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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
€2/3/4, MTHFR rs1801131, ACE rs4340 (I/D) gene polymor-
phism, and a PSENT intron 8 variant. The pooled odds ratio
(ORs) revealed a significant increase in the risk of VaD in the
apolipoprotein E (APOE) €4 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 &4 allele and MTHFR
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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 ¢ (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 VaD may 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
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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 retrieved manually, and
publications in languages other than English were excluded from
the whole search. A detailed search strategy is available in the
Supplementary Material (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
I’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 2 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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Fig. 1. Selection of included studies based on PRISMA guideline.
P statistic and Q-test, whereby p < 0.10 and P > 50% indicated high Results

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), and MedCalc® Statistical Software version 22.001
(MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2023). Statistical significance was 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.
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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 and NINDS-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

Vasudevan et al.

G20z Yo1eN 82 U0 Jasn (dn)ershele ennd misieaun Aq ypd-y988€5000/ 1 26292 /002/7/€S/4Pd-a[oNe/wap/wod Jabe//:dpy woly papeojumoq


http://www.cebm.brown.edu/openmeta
http://www.cebm.brown.edu/openmeta
https://www.medcalc.org
https://doi.org/10.1159/000538864

Downloaded from http://karger.com/dem/article-pdf/53/4/200/4262921/000538864.pdf by Universiti Putra Malaysia(UPM) user on 28 March 2025

(¥661) [€€]

S NIHIV-SANIN  #'8LFL°LS 6'9FS VL AN AN 6 6l 1seg ueder ‘e 19 eleweme)

NIHIV-SANIN (9661)

9 pue y-1lI-NSa OL+LL 8+¥8,. St/0€ GE/0C SL SS 1seg ueder [zg] "|e 13 1yonbiH

Gee (2661)

L -WSsa AN AN /8CL 8Cl/6 €9¢ /LT 1seg eulyd [Lg] ‘|e 1= uewziey

(£661)

9 AFNSA  L'SLFCES 6'9%6'SL 9l/LL  SL/S L 0¢ 1seg ueder [0g] ‘e 13 1A-BIED)|

S d-llI-nsa SLFS L 0'8+S'SL AN INN LLL /8 1seg ueder (8661) [62] ‘e 1@ If

N3HIV-SANIN 9/L (6661) [8¢]

14 pue y-I-SWa  9TLFTLS 08+¥'SL  /¥lE €T/t 060'L  SP 1seg  ueder  |e 13 ewedeyeN

(0002) [£T]

4 Y-lFNSA  06'6F0°EL  LYOFELS WN  WN €e  S€ 1se3 ueder  je 19 eweAlysIN

NIYIV-SADNIN (1002)

14 pue AIFWSA  00LFL¥L 0'6+LL WN AN 8lLe vl 1sej eulyn [92] "|e 12 Buej

(¢002)

S AI-NSA pue 4add 6'9+CCL SLFL VL AN AN 9% 0/ 1se3 uemie]  [S7] ‘e 3@ bBueny
NIYIY

S -SANIN pue AIFWNSa  90L+0'LL 78FC99 61/€9 01/0C (4 1se3  uemie| (00¢) [¥Z] ‘[ 19 1e]

NIHIV-SANIN (+0027)

8 pue ‘4ag ‘¥ad  9'6FCE9 0'6+£'99 WN WN 9, SC yinos elpul  [¢7] ‘e 19 eaying

8 N3HIV-SANIN ¢80L+6'LL 9'/F,989 89/¥S PL/SE 4% R <) 4 ise3  uemie] (#00¢) [zl |eId Ul

N3dIVY (9002)

S -SANIN pue AIFWSA  £'8+5°C9 8SF6 VL 9//S8 9T/8C oL S 1seg uemie] [LZ] ‘e 12 buep

NIV (9007)

8  -SANIN pue ‘4yad>  ¥'/F0'8L L'8F¥0'8L 951/56 88/9S LSz vyl se3  eulyd  [07] ‘e 19 wineg

NIV (8002)

8 -GANIN PUe Yad +9/L+SS'€L V9'LFSSEL 06/0LL SP/SS 00C ool 1seg eal10) [61] e 30 wiy

NIV (6002)

9 -SANIN "AIFWSA 8¥'8F09'09 CO'0LFILtY9 WN WN 0/l 08 yinos elpuj (6] |e 12 Aopueq

NER\Y (0102)

£ -SANIN pue AI-NSd ¥'8+¥019 8'8F1'99 Lv/cL TlL/vE 1 A 4 Yyinos eipu] [G] ‘|e 19 Hoosue

(0102)

L 4ad L'[F8Y9 L'6+5'89 G//0CL Cl/6l S61 LE yinos eipul  [g1] |e 1® yieseyg

(LLog)

8 N-WSA /[8'8F€6'S9  6/L/F60VL S8LL/VE E£v/LT s v9 lse3  ealoy [£1] "|e 33 BuoH
NIV

8 -SANIN pue AIFNSA 8TSTFSE'E€L 9V'SFSO'SL [8L/L6 Yy/LL ¥8C 19 e3  eatoy (Z107) [v] '1e 19 nhy

YAd4av-SADNIN 0l (S5102)

9 pue Al-INSd L'6+FL°€L €8FLeL G6/6EL  /LSL veC SScC 1sej eulyo [91] ‘|e 1@ noy

619 (9102) AR 74T
8 NIHIV-SANIN  9€/F¥'69 LL'6+6°£9 /0€S ¥L/9T 6vl'L OoF 1sej eulyo [SL] ‘[e 1 usyd R 85€6CvSI  JOdV
91025 [e3318{0%} 9SED |0JJUOD  dSED [0JIUOD Ised
|00} (e1sy)
Aenp JUBWISSISSe e SJedk {(QSTFueaw) aby  (4/) J9pudn  9zis 3jdwes uoibaigns Anunod)  Jeak ‘loyine 1sii4 SdNS  9uap

sauab JDV pue Y4HIW ‘JOdV JO sisA|eue-e1aw Joj salpnis pa1da]as dyl Jo sdnsiaIdeIeyd Apnis *L d|qel

203

Dement Geriatr Cogn Disord 2024;53:200-216

DOI: 10.1159/000538864

Vascular Dementia among Asians


https://doi.org/10.1159/000538864

Downloaded from http://karger.com/dem/article-pdf/53/4/200/4262921/000538864.pdf by Universiti Putra Malaysia(UPM) user on 28 March 2025

"9|eds JuaWIssasse Aljenb eme0-9j3sedIMaN 3Y3 Buisn paulwISIdp sem 310s AljenD, ‘swisiydiowA|jod aproajpnu a|buls ‘SgNS ‘UonRIASP piepuels ‘ds ‘pauoiusw
10U ‘|AN ‘S9JUSIISOINSN UD JUSWUbBI9sSUT,| 19 9YdJayday k| Jnod 3euOllBUISIU| UOIIRIDOSSY-3X0J1S PUB si9pJosig [edIbojoInNaN JO 9InHiSU| [euoneN ‘NIYIV
-SANIN ‘@Jew ‘| ‘9jewdy) ‘4 ‘uonip3 Y ‘S19pJosi [BIUSIA JO [enuely [eI1ASIIRIS pue diasoubelq ‘Al-INSA ‘PasIASY ‘UoIIPT PIE ‘SIaPIOSIQ |BIUSIA JO [enUB|A |BD1ISIIELS
pue cnsoubeiq ‘Y-1II-NSA ‘buney enuawaq [ea1ul)d ‘Yad ‘ojeds builes ennuswsp passalq ‘YAg ‘SI91uad) Juswieal] pue disoubelq aseasiq S LwIBYzlY ‘O1aay

(8661)
S NIYIV-SANIN  §/FLTL TLFEYL WN  WN or v 1S90 [9eus| [8€] '|e 19 uewdey)
NIV (9002)
S -SANIN ‘AIFWSA@  £'8F579 8ST6'.  9//S8 97/8C 19l ¥S se3 uemie]  [1] e 1@ Buep
NIV S6 (9007)
8 -SANIN pue AIFWSA  SOLFLZ9  +OLFL99 S6/TLL  /TLlL L0T £0T 1se3  ealoy [2¥] "o 32 wiy
NIHIV (6007)

9 -SANIN ‘AIFWSA 8¥°8F09°09 CO'0LFIL'Y9 WN  WN 0/l 08 yinos eipu;  [6] '|e 19 Aspueq ovEsd Epl
(8661)
S NIYIV-SANIN  8/FLTUL TLFEYL WN  WN or Lt 1SS [9eds| [g€] |e 19 uewdey)
(0007)
L NIYIV-SANIN  §'9FTTL 9'8F9'S. 0f£L/L8 69/Th LT EPL jseg  ealoy [£€] ‘|e 19 00A
(0007)
L N-WSd 7'8F¢8 €9F¥8  19/1T TS/EE 78 <8 19 [9eis|  [9€] '|e 19 Yejjod
(0007) [£2]
% Y-IFNSA  06'6F0°EL  LY9FEL8 WN  WN €€ ¢¢ 1se3  ueder  ‘|e 19 eweAlysiN
NIV (6002)
9 -SANIN ‘AIFWSA 8870909 TO'0LF9L+9 WN  WN 0/l 08 yinos  eipul  [g] ‘e 13 Aspueq
NIV (z102)
8 -SANIN Pue AFNSA  T'8F8°€9 L'6F7'S9  SP/SL €L/LE 0ZL  0S yinos  eipuj [/] ‘|e 39 Loosue

NIHIV leL el
8 -SANIN pue AIFNSA  6'9FL'/9 L9F€99 /6Ll /T8l 00€ t0€ 1se3  eulyd (€£1072) [9] ‘|e 1 uir €ELLO8BLS! YJHIW
x9400S |043U0d oSed |0Jjuod oSe) |0JJUO0d osed
[00} (ei1sy)
Ajjlenp Juswssasse gep  sieak ‘(@SFuesw) aby  (4/W) J9pusD  9zis ojdwes uolbaigns Aizunod)  Jeak ‘doyine 1sii4 SANS  3usp

(Penunuod) L s|qel

Vasudevan et al.

Dement Geriatr Cogn Disord 2024;53:200-216

DOI: 10.1159/000538864

204


https://doi.org/10.1159/000538864

Downloaded from http://karger.com/dem/article-pdf/53/4/200/4262921/000538864.pdf by Universiti Putra Malaysia(UPM) user on 28 March 2025

‘JMH WoJ) uonelAdp 1uedyiubls SMoys GO0 > dy "uolideal uleyd asesswAjod ‘Yod ‘wsiydiow
-Alod y1bus| uswbely uondUIsaI-uondeas uleyd asesdwAijod ‘d14Y-4dd ‘Bumojqounwuwi pue buisndoj d1133]90s! ‘43| ‘winuqlinba Biaquisp-ApieH ‘IMH

£08°0 d144-42d L1'o/€el'0 18°0/¢80  01°0/S0°0 L/L 8/¢ Le/el L/0 6/C 0/0  (¥661) [€€] '|e 19 erewemey
9910 d1d4-4dd  Zl'o/¥1'0  +8°0/¥80  +00/€0°0 €/l /el ¥4/8¢€ 0/0 9/¢ 0/0 (9661) [z€] "|e 33 1ydnbIH
600 d4dd  01'0/¢cc0  +¥80/0L0  90°0/L00 0/€ 0L/v 0sc/9L v/ 9¢/C €/0 (£661) [LE] '|e 12 uewziey
€060 d144-4Dd 91'0/T0  ¥8'0/SL0  90°0/S0°0 L/0 L/8 Lz/oL L/0 €/C 0/0 (£661) [0€] "|e 19 1A-e1e0)
0000 d1d4-4Dd  80°0/LT0  680/9L0  €00/€0°0 L/€ v1/6¢ S6/0S v/T v/ 0/0 (8661) [6C] R 32 If
8670 431 60°0/CL'0  98°0//80  SO'0/L00 9/0  €LL/LL €08/€e  SL/0 06/1 €/0  (6661) [8Z] '|e 12 eweheseN
¥56°0 d1d4-4Dd  90°0/LL'0  16°0/98°0  €0°0/€0°0 0/0 v/L £T/9T 0/1 ¢/l 0/0  (0007) [£T] '|e 33 eweAlysIN
€Leo0 d144-4Dd L1'0/SL'0  6£°0/8L0 0L0/L00 L/ 9¢/LE 6€1/9L 8/¢ ze/olL (444 (1002) [92] "|e 33 Buei
6LL0 d144-4Dd  80°0/600  €80/¢80  60°0/60°0 L/L SL/6 99/1S L/ [4¥.4 €/€ (z00?) [sZ] "|e 3@ bueny
L00'0> d144-4Dd ¢l’'o/1'0 08°0/88°0  80°0/C0°0 L/0 6L/9 8L/€C S/0 G/L ¥/0 (€002) [¥2] e 19 1€
000 d1d4-4dd  600/¥€0  +1°0/85°0  S1°0/80°0 L/9 LL/S L/0L L/0 6/v 9/0 (¥007) [€2] "|e 19 eayin
L000> d1d4-4dd  T1'0/01'0  08°0/48'0  80°0/€0°0 L/0 6L/01 81/9€ S/0 a/€ ¥/0 (#002) [l "[e 32 un
LGE0 d1d4-4dd  60°0/€L'0  98°0/¥8°0  S0'0/€0°0 0/1 Lz/LL ocl/6g 7/l L1/ L/0 (9002) [LT] ‘e 32 Buepm
0890 d1d4-4Dd  80°0/€L'0  €8°0/££0  80°0/0L°0 L/ LE/TE VL1/v8 €/l €e/€C €/C (9007) [02] ‘|e 18 wneg
L060 YDd obe1s-su0  60°0/LL'0  98°0/€80  S0'0/90°0 /L ze/8l 9 1/69 444 8L/01 0/0 (8007) [61] "2 33 Wiy
8¢L0 d1d4-4dd  +0'0/LL'0  68°0/¥80  LO0/¥0°0 0/1 €L/9l €eL/99 L/0 €C/L 0/0 (6007) [6] '|e 10 Aopued
€€80 d1d4-4dd  £0°0/£1'0  06'0/C80  €0°0/L0°0 L/ vL/zl c6/1€ L/0 9/l 0/0 (0107) [S] '|e 32 uoosuepy
L9T0 d1d4-4Dd  80°0/8L'0  +¥8°0/LL0  80°0/8%°0 /L /L Li71/0C S/t v/l L/0 (0L02) [8L] "2 12 Yreseyg
0950 ddd  0lL'0/FL'0  €8°0/Z£0  L00/60°0 €/L /Sl L0L/L€ 7/l L1/01 L/0 (1102) [£1] "|e 32 BuoH
saqoid
TLS0  dwdboiony ‘Ydd  L0°0/TL'0  98°0/480  LO'0/SO0 0/1 6¢€/Cl 60¢/Ty €/0 LE/9 ¢/0 (TL07) [¥] "1e 10 nhY
L00'0> d1d4-4Dd  600/61°'0  180/€L0  600/800  Z/¥lL Lz/es  09L/8yL  8/8l 8€/TT 0/0 (S102) [91] '|e 1@ now
0090 Aesse ueybel  80'0/8L'0  €8°0/€L0 80°0/1°0 8/v 9sL/9 ¢08/¢t LZ/0 ¥SL/8 8/0 (9102) [S1] "2 38 USYD
3 €3 3 33 ¥3€3 €3¢3 $373 €373 6B
poysw
+«IMH buidfiousn S|0J3U0D/S95BD) Jeak ‘Joyine 1si14

sa1pNn1s padd|as ayl buowe swsiydiowAjod auab JO4Y JO sapuanbaly 9j9)je pue adAlouan g s|qeL

205

Dement Geriatr Cogn Disord 2024;53:200-216

DOI: 10.1159/000538864

Vascular Dementia among Asians


https://doi.org/10.1159/000538864

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

Gene  SNPs First author, year Cases/controls Genotyping HWE*
method
cC @) T 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 0314
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
I 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 0.39/040 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.

PCR-RFLP was the preferred genotyping method, followed
by Tagman 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 €2/3/4 Gene Polymorphism

There were 22 studies on the APOE ¢ 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 &4 in all genetic
models (dominant model: OR = 1.80, CI = 1.53-2.11, p <
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0.001); recessive model: OR = 3.17, CI = 1.88-5.35, p <
0.001; APOE &4 allelic model: OR = 1.79, CI = 1.53-2.08, p <
0.001). An allelic model of €2 allele when compared to €3
and &4 alleles also showed a significant pooled result (APOE
€2 allelic model: OR = 0.72, CI = 0.55-0.94, p < 0.001)
(Fig. 2; Table 4). Furthermore, carriers of the €4 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 &2 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).

MTHER rs1801131 Gene Polymorphism

A total of 7 publications [6, 7, 9, 26, 35-37] of MTHFR
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
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Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
Chen 2016 [15] 1.959 (0.940, 4.084) 10/40 164/1128 .
Mou 2015 [16] 2.622 (1.617, 4.251) &7/255 28/234 _,—.7
Ryu 2012 [4] 1.681 (0.835, 3.384) 13/61 39/281 =
Hong 2011 [17] 1.702 (0.836, 3.467) 16/63 257150 I
Bharath 2010 [18] 2.635 (1.050, &.8611) 8/29 24/190 H -
Mansoori 2010 [5] 2.858 (l1.246, 6.558) 14/46 15/113 -
Pandey 2009 [9] 3.238 (1.486, 7.058) 17/80 13/169
Kim 2008 [19] 1.160 (0.623, 2.161) 19/98 34/198
Baum 2006 [20] 1.724 (1.028, 2.892) 34/143 38/248 L
Wang 2006 [21] 1.431 (0.666, 3.075) 12/53 27/159 ]
Lin 2004 [22] 1.128 (0.483, 2.633) 10/49 20/108
Luthra 2004 [23] 1.048 (0.353, 3.110) 11/25 12/28
Lai 2003 [24) 1.087 (0.3%93, 3.010) 6/30 20/107 ;
Huang 2002 [25] 0.873 (0.370, 2.061) 10/68 16/97
Yang 2001 [26] 1.753 (1.027, 2.993) 33/121 37/210 I
Nishiyama 2000 271 1.880 (0.494, 7.147) T/34 4/33 =
Nakayama 1999 [5) 1.619 (0.805, 3.256) 11/45 179/1075 -
Ji1998 [29) 3.985 (1.982, 8.010) 32/85 15/114 =
Katzman 1997 [31] 1.606 (0.645, 3.994) 7/25 T0/359 -
Igata-Yi 1997 (30] 2.000 (0.602, €6.642) 8/20 8/32 ' =
Higuchi 1996 22] 1.366 (0.596, 3.131) 14/55 15/75
Kawamata 1994 [33) 1.185 (0.317, 4.431) 4/19 9/49 - t
Overall (1*2=0 % , P=0.488) 1.799 (1.533, 2.111) 363/1444 812/5157 *iv,"‘:-
| T T ; T T
0.32 063 15818 317 634 80
a QOdds Ratio (log scale)
Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
Chen 2016 15.556 (4.478, 54.038) 4/40 8/1128
Mou 2015 1.884 (0.747, 4.752) 14/255 T/234
Ryu 2012 13.959 (0.562, 346.796) 1/61 0/281 -
Heng 2011 0.790 (0.081, 7.746) 1/63 3/150 -
Bharath 2010 3.357 (0.295, 38.251) 1/29 2/1%0 =
Mansoori 2010 5.091 (0.450, 57.576) 2/48 1/113 L
Pandey 2009 6.396 (0.258, 158.759) 1/80 0/169 -
Kim 2008 1.010 (0.090, 11.280) 1/98 2/198
Baum 2008 3.504 (0.315, 38.983) 2/143 1/248
Wang 2006 9.114 (0.366, 227.149) 1/53 0/159 L]
Lin 2004 0.717 (0.029, 17.919) 0/49 1/107 =
Luthra 2004 8.526 (0.948, T6.708) 6/25 1/28 T =
Lai 2003 1.164 (0.046, 29.301) 0/30 1/107 =
Huang 2002 1.433 (0.088, 23.312) 1/68 1/97 il
Yang 2001 3.513 (0.315, 39.148) 2/121 1/210 I
Nishiyama 2000 0.971 (0.019, 50.362) 0/34 0/33 -
Nakayama 1999 1.808 (0.100, 32.589) 0/45 6/1075 -
Ji 1998 4.134 (0.422, 40.457) 3/85 1/114 L
Katzman 1997 111.844 (5.604, 2232.219) 3/25 0/359 -
Igata-Yi 1997 0.512 (0.020, 13.191) 0/20 1/32 - +
Higuchi 1996 0.444 (0.045, 4.391) 1/55 3/75 =
Kawamata 1994 2.667 (0.158, 44.929) 1/19 1/49 =
Overall (1*2=11.25 % , P=0.310)  3.168 (1.875, 5.351) 45/1444 41/5156 -

I T T T T T T 1T T T T T T T T T |
002 004 009 019 037 094 187347 936 1872 3744 938118722 935.09 223222
b 0Odds Ratio (log scale)
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Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl :
Chen 2016 2.570 (1.414, 4.670) 14/80 17272256 -
Mou 2015 2.393 (1.574, 3.639) B81/492 35/460 _,_.7
Ryu 2012 1.738 (0.912, 3.313) 14/122 39/562 I
Hong 2011 1.515 (0.797, 2.880) 17/128 28/300 -
Bharath 2010 2.501 (1.107, 5.648) 9/58 26/380 -
Mansoori 2010 2,763 (1.317, 5.797) 16/92 1le/226 -
Pandey 2009 3.169 (1.512, 6.643) 18/160 13/338 ]
Kim 2008 1.136 (0.639, 2.021) 20/196 36/39%6 L
Baum 2006 1.687 (1.048, 2.723) 36/28¢6 39/49%6 L
Wang 2006 1.507 (0.747, 3.039) 13/108 27/318 -
Lin 2004 1.055 (0.477, 2.334) 10/98 21/216 +
Luthra 2004 1.704 (0.726, 3.998) 17/50 13/56 -
Lai 2003 1.021 (0.393, 2.657) 6/60 21/214
Huang 2002 0.916 (0.415, 2.023) 11/13¢ 17/194
Yang 2001 1.700 (1.042, 2.773) 35/242 38/420 -
Nishiyama 2000 1.779 (0.495, 6.387) 1/68 4/66
Nakayama 1999 1.479 (0.773, 2.829) 11/90 185/2150 | T
Ji 1998 3.435 (1.830, ©.447) 35/170 16/228 L
Katzman 1997 2.314 (1.109, 4.829) 10/50 70/718 -
Igata-Yi 1997 1.528 (0.536, 4.354) 8/40 G/64 - .
Higuchi 1996 1.158 (0.556, 2.413) 15/110 18/150 L
Kawamata 1994 1.333 (0.424, 4.193) 5738 10/98 -
Overall (1*2=8.28 % , P=0.350) 1.791 (1.539, 2.084) 408/2870 853/10306 -:::,.:-
: 1 T
1.79 3.9
c Odds Ratio (log scale)
Studies Estimate (25% C.I.) Ev/Trt Ev/Ctrl
Chen 2016 1.380 (0.651, 2.925) 8/72 175/2107 —_——
Mou 2015 0.760 (0.487, 1.187) 40/470 46/422 —
Ryu 2012 0.706 (0.291, 1.712) 6/116 38/530 —_—
Hong 2011 1.365 (0.632, 2.946) 11/117 20/283 —_t—
Bharath 2010 0.587 (0.173, 1.990) 3/59 30/35% -
Mansoori 2010 0.340 (0.041, 2.801) 1/91 7/221
Pandey 2009 0.583 (0.246, 1.385) 7/153 24/316 —_—
Kim 2008 1.227 (0.587, 2.567) 12/188 20/380 —_—
Baum 2006 1.201 (0.725, 1.989) 28/260 427460 BT e
Wang 2006 0.573 (0.162, 2.018) 3/105 15/307 -
Lin 2004 0.341 (0.098, 1.188) 3/95 18/206 ]
Luthra 2004 0.061 (0.018, 0.208) 4/46 22736
Lai 2003 0.180 (0.024, 1.378) 1/59 18/206 -
Huang 2002 0.860 (0.402, 1.842) 12/128 19/177 —_—
Yang 2001 0.628 (0.350, 1.128) 17/231 447392 —a—
Nishiyama 2000 0.939 (0.128, 6.875) 2/68 2/64 -
Nakayama 1999 0.200 (0.028, 1.452) 1/89 111/206%9 =
Ji 1998 0.838 (0.263, 2.610) 5/169 B/228 L
Katzman 1897 1.198 (0.413, 3.475) 4/50 46/680
Igata-Yi 1997 0.806 (0.140, 4.624) 2/38 4/62 -
Higuchi 1996 0.663 (0.162, 2.715) 3/107 6/144 -
Kawamata 1994 0.471 (0.0%98, 2.263) 2/36 10/90 -
Overall (1*2=38.15 % , P=0.037) 0.722 (0.553, 0.941) 175/2747 725/9739 gty
T T LI T T
0.02 0.04 o0a 018 0.36 0Tz 178 a5 687
d Odds Ratio (log scale)

Fig. 2. Forest plots of the associations between APOE gene polymorphisms and VaD for APOE &4 in dominant
(@), recessive (b), and allelic models (c), and an APOE &2 allelic genetic model (d).
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Table 4. Meta-analysis results of APOE

genetic models Genetic models Subgroup n  OR (95% ClI) p value* 2 (%) pHET**2
Dominant model (e4/€4 + €4/€3 vs. €2/€3 +€2/€2 + €3/€3)
Overall 22 1.80(1.53-2.11) <0.001 O 0.488
Subregion East Asia 18 1.72 (1.46-2.04) <0.001 0 0.578
South Asia 4 243 (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 O 0.778
Others 12 1.95 (1.57-2.41) <0.001 216  0.231
Recessive model (e4/€4 vs. €2/e2+€2/e3+€3/e3+€3/e4
Overall 22 3.17 (1.88-5.35) <0.001 11.3 0310
Subregion East Asia 18 2.35(1.42-3.89) <0.001 242 0.117
South Asia 4 6.74 (1.81-25.0) 0.004 0 0.938
Age group, years <70 6 548 (2.20-13.7) <0.001 27 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) <0.001 334 0.122
Others 12 1.82 (0.96-3.46) 0.066 0 0.919
APOE4 allelic model (g4 vs. €2+€3)
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 4 252 (1.70-3.73) <0.001 O 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) <0.001 191 0428
NOS score Good 10 1.73 (1.40-2.13) <0.001 0 0.502
Others 12 1.84 (1.52-2.23) <0.001 246 0.202
APOE2 allelic model (€2 vs. €3+¢€4)
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) 0.047 749 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 0.001°
Others 12 0.65 (0.50-0.84) <0.001 O 0.950

n, number of studies; OR, odds ratio; 95% Cl, 95% confidence interval; pHET, p value
of heterogeneity; I2, value of /? 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. 2Fixed-effect model analysis
method. PRandom-effect model analysis method.

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

Vascular Dementia among Asians

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 genetic models with I* 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).
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Table 5. Meta-analysis results of

MTHFR rs1801133 genetic models Genetic models Subgroup n OR (95% CI) p value* ? (%) pHET™
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 3 143 (0.93-2.21) 0.101 0 0.788
Recessive model (TT vs. CT + CC)
Overall 7 1.26 (0.79-2.01) 0.338 479 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) 0.661 708 0.016
NOS score Good 4 1.37 (0.74-2.54) 0311 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) 0.013 861 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) 0.157 431 0.153
Others 3 1.23 (0.89-1.71) 0.219 0 0.523

n, number of studies; OR, odds ratio; 95% Cl, 95% confidence interval; pHET, p value

of heterogeneity; I

, value of I 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. 2Random-effect model analysis

method.

PSEN1 (Intron 8) Gene Polymorphism

Presenilin-1 (PSENI) 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
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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 e4 allele and MTHFR
rs1801133 polymorphism (T allele) were associated with
an increased risk of VaD.

The APOE €2/3/4 polymorphism is the most re-
searched gene polymorphism among Asians in associ-
ation with VaD and is determined by the rs7412 and
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Studies Estimate (95% C.I.)
Jin 2013 (6] 1.338 (0.971, 1.844) R
Mansoori 2012 [7] 1.230 (0.593, 2.553) ]
Pandey 2009 [9] 1.436 (0.824, 2.502) —
Pollack 2000 [36) 0.821 (0.438, 1.537) ] .
Yoo 2000 [37] 1.055 (0.677, 1.644) |
Nishiyama 2000 [27] 1.878 (0.670, 5.263) B
Chapman 1998 [38] 1.157 (0.466, 2.872) L ma
Overall (1*2=0 % , P=0.773) 1.222 (0.999, 1.495) e
| T ; T T i
0.44 0.88 1.22 219 438 5.26
a Odds Ratio (log scale)
Studies Estimate (95% C.I.)
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Fig. 3. Forest plots of the associations between MTHFR rs1801133 gene polymorphism and VaD in dominant (a),

recessive (b) and allelic (c) genetic models.

rs429358 genetic variants. These variants have been
extensively studied in relation to AD, and individuals
with the &4 allele are at an increased risk of developing
the disease [56]. This was also demonstrated in AD

Vascular Dementia among Asians

human postmortem brains, when APOE RNA expres-
sion levels were found to be elevated [57], and APOE
plasma levels in APOE &2 carriers were linked to in-
creased risk of dementia and AD [58]. Additionally, it
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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 €4 ho-
mozygotes were associated with a 3.129-fold increased
risk of VaD compared with APOE &3 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 &4 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 ¢4 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 e3e4 (23.6%) or e4e4 (15.1%) genotypes than
healthy individuals (p = 0.036) [20]. Lin et al. did not
infer a significant effect for the APOE &4 allele but re-
ported that the APOE e2 allele was protective against the
development of VaD in individuals younger than
65 years of age [22]. In the present review, the APOE €2
allele also showed a protective effect against VaD when
compared to the other APOE variants. Despite com-
pelling evidence that APOE €2 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 €2 and €4 alleles among Asians are
necessary. Furthermore, the presence of publication bias
for the APOE e2 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
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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, PAI-1 46/5G, ATIR 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 PSENI 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 PSENI 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 PONI 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-1a rs1800587, and TGFBI
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.

Vascular Dementia among Asians

Conclusion

The present meta-analysis demonstrated that the
APOE &4 allele and MTHEFR 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.
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