry out normal physiological functions
in the neurons.[13] NO is also a pro-oxidant capable of adding
oxidative/nitrosative stress that can damage neurons. Therefore,
it is possible that Parkinson’s disease is susceptive to the
polymorphisms of NOS1.
The ABCB1 gene, also recognized as MDR1, is located on

chromosome 7q21.1. The ABCB1 gene is widely expressed in
human organs and tissues, such as capillaries of the brain.[14–16] It
encodes the P-glycoprotein (P-gp), a transmembrane protein,
which regulates the brain entry of various xenobiotic. The P-gp
belongs to a highly preserved superfamily of ATP-binding cassette
(ABC) transporters. This protein is present at the blood–brain
barrier where it functions as a drug transporter.[17–19] ABCB1 acts
as an efflux transporter for many substrates such as chemothera-
peutic agents, anti-epilepsy medicine, or drug and antibiotics for
PD.[20–22] Thus, the function disorder ofABCB1genemay be a risk
factor for Parkinson’s disease.
Previous publications have explored the connection of 2 single

nucleotide polymorphisms (SNPs) of NOS1[23] and several SNPs
of ABCB1[18,24–33] with PD. Here, we studied the effect of the 4
genetic polymorphisms, exon18 and exon29, in NOS1, and
rs1128503(1236C/T), rs1045642(3435C/T) in ABCB1 on the
predisposition to Parkinson’ disease. We did not investigate other
polymorphisms in ABCB1, such as rs1202169 and rs2235035,
because those polymophisms lacked enough case-control studies
for meta-analysis.[18,27,34,35]

To date, no meta-analysis has been carried out to estimate the
association of NOS1 exon18, exon29, and ABCB1 1236C/T
polymorphisms with the susceptibility to PD. Although a
previous meta-analysis explored the connection between ABCB1
3435C/T and PD risk, only 2 articles were included in that study,
which might lack the statistical power to identify the true
relationship. Besides, the original results of the previous case-
control studies[18,24–33] were inconsistent. Hence, we conducted
this meta-analysis based on all currently available case-control
studies to further examine whether these 4 polymorphisms were
potentially associated with the risk of Parkinson’ disease.
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2. Materials and methods

2.1. Search strategy

Literatures were searched from PubMed, Embase, and China
National Knowledge Infrastructure (CNKI). With the purpose of
getting as many potentially relevant publications, we used the
following keywords including “(NOS or NOS1 or nitric oxide
synthase 1 neuronal) AND (Parkinson’s disease or Parkinsonism)
AND (polymorphism or mutation or variation or variant)”AND
“(ABCB1 orMDR1) AND (Parkinson’s disease or Parkinsonism)
AND (polymorphism or mutation or variation or variant)”. In
addition, we explored the PD Gene database (http://archive.
pdgene.org/default.asp) as well as Google Scholar, and also
conducted a manual search of references in the individual articles
to avoid the missing of some related publications. All relevant
publications were scanned on the basis of title, keywords, and
abstract, and the irrelevant ones were excluded after the full text
of the articles was further read. The literature search was updated
on April 28, 2016.
2.2. Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1) in a
case-control design, (2) on the association between 4 polymor-
phisms (exon18, exon29, 1236C/T, and 3435C/T) and the risk of
PD, (3) with complete genotype data. The exclusion criteria
were as follows: (1) duplicate research, animal studies, and
review articles, (2) no case-controls studies, case-only studies, or
control-only studies, (3) studies for other diseases, genes, and
polymorphisms, (4) studies without sufficient genotype data.
Two reviewers extracted eligible studies independently and any
disagreement of the included articles was resolved by discussion
among the authors.
2.3. Data extraction

From the retrieved studies, we extracted the following informa-
tion: author’s name, publication year, study area, participant
ethnicity, the number of PD cases and controls, the number of
genotypes of NOS1 (exon18 and exon29) and ABCB1(1236C/T
and 3435C/T) polymorphisms, Hardy–Weinberg equilibrium
(HWE), and source of included articles.
2.4. Quality assessment

The Newcastle–Ottawa Scale criteria[36] were applied to evaluate
the quality of eligible studies on the basis of 3 aspects: selection,
comparability, and exposure. NOS scores ranged from 0 to 9,
which being no less than 6 indicated high quality.

2.5. Statistical analysis

STATA statistical software (Stata 14.0) and Review manager
(version 5.2) were used to evaluate the available data from each
study. The strength of association between any of NOS1 exon18,
NOS1 exon29, ABCB11236C/T, and ABCB13435C/T poly-
morphisms was assessed by combined odds ratio (OR) and 95%
confidence interval (CI).[37] The significance of OR was
determined with the Z-test, and P<0.05 was regarded as
statistically significant. The reported P was adjusted by
Bonferroni–Holm correction (BON)[38] and Benjamini–
Hochberg False Discovery Rate (FDR)[39] methods to control
the false discovery rate. The degree of heterogeneity between
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studies was evaluated by the Q-test and I -statistics. The fixed-
effect model was used if P>0.05 or I2<50%. Otherwise, the
random-effect model was utilized.[40] Subgroup analysis was used
to explore the reasons for heterogeneity. Publication bias was
investigated by Begg’s and Egger’s test and the potential bias was
found by P<0.05.[41,42] Sensitivity analysis was performed by
excluding individual studies in sequence to assess the stability of
the meta-analysis results. The quality of genotype data was
estimated by Hardy–Weinberg equilibrium (HWE) and low-
quality studies deviated from HWE were excluded in the
sensitivity analysis.

2.6. Ethics statement

Ethical approval was not required for this study, as it is a
systematic review and meta-analysis. This work was conducted
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.[43]
3. Results

3.1. Detection and selection of studies

The process of the literature search and selection was discussed in
Fig. 1. Initially, our search strategy yielded 186 possibly relevant
papers. After removing 29 studies for duplications, animal
studies, and meta-analysis, 157 studies remained. Among them, a
Figure 1. A diagram to describe the sele
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total of 137 studies did not meet the inclusion criteria, such as
studies not in a case-control design or related to other diseases or
polymorphisms. They were excluded and we obtained 20 full-
text articles. After that, 4 studies were further deleted due to their
insufficient genotype data. Finally, we got 16 articles which
included 26 independent studies in our meta-analysis. Among
these 26 individual studies, 4, 5, 5, and 12 studies were linked to
NOS1 exon18, NOS1 exon29, ABCB11236C/T, and ABCB1
3435C/T polymorphism, respectively. The basic characteristics
of all the eligible articles were reviewed in Table 1. All these
included studies conformed to HWE. In addition, the NOS result
shows the score of each study reached 6 points or more (Table 2).
Therefore, all these studies in our meta-analysis were high
quality.

3.2. Association of NOS1 exon18 polymorphism with the
risk of Parkinson’s disease

In this meta-analysis, we enrolled 4 articles[1,3,23,44] including
789 cases and 1369 controls to investigate the role of NOS1
exon18 polymorphism in Parkinson’s disease. The result was
shown in Table 3. Although no connection was found in the
heterozygous model (TC vs CC: OR=1.11, 95%CI: 0.92–1.35,
P=0.27), NOS1 exon18 polymorphism was observed to be
statistically significantly associated with the development of
PD in other 4 genetic models (allelic T vs C: OR=1.25, 95%CI
ction procedure of the eligible studies.
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Table 1

The basic characteristics of all included articles.

First author
(ref.) Year Area Ethnicity

No. of
cases

No. of
controls

Cases Controls HWE
SourceC/C C/T T/T C/C C/T T/T P

NOS1 exon18
Levecque 2003 France Caucasian 209 488 88 92 29 224 210 54 0.68 Hum Mol Genet
Hague 2004 Finland Caucasian 144 132 67 68 9 65 62 5 0.05 Neurology
Paul 2015 America Caucasian 347 417 155 143 49 211 176 30 0.47 Environ Health Perspect
Gupta 2015 India Caucasian 89 332 42 35 12 180 126 26 0.58 Mol Neurobiol

NOS1 exon29
Levecque 2003 France Caucasian 209 488 94 90 25 264 185 39 0.42 Hum Mol Genet
Hague 2004 Finland Caucasian 142 131 78 57 7 59 63 9 0.22 Neurology
Huerta 2006 Spain Caucasian 450 200 248 170 32 110 74 16 0.47 Neurosci Lett
Paul 2015 America Caucasian 356 455 178 154 24 231 198 26 0.06 Environ Health Perspect
Gupta 2015 India Caucasian 89 332 40 38 11 192 118 22 0.55 Mol Neurobiol

ABCB1 1236C/T
Lee 2004 Singapore Asian 206 224 36 100 70 27 102 95 1.00 J Med Genet
Tan 2004 Poland Caucasian 158 139 56 77 25 49 65 25 0.73 Neurosci Lett
Tan 2005 China Asian 185 206 29 86 70 32 85 89 0.13 Arch Neurol
Funke 2009 Germany Caucasian 300 302 92 153 55 110 147 45 0.81 J Neural Transm (Vienna)
Westerlund 2009 Sweden Caucasian 275 271 87 148 40 89 119 63 0.07 Parkinsonism Relat Disord

ABCB1 3435C/T
Furuno 2002 Italy Caucasian 95 106 20 50 25 28 58 20 0.34 Pharmacogenetics
Drozdzik 2003 Poland Caucasian 107 103 26 66 15 24 58 21 0.24 Pharmacogenetics
Lee 2004 Singapore Asian 206 224 101 87 18 78 109 37 1.00 J Med Genet
Tan 2004 Poland Caucasian 158 139 35 78 45 30 73 36 0.62 Neurosci Lett
Tan 2005 China Asian 185 206 81 77 27 87 95 24 0.88 Arch Neurol
Funke 2009 Germany Caucasian 300 302 67 147 86 76 147 79 0.65 J Neural Transm (Vienna)
Westerlund 2009 Sweden Caucasian 277 292 53 141 83 56 140 96 0.72 Parkinsonism Relat Disord
Zschiedrich 2009 Germany Caucasian 265 123 69 126 70 21 73 29 0.05 J Neurol
Zschiedrich 2009 Serbia Caucasian 42 61 12 18 12 15 28 18 0.61 J Neurol
Dutheil 2010 France Caucasian 207 482 45 112 50 120 231 131 0.36 Arch Neurol
Kiyohara 2013 Japan Asian 238 368 75 114 49 138 166 64 0.28 Drug Metab Pharmacokinet
Narayan 2015 France Caucasian 285 571 62 128 95 122 308 141 0.07 Environ Res

ABCB1 = ATP-binding cassette, sub-family B, member 1, HWE = Hardy-Weinberg equilibrium, NOS1 = nitric oxide synthase 1.
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1.09–1.44, P=0.001; homozygous TT vs CC:OR=1.79, 95%CI
1.32–2.45, P<0.001; recessive TT vs TC + CC: OR=1.70, 95%
CI 1.26–2.28, P<0.001; dominant TT + TC vs CC: OR=1.22,
95%CI 1.02–1.46, P=0.03) (Table 3). The association was still
Table 2

Quality assessment scheme for included literatures (Newcastle–Otta

Selection

Literature I II III IV

Furuno et al[24] ∗ ∗ - -
Levecque et al[1] ∗ ∗ - ∗
Drozdzik et al[25] ∗ ∗ ∗ ∗
Hague et al[23] ∗ ∗ - -
Lee et al[26] ∗ ∗ - ∗
Tan et al[27] ∗ ∗ ∗ ∗
Tan et al[18] ∗ ∗ - ∗
Huerta et al[45] ∗ ∗ ∗ ∗
Funke et al[28] ∗ ∗ ∗ -
Westerlund et al[29] ∗ ∗ - -
Zschiedrich et al[30] ∗ ∗ ∗ ∗
Dutheil et al[31] ∗ ∗ ∗ ∗
Kiyohara et al[32] ∗ ∗ - ∗
Narayan et al[33] ∗ ∗ ∗ ∗
Paul et al[3] ∗ ∗ ∗ ∗
Gupta et al[44] ∗ ∗ ∗ ∗

I = Is the case definition adequate? II = representativeness of the cases, III = selection of controls, IV = de
ascertainment of exposure, VII = same method of ascertainment for cases and controls, VIII = nonres
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significant according to the adjusted P calculated from the
Bonferroni–Holm correction and FDRmethods (also as shown in
Table 3). The analysis indicated that NOS1 exon18 polymor-
phism was a risk factor for PD.
wa Scale).

Comparability Exposure

V VI VII VIII Total

∗ ∗ ∗ ∗ ∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗
∗∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗∗
∗ ∗ ∗ ∗ ∗∗∗∗∗∗∗∗

finition of controls, V = comparability of cases and controls on the basis of the design or analysis, VI =
ponse rate.



Table 3

Meta-analysis of NOS1 exon18, ABCB1 1236C/T, and ABCB1 3435C/T with the PD risk.

Comparisons I 2 Effect model OR (95%CI)
P adjust

POR PFDR PBON Begg’s test (z, p) Egger’s test (t, p)

NOS1 (exon18)
T vs C 0.00% Fixed 1.25 (1.09, 1.44) 0.001 0.005 0.005 0.34, 0.734 �0.34, 0.767
TT vs CC 0.00% Fixed 1.79 (1.32, 3.66) 0.001 0.003 0.004 0.34, 0.734 0.06, 0.956
TC vs CC 0.00% Fixed 1.11 (0.92, 1.35) 0.269 0.269 0.269 0.34, 0.734 0.37, 0.747
TT vs CC+CT 0.00% Fixed 1.70 (1.26, 2.28) 0.001 0.002 0.003 0.34, 0.734 0.11, 0.942
TT+TC vs CC 0.00% Fixed 1.22 (1.02, 1.46) 0.030 0.038 0.060 0.34, 0.734 �0.27, 0.812

ABCB1 (1236C/T)
T vs C 50.00% Fixed 0.93 (0.83, 1.05) 0.266 0.400 0.798 �0.24, 1.000 �0.80, 0.484
TT vs CC 50.50% Random 0.84 (0.59, 1.20) 0.343 0.412 0.686 �0.24, 1.000 �0.62, 0.580
TC vs CC 0.00% Fixed 1.12 (0.92, 1.37) 0.257 0.514 1.000 0.73, 0.462 �2.13, 0.123
TT vs CC+CT 47.40% Fixed 0.80 (0.66, 0.97) 0.025 0.075 0.125 0.24, 0.806 0.22, 0.842
TT+TC vs CC 14.10% Fixed 1.04 (0.86, 1.26) 0.684 0.684 0.684 1.22, 0.221 �2.20, 0.115
TC vs TT+CC 0.00% Fixed 1.21 (1.03, 1.43) 0.024 0.144 0.144 �0.24, 1.000 �0.50, 0.649

ABCB1 (3435C/T)
T vs C 46.00% Fixed 1.01 (0.94, 1.10) 0.731 0.913 1.000 1.03, 0.304 �0.91, 0.383
TT vs CC 38.30% Fixed 1.04 (0.89, 1.22) 0.638 1.000 1.000 1.44, 0.150 �1.26, 0.236
TC vs CC 28.90% Fixed 0.95 (0.83, 1.09) 0.449 1.000 1.000 0.34, 0.732 �0.46, 0.654
TT vs CC+CT 41.00% Fixed 1.07 (0.94, 1.22) 0.308 1.000 1.000 0.75, 0.451 �1.03, 0.326
TT+TC vs CC 36.40% Fixed 0.97 (0.86, 1.10) 0.913 0.913 0.913 1.03, 0.304 �0.55, 0.592

ABCB1 = ATP-binding cassette, sub-family B, member 1, CI = confidence interval, NOS1 = nitric oxide synthase 1, OR= odds ratio, P adjust = P value for significant test, PBON = P value in Bonferroni–Holm
correction, PD = Parkinson’s disease, PFDR = P value from Benjamini–Hochberg False Discovery Rate method.
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3.3. No association between NOS1 exon29 polymorphism
and the susceptibility to Parkinson’s disease

In this retrospective analysis, 5 studies[1,3,23,44,45] involving 1246
cases and 1606 controls were included to explore the link
between NOS1 exon29 polymorphism and PD. As shown in
Fig. 2, the combined data indicated that a lack of association was
found against statistical significance between exon29 polymor-
phism and the susceptibility to PD under all 5 genetic models
(allelic T vs C: OR=1.11, 95%CI 0.89–1.38, P=0.36;
heterozygous TC vs CC: OR=1.09, 95%CI 0.92–1.28, P=
0.33; homozygous TT vs CC: OR=1.29, 95%CI 0.95–1.75, P=
0.10; recessive TT vs TC + CC: OR=1.23, 95%CI 0.92–1.66,
P=0.16; dominant TT + TC vs CC: OR=1.11, 95%CI 0.86–
1.45, P=0.42). This finding was robust enough to survive the
FDR and Bonferroni–Holm correction (adjusted P values not
shown here). Therefore, our study indicated that NOS1 exon29
polymorphism was not related to the risk of Parkinson’s disease.

3.4. The relationship of ABCB1 1236C/T polymorphism
with the predisposition to Parkinson’s disease

In this study, 5 eligible studies[18,26–29] containing 1124 cases and
1142 controls were collected to evaluate the relationship between
ABCB11236C/T polymorphism and PD risk. Although no
significant correlation was observed in 4 genetic models (allelic
T vs C: OR=0.93, 95%CI 0.83–1.05, P=0.27; heterozygous TC
vs CC: OR=1.12, 95%CI 0.92–1.37, P=0.26; homozygous TT
vs CC: OR=0.84, 95%CI 0.59–1.20, P=0.34; dominant TT +
TC vs CC: OR=1.04, 95%CI 0.86–1.26, P=0.68) (Table 3),
ABCB11236C/T polymorphism was found to be statistically
significantly linked with increasing or decreasing PD risk under
the recessive or over-dominant model respectively (recessive TT
vs TC+CC: OR=0.80, 95%CI 0.66–0.97, P=0.03; over-
dominant TC vs TT+CC: OR=1.21, 95%CI 1.03–1.43, P=
0.02) (Table 3). However, no statistical significance was detected
in all 6 genetic models after the P values were adjusted following
5

the FDR or Bonferroni-Holm correction for multiple testing (as
also shown in Table 3).

3.5. No association between ABCB13435C/T
polymorphism and the risk of Parkinson’s disease

We collected 12 studies[18,24–33] with a total of 2365 cases and
2977 controls to estimate the association between ABCB1
3435C/T polymorphism and the risk of Parkinson’s disease in
our meta-analysis. The combined data showed that ABCB1
3435C/T polymorphism was not associated with the susceptibil-
ity to PD in 5 genetic models (allelic T vs C: OR=1.01, 95%CI
0.94–1.10, P=0.73; heterozygous TC vs CC: OR=0.95, 95%CI
0.83–1.09, P=0.45; homozygous TT vs CC: OR=1.04, 95%
CI 0.89–1.22, P=0.64; recessive TT vs TC + CC: OR=1.07,
95%CI 0.94–1.22, P=0.31; and dominant TT+TC vs CC: OR=
0.97, 95%CI 0.86–1.10, P=0.91) (Table 3). No association was
also observed in the Caucasians and Asians from ethnicity-based
subgroup analysis (data not shown here). In addition, after
applying the FDR and Bonferroni–Holm correction for multiple
comparisons, the negative results from both a regular meta-
analysis in the general population and each ethnicity subgroup
analysis were stable and reliable (Table 3). Therefore, this study
denoted that ABCB13435C/T polymorphism might not play a
role in Parkinson’s disease.

3.6. Tests of heterogeneity, sensitivity analyses, and
publication bias

Our meta-analysis showed the existence of unobserved, moder-
ate, or significant heterogeneity among the included studies
investigating these polymorphisms. No between-study heteroge-
neity was found in all 5 genetic models (I2=0%) on NOS1
exon18 polymorphism (Table 3), and thus the fixed-effect model
was applied to calculate their combined OR. On exon29
polymorphism (Fig. 2), moderate heterogeneity was detected
in 3 genetic models (TT vs TC + CC: I2=12.40%; TT vs CC:

http://www.md-journal.com
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Figure 2. Forest plots of NOS1 exon29 polymorphism and PD risk in 5 genetic models. NOS1 = nitric oxide synthase 1, PD = Parkinson’s disease.
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I =44.80%; TC vs CC: I =45.70%) and the fixed-effect model
was also used, whereas substantial heterogeneity among
individual studies was discovered in 2 other genetic models (T
vs C: I2=66%; TT + TC vs CC: I2=61.40%) and the random-
effect model was employed. On ABCB11236C/T polymorphism
(Table 3), an unobserved heterogeneity was detected in the
heterozygous (I2=0%), dominant (I2=14.10%), and over-
dominant (I2=0) models, whereas a moderate and moderate-
to-significant heterogeneity were detected in the recessive (I2=
47.40%) and allelic/homozygous (I2=50%/50.50%) models. All
of these genetic models were performed by the fixed-effect model
except that the homozygous model was evaluated by the random-
effect model. Finally, on ABCB1 3435C/T polymorphism
(Table 3), the moderate heterogeneity among included studies
was detected under all 5 genetic models (T vs C: I2=46%; TT vs
6

CC: I =38.30%; TC vs TT: 28.90%; TT vs CC + CT: 41.00%;
TT + TC vs CC: I2=36.40%) and their pooled OR were
calculated by the fixed-effect model. To assess whether any
individual sample exerted undue influence on the risk estimate,
we performed “leave-one-out” sensitivity analysis, where the
overall OR and P-values were recalculated when each sample was
removed one time. The sensitivity test indicated that no individual
study notably affected the meta-analysis result. Begg’s and
Egger’s test (Table 3) were executed to check the publication bias
and no publication bias was found in our meta-analysis.
4. Discussion

Parkinson’s disease is the second most common neurodegenera-
tive disorder. Rare variants in monogenic forms have been



[46]
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identified to be connected with the disease at the gene level.
Besides, the investigations of the associations between several
candidate genes and PD as well as the genome-wide association
studies have been carried out to recognize the related risk
factors.[47,48] Previous studies have explored the potential
influences of NOS1 exon18, exon29, and ABCB13435C/T,
1236C/T SNP on the susceptibility to PD.[1,3,18,23–33,44,45]

However, the small size and the minor statistical power of the
individual case-control studies led to the lack in consistency of
their results. Thus, we did this meta-analysis to study the
association of these 4 polymorphisms with the risk of Parkinson’s
disease.
Till now, 4 studies have reported the relationship of NOS1

exon18 with Parkinson’s disease. Among those studies, 4
studies[1,3,23,44] indicated that NOS1 exon18 polymorphism
was not connected to the risk of Parkinson’s disease. Our meta-
analysis demonstrated that this polymorphism contributed to the
disease susceptibility. The results under the allelic, homozygous,
and dominant models clearly revealed that people with the TT
genotype would have a higher risk of developing PD than those
with genotype CC and TC. In addition, though the confidence
interval of OR was across 1 in the heterozygous model (Table 3),
the TC genotype might also contribute to the risk of PD. There
are 3 reasons to account for it. First, only the combined OR in the
heterozygous model was lack of the statistical significance.
Second, the OR under the homozygous model was lower and its
CI leaned more to the left than those under the recessive model,
which could be caused by the potential association between the
heterozygous mutant and the disease. Third, an increased nitrite
content and NOS1 activity might lead to a link between the
heterozygous variant of exon 18 and the development of
PD.[49,50] Thus, our meta-analysis results basically changed the
uncorrelated results from the previous case-control studies. This
is not unreasonable because the key benefit of the meta-analysis
from the aggregation of information is to increase the estimator
accuracy, shorten the CIs, and thus improve the statistical power
to provide a better estimation, which may depart from the
assessment acquired from any included study.[51] However, more
studies with large sample sizes are required to verify the
association of NOS1 exon18 variant, especially the heterozygous
TC genotype with PD risk in the future.
Currently, 5 studies have explored the correlation between

NOS1 exon29 SNP and Parkinson’s disease risk. Among them,
3 studies[1,3,44] indicated the association whereas the other 2
studies[23,45] denoted a lack of association between this
polymorphism and the risk of the disease. Our meta-analysis
supported that NOS1 exon29 variant did not contribute to the
increase or decrease of PD. Among 3 case-control studies to show
the positive association, Gupta et al[44] indeed considered no
relationship between NOS1 exon29 polymorphism with the PD
risk although their study found the connection based on its small
sample size. On the other hand, Levecque et al[1] found that this
polymorphism contributed to increasing the risk of sporadic PD
due to an excess of haplotypes including the T allele for NOS1
exon29 in patients. However, Hague et al[23] indicated that the
existence of the association between NOS1 exon29 polymor-
phism and PD risk in the study from Levecque et al[1] might be a
false positive result, because the association between NOS1
exon29 and PD could not represent linkage disequilibrium with
an unidentified pathogenic variant due to the constructed
haplotypes across NOS1. Paul et al[3] found the linkage for
PD with NOS1 exon29 under the exposure of patients to
commonly used OP pesticides. In fact, without considering this
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condition, their study indeed showed no association of exon29
minor allele with the disease (as shown in Fig. 2). Thus, it is
reliable that NOS1 exon29 polymorphism was not a risk factor
for PD from our analysis. However, this polymorphism might
play an important role in the disease development under the
gene–environment interactions (such as shown in Paul’s study).
In addition, the involvement of these environmental factors might
cause the obvious between-study heterogeneity on this polymor-
phism. Hence, there is a need for us in the future to carry out
additional case-control studies with gene–environment interac-
tions for making a more precise estimation of the relationship
between NOS1 exon29 SNP and Parkinson’s disease.
Up to date, 5 studies have investigated the link between

ABCB11236C/T polymorphism and the risk of PD. Among
them, 3 studies[18,27,28] indicated no relationship between this
polymorphism and the susceptibility to the disease based on the
populations of Poland, China, and Germany. The other 2
studies[26,29] found the positive association of ABCB11236C/T
variant with PD risk. Lee et al[26] denoted the association due to
tight linkage disequilibrium found in Asians, whereasWesterlund
et al[29] implied the connection of 1236C/T polymorphism with
PD because of 1236C-2677G shown as a risk haplotype in
Caucasians. The results from our meta-analysis indicated that
this SNP might play a role in PD development. Although the
allelic, heterozygous, homozygous, and dominant models
revealed no association but the recessive and over-dominant
showed the statistically significant correlation between ABCB1
1236C/T minor allele and the predisposition to PD. Therefore,
ABCB11236C/T polymorphism might be connected to PD
susceptibility. In addition, the opposite trends observed from a
comparison between the recessive and the over-dominant models
indicated that the homozygous mutant TT might decrease the
development of Parkinson’s disease but the heterozygous TC
genotype might increase the risk of PD (Table 3). However, the
statistical significance of the association under those 2 models did
not remain after the P-values were adjusted following the False
Discovery Rate or Bonferroni–Holm correction for multiple
comparisons. Hence, the PD association of this polymorphism
claimed in the above might be a false positive caused by type I
error in statistical hypothesis testing. Nevertheless, we prefer to
speculate that it might be a real positive which could appear
insignificant due to the weak gene action and also which lacked
sufficient evidence to help achieve a consistent conclusion due to
the limit sample sizes of included studies. Because the results of
the connection between 1236C/T and Parkinson’s disease were
not sufficiently robust to withstand statistically significant
correction, further studies will be required to verify them.
Hitherto, 12 original studies have investigated the connection

of ABCB13435C/T with the PD risk. Among them, 11
studies[18,24,25,27–33] revealed that this polymorphism was not
a risk factor for Parkinson’s disease. The study reported by Lee
et al[26] found the positive association, due to their observation
that haplotypes containing this polymorphism significantly
modulated the risk of PD. In addition, a previous meta-analysis
has explored the link between ABCB13435C/T and Parkinson’s
disease.[52] Though this study found a significant association
between the polymorphism and the disease, only 2 studies[30,31]

were included, which could lack the statistical power to find
the true relationship. Thus, we performed this meta-analysis
including 12 studies to reevaluate this association more
accurately. Our analysis results indicated indeed a lack of
association between ABCB13435C/T and the development of
PD, which was further supported by subgroup analysis in
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Caucasians and Asians. This result was reliable considering that
11 out of 12 independent studies found no linkage of ABCB1
3435C/T with the risk of Parkinson’s disease. Besides, the
sensitivity analysis result, the moderate between-study hetero-
geneity and lack of publication bias also suggested that this
conclusion was credible.
There were 5 advantages in this meta-analysis. First, our study

is the first meta-analysis to investigate the association of NOS1
exon18, NOS1 exon29, and ABCB11236C/T polymorphisms
with the development of Parkinson’s disease. Second, though a
previous meta-analysis has explored the role of ABCB13435C/T
variant on the susceptibility to PD, our study based on a much
larger sample size provided a different result from the previous
work. Third, we carried out 6 genetic models including the least-
frequently-used over-dominant model to assess the relationship
of these SNPs with PD risk. Fourth, the results from both Begg’s
and Egger’s tests demonstrated low risk of publication bias in this
retrospective analysis. Finally, the NOS analysis indicated that all
the included studies in this meta-analysis were of high quality.
Some disadvantages should not be ignored in our retrospective

analysis. First, we limited the included studies to just Chinese and
English literature, which might prejudice the meta-analysis
results. Second, the relatively small sample size of each study
might cause a restricted statistical power to identify a true
relationship between the 4 polymorphisms and PD risk in this
meta-analysis. Third, our analyses to only consider the suspected
gene polymorphisms were based on unadjusted OR values
without considering the role of other covariates such as age,
gender, and exposures, which might cause our failure to detect
the real association.
5. Conclusion

NOS1 exon18 polymorphism was a risk factor for Parkinson’s
disease, whereas NOS1 exon29 and ABCB13435C/T variants
might not be associated with PD susceptibility. In addition,
ABCB11236C/T polymorphism might be connected to Parkin-
son’s disease but their relationship showed a little more complex.
Specifically, the 2 minor alleles of the gene locus might play
opposite roles in the susceptibility to PD, in which the
homozygous mutant TT might decrease the development of
PD but the heterozygous TC genotype might increase the risk of
Parkinson’s disease. However, the possible connection between
1236C/T polymorphism and PD risk did not remain statistically
significant after the P-value was adjusted, so that more studies
need to be further performed for verifying this association in the
future.
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