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Abstract
Introduction: Vascular dementia (VaD), a neurocognitive im-
pairment directly related to vascular injury, is the second most
common cause of age-related dementia. Although numerous
studies have investigated candidate genetic polymorphisms
associated with VaD in Asia, the genetics of VaD remains
unclear. Methods: This review provides an updated meta-
analysis of genetic polymorphisms associated with VaD in
Asians, using the PRISMA guidelines. Published literature up to
May 2021 was extracted from the PubMed, Scopus, Ovid, and

EBSCOhost databases. Meta-analysis was conducted using
the Open Meta analyst, Review Manager, and MedCalc®
Statistical Software. Trial sequential analysis (TSA) was
performed using TSA viewer software. Results: A total of 46
eligible studies, comprising 23 genes and 35 single nucle-
otide polymorphisms, were retrieved. The meta-analysis was
conducted on the following genetic polymorphisms, APOE
ε2/3/4, MTHFR rs1801131, ACE rs4340 (I/D) gene polymor-
phism, and a PSEN1 intron 8 variant. The pooled odds ratio
(ORs) revealed a significant increase in the risk of VaD in the
apolipoprotein E (APOE) ε4 allelic model (OR, 1.79, p < 0.001),
and the methylenetetrahydrofolate reductase (MTHFR)
rs1801133 polymorphism T allele in the allelic model (OR,
1.23, p = 0.013). Conclusion: Our findings provide evidence
that genetic polymorphisms of the APOE ε4 allele andMTHFR
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rs1801133 T allele increase the risk of developing VaD in
Asians. However, future large-scale investigations examining
particularly on South-Eastern and West-Asian populations
are highly recommended. © 2024 S. Karger AG, Basel

Introduction

Vascular dementia (VaD) is the second most prevalent
subtype of dementia after Alzheimer’s disease (AD), rep-
resenting almost 20% of all dementia cases in Europe and
30% in Asia [1]. In Asia, developing countries such as
China, Japan, and India have the highest prevalence of
dementia, accounting for 60% of all dementia cases and the
number of cases is expected to double by 2040 due to Asia’s
rapid population growth [2]. Despite the fact that VaD is the
second most common form of dementia, the lack of a
consensual definition for VaD creates challenges and the
contributing genetic factors remain poorly understood [3].
To date research investigating the genetics of VaD has
mainly focused on candidate genes previously implicated in
other dementias or stroke, such as genetic polymorphisms
in the apolipoprotein ε (APOE) [4, 5], methylenetetrahy-
drofolate reductase (MTHFR) [6], and interleukin (IL) [5, 7]
genes, albeit with inconclusive results. For example, a
previous meta-analysis of the angiotensin-converting en-
zyme (ACE) intron 16 insertion/deletion gene polymor-
phism (rs4340) found no evidence of an association between
the variant in Europeans [8]. In contrast, Pandey et al. [9]
suggested an increased risk of VaD among Indians carrying
the deletion allele. This may be due to variations in the
genetic make-up of Asians compared to Africans and
Caucasians, which can lead to distinct interactions with
exposures that are susceptible to VaD, regardless of the fact
that the pathophysiology of VaDmay be similar worldwide.
The present systematic review was therefore conducted to
summarize the current knowledge regarding the genetics of
VaD, to more precisely identify genetic polymorphisms
associated with VaD in the Asian population, and to gain a
better understanding of the molecular mechanisms un-
derlying VaD development, to assist in the development of
more effective therapeutic interventions in the future.

Materials and Methods

Search Strategy
The present study followed the Preferred Reporting Items for

Systematic Reviews and Meta-Analysis (PRISMA) 2020 guidelines
for reporting systematic reviews and meta-analysis. We conducted
a systematic review of published literature up to May 2021 using
PubMed, Scopus, Ovid, and EBSCOhost (Medline, academic

search complete, CINAHL, psychology and behavioral sciences
collection) databases, combining the search terms “polymor-
phism” or “mutation” or “variant” and “vascular dementia” using
Boolean operators. Relevant articles from the reference lists that
were not included in the initial search were retrievedmanually, and
publications in languages other than English were excluded from
the whole search. A detailed search strategy is available in the
SupplementaryMaterial (online suppl. Table 1; for all online suppl.
material, see https://doi.org/10.1159/000538864).

Study Inclusion/Exclusion Criteria
Studies meeting the following criteria were included in the

review as follows: (1) case-control studies (2) genetic polymor-
phisms in VaD (3) Asian population; (4) VaD diagnosed according
to the Diagnostic and Statistical Manual of Mental Disorders
(DSM) [10], the National Institute of Neurological Disorders and
Stroke and the Association Internationale pour la Recherche et
1’Enseignement en Neurosciences (NINDS-AIREN) [11], or any
other recognized diagnostic criterion; (5) full-text articles; and (6)
reported genotype or allele frequencies. Case reports, genome-
wide association studies (GWAS), reviews, meta-analyses, con-
ference abstracts, letters to editors, book chapters, animal model
studies, and studies on underlying diseases were excluded (Fig. 1).

Data Extraction and Quality Assessment
Following the search, all articles were imported into the

EndNote software, and duplicates were eliminated. After redacting
the details, the full texts of eligible papers were retrieved, and data
were extracted independently by the two reviewers. Each study’s
first author, publication year, country of origin, sample size, gender
distribution, the mean age of group individuals, assessment tools,
genotype frequency, allele frequency, and genotyping method were
extracted. The data were recorded in tabular format according to
the respective genes and polymorphisms.

The methodological quality of the included studies was assessed
by two reviewers using the Newcastle-Ottawa Scale (NOS) for
case-control studies [12]. The scale evaluates eight criteria divided
into three sections: selection of study groups, comparability of
study groups, and ascertainment of exposure, and outcome of
interest. The NOS score ranges from 0 to 9, with studies scoring
more than six considered as good quality. Any disagreements
between the two reviewers were resolved through discussion until
an agreement was reached.

Statistical Analysis
Hardy-Weinberg equilibrium (HWE) was assessed for each study

using χ2 analysis from the genotype frequencies of control groups. The
effect of each genetic polymorphism on VaD reported in three or more
studies was evaluated using pooled odds ratio (OR) with 95% confi-
dence interval (CI) using three different genetic models; dominant,
recessive, and allelic models. Additionally, a subgroup analysis was
conducted, taking into account subregions, age groups, and NOS
scores. The subregions were classified into East Asia and South Asia, as
genetic variations might vary among different Asian populations. Age
groups were categorized either as above or below 70 years old, which
was chosen as the threshold, given that the studies included in this
review had recruited subjects with a mean age ranging from 60 to
80 years. This is supported by a study that has reported a higher
incidence of developing VaD among older groups of patients, aged 70
and above [13]. Heterogeneity between studies was analyzed using the
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I2 statistic and Q-test, whereby p < 0.10 and I2 > 50% indicated high
heterogeneity, and a random-effect model was applied for the meta-
analysis. Otherwise, studies with low to moderate heterogeneity used a
fixed-effect model. Sensitivity analysis was conducted using leave-one-
out meta-analysis. Further analysis was performed on the following
subgroups: subregion, age groups, and study quality to minimize
heterogeneity. Publication bias was visually identified using funnel plots
and estimated using Egger’s test. All data analysis was performed using
the Open Meta (Analyst) software (http://www.cebm.brown.edu/
openmeta), Review Manager (RevMan) (Computer program) (Ver-
sion 5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014), andMedCalc® Statistical Software version 22.001
(MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2023). Statistical significancewas defined as a p value of less than 0.05. A
Bonferroni correction was applied for adjustments of multiple testing.

Trial Sequential Analysis
Trial sequential analysis (TSA) is a method for evaluating the

validity of a meta-analysis and determining whether additional
studies are required. Therefore, a TSA was conducted to reduce
type I and type II errors in the present meta-analysis and increase
the robustness of the findings by using TSA viewer software
(version 0.9.5.10 beta, the Copenhagen Trial Unit, Center for
Clinical Intervention Research, Denmark) [14]. A significance of
5% type I error and 20% type II error (a power of 80%) was applied
to calculate the TSA plot and required sample size.

Results

Study Characteristics
The initial systemic search yielded 319 publications, in-

cluding 7 additional manual search records. From the initial
search, 110 duplicates were removed, and 163 studies were
excluded after screening based on the inclusion and exclusion
criteria. A total of 46 eligible studies, consisting of 5,832 cases
and 11,615 controls, were included in the meta-analysis.
Among the studies, 33 studies were conducted on the East-
Asian population (China, Korea, Taiwan, and Japan), 10
studies on the South-Asian population (India) and 3 studies
on the West-Asian population (Israel). A total of 23 genes
and 35 SNPs were investigated, with the APOE (rs429358
and rs7412) genetic polymorphisms receiving the most at-
tention. The majority of studies diagnosed VaD using the
DSM-IV andNINDS-AIREN criteria. Twenty studies scored
NOS greater than six indicates that are good in quality
(Table 1; online suppl. Table 2 [7, 16, 21, 34, 35, 39–55]).

Table 2 summarizes the genotype and allele frequencies
of the APOE (rs429358 and rs7412) genetic polymor-
phisms. Most studies were conducted in East Asia, and

Fig. 1. Selection of included studies based on PRISMA guideline.
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PCR-RFLPwas the preferred genotypingmethod, followed
by Taqman assay, fluorogenic probes, and isoelectric fo-
cusing immunoblotting. Out of the 22 case-control studies,
17 were in HWE, while the remaining 5 were not con-
sistent (Table 2). Two MTHFR gene polymorphisms are
studied among Asians, the rs1801133 and rs1801131.
There was only one study in India on the MTHFR
rs1801131, and 7 studies on the MTHFR rs1801133
polymorphism, with one study from China inconsistent
with HWE. The ACE insertion or deletion polymorphism
(ACE I/D, rs4340) is an extensively studied polymorphism
of the ACE gene, a major component of the renin-
angiotensin system (RAS), followed by ACE rs4291. All
studies on the ACE gene were consistent with HWE and
PCR was the most common genotyping method, followed
by PCR-RFLP. The genotypic and allelic frequencies,
genotyping methods and HWE of MTHFR, ACE, and
other gene polymorphisms studied among Asians are
presented in Table 3 and online supplementary Table 3.

Meta-Analysis
APOE ε2/3/4 Gene Polymorphism
There were 22 studies on the APOE ε rs429358 and

rs7412 gene polymorphisms among Asians [4, 5, 9, 15–33],
which were included for meta-analysis. The pooled results
of a fixed-effect model analysis showed significant associ-
ations with an increased risk of VaD for ε4 in all genetic
models (dominant model: OR = 1.80, CI = 1.53–2.11, p <

0.001); recessive model: OR = 3.17, CI = 1.88–5.35, p <
0.001;APOE ε4 allelic model: OR = 1.79, CI = 1.53–2.08, p <
0.001). An allelic model of ε2 allele when compared to ε3
and ε4 alleles also showed a significant pooled result (APOE
ε2 allelic model: OR = 0.72, CI = 0.55–0.94, p < 0.001)
(Fig. 2; Table 4). Furthermore, carriers of the ε4 allele
showed an increased risk of developing VaD when com-
pared within Asian subregions and age groups (p < 0.01)
(Table 4). A funnel plot of publication bias indicated that
the studies were nearly symmetrically distributed across
genetic models (online suppl. Fig. 1). However, a publi-
cation bias was detected for the APOE ε2 allelic model (p =
0.031) using the Egger’s test (online suppl. Table 4). A leave-
one-out analysis showed that the significance value did not
change when each study was removed, indicating that the
results of this meta-analysis are robust (online suppl. Fig. 2).

MTHFR rs1801131 Gene Polymorphism
A total of 7 publications [6, 7, 9, 26, 35–37] ofMTHFR

rs1801131 revealed no significant association of the
overall ORs in both dominant (OR = 1.22, CI = 1.00–1.50,
p = 0.051) and recessive (OR = 1.26, CI = 0.79–2.01, p =
0.338) genetic models. However, carriers of the T variant
allele showed an increased risk of VaD compared to C
allele carriers in an allelic genetic model (OR = 1.23, CI =
1.04–1.43, p = 0.013) (Table 5; Fig. 3).

All the pooled ORs were calculated using a random-
effect model analysis. Subgroup analysis by subregions

Table 3. Genotypic and allelic frequencies of MTHFR and ACE genetic polymorphisms for meta-analysis

Gene SNPs First author, year Cases/controls Genotyping
method

HWE*

CC CT TT C T

MTHFR rs1801133 Jin et al. [6] (2013) 132/152 99/96 73/52 0.60/0.67 0.40/0.33 PCR-RFLP <0.001
Mansoori et al. [7] (2012) 35/89 14/29 1/2 0.84/0.86 0.16/0.14 PCR-RFLP 0.836
Pandey et al. [9] (2009) 49/118 29/45 2/7 0.79/0.83 0.21/0.17 PCR-RFLP 0.314
Nishiyama et al. [27] (2000) 9/13 17/15 9/5 0.50/0.62 0.50/0.38 PCR-RFLP 0.844
Pollack et al. [36] (2000) 34/29 41/37 10/16 0.64/0.58 0.40/0.42 PCR-RFLP 0.501
Yoo et al. [37] (2000) 49/77 58/114 36/26 0.55/0.62 0.45/0.38 PCR-RFLP 0.099
Chapman et al. [38] (1998) 14/15 20/16 7/9 0.59/0.57 0.41/0.43 PCR-RFLP 0.251
Mansoori et al. [7] (2012) 17/44 27/59 6/17 0.61/0.61 0.39/0.39 PCR-RFLP 0.695

II ID DD I D

ACE rs4340 Pandey et al. [9] (2009) 24/62 36/89 20/19 0.53/0.63 0.48/0.37 PCR 0.122
Wang et al. [21] (2006) 25/93 17/59 12/9 0.62/0.76 0.38/0.24 PCR-RFLP 0.929
Kim et al. [42] (2006) 79/75 95/100 33/32 0.61/0.60 0.39/0.40 PCR 0.888
Chapman et al. [38] (1998) 3/5 20/17 18/18 0.32/0.34 0.68/0.66 PCR 0.754

HWE, Hardy-Weinberg equilibrium; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; PCR,
polymerase chain reaction; SNPs, single nucleotide polymorphisms. *p < 0.05 shows significant deviation from HWE.
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(Figure continued on next page.)
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Fig. 2. Forest plots of the associations between APOE gene polymorphisms and VaD for APOE ε4 in dominant
(a), recessive (b), and allelic models (c), and an APOE ε2 allelic genetic model (d).
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revealed a significant association between East Asians
who are T allele carriers as presented in both recessive
and allelic genetic models (p < 0.001) (Table 5). A
symmetry funnel plot and Egger’s test of the included
studies in all three genetic models showed no presence of
publication bias (online suppl. Table 4; Fig. 3). Addi-
tionally, the ORs of this meta-analysis were consistent as
shown in a leave-one-out analysis (online suppl. Fig. 4).

ACE rs4340 (I/D) Gene Polymorphism
The pooled ORs of four Asian population studies on

ACE I/D gene polymorphism [9, 21, 36, 38], revealed no
significant association in all three genetic models (dominant

model, p = 0.671; recessive model, p = 0.101; allelic model,
p = 0.109) (online suppl. Fig. 5). Heterogeneity was present
in both the recessive and allelic geneticmodels with I2 values
of 73.5% (p = 0.01) and 61.5% (p = 0.05), respectively.
Stratified analysis based on age group <70 years demon-
strated a significant difference among D allele carriers in
both recessive (OR = 3.26, CI = 1.87–5.67, p < 0.001) and
allelic (OR = 1.67, CI = 1.25–2.25, p < 0.001) genetic models
(online suppl. Table 5). No publication bias was observed
based on the visually symmetrical funnel plot (online suppl.
Fig. 6), and Egger’s test (online suppl. Table 4). The findings
of the meta-analysis were consistent in a leave-one-out
analysis (online suppl. Fig. 7).

Table 4. Meta-analysis results of APOE
genetic models Genetic models Subgroup n OR (95% CI) p value* I2 (%) pHET**a

Dominant model (ε4/ε4 + ε4/ε3 vs. ε2/ε3 +ε2/ε2 + ε3/ε3)
Overall 22 1.80 (1.53–2.11) <0.001 0 0.488
Subregion East Asia 18 1.72 (1.46–2.04) <0.001 0 0.578

South Asia 4 2.43 (1.57–3.79) <0.001 0 0.393
Age group, years <70 6 1.69 (1.18–2.42) 0.005 0 0.425

>70 14 1.78 (1.48–2.14) <0.001 2.1 0.426
NOS score Good 10 1.64 (1.30–2.07) <0.001 0 0.778

Others 12 1.95 (1.57–2.41) <0.001 21.6 0.231

Recessive model (ε4/ε4 vs. ε2/ε2+ε2/ε3+ε3/ε3+ε3/ε4
Overall 22 3.17 (1.88–5.35) <0.001 11.3 0.310
Subregion East Asia 18 2.35 (1.42–3.89) <0.001 24.2 0.117

South Asia 4 6.74 (1.81–25.0) 0.004 0 0.938
Age group, years <70 6 5.48 (2.20–13.7) <0.001 2.7 0.366

>70 14 1.79 (1.01–3.18) 0.047 0 0.890
NOS score Good 10 4.61 (2.33–9.14) <0.001 33.4 0.122

Others 12 1.82 (0.96–3.46) 0.066 0 0.919

APOE4 allelic model (ε4 vs. ε2+ε3)
Overall 22 1.79 (1.53–2.08) <0.001 8.3 0.350
Subregion East Asia 18 1.70 (1.46–1.98) <0.001 6.9 0.373

South Asia 4 2.52 (1.70–3.73) <0.001 0 0.744
Age group, years <70 6 1.86 (1.36–2.54) <0.001 19.1 0.283

>70 14 1.70 (1.44–2.01) <0.001 1.91 0.428
NOS score Good 10 1.73 (1.40–2.13) <0.001 0 0.502

Others 12 1.84 (1.52–2.23) <0.001 24.6 0.202

APOE2 allelic model (ε2 vs. ε3+ε4)
Overall 22 0.72 (0.55–0.94) <0.001 38.2 0.037
Subregion East Asia 18 0.82 (0.67–1.00) 0.046 0 0.574

South Asia 4 0.29 (0.09–0.93) 0.037 69.6 0.020++

Age group, years <70 6 0.34 (0.12–0.99) 0.047 74.9 0.001++

>70 14 0.83 (0.67–1.03) 0.087 0 0.786
NOS score Good 10 0.73 (0.44–1.22) 0.233 66.8 0.001b

Others 12 0.65 (0.50–0.84) <0.001 0 0.950

n, number of studies; OR, odds ratio; 95% CI, 95% confidence interval; pHET, p value
of heterogeneity; I2, value of I2 statistic for heterogeneity; NOS, Newcastle-Ottawa
Scale. *p < 0.02 are statistically significant after Bonferroni correction (0.05/3 for 3
subgroups). **p < 0.10 are statistically significant. aFixed-effect model analysis
method. bRandom-effect model analysis method.
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PSEN1 (Intron 8) Gene Polymorphism
Presenilin-1 (PSEN1) intron 8 variant demon-

strated no significant association with VaD in any of
the three genetic models (p > 0.05). Due to absence of
heterogeneity, a fixed-effect model analysis was used
to calculate the pooled OR for the gene polymor-
phisms (online suppl. Table 6). Additionally, no
publication bias was detected from an Egger’s test
(online suppl. Table 4).

Trial Sequential Analysis
TSA was performed for dominant genetic models

of APOE (rs429358 and rs7412) and allelic genetic
models of MTHFR rs1801131 gene polymorphisms
(online suppl. Fig. 8). The cumulative z-curve for
APOE gene polymorphisms crossed the TSA moni-
toring boundary before reaching the required sample
size. The cumulative z-curve for MTHFR rs1801131

also reached the required sample size, but only
crossed the conventional boundary. These results
indicate that our findings are robust and do not re-
quire further study.

Discussion

The present systematic review and meta-analysis
demonstrated an association between genetic polymor-
phisms and VaD in Asian populations. Based on pooled
OR from multiple genetic models and subgroup analysis,
it was determined that the APOE ε4 allele and MTHFR
rs1801133 polymorphism (T allele) were associated with
an increased risk of VaD.

The APOE ε2/3/4 polymorphism is the most re-
searched gene polymorphism among Asians in associ-
ation with VaD and is determined by the rs7412 and

Table 5. Meta-analysis results of
MTHFR rs1801133 genetic models Genetic models Subgroup n OR (95% CI) p value* I2 (%) pHET**a

Dominant model (TT + CT vs. CC)
Overall 7 1.22 (1.00–1.50) 0.051 0 0.773
Subregion East Asia 3 1.27 (0.98–1.63) 0.067 0 0.515

South Asia 2 1.36 (0.87–2.11) 0.176 0 0.742
West Asia 2 0.92 (0.55–1.54) 0.742 0 0.542

Age group, years <70 3 1.34 (1.04–1.74) 0.025 0 0.946
>70 4 1.06 (0.77–1.45) 0.731 0 0.602

NOS score Good 4 1.17 (0.93–1.47) 0.181 0 0.546
Others 3 1.43 (0.93–2.21) 0.101 0 0.788

Recessive model (TT vs. CT + CC)
Overall 7 1.26 (0.79–2.01) 0.338 47.9 0.074
Subregion East Asia 3 1.79 (1.31–2.45) <0.001 1.0 0.364

South Asia 2 0.74 (0.20–2.80) 0.655 0 0.636
West Asia 2 0.61 (0.31–1.19) 0.146 0 0.721

Age group, years <70 3 1.42 (0.97–2.08) 0.071 0 0.539
>70 4 1.20 (0.53–2.75) 0.661 70.8 0.016

NOS score Good 4 1.37 (0.74–2.54) 0.311 64.2 0.039
Others 3 0.98 (0.47–2.03) 0.956 0 0.385

Allelic model (T vs. C)
Overall 7 1.23 (1.04–1.44) 0.013 8.61 0.363
Subregion East Asia 3 1.37 (1.14–1.63) <0.001 0 0.863

South Asia 2 1.22 (0.83–1.79) 0.304 0 0.932
West Asia 2 0.83 (0.58–1.19) 0.306 0 0.576

Age group, years <70 3 1.31 (1.08–1.61) 0.007 0 0.907
>70 4 1.15 (0.92–1.43) 0.222 46.1 0.135

NOS score Good 4 1.19 (0.94–1.51) 0.157 43.1 0.153
Others 3 1.23 (0.89–1.71) 0.219 0 0.523

n, number of studies; OR, odds ratio; 95% CI, 95% confidence interval; pHET, p value
of heterogeneity; I2, value of I2 statistic for heterogeneity; NOS, Newcastle-Ottawa
Scale. *p < 0.02 are statistically significant after Bonferroni correction (0.05/3 for 3
subgroups). **p < 0.10 are statistically significant. aRandom-effect model analysis
method.
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rs429358 genetic variants. These variants have been
extensively studied in relation to AD, and individuals
with the ε4 allele are at an increased risk of developing
the disease [56]. This was also demonstrated in AD

human postmortem brains, when APOE RNA expres-
sion levels were found to be elevated [57], and APOE
plasma levels in APOE ε2 carriers were linked to in-
creased risk of dementia and AD [58]. Additionally, it

Fig. 3. Forest plots of the associations betweenMTHFR rs1801133 gene polymorphism and VaD in dominant (a),
recessive (b) and allelic (c) genetic models.
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has been observed that APOE levels are disrupted in the
brain and CSF of AD patients, resulting in cerebro-
vascular effects, which may be related to impaired
pericyte-mediated basement membrane development
[59]. Several variants of the APOE gene have been
validated as candidate biomarkers for AD by in silico
analysis, with the aim of improving early detection and
effective intervention [60, 61].

According to a previous meta-analysis, APOE ε4 ho-
mozygotes were associated with a 3.129-fold increased
risk of VaD compared with APOE ε3 genotypes. This was
based on an average observation across all populations,
and the subgroup analysis revealed no statistically sig-
nificant differences between Asians and Caucasians [62].
Similarly, the present review among Asians found a
significant association between APOE ε4 in all genetic
models, with no evidence of heterogeneity among the
included studies.

Out of the 22 studies included in the present review,
10 (45.5%) studies indicated that the APOE ε4 allele
might increase the risk of VaD [5, 9, 16, 18, 20, 23, 26,
29–31], with a report that VaD patients are more likely
to carry the ε3ε4 (23.6%) or ε4ε4 (15.1%) genotypes than
healthy individuals (p = 0.036) [20]. Lin et al. did not
infer a significant effect for the APOE ε4 allele but re-
ported that the APOE ε2 allele was protective against the
development of VaD in individuals younger than
65 years of age [22]. In the present review, the APOE ε2
allele also showed a protective effect against VaD when
compared to the other APOE variants. Despite com-
pelling evidence that APOE ε2 confers protection against
other neurological diseases, such as slower cognitive
decline and less cortical thinning in patients with
subcortical vascular mild cognitive impairment [63] and
protection against AD [64], additional risk studies in
VaD on both APOE ε2 and ε4 alleles among Asians are
necessary. Furthermore, the presence of publication bias
for the APOE ε2 allele model necessitates additional
research.

MTHFR, an enzyme that regulates homocysteine
metabolism levels in the body, has also been extensively
studied in various populations [6, 7, 65]. Homocysteine
elevation has been identified as an independent risk
factor for VaD [66], with mutations in pathway-
regulating genes such as MTHFR C677T (rs1801133)
and rs1801131 may impair the enzyme’s function. A
study found that the flavin adenine dinucleotide
binding ability of MTHFR bearing the rs1801133
mutation was significantly lowered, resulting in con-
formational changes to the protein’s tertiary structure
and hence reduced enzyme activity [67]. This may be

related to the finding that individuals with MTHFR
variants develop hyperhomocysteinemia, which has an
effect on oxidative stress, DNA methylation and is a
risk factor for AD [68, 69]. Additionally, an in silico
analysis through four different bioinformatics tools
identified the MTHFR C677T mutation as deleterious
and correlated with homocysteine synthesis, making
them potential candidate biomarkers for AD [70].
Among the Asian studies, the MTHFR rs1801133
variant T allele was significantly higher in VaD among
Koreans [37], Japanese [27], and Chinese [6], which
constitute the East-Asian region. The pooled results
also indicated that MTHFR rs1801133 T allele was
significantly associated with VaD in an allelic model.
Further subgroup analysis revealed that T allele carriers
of rs1801133 in East-Asian populations are at an in-
creased risk of developing VaD in both the recessive
and allelic models. Other subregions, including India
[7, 9] and Israel [36, 38], demonstrated no association
between MTHFR rs1801133 and VaD. Similarly, a
previous meta-analysis reported an increased risk of
rs1801133 T allele carriers developing VaD in an allelic
model but no variation in the Caucasian population,
implying that genetic diversity among different pop-
ulations may also affect the risk of MTHFR rs1801133
in VaD [62].

The ACE insertion or deletion polymorphism (ACE
I/D, rs4340) is an extensively studied variant of the ACE
gene, a major component of the RAS. The RAS has been
linked to the development of hypertension and has been
implicated in the pathophysiology of dementia and
cognitive impairment [71, 72]. In the present review,
pooled analysis of ACE I/D polymorphism did not
demonstrate a significant association with VaD in all
genetic models. Significant genetic susceptibility of VaD
to ACE I/D was observed in Indian and Taiwanese
population studies [9, 21], contrary to findings in Korea
and Israel [38, 42].

Significant higher frequency of the DD genotype (p =
0.013) and the D allele (p = 0.032) in VaD patients was
reported in India compared to controls [9] and in a
Taiwanese population [21]. According to the subgroup
analysis, ACE D carriers within patients aged less than
70 years showed an increased risk of developing VaD.
However, this may be attributable to the fact that there
were greater sample sizes in the <70 years age group than
in the >70 years age group. Other RAS gene polymor-
phisms, PAl-1 46/5G, AT1R A1166C, and AGT T235M
were analyzed in a single study among Koreans [42], and
thus were not eligible for meta-analysis in the present
review.
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Variation in the PSEN1 gene was associated with
amyloid plaque aggregation in AD and other degenerative
dementias [46]. However, the present meta-analysis
found no evidence of a significant association between
the PSEN1 intron 8 polymorphism and VaD [46–48].
Moreover, several other variants were investigated in
association with VaD. However, due to the limited
number of studies available, meta-analyses were not
conducted for the remaining gene polymorphisms. This
includes the paraoxonase 1 (PON1) rs662 polymorphism
in Indians and the estrogen receptor-b (ERb) rs944050
polymorphism in Chinese, which demonstrated a sig-
nificant association with VaD [39, 45]. According to
Alam et al. [39] the presence of at least one variant allele
of PON1 rs662 increased the risk of developing VaD by
3.09-fold among Indians, whereas the ERb rs944050 was
associated with an elevated risk of VaD in Chinese Han
women over the age of 50 [45].

Studies have also shown that the levels of pro-
inflammatory cytokines in dementia are altered and
that inflammation plays a potential role in the patho-
physiology of VaD which might be caused by many
factors [73, 74]. The possible role of inflammation in VaD
pathogenesis has led to genetic studies on various cyto-
kines, including IL, tumor necrosis factor (TNF) and
transforming growth factor-beta (TGFB) [50, 75]. Sig-
nificant associations have been identified for TNF
rs1799964, IL-6 rs1800795, IL-1α rs1800587, and TGFB1
rs1800470 (C869T) gene polymorphisms in Asian pop-
ulations [40], but no meta-analysis was performed due to
insufficient number of studies.

Despite the findings reported, this study has a few
limitations. GWAS studies were not included; however,
to date, only a single study has been performed among
Korean population, which shows a significant associa-
tion of an intronic variant rs290227 located in the spleen
tyrosine kinase gene among VaD patients [76]. Second,
the majority of candidate gene polymorphisms have
been investigated in only a few studies and hence, were
ineligible for meta-analysis and additional subgroup
stratification. The evaluation of gene-gene, epigenetic
and gene-environment interactions was limited by the
lack of data on significant risk factors and gene inter-
action among the studies. Additionally, our research
included only English-language articles, which implies
that some data from publications in other languages may
have been missing. Therefore, future research strategies
should incorporate data from studies published in other
languages, epigenetics, gene-environment interactions,
and in silico analysis to predict the effect of gene
polymorphisms.

Conclusion

The present meta-analysis demonstrated that the
APOE ε4 allele and MTHFR rs1801133 T allele signifi-
cantly increased the risk of developing VaD in Asians.
Nonetheless, there was insufficient data to validate the
association of some of the other polymorphisms due to
too few publications. Overall, there is limited data from
Asian populations, including the Southeast – which has
not examined any VaD mutations to date. Future re-
search should incorporate other types of variants such as
tandem repeats, copy number variations and to undertake
GWAS, and functional characterization of the underlying
mechanisms between candidate gene polymorphism and
VaD pathology to extend this work.

Statement of Ethics

An ethics statement is not applicable because this study was
based exclusively on published literature.

Conflict of Interest Statement

The authors declared that there is no potential conflict of
interest.

Funding Sources

This work was supported by University Putra Malaysia under
the Putra Grant (GP/2018/9646100).

Author Contributions

Conceptualization: V.R, N.A.M., W.A.W.S., and M.H.M.;
methodology: V.R., N.A.M., A.H.K.Y.K.and S.M.C.; validation:
W.A.W.S., L.N.I., A.H.K.Y.K., S.M.C., and H.B.; formal analysis:
V.R., N.A.M.; data curation, N.A.M.; investigation: V.R., N.A.M.,
and M.H.M.; writing-original draft: V.R., N.A.M.; writing-review
and editing: V.R., N.A.M., M.N.S., W.A.W.S., M.H.M., L.N.I.,
A.H.K.Y.K., S.M.C., H.B., P.P., S.V., and N.J.; supervision: V.R.
N.A.M. and H.B.; project administration: L.N.I. and M.H.M.;
funding acquisition: Vasudevan R; revising manuscript: V.R.
N.A.M., M.N.S., and N.J., All authors have read and agreed to the
published version of the manuscript.

Data Availability Statement

The data used to support the findings of this study are included
within the article. Further inquiries can be directed to the cor-
responding author.

Vascular Dementia among Asians Dement Geriatr Cogn Disord 2024;53:200–216
DOI: 10.1159/000538864

213

D
ow

nloaded from
 http://karger.com

/dem
/article-pdf/53/4/200/4262921/000538864.pdf by U

niversiti Putra M
alaysia(U

PM
) user on 28 M

arch 2025

https://doi.org/10.1159/000538864


References

1 Wolters FJ, Ikram MA. Epidemiology of
vascular dementia. Arterioscler Thromb Vasc
Biol. 2019;39(8):1542–9. https://doi.org/10.
1161/ATVBAHA.119.311908

2 Rizzi L, Rosset I, Roriz-Cruz M. Global epi-
demiology of dementia: Alzheimer’s and
vascular types. BioMed Res Int. 2014;2014:
908915. https://doi.org/10.1155/2014/908915

3 Ikram MA, Bersano A, Manso-Calderon R,
Jia JP, Schmidt H, Middleton L, et al. Genetics
of vascular dementia: review from the ICVD
working group. BMC Med. 2017;15(1):48.
https://doi.org/10.1186/s12916-017-0813-9

4 Ryu HG, Youn SW, Kwon OD. Lack of as-
sociation between apolipoprotein E polymor-
phism with age at onset of subcortical vascular
dementia. Geriatr Cogn Dis Extra. 2012;2:1–9.
https://doi.org/10.1159/000335494

5 Mansoori N, Tripathi M, Alam R, Luthra K,
Ramakrishnan L, Parveen S, et al. IL-6-174 G/
C and ApoE gene polymorphisms in Alzhei-
mer’s and vascular dementia patients attend-
ing the cognitive disorder clinic of the All India
Institute of Medical Sciences, New Delhi.
Dement Geriatr Cogn Disord. 2010;30(6):
461–8. https://doi.org/10.1159/000321666

6 Jin P, Hou S, Ding B, Li D, Liu L, Li H, et al.
Association between MTHFR gene poly-
morphisms, smoking, and the incidence of
vascular dementia. Asia Pac J Public Health.
2013;25(4_Suppl l):57–63. https://doi.org/10.
1177/1010539513492819

7 Mansoori N, Tripathi M, Luthra K, Alam R,
Lakshmy R, Sharma S, et al. MTHFR (677 and
1298) and IL-6-174 G/C genes in pathogenesis
of Alzheimer’s and vascular dementia and
their epistatic interaction. Neurobiol Aging.
2012;33(5):1003 e1–8. https://doi.org/10.1016/
j.neurobiolaging.2011.09.018

8 Liu H, Liu M, Li W, Wu B, Zhang SH, Fang Y,
et al. Association of ACE I/D gene polymor-
phism with vascular dementia: a meta-analysis.
J Geriatr Psychiatry Neurol. 2009;22(1):10–22.
https://doi.org/10.1177/0891988708328221

9 Pandey P, Pradhan S, Modi DR, Mittal B.
MTHFR and ACE gene polymorphisms and
risk of vascular and degenerative dementias
in the elderly. Brain Cogn. 2009;71(3):295–9.
https://doi.org/10.1016/j.bandc.2009.07.007

10 American Psychiatric Association. Diagnos-
tic and statistical manual of mental disorders.
Washington, DC: American Psychiatric
Press; 1994.

11 Roman GC, Tatemichi TK, Erkinjuntti T,
Cummings JL, Masdeu JC, Garcia JH, et al.
Vascular dementia: diagnostic criteria for
research studies. Report of the NINDS-
AIREN International Workshop. Neurology.
1993;43(2):250–60. https://doi.org/10.1212/
wnl.43.2.250

12 Wells GA, Shea B, O’Connell D, Peterson J,
Welch V, Losos M, et al. The Newcastle-
Ottawa Scale (NOS) for assessing the quality
if nonrandomized studies in meta-analyses.

Available from: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.htm

13 Farnsworth von Cederwald B, Josefsson M,
Wåhlin A, Nyberg L, Karalija N. Association
of cardiovascular risk trajectory with cogni-
tive decline and incident dementia. Neurol-
ogy. 2022;98(20):e2013–22. https://doi.org/
10.1212/WNL.0000000000200255

14 Thorlund K,Wetterslev J, Brok J, Imberger G,
Gluud G. User manual for trial sequential
analysis (TSA). Copenhagen: Copenhagen
Trial Unit, Centre for Clinical Intervention
Research. 2011. p. 1–115.

15 Chen KL, Sun YM, Zhou Y, Zhao QH, Ding
D, Guo QH. Associations between APOE
polymorphisms and seven diseases with
cognitive impairment including Alzheimer’s
disease, frontotemporal dementia, and de-
mentia with Lewy bodies in southeast China.
Psychiatr Genet. 2016;26(3):124–31. https://
doi.org/10.1097/YPG.0000000000000126

16 Mou C, Han T, Wang M, Jiang M, Liu B, Hu
J. Correlation of polymorphism of APOE and
LRP genes to cognitive impairment and be-
havioral and psychological symptoms of
dementia in Alzheimer’s disease and vascular
dementia. Int J Clin Exp Med. 2015;8(11):
21679–83.

17 Hong YJ, Yoon B, Shim YS, Cho AH, Shin
HE, Kim YI, et al. APOE ε4 allele status in
Korean dementia patients with severe white
matter hyperintensities. J Alzheimer’s Dis.
2011;24(3):519–24. https://doi.org/10.3233/
JAD-2011-101611

18 Bharath S, Purushottam M, Mukherjee O,
Bagepally BS, Prakash O, Kota L, et al. Apo-
lipoprotein E polymorphism and dementia: a
hospital-based study from southern India.
Dement Geriatr Cogn Disord. 2010;30(6):
455–60. https://doi.org/10.1159/000322093

19 Kim KW, Youn JC, Han MK, Paik NJ, Lee TJ,
Park JH, et al. Lack of association between
apolipoprotein E polymorphism and vascular
dementia in Koreans. J Geriatr Psychiatry
Neurol. 2008;21(1):12–7. https://doi.org/10.
1177/0891988707311028

20 Baum L, Lam LCW, Kwok T, Lee J, ChiuHFK,
Mok VCT, et al. Apolipoprotein E epsilon4
allele is associated with vascular dementia.
Dement Geriatr Cogn Disord. 2006;22(4):
301–5. https://doi.org/10.1159/000095246

21 Wang HK, Fung HC, Hsu WC, Wu YR, Lin
JC, Ro LS, et al. Apolipoprotein E,
angiotensin-converting enzyme and kalli-
krein gene polymorphisms and the risk of
Alzheimer’s disease and vascular dementia.
J Neural Transm. 2006;113(10):1499–509.
https://doi.org/10.1007/s00702-005-0424-z

22 Lin HF, Lai CL, Tai CT, Lin RT, Liu CK.
Apolipoprotein E polymorphism in is-
chemic cerebrovascular diseases and
vascular dementia patients in Taiwan.
Neuroepidemiology. 2004;23(3):129–34.
https://doi.org/10.1159/000075956

23 Luthra K, Tripathi M, Grover R, Dwivedi M,
Kumar A, Dey AB. Apolipoprotein E gene
polymorphism in Indian patients with Alz-
heimer’s disease and vascular dementia.
Dement Geriatr Cogn Disord. 2004;17(3):
132–5. https://doi.org/10.1159/000076345

24 Lai CL, Tai CT, Lin SR, Lin RT, Yang YH, Liu
CK. Apolipoprotein E in Taiwan Chinese
patients with dementia. Dement Geriatr
Cogn Disord. 2003;16(4):208–11. https://doi.
org/10.1159/000072804

25 Huang HM, Kuo YM, Ou HC, Lin CC, Chuo
LJ. Apolipoprotein E polymorphism in various
dementias in Taiwan Chinese population.
J Neural Transm. 2002;109(11):1415–21.
https://doi.org/10.1007/s00702-002-0751-2

26 Yang J, Feng G, Zhang J, Hui Z, Breen G, St
Clair D, et al. Is ApoE gene a risk factor for
vascular dementia in Han Chinese? Int J Mol
Med. 2001;7(2):217–9. https://doi.org/10.
3892/ijmm.7.2.217

27 Nishiyama M, Kato Y, Hashimoto M, Yu-
kawa S, Omori K. Apolipoprotein E, meth-
ylenetetrahydrofolate reductase (MTHFR)
mutation and the risk of senile dementia – an
epidemiological study using the Polymerase
Chain Reaction (PCR) method. J Epidemiol.
2000;10(3):163–72. https://doi.org/10.2188/
jea.10.163

28 Nakayama S, Kuzuhara S. Apolipoprotein E
phenotypes in healthy normal controls and
demented subjects with Alzheimer’s disease
and vascular dementia in Mie Prefecture of
Japan. Psychiatry Clin Neurosci. 1999;53(6):
643–8. https://doi.org/10.1046/j.1440-1819.
1999.00619.x

29 Ji Y, Urakami K, Adachi Y, Maeda M, Isoe K,
Nakashima K. Apolipoprotein E polymorphism
in patients with Alzheimer’s disease, vascular
dementia and ischemic cerebrovascular disease.
Demen Geriatr Cogn Disord. 1998;9:243–5.
https://doi.org/10.1159/000017068

30 Igata-Yi R, Igata T, Ishizuka K, Kimura T,
Sakamoto S, Katsuragi S, et al. Apolipopro-
tein E genotype and psychosis. Biol Psychi-
atry. 1997;41:906–8. https://doi.org/10.1016/
S0006-3223(97)00015-2

31 Katzman R, Zhang MY, Chen PJ, Gu N, Jiang
S, Saitoh T, et al. Effects of apolipoprotein E
on dementia and aging in the Shanghai
survey of dementia. Neurology. 1997;49(3):
779–85. https://doi.org/10.1212/wnl.49.3.779

32 Higuchi S, Arai H, Nakagawa T, Muramatsu
T, Sasaki H, Trojanowski JQ. The apolipo-
protein E gene in Binswanger’s disease and
vascular dementia. Clin Genet. 1996;50(6):
459–61. https://doi.org/10.1111/j.1399-0004.
1996.tb02712.x

33 Kawamata J, Tanaka S, Shimohama S, Ueda
K, Kimura J. Apolipoprotein E polymor-
phism in Japanese patients with Alzheimer’s
disease or vascular dementia. J Neurol
Neurosurg Psychiatry. 1994;57(11):1414–6.
https://doi.org/10.1136/jnnp.57.11.1414

214 Dement Geriatr Cogn Disord 2024;53:200–216
DOI: 10.1159/000538864

Vasudevan et al.

D
ow

nloaded from
 http://karger.com

/dem
/article-pdf/53/4/200/4262921/000538864.pdf by U

niversiti Putra M
alaysia(U

PM
) user on 28 M

arch 2025

https://doi.org/10.1161/ATVBAHA.119.311908
https://doi.org/10.1161/ATVBAHA.119.311908
https://doi.org/10.1155/2014/908915
https://doi.org/10.1186/s12916-017-0813-9
https://doi.org/10.1159/000335494
https://doi.org/10.1159/000321666
https://doi.org/10.1177/1010539513492819
https://doi.org/10.1177/1010539513492819
https://doi.org/10.1016/j.neurobiolaging.2011.09.018
https://doi.org/10.1016/j.neurobiolaging.2011.09.018
https://doi.org/10.1177/0891988708328221
https://doi.org/10.1016/j.bandc.2009.07.007
https://doi.org/10.1212/wnl.43.2.250
https://doi.org/10.1212/wnl.43.2.250
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
https://doi.org/10.1212/WNL.0000000000200255
https://doi.org/10.1212/WNL.0000000000200255
https://doi.org/10.1097/YPG.0000000000000126
https://doi.org/10.1097/YPG.0000000000000126
https://doi.org/10.3233/JAD-2011-101611
https://doi.org/10.3233/JAD-2011-101611
https://doi.org/10.1159/000322093
https://doi.org/10.1177/0891988707311028
https://doi.org/10.1177/0891988707311028
https://doi.org/10.1159/000095246
https://doi.org/10.1007/s00702-005-0424-z
https://doi.org/10.1159/000075956
https://doi.org/10.1159/000076345
https://doi.org/10.1159/000072804
https://doi.org/10.1159/000072804
https://doi.org/10.1007/s00702-002-0751-2
https://doi.org/10.3892/ijmm.7.2.217
https://doi.org/10.3892/ijmm.7.2.217
https://doi.org/10.2188/jea.10.163
https://doi.org/10.2188/jea.10.163
https://doi.org/10.1046/j.1440-1819.1999.00619.x
https://doi.org/10.1046/j.1440-1819.1999.00619.x
https://doi.org/10.1159/000017068
https://doi.org/10.1016/S0006-3223(97)00015-2
https://doi.org/10.1016/S0006-3223(97)00015-2
https://doi.org/10.1212/wnl.49.3.779
https://doi.org/10.1111/j.1399-0004.1996.tb02712.x
https://doi.org/10.1111/j.1399-0004.1996.tb02712.x
https://doi.org/10.1136/jnnp.57.11.1414
https://doi.org/10.1159/000538864


34 Jeong BH, Lee KH, Lee YJ, Kim YJ, Choi EK,
Kim YH, et al. Lack of association between
PRNP 1368 polymorphism and Alzheimer’s
disease or vascular dementia. BMC Med
Genet. 2009;10:32. https://doi.org/10.1186/
1471-2350-10-32

35 Jeong BH,NaHR, Bae JC, LeeKH, Lee YJ, Kim
NH, et al. Absence of association between
codon 129 and 219 polymorphisms of the
prion protein gene and vascular dementia.
Dement Geriatr Cogn Disord. 2007;24(2):
86–90. https://doi.org/10.1159/000103913

36 Pollak RD, Pollak A, Idelson M, Bejarano-
Achache I, Doron D, Blumenfeld A. The
C677T mutation in the methylenetetrahy-
drofolate reductase (MTHFR) gene and
vascular dementia. J Am Geriatr Soc. 2000;
48(6):664–8. https://doi.org/10.1111/j.1532-
5415.2000.tb04725.x

37 Yoo JH, Choi GD, Kang SS. Pathogenicity of
thermolabile methylenetetrahydrofolate re-
ductase for vascular dementia. Arterioscler
Thromb Vasc Biol. 2000;20(8):1921–5.
https://doi.org/10.1161/01.atv.20.8.1921

38 Chapman J, Wang N, Treves TA, Korczyn
AD, Bornstein NM. ACE, MTHFR, factor V
Leiden, and APOE polymorphisms in pa-
tients with vascular and Alzheimer’s de-
mentia. Stroke. 1998;29(7):1401–4. https://
doi.org/10.1161/01.str.29.7.1401

39 Alam R, Tripathi M, Mansoori N, Parveen S,
Luthra K, Lakshmy R, et al. Synergistic
epistasis of paraoxonase 1 (rs662 and
rs85460) and apolipoprotein E4 genes in
pathogenesis of Alzheimer’s disease and
vascular dementia. Am J Alzheimers Dis
Other Demen. 2014;29(8):769–76. https://
doi.org/10.1177/1533317514539541

40 Fung HC, Chen CM, Wu YR, Hsu WC, Ro
LS, Lin JC, et al. Heat shock protein 70 and
tumor necrosis factor alpha in Taiwanese
patients with dementia. Dement Geriatr
Cogn Disord. 2005;20:1–7. https://doi.org/10.
1159/000085067

41 Supriya M, Chandra SR, Prabhakar P, Prasad
C, Christopher R. Vitamin D Receptor
(VDR) gene polymorphism and vascular
dementia due to cerebral small vessel disease
in an Asian Indian cohort. J Neurol Sci. 2018;
391:84–9. https://doi.org/10.1016/j.jns.2018.
05.025

42 Kim Y, Kim J-H, Nam YJ, Kim YJ, Yu K-H,
Lee B-C, et al. Sequence variants of ACE, AGT,
AT1R, and PAI-1 as genetic risk factors for
vascular dementia. Neurosci Lett. 2006;401(3):
276–9. https://doi.org/10.1016/j.neulet.2006.
03.035

43 Dresner-Pollak R, Kinnar T, Friedlander Y,
Sharon N, Rosenmann H, Pollak A. Estrogen
receptor beta gene variant is associated with
vascular dementia in elderly women. Genet
Test Mol Biomark. 2009;13(3):339–42.
https://doi.org/10.1089/gtmb.2008.0129

44 Ji Y, Urakami K, Wada-Isoe K, Adachi Y,
Nakashima K. Estrogen receptor gene poly-
morphisms in patients with Alzheimer’s
disease, vascular dementia and alcohol-

associated dementia. Dement Geriatr Cogn
Disord. 2000;11(3):119–22. https://doi.org/
10.1159/000017224

45 Xin J, Zhang J, Gao Y, Xiong L. Association of
estrogen receptor β gene polymorphisms
with vascular dementia in women. Neurol
Sci. 2012;33(5):1029–35. https://doi.org/10.
1007/s10072-011-0885-9

46 Pandey P, Pradhan S, Mittal B. Presenilin
gene predisposes to late-onset degenerative
but not vascular dementia: a comparative
study of PS1 and ApoE genes in a North
Indian Cohort. Dement Geriatr Cogn Disord.
2007;24(3):151–61. https://doi.org/10.1159/
000105483

47 Matsushita S, Arai H, Muramatsu T, Maki-
moto K, Nakagawa T, Sasaki H, et al.
Presenilin-1 polymorphism in Alzheimer’s
disease and vascular dementia. Exp Neurol.
1997;146(2):567–9. https://doi.org/10.1006/
exnr.1997.6558

48 Isoe K, Urakami K, Ji Y, Adachi Y, Naka-
shima K. Presenilin-1 polymorphism in pa-
tients with Alzheimer’s disease, vascular de-
mentia and alcohol-associated dementia in
Japanese population. Acta Neurol Scand.
1996;94(5):326–8. https://doi.org/10.1111/j.
1600-0404.1996.tb07074.x

49 Wang HK, Hsu WC, Fung HC, Lin JC, Hsu
HP, Wu YR, et al. Interleukin-1alpha and:
1beta promoter polymorphisms in Taiwanese
patients with dementia. Dement Geriatr
Cogn Disord. 2007;24(2):104–10. https://doi.
org/10.1159/000104829

50 Kuo YM, Liao PC, Lin C, Wu CW, Huang
HM, Lin CC, et al. Lack of association between
interleukin-1α polymorphism and Alzheimer
disease or vascular dementia. Alzheimer Dis
Assoc Disord. 2003;17(2):94–7. https://doi.
org/10.1097/00002093-200304000-00007

51 Kim Y, Lee C, Kim Y, Lee C. The gene en-
coding transforming growth factor beta 1
confers risk of ischemic stroke and vascular
dementia. Stroke. 2006;37(11):2843–5. https://
doi.org/10.1161/01.STR.0000244782.76917.87

52 Mansoori N, Tripathi M, Alam R, Luthra K,
Sharma S, Lakshmy R, et al. Serum folic acid
and RFC A80G polymorphism in Alzheimer’s
disease and vascular dementia. Am J Alzhei-
mers Dis Other Demen. 2014;29(1):38–44.
https://doi.org/10.1177/1533317513505131

53 Pandey P, Pradhan S, Mittal B. LRP-
Associated Protein gene (LRPAP1) and
susceptibility to degenerative dementia. Be-
hav. 2008;7(8):943–50. https://doi.org/10.
1111/j.1601-183X.2008.00436.x

54 Jeong BH, Lee KH, Lee YJ, Yun J, Park YJ, Kim
YH, et al. Genetic polymorphism in exon 2 of
cathepsin D is not associated with vascular
dementia. Acta Neuro Scand. 2011;123(6):
419–23. https://doi.org/10.1111/j.1600-0404.
2010.01400.x

55 Lin C, Wang ST, Wu CW, Chuo LJ, Kuo YM.
The association of a cystatin C gene poly-
morphism with late-onset Alzheimer’s dis-
ease and vascular dementia. Chin J Physiol.
2003;46(3):111–5.

56 Liu CC, Liu CC, Kanekiyo T, Xu H, Bu G.
Apolipoprotein E and Alzheimer disease:
risk, mechanisms and therapy. Nat Rev
Neurol. 2013;9(2):106–18. https://doi.org/10.
1038/nrneurol.2012.263

57 Lee EG, Tulloch J, Chen S, Leong L, Saxton
AD, Kraemer B, et al. Redefining transcrip-
tional regulation of the APOE gene and its
association with Alzheimer’s disease. PLoS
One. 2020;15(1):e0227667. https://doi.org/
10.1371/journal.pone.0227667

58 Mannila MN, Mahdessian H, Franco-Cer-
eceda A, Eggertsen G, de Faire U, Syvänen AC,
et al. Identification of a functional apolipo-
protein E promoter polymorphism regulating
plasma apolipoprotein E concentration. Ar-
terioscler Thromb Vasc Biol. 2013;33(5):
1063–9. https://doi.org/10.1161/ATVBAHA.
112.300353

59 Yamazaki Y, Shinohara M, Yamazaki A, Ren
Y, Asmann YW, Kanekiyo T, et al. ApoE
(Apolipoprotein E) in brain pericytes regulates
endothelial function in an isoform-dependent
manner by modulating basement membrane
components. Arterioscler Thromb Vasc Biol.
2020;40(1):128–44. https://doi.org/10.1161/
ATVBAHA.119.313169

60 Greco I, Day N, Riddoch-Contreras J, Reed J,
Soininen H, Kłoszewska I, et al. Alzheimer’s
disease biomarker discovery using in silico
literature mining and clinical validation.
J Transl Med. 2012;10:217–0. https://doi.org/
10.1186/1479-5876-10-217

61 Aa Abdalla A, Mohamed E, Ahmed B,
Mohanad A, Mohamed A, Mohamed T. In
silico analysis of Single Nucleotide
Polymorphisms (SNPS) in human abe-
talipoprotein epsilon 4 (APOE E4) gene
as a cause of Alzheimer’s disease from
genetic mutation to functional predica-
tion from structural change patterns.
Curr Trends Biomed Eng Biosci. 2017;
5(1). CTBEB.MS.ID.555653.https://doi.
org/10.19080/ctbeb.2017.05.555653

62 Sun JH, Tan L, Wang HF, Tan MS, Tan L, Li
JQ, et al. Genetics of vascular dementia:
systematic review and meta-analysis.
J Alzheimers Dis. 2015;46(3):611–29. https://
doi.org/10.3233/jad-143102

63 Kim YJ, Seo SW, Park SB, Yang JJ, Lee JS, Lee
J, et al. Protective effects of APOE e2 against
disease progression in subcortical vascular
mild cognitive impairment patients: A three-
year longitudinal study. Sci Rep. 2017;7(1):
1910. https://doi.org/10.1038/s41598-017-
02046-y

64 Li Z, Shue F, Zhao N, Shinohara M, Bu G.
APOE2: protective mechanism and thera-
peutic implications for Alzheimer’s disease.
Mol Neurodegener. 2020;15(1):63. https://
doi.org/10.1186/s13024-020-00413-4

65 Liu H, Yang M, Li GM, Qiu Y, Zheng J, Du X,
et al. The MTHFR C677T polymorphism
contributes to an increased risk for vascular
dementia: a meta-analysis. J Neurol Sci. 2010;
294(1–2):74–80. https://doi.org/10.1016/j.jns.
2010.04.001

Vascular Dementia among Asians Dement Geriatr Cogn Disord 2024;53:200–216
DOI: 10.1159/000538864

215

D
ow

nloaded from
 http://karger.com

/dem
/article-pdf/53/4/200/4262921/000538864.pdf by U

niversiti Putra M
alaysia(U

PM
) user on 28 M

arch 2025

https://doi.org/10.1186/1471-2350-10-32
https://doi.org/10.1186/1471-2350-10-32
https://doi.org/10.1159/000103913
https://doi.org/10.1111/j.1532-5415.2000.tb04725.x
https://doi.org/10.1111/j.1532-5415.2000.tb04725.x
https://doi.org/10.1161/01.atv.20.8.1921
https://doi.org/10.1161/01.str.29.7.1401
https://doi.org/10.1161/01.str.29.7.1401
https://doi.org/10.1177/1533317514539541
https://doi.org/10.1177/1533317514539541
https://doi.org/10.1159/000085067
https://doi.org/10.1159/000085067
https://doi.org/10.1016/j.jns.2018.05.025
https://doi.org/10.1016/j.jns.2018.05.025
https://doi.org/10.1016/j.neulet.2006.03.035
https://doi.org/10.1016/j.neulet.2006.03.035
https://doi.org/10.1089/gtmb.2008.0129
https://doi.org/10.1159/000017224
https://doi.org/10.1159/000017224
https://doi.org/10.1007/s10072-011-0885-9
https://doi.org/10.1007/s10072-011-0885-9
https://doi.org/10.1159/000105483
https://doi.org/10.1159/000105483
https://doi.org/10.1006/exnr.1997.6558
https://doi.org/10.1006/exnr.1997.6558
https://doi.org/10.1111/j.1600-0404.1996.tb07074.x
https://doi.org/10.1111/j.1600-0404.1996.tb07074.x
https://doi.org/10.1159/000104829
https://doi.org/10.1159/000104829
https://doi.org/10.1097/00002093-200304000-00007
https://doi.org/10.1097/00002093-200304000-00007
https://doi.org/10.1161/01.STR.0000244782.76917.87
https://doi.org/10.1161/01.STR.0000244782.76917.87
https://doi.org/10.1177/1533317513505131
https://doi.org/10.1111/j.1601-183X.2008.00436.x
https://doi.org/10.1111/j.1601-183X.2008.00436.x
https://doi.org/10.1111/j.1600-0404.2010.01400.x
https://doi.org/10.1111/j.1600-0404.2010.01400.x
https://doi.org/10.1038/nrneurol.2012.263
https://doi.org/10.1038/nrneurol.2012.263
https://doi.org/10.1371/journal.pone.0227667
https://doi.org/10.1371/journal.pone.0227667
https://doi.org/10.1161/ATVBAHA.112.300353
https://doi.org/10.1161/ATVBAHA.112.300353
https://doi.org/10.1161/ATVBAHA.119.313169
https://doi.org/10.1161/ATVBAHA.119.313169
https://doi.org/10.1186/1479-5876-10-217
https://doi.org/10.1186/1479-5876-10-217
https://doi.org/10.19080/ctbeb.2017.05.555653
https://doi.org/10.19080/ctbeb.2017.05.555653
https://doi.org/10.3233/jad-143102
https://doi.org/10.3233/jad-143102
https://doi.org/10.1038/s41598-017-02046-y
https://doi.org/10.1038/s41598-017-02046-y
https://doi.org/10.1186/s13024-020-00413-4
https://doi.org/10.1186/s13024-020-00413-4
https://doi.org/10.1016/j.jns.2010.04.001
https://doi.org/10.1016/j.jns.2010.04.001
https://doi.org/10.1159/000538864


66 Price BR, Wilcock DM, Weekman EM. Hy-
perhomocysteinemia as a risk factor for
vascular contributions to cognitive impair-
ment and dementia. Front Aging Neurosci.
2018;10:350. https://doi.org/10.3389/fnagi.
2018.00350

67 Abhinand PA, Shaikh F, Bhakat S, Radadiya
A, Bhaskar LVKS, Shah A, et al. Insights on
the structural perturbations in human
MTHFR Ala222Val mutant by protein
modeling and molecular dynamics. J Biomol
Struct Dyn. 2016;34(4):892–905. https://doi.
org/10.1080/07391102.2015.1057866

68 Smith AD, Refsum H, Bottiglieri T, Fenech
M, Hooshmand B, McCaddon A, et al. Ho-
mocysteine and dementia: an international
consensus statement. J Alzheimer Dis. 2018;
62(2):561–70. https://doi.org/10.3233/JAD-
171042

69 You M, Zhou X, Yin W, Wan K, Zhang W, Li
C, et al. The influence of MTHFR poly-
morphism on gray matter volume in patients

with amnestic mild cognitive impairment.
Front Neurosci. 2021;15:778123. https://doi.
org/10.3389/fnins.2021.778123

70 Vohra M, Sharma AR, Paul B, Bhat MK,
Satyamoorthy K, Rai PS. In silico charac-
terization of functional single nucleotide
polymorphisms of folate pathway genes. Ann
Hum Genet. 2018;82(4):186–99. https://doi.
org/10.1111/ahg.12231

71 Ahmed HA, Ishrat T, Pillai B, Fouda AY, Sayed
MA, Eldahshan W, et al. RAS modulation
prevents progressive cognitive impairment after
experimental stroke: a randomized, blinded
preclinical trial. J Neuroinflammation. 2018;
15(1):229. https://doi.org/10.1186/s12974-018-
1262-x

72 Kalra J, Prakash A, Kumar P, Majeed AB.
Cerebroprotective effects of RAS inhibi-
tors: beyond their cardio-renal actions.
J Renin Angiotensin Aldosterone Syst.
2015;16(3):459–68. https://doi.org/10.
1177/1470320315583582

73 Kim JW, Stewart R, Kang HJ, Bae KY, Kim
SW, Shin IS, et al. Longitudinal associations
between serum cytokine levels and dementia.
Front Psychiatry. 2018;9:606. https://doi.org/
10.3389/fpsyt.2018.00606

74 Angelopoulos P, Agouridaki H, Vaiopoulos H,
Siskou E, Doutsou K, Costa V, et al. Cytokines
in Alzheimer’s disease and vascular dementia.
Int J Neurosc. 2008;118(12):1659–72. https://
doi.org/10.1080/00207450701392068

75 Wang HK, Hsu WC, Fung HC, Lin JC, Hsu
HP, Wu YR, et al. Interleukin-1α and -1β
promoter polymorphisms in Taiwanese pa-
tients with dementia. Dement Geriatr Cogn
Disord. 2007;24(2):104–10. https://doi.org/
10.1159/000104829

76 Kim Y, Kong M, Lee C. Association of in-
tronic sequence variant in the gene encoding
spleen tyrosine kinase with susceptibility to
vascular dementia. World J Biol Psychiatry.
2013;14(3):220–6. https://doi.org/10.3109/
15622975.2011.559272

216 Dement Geriatr Cogn Disord 2024;53:200–216
DOI: 10.1159/000538864

Vasudevan et al.

D
ow

nloaded from
 http://karger.com

/dem
/article-pdf/53/4/200/4262921/000538864.pdf by U

niversiti Putra M
alaysia(U

PM
) user on 28 M

arch 2025

https://doi.org/10.3389/fnagi.2018.00350
https://doi.org/10.3389/fnagi.2018.00350
https://doi.org/10.1080/07391102.2015.1057866
https://doi.org/10.1080/07391102.2015.1057866
https://doi.org/10.3233/JAD-171042
https://doi.org/10.3233/JAD-171042
https://doi.org/10.3389/fnins.2021.778123
https://doi.org/10.3389/fnins.2021.778123
https://doi.org/10.1111/ahg.12231
https://doi.org/10.1111/ahg.12231
https://doi.org/10.1186/s12974-018-1262-x
https://doi.org/10.1186/s12974-018-1262-x
https://doi.org/10.1177/1470320315583582
https://doi.org/10.1177/1470320315583582
https://doi.org/10.3389/fpsyt.2018.00606
https://doi.org/10.3389/fpsyt.2018.00606
https://doi.org/10.1080/00207450701392068
https://doi.org/10.1080/00207450701392068
https://doi.org/10.1159/000104829
https://doi.org/10.1159/000104829
https://doi.org/10.3109/15622975.2011.559272
https://doi.org/10.3109/15622975.2011.559272
https://doi.org/10.1159/000538864

	Genetic Susceptibility Variants of Vascular Dementia among Asians: A Systematic Review and Meta-Analysis
	Introduction
	Materials and Methods
	Search Strategy
	Study Inclusion/Exclusion Criteria
	Data Extraction and Quality Assessment
	Statistical Analysis
	Trial Sequential Analysis

	Results
	Study Characteristics
	Meta-Analysis
	APOE ε2/3/4 Gene Polymorphism

	MTHFR rs1801131 Gene Polymorphism
	ACE rs4340 (I/D) Gene Polymorphism
	PSEN1 (Intron 8) Gene Polymorphism
	Trial Sequential Analysis

	Discussion
	Conclusion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


