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Abstract

Background and purpose Studies on the relationship between Phosphodiesterase 4 D (PDE4D) gene polymorphism with the
risk of ischemic stroke (IS) have shown discordant results. The present meta-analysis was aimed to clarify the relationship
between PDE4D gene polymorphism with the risk of IS by estimating pooled analysis of published epidemiological studies.
Methods A comprehensive literature search for all the published articles was performed in various electronic databases,
including PubMed, EMbase, Cochrane Library, Trip Database, Worldwide Science, CINAHL, and Google Scholar up to
22" December 2021. Pooled Odds ratios (ORs) with 95% Confidence Intervals (CIs) under dominant, recessive, and allelic
models were calculated. Subgroup analysis based on ethnicity (Caucasian vs. Asian) was performed to examine the reliability
of these findings. Sensitivity analysis was also performed to detect the heterogeneity between studies. Finally, Begg’s funnel
plot was used to assess the potential for publication bias.

Results In our meta-analysis, we identified a total of 47 case—control studies with 20,644 ischemic stroke (IS) cases and
23,201 control subjects, including 17 studies of Caucasian descent and 30 studies of Asian descent. Our findings suggest
that there was a significant relationship between SNP45 gene polymorphism and risk of IS (Recessive model: OR =2.06,
95% CI 1.31-3.23), SNP83 overall (allelic model: OR=1.22, 95% CI 1.04-1.42), Asian (allelic model: OR =1.20, 95%
CI 1.05-1.37), and SNP89 Asian (Dominant model: OR =1.43, 95% CI 1.29-1.59, recessive model: OR=1.42, 95% CI
1.28-1.58) respectively. However, no significant relationship was found between SNP32, SNP41, SNP26, SNP56, and SNP87
gene polymorphisms and risk of IS.

Conclusion Findings of this meta-analysis conclude that SNP45, SNP83, and SNP89 polymorphism could be capable of
increasing stroke susceptibility in Asians but not in the Caucasian population. Genotyping of SNP 45, 83, 89 polymorphisms
may be used as a predictor for the occurrence of IS.
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Introduction
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pradeepguptaneuro@gmail.com; pradeepgupta@aiims.edu Stroke is a heterogeneous complex disorder and the second
Manabesh Nath most common cause of death and long-term disability with
manabesh.nath @ gmail.com higher incidence among adults and older people worldwide
Priyanka Swarnkar and is a significant public health problem [1]. Stroke can be
priyanka.swarnkar23 @ gmail.com divided into two subtypes: 20% of cases are hemorrhagic
Shubham Misra (intracerebral hemorrhage), and 80% are ischemic stroke
shubham.misra30@gmail.com (IS) [2, 3]. Characterization of a sudden decrease in blood

flow to one or more areas within the central nervous system
is considered ‘Ischemic stroke’. In contrast, hemorrhagic
stroke occurs when a weakened blood vessel rupture.

Both genetic and lifestyle-related factors may increase
the risk of stroke. Genetic factors involving single nucleo-
tide polymorphisms (SNPs) can indicate susceptibility to
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specific stroke subtypes. Numerous mutations in microsat-
ellite markers and SNPs of the STRK1 locus, chromosome
5q12, encoding phosphodiesterase (PDE) type 4D (PDE4D),
were identified as independent risk factors for IS [3]. PDEs
are intracellular enzymes that degrade the cyclic nucleo-
tides adenosine (cAMP) and/or guanosine monophosphate
(cGMP), thereby modulating cellular signaling via the
cAMP/cGMP pathways [4]. In IS, suppression of PDE4D
protects the blood-brain barrier and reduces both inflamma-
tion and thrombosis. Inflammation plays a significant role
in the development of atherosclerosis, and PDE4 has been
significantly expressed in inflammatory cells during cerebral
ischemia [5]. Variants and polymorphisms in the PDE4D
gene have been investigated in different IS population to
ascertain any associated risks [6]. In the present study, we
retrospectively reviewed studies focusing on the relationship
of PDE4D gene polymorphism with increasing or decreasing
risk of IS in patients published to date.

Methods
Literature search

The current systematic review was reported according to
the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) statement guidelines, and a meta-
analysis was conducted with the extracted data [7]. Relevant
publications (until 31st October 2021) were identified by
searching various electronic databases, including PubMed,
EMbase, Cochrane Library, Trip Database, Worldwide Sci-
ence, CINAHL, and Google Scholar. The following key
terms were used: ‘Phosphodiesterase 4 D’ OR ‘PDE4D’
AND ‘polymorphism’ OR ‘variant” OR ‘mutation’ OR
‘genotype’ AND ‘stroke’ OR ‘ischemic stroke’ OR ‘Cer-
ebral Infarction’ OR ‘Brain Infarction’ OR ‘Cerebrovascular
disease’ OR ‘Cerebrovascular disorder’ in combination with
‘SNP 45" OR ‘SNP 56” OR ‘SNP 87 OR ‘SNP 89’ OR
‘SNP 32” OR ‘SNP 41” OR ‘SNP 83° OR SNP 26" OR
‘rs966221” OR ‘rs40512” OR ‘rs12188959’ OR ‘rs702553’
OR ‘rs2910829’ OR ‘rs1396476°. Additionally, the reference
list of the retrieved studies, review articles, and previous
meta-analyses, were manually searched for collecting more
relevant studies often missed while performing the electronic
search. Two authors (MN and PS) independently conducted
the search for various studies, and any discrepancy regarding
the inclusion or exclusion of individual studies was resolved
by consulting the corresponding author (PK).

Eligibility criteria

Studies were included if they met the following inclu-
sion criteria: (1) case—control studies investigating the
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relationship of PDE4D gene polymorphism with the risk of
IS; (2) clinically confirmed diagnosis of IS using CT or MRI
scan; (3) patients aged < 18 years for pediatric and > 18 years
for adult population; (4) numbers available for patient and
control groups for PDE4D SNP 45, 32, 41, 26, 56, 83, 87, 89
genotype or data provided from which the numbers could be
calculated. No restriction of language was applied.

Data extraction

Two investigators (PK and PS) independently extracted the
data. Following data were extracted from each study: first
author’s name, published year, ethnicity, country, number of
cases and controls, matching criteria, sample source, dura-
tion of inclusion, mean age, genotyping method and fre-
quency distribution of PDE4D SNP 45, 32, 41, 26, 56, 83,
87, 89 genotypes. Hardy—Weinberg Equilibrium (HWE) was
calculated for allelic frequency distribution. Ethnicities were
categorized as either Asian or Caucasian, and the population
was classified into adult and paediatric groups.

Quality assessment

Newcastle—Ottawa Scale (NOS) [8] was used for assessing
the quality of the included studies based on three compo-
nents: selection, comparability and ascertainment of the
outcome. Scores ranged from 01 to 09. Two authors (PS
and MN) independently assessed the quality of the included
studies. Discrepancies over quality scores were resolved by
discussion among all the authors and subsequent consensus
was reached.

Statistical analysis

Odds ratios (ORs) with 95% Confidence Intervals (CIs) were
calculated to investigate the relationship between PDE4D
(SNP 45, 32, 41, 26, 56, 83, 87, 89) gene polymorphism and
risk of IS using fixed (Mantel-Haenszel method) or random
effects (Dersimonian and Laird method) models [9, 10]. Het-
erogeneity between studies was compared using Cochran’s
Q statistic and I? metric [11, 12]. I? metric was used to
describe the degree of heterogeneity between included stud-
ies, where 0-25% indicated no observed heterogeneity and
larger values showed increasing heterogeneity, with 25-50%
regarded as low, 50-75% as moderate and 75-100% as high.
If 12 < 50%, a fixed-effects model was used, and if I* > 50%,
a random-effects model was used. In addition, heterogeneity
between studies was adjusted by subgroup analysis, HWE
status, and meta-regression by quality score of the included
studies. Meta-regression was conducted using the Restric-
tion maximum likelihood (REML) estimate with Knapp-
Hartung modification for determining the between-study
variance [13].
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One-way sensitivity analyses were performed to assess
the stability of the results. A single study in the meta-analy-
sis was deleted each time to reflect the influence of the indi-
vidual dataset on the pooled OR. Funnel plots and Egger’s
linear regression test were used to diagnose the potential
publication bias [14, 15]. Presence of selection bias in con-
trol participants was evaluated by calculating HWE, and
genotypic frequencies of the control subjects were compared
using the chi-square test. Stratified analyses based on ethnic-
ity (Asian vs. Caucasian) were performed. The reliability
and accuracy of the results were validated by two investi-
gators (PK and PS), who independently analyzed the data
using the software. All statistical analyses were performed
using STATA 13.0 and Review Manager 5.3 software. The
p values were two-sided, and a p value <0.05 was statisti-
cally significant.

Results

Literature search

The initial search yielded 72 records from PubMed, EMbase,
Scopus, Web of Science, CENTRAL (Cochrane Central

Register of Controlled Trials), and Google scholar data-
bases. Of them, 22 were excluded after the review of title/
abstract, leaving 50 potential studies for full-text informa-
tion review. Finally, 47 studies met the inclusion criteria and
were included in this study (Fig. 1).

Characteristics of eligible studies

The main characteristics of included studies are presented
in Table 1. The publication years of the studies included in
our analysis ranged from 2003 to 2019. The sample size in
each study ranged from 91 to 2890 in IS cases and 44 to
4412 in controls subjects for all the included studies in our
meta-analysis. Forty-seven case—control studies (18 studies
for SNP45, 12 for SNP56, 29 for SNP83, six for SNP89, five
for SNP26, seven for SNP41, four studies for SNP32, and
27 studies for SNP87) were included in our meta-analysis.
Studies were carried out in two major ethnic populations;
30 studies were in the Asian while 17 studies were in the
Caucasian population. All studies in this meta-analysis
had controls in HWE. The quality scores of all included
studies were moderately high. Out of 47 studies, 27 studies
had hospital-based and 20 studies had a population-based
source of controls. Table 1 summarizes the characteristics
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and methodological quality of all the included studies. In our
meta-analysis, a total of 47 case—control studies involving
20,644 IS cases and 23,201 controls were included.

Relationship between PDE4D SNP 45 gene
polymorphism and ischemic stroke risk

No significant relationship was observed between PDE4D
SNP45 gene polymorphism and risk of IS, under overall 18
studies, dominant model (OR =1.00, 95% CI 0.95-1.04),
recessive model (OR=1.11,95% CI 0.83-1.47), and allelic
model (OR=1.02, 95% CI 0.90-1.16). Upon conduct-
ing subgroup analysis on the basis of ethnicity of study
population, significant association was observed in Asian
population in case of recessive model (OR =2.06, 95% CI
1.31-3.23); but not in dominant model (OR =0.98, 95% CI
0.87-1.09) and allelic model (OR=1.32,95% C1 0.81-2.17)
respectively [Figs. 2A, 3A, 4A)] [Table 2]. In Caucasian
population, no significant association was observed under
dominant model (OR=1.00, 95% CI 0.95-1.05), recessive
model (OR=0.98, 95% CI 0.75-1.29) and allelic model
(OR=0.97,95% CI 0.88-1.07) respectively [Figs. 2A, 3A,
4A] [Table 2].

Relationship between PDE4D SNP 56 gene
polymorphism and ischemic stroke risk

Our results revealed that there were no significant relation-
ship between PDE4D SNP56 gene polymorphism and risk of
IS, under dominant model (OR =1.01, 95% CI 0.96-1.07),
recessive model (OR=1.04, 95% CI10.91-1.18), and allelic
model (OR=1.04, 95% CI 0.90-1.20). Upon subgroup
analysis of the data on ethnicity of the study population, no
significant association was observed in the Asian popula-
tion under dominant model (OR=1.06, 95% CI 0.94-1.20),
recessive model (OR=1.17, 95% CI 0.87-1.57) and allelic
model (OR-1.16, 95% CI 0.87-1.55) respectively [Figs. 2B,
3B, 4B)] [Table 2]. Additionally, we did not find any cor-
relation of SNP56 polymorphism with an increased or
decreased risk of IS in all the three genetic models in Cau-
casian population, as can be observed under dominant model
(OR=0.99, 95% CI 0.93-1.07), recessive model (OR =1.00,
95% CI 0.90-1.11) and allelic model (OR=0.97, 95% CI
0.84-1.12) respectively [Figs. 2B, 3B, 4B)] [Table 2].

Relationship between PDE4D SNP 83 gene
polymorphism and ischemic stroke risk

For SNP83, upon analysing 29 studies, results showed no
significant relationship between PDE4D SNP83 gene poly-
morphism and risk of IS, under dominant model (OR =0.98,
95% CI 0.94-1.03), and recessive model (OR=1.11, 95%
CI 0.97-1.27); but a significant association was observed
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under allelic model (OR=1.22, 95% CI 1.04-1.42). Upon
performing subtype analysis on the basis of ethnicity of the
study population, no significant association was observed
in the Asian population in dominant model (OR=0.97,
95% CI 0.91-1.03), and recessive model (OR=1.19, 95%
CI 0.97-1.45); but a significant association in allelic model
(OR-1.20, 95% CI 1.05-1.37) was observed [Figs. 2D, 3D,
4D] [Table 2]. In the Caucasian population, no significant
association was observed under dominant model (OR =1.01,
95% CI 0.94-1.08), recessive model (OR=0.98, 95% CI
0.89-1.09) and allelic model (OR=1.26, 95% CI 0.80-1.98)
respectively [Figs. 2D, 3D, 4D] [Table 2].

Relationship between PDE4D SNP 26 gene
polymorphism and ischemic stroke risk

For SNP26, we failed to find a significant genetic association
between PDE4D SNP26 gene and risk of IS, under overall
dominant model (OR=0.99, 95% CI 0.91-1.08), recessive
model (OR=0.99, 95% CI 0.89-1.11), and allelic model
(OR=0.98, 95% CI 0.89-1.08) [Figs. 2F, 3F, 4F] [Table 2].

Relationship between PDE4D SNP 89 gene
polymorphism and ischemic stroke risk

We did not find any association of the SNP89 gene poly-
morphism with increased or decreased risk of stroke under
dominant model (OR =1.06, 95% CI 0.88-1.28), reces-
sive model (OR=1.02, 95% CI 0.85-1.24), and allelic
model (OR=0.99, 95% CI 085-1.15) respectively. After
the data were stratified according to ethnicity of the study
population, our results showed significant association in the
Asian population under dominant model (OR=1.43, 95%
CI 1.29-1.59), and recessive model (OR=1.42, 95% CI
1.28-1.58); but no significant association was observed in
allelic model (OR-0.93, 95% CI 0.74-1.16) [Figs. 2E, 3E,
4E] [Table 2]. In the Caucasian population, no significant
association was observed under dominant model (OR =0.97,
95% CI 0.90-1.05), recessive model (OR=0.97, 95% CI
0.88-1.05) and allelic model (OR=1.00, 95% CI 0.83-1.21)
respectively [Figs. 2E, 3E, 4E] [Table 2].

Relationship between PDE4D SNP 32 gene
polymorphism and ischemic stroke risk

No significant relationship was observed between PDE4D
SNP32 gene polymorphism and risk of IS, under overall
dominant model (OR=0.89, 95% CI 0.71-1.12), reces-
sive model (OR=1.08, 95% CI 0.82—-1.44), and allelic
model (OR=1.25, 95% CI 0.96-1.61). Upon conduct-
ing subgroup analysis on the basis of ethnicity of study
population, no significant association was observed in
Asian population under dominant model (OR=0.87,
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Gretarsdottir S et al, 2003 _ 1.01(0.86, 1.20) 9.13

Brophy V et al, 2006 0.9 (0.79, 1.23) 5.40
kuhlenbaumer G et al, 2006 — 0.99(0.89, 1.11) 19.89

1.10(0.86,1.40) 431

Meschia J et al, 2005 E—

1
Woo D et al, 2006 _ 094(075,1.19) 478
Subtotal (squared = 0.0%, p = 0.981) <> 099(093,107) 5006
|
1
Overall (I-squared = 2.1%, p = 0.424) <> 1.01(0.96, 1.07) 100.00
1
1
1
X

NOTE: Weights are from random effects analysis
I I
.602 1 1.66
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Fig.2 (continued) C. SNP 87 - Dominant model (CC + CT vs. TT)

@ Springer

Study %
ID OR (95% Cl) Weight
Asian ! |
Lin HF et al, 2007 - 0.99 (0.74,1.31) 1.61
He Y et al, 2013 - 'I 0.92(0.69,1.21) 1.68
Ying H et al,2012 —+I— 0.99 (0.81,1.20) 3.32
Kalita J et al,2011 I¢ 0.99 (0.72,1.36) 1.30
Li Netal,2010 —C-,—'— 0.95(0.77,1.18) 2.77
Saleheen D et al,2005 ¢| 0.97(0.71,1.32) 1.38
Ma J et al, 2013 —:#— 1.01(0.82,1.24) 3.08
Hseih M et al,2009 + 0.99 (0.72,1.36) 1.28
Shao M et al, 2015 —_— 1.00 (0.83, 1.20) 3.85
Yue Xetal, 2019 - 0.93(0.69,1.25) 1.44
Zhang Letal, 2019 —_—— 0.97 (0.84,1.10) 7.19
Shi Jetal, 2015 - 0.97 (0.76, 1.25)  2.06
Zhao et al, 2012 _— 0.95(0.80,1.12) 4.75
Wang Xetal, 2017 I — 0.97 (0.83,1.14) 4.96
Xue H et al, 2009 —_— 0.97(0.76,1.23) 2.31
Matsushita T et al, 2009 —_—— 1.00 (0.91,1.10) 14.26
Kumar A et al, 2017 o 1.00 (0.77,1.29) 1.95
Zhang et al, 2012 -+ 1.01(0.77,1.32) 1.83
Subtotal (I-squared = 0.0%, p = 1.000) 0.98 (0.93,1.02) 61.03
. 1
Caucasian |
Staton J et al, 2006 | > 1.18(0.84,1.66) 1.1
Sun Y et al, 2009 —_— 0.99 (0.85,1.15) 5.81
Skvortsova V et al, 2012 D — e ——— 1.02(0.82,1.28) 2.61
Gretarsdottir S et al, 2003 —_— 0.94(0.79,1.12) 4.41
Bevan S et al, 2005 —_— 0.96 (0.83,1.12) 5.75
kuhlenbaumer G et al, 2006 —_— 1.00 (0.88,1.13) 8.64
Lohmussaar E et al, 2005 —u-F— 1.01(0.85,1.19) 4.60
Woo D et al, 2006 Ly 1.01(0.79,1.29) 2.15
Lovkvist H et al, 2008 —_— 1.00 (0.83,1.20) 3.89
Subtotal (I-squared = 0.0%, p = 0.991) 0.99 (0.94, 1.05) 38.97
. 1
Overall (I-squared = 0.0%, p = 1.000) 0.98 (0.95, 1.02) 100.00
NOTE: Weights are from ramljom effects analysis :I I
.603 1 1.66
D. SNP 83 - Dominant model (CC + TC vs. TT)
Study %
D OR (95% Cl) Weight
Asian :
Lin HF et al, 2007 —— 1.01(0.76,1.34) 2.16
Munshi A et al, 2009 —U—:— 0.91(0.71,1.18) 272
Kalita J et al,2011 —_—G 0.79 (0.56,1.10) 1.57
Li Netal 2010 —0—}— 0.86 (0.69, 1.07) 3.45
Saleheen D et al,2005 —_— 0.86 (0.65, 1.14) 2.20
Shao M et al, 2015 _—— 1.03 (0.86, 1.24) 4.70
Matsushita T et al, 2009 —— 1.01 (0.90,1.13) 10.16
Banerijee | et al, 2008 —O—J— 0.90 (0.66, 1.22) 1.94
Wang et al, 2012 —— 0.97 (0.70,1.35) 1.65
Cheng H et al, 2011 —_—— 1.00(0.79, 1.28) 2.93
Xue H et al, 2009 —_— 0.97 (0.82,1.14) 5.63
Zhang et al, 2009 — | 0.51(0.30,0.87) 0.66
Xu SL et al, 2008 —_— 1.02(0.70,1.48) 1.30
Zhao et al,2012 —_—— 1.03(0.83,1.28) 3.62
Luo M et al,2014 —_—— 0.96 (0.83,1.10) 6.94
Zhao et al,2012 ﬁ._ 0.90 (0.76, 1.07)  5.47
Yue Xetal, 2019 1.12(0.83,1.51) 1.93
Nakayama T et al, 2005 —— 1.00 (0.77,1.29) 2.63
Kumar A et al, 2017 —_— 0.92(0.71,1.19) 259
Wang X, 2017 : — 1.47(1.19,1.81) 3.78
Ma J et al, 2013 —_— 0.80 (0.60, 1.05) 2.30
Subtotal (I-squared = 31.6%, p = 0.083) <1I> 0.97 (0.91,1.03)  70.30
Caucasian :
Staton J et al, 2006 —_—— 1.13(0.80,1.60) 1.48
Sun Y et al, 2009 —_— 0.98 (0.84,1.14)  6.61
Van Rijn M et al, 2005 _— 0.98 (0.65, 1.47) 1.09
Gretarsdottir S et al, 2003 —_— 0.94(0.76,1.16) 3.70
Meschia J et al, 2005 —_—— 1.03 (0.81,1.31) 3.01
Woo D et al, 2006 —!'—0— 1.12(0.88,1.44) 283
Song Q et al, 2006 —_—— 1.02(0.75,1.37) 2.01
kuhlenbaumer G et al, 2006 —— 1.01(0.89, 1.14) 8.97
Subtotal (I-squared = 0.0%, p = 0.971) 1.01 (0.94,1.08) 29.70
1}
Overall (I-squared = 11.5%, p = 0.289) 0.98 (0.94, 1.03)  100.00
NOTE: Weights are from randlom effects analysis :I I
.302 1 3.31
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Fig.2 (continued) E. SNP 89 - Dominant model (CC + CT vs. TT)

Study %

D OR (95% Cl) Weight
T
1

Caucasian :
1

Staton J et al, 2006 : 1.10 (0.80, 1.52) 12.99
1

Gretarsdottir S et al, 2003 : 0.90 (0.75, 1.08) 17.36
1

kuhlenbaumer G et al, 2006 —_— 0.97 (0.87, 1.08) 19.53
1
1

Song Q et al, 2006 + T 0.97 (0.74, 1.28) 14.35
1
1

Woo D et al, 2006 1.03 (0.82, 1.28) 16.14
1

1
Subtotal (I-squared = 0.0%, p = 0.819) <:>: 0.97 (0.90, 1.05) 80.37

Asian

|
|
|
|
|
|
|
Matsushita T et al, 2009 : —H 1.43 (1.29, 1.59) 19.63
|
|
|
|
|
|
|

Subtotal (I-squared =.%, p=.)

<> 143 (1.29,1.59) 19.63
Overall (I-squared = 85.9%, p = 0.000) <:> 1.06 (0.8, 1.28) 100.00

NOTE: Weights are from random effects analysis

T T
.63 1 1.59

F. SNP 26 - Dominant model (CC + CT vs. TT)

Study %

ID OR (95% CI) Weight
T
1
1

Caucasian 1
1
1
1

Gretarsdottir S et al, 2003 1.00 (0.83, 1.22) 17.70
1
1
1

Bevan S et al, 2005 - 1.00 (0.86, 1.15) 31.85
1
1
|

Brophy V et al, 2006 g 0.98 (0.79, 1.23) 13.52
1
1
1

Lohmussaar E et al, 2005 B 0.97 (0.83, 1.14) 26.71
1
1
: AN

Zee Retal, 2012 ¥ 7 1.01(0.78, 1.30) 10.21
1
!
T

Subtotal (I-squared = 0.0%, p = 0.999) : 0.99 (0.91, 1.08) 100.00
1
1
1
|
T

Overall (I-squared = 0.0%, p = 0.999) : > 0.99 (0.91, 1.08) 100.00
1
1
1

NOTE: Weights are from random effects analysis :
L

T T
767 1 13
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Fig.2 (continued) G.

@ Springer

SNP 41 - Dominant model (CC + CT vs. TT)

Study %

ID OR (95% Cl) Weight
1

Caucasian H

Staton J et al, 2006 E 0.96 (0.70, 1.32) 9.53

Sun Y et al, 2009 —‘—i— 0.97 (0.83, 1.13) 40.43

Skvortsova V et al,2012 E ag 1.50 (1.02, 2.20) 6.55

Milton A et al, 2011 E 1.18 (0.76, 1.84) 4.96

Subtotal (I-squared = 36.9%, p = 0.191) < 1.07 (0.89, 1.30) 61.46
Asian

Munshi A et al, 2012 -1 1.17 (0.96, 1.43) 23.92

Hseih M et al,2009 1.11 (0.79, 1.54) 8.77

Kim M et al 2009 1.14(0.76, 1.71) 5.85

=
L]
1
1
1
1
1
1
1
.
1
1
L
1
1
L
|
Subtotal (I-squared = 0.0%, p = 0.958) '<> 1.15(0.98, 1.35) 38.54
1
1
° 1
>
1
1
1
1
I

Overall (I-squared = 0.0%, p = 0.426) < 1.08 (0.98, 1.19) 100.00

NOTE: Weights are from random effects analysis

T T
.455 1 22

SNP 32 - Dominant model (CC + CT vs. TT)

Study %
D OR (95% C) Weight
Asian

Kalita J et al,2011 e 1.12(0.81, 1.54) 21.14

Saleheen D et al,2005 e g 0.93 (0.70, 1.24) 2327
|
|

Xue H et al, 2009 —_— : 0.69 (0.58, 0.82) 30.36
|

Subtotal (I-squared = 74.8%, p = 0.019) '<I:> 0.87 (0.65, 1.17) 74.77

ZeeRetal, 2012

1
1
1
1
1

Caucasian !
1
1
|
T 4 0.98 (0.76, 1.26) 25.23
1

> 0.98 (0.76, 1.26) 2523

Subtotal (I-squared =.%, p = )

NOTE: Weights are from random effects analysis

<
1
1
1
1

Overall (I-squared = 69.3%, p = 0.021) ¢> 0.89(0.71,1.12) 100.00

1
1
1
1
1
h

1

173
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Fig.3 A-H: Forest plot for the A. SNP 45 - Recessive model (TT vs. CC + CT)
relationship between PDE4D
SNP45, SNP56, SNP87, Study %
SNP83, SNP89, SNP26, D OR (95% Cl) Weight
SNP41, and SNP32 Polymor- .
phism with the Risk of Ischemic Caucasian !
Stroke using the Recessive Fidani L et al, 2007 L 210 (0.38, 11.74) 2.35
Model Staton J et al, 2006 L » > 3.28(0.65, 16.50) 2.60
Zee Retal, 2012 : 2,67 (0.70,10.16) 3.50
Gretarsdottir S et al, 2003 — 0.52(0.28,0.95) 8.73
Bevan S et al, 2005 —6-:— 0.92(0.52,1.62) 9.15
Brophy V et al, 2006 —'IC_ 1.13(0.42,3.04) 5.31
kuhlenbaumer G et al, 2006 - 1.44(0.87,2.41) 9.83
Kostulas K et al, 2007 —0--:— 0.89(0.39,2.08) 6.43
Lohmussaar E et al, 2005 —_ 1.02 (0.50,2.08) 7.59
Meschia J et al, 2005 —0—: 0.60 (0.34,1.05)  9.30
Song Q et al, 2006 - 1.28(0.28,5.79)  2.90
Van Rijn M et al,2005 — 2.15(0.61,7.60)  3.81
Lovkvist H et al, 2012 —_— 058 (0.28,1.20)  7.52
Ardnor N et al,2005 —-{—6— 2.01(0.64,6.30) 4.40
Milton A et al, 2011 ¥ : 0.46 (0.13,1.66) 3.70
Subtotal (I-squared = 33.1%, p = 0.103) <.> 098 (0.75,1.29)  87.11
- |
Asian !
Wang X et al, 2017 : —_— 2.03(1.27,3.23) 10.37
Kumar A et al, 2017 : * 250 (0.48, 13.01) 252
Shao M et al, 2015 | (Excluded) 0.00
Subtotal (I-squared = 0.0%, p = 0.810) < 206(1.31,323) 12.89
: :
Overall (I-squared = 47.7%, p = 0.015) <:> 1.11(0.83,1.47)  100.00
1
NOTE: Weights are from random effects analysis |
.06I06 1 16I.5
B. SNP 56 - Recessive model (TT vs. AA + TA)
Study %
D OR (95% Cl) Weight
Asian :
Lin HF et al, 2007 : + 1.56 (0.95, 2.55) 4.54
Sun Y et al, 2009 —_— 1.00 (0.77, 1.31) 8.51
Munshi A et al, 2012 | ———%——> 2.14(1.54,2.98) 741
Matsushita T et al, 2009 +E 0.85 (0.72, 1.02) 10.79
Wang X, 2017 —4—-:— 0.92(0.76, 1.11) 10.48
Subtotal (I-squared = 85.3%, p = 0.000) <‘§:> 1.17 (0.87, 1.57) 41.44
Caucasian :
Staton J et al, 2006 —0-5— 0.97 (0.64, 1.47) 5.59
Zee R et al, 2006 —0—:— 0.87 (0.63, 1.19) 7.50
Gretarsdottir S et al, 2003 -:—0-— 1.25 (1.02, 1.53) 10.05
Brophy V et al, 2006 —+-E— 0.95 (0.72, 1.25) 8.39
kuhlenbaumer G et al, 2006 — 1.01(0.88, 1.16) 11.70
Meschia J et al, 2005 —‘F'E— 1.00 (0.74, 1.36) 7.65
Woo D et al, 2006 —_— 0.80(0.59,1.09)  7.68
Subtotal (I-squared = 19.9%, p = 0.278) <:‘:> 1.00 (0.90, 1.11) 58.56
Overall (I-squared = 68.2%, p = 0.000) <j> 1.04 (0.91,1.18) 100.00
NOTE: Weights are from random effects analysis E

T
.335

T
2.98
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Fig.3 (continued) C. SNP 87 - Recessive model (CC vs. CT+ TT)
Study %
ID OR (95% Cl) Weight
Asian :
Lin HF et al, 2007 —_—— 0.94 (0.69, 1.28) 2.05
He Y etal, 2013 — | 0.62 (0.45,0.86) 1.89
Ying H et al, 2012 —_—— 0.97 (0.78,1.20) 4.30
Kalita J et al,2011 - N 0.90 (0.59,1.37) 1.14
Li Netal,2010 —_— 1.06 (0.82,1.38) 2.97
Saleheen D et al,2005 —_— 1.06 (0.73,1.53) 1.46
Ma J et al, 2013 B o — 1.14(0.91,1.44) 376
Hseih M et al,2009 —_— 0.98 (0.69, 1.40) 1.61
Shao M et al, 2015 —_—— 0.99 (0.81,1.21) 4.84
Yue Xetal, 2019 1.09 (0.77, 1.55) 1.60
Zhang L etal, 2019 %: 0.90 (0.77,1.06) 8.34
Shi Jetal, 2015 1.19(0.90, 1.57) 2.56
Zhao et al, 2012 —_—— 1.01 (0.83,1.23) 5.08
Wang X etal, 2017 —_— 0.90 (0.74,1.08) 5.62
Xue H et al, 2009 0.97 (0.48,1.93) 0.42
Matsushita T et al, 2009 —_—— 1.02 (0.92,1.14) 19.03
Kumar A et al, 2017 —_—— 1.00 (0.72,1.39) 1.87
Zhang et al, 2012 —_— 1.18 (0.88, 1.60) 2.26
Subtotal (I-squared = 0.0%, p = 0.506) <> 0.99 (0.94,1.05) 70.79
. 1\
Caucasian |
Staton J et al, 2006 - 1.36 (0.83,2.22) 0.83
Sun Y et al, 2009 —_—— 0.96 (0.81,1.13) 7.45
Skvortsova V et al,2012 1.06 (0.74, 1.51) 1.54
Gretarsdottir S et al, 2003 % 0.86 (0.67,1.11) 3.17
Bevan S et al, 2005 0.91(0.73,1.15) 3.82
kuhlenbaumer G et al, 2006 —_— 0.94 (0.78,1.14) 5.73
Lohmussaar E et al, 2005 —_—t 1.07 (0.82,1.39) 2.94
Woo D et al, 2006 —_— 1.05(0.72, 1.53) 1.43
Lovkvist H et al, 2008 —_— 1.10(0.82,1.48) 2.28
Subtotal (I-squared = 0.0%, p = 0.802) <> 0.98 (0.90, 1.06) 29.21
. |
Overall (I-squared =0.0%, p =0.747) <> 0.99 (0.94,1.03) 100.00
NOTE: Weights are from ran?om effects analysis i I

.45 1 222

D. SNP 83 - Recessive model (CC vs. TT+ CT)

Study %
D OR (95% Cl) Weight
Asian :

Lin HF et al, 2007 —_—] 0.54 (0.20, 1.45) 1.47
Munshi A et al, 2009 i —%———  520(1.97,13.76) 150
Kalita J et al,2011 | e 1.84 (1.15, 2.94) 3.78
Li Netal,2010 — 154 (1.11,2.13)  4.96
Saleheen D et al, 2005 - 1.40 (0.91, 2.15) 4.09
Shao M et al, 2015 . : 0.56 (0.30,1.04) 279
Matsushita T et al, 2009 —_— 0.65 (0.35, 1.23) 274
Banerjee | et al, 2008 —— 1.46 (0.91, 2.34) 3.73
Wang et al, 2012 —_— 1.79 (0.58,5.48)  1.20
Cheng H et al, 2011 —_— 0.92 (0.41, 2.09) 1.95
Xue H et al, 2009 :—0— 1.95 (1.14, 3.33) 3.30
Zhang et al, 2009 T 0.27 (0.06, 1.26) 0.69
Xu SL et al, 2008 _.—Jl— 0.63 (0.17, 2.30) 0.94
Zhao et al,2012 e 0.52(0.25,1.07) 2.32
Luo M et al,2014 —— 1.22 (0.64, 2.31) 272
Zhao et al,2012 —— 1.33(1.05,1.70) 5.68
Yue Xetal, 2019 | —— 1.90(1.21,2.98) 3.90
Nakayama T et al, 2005 : 0.97 (0.22,4.40) 0.72
Kumar A et al, 2017 f— 1.64 (1.00, 2.71) 3.54
Wang X, 2017 -1 0.77 (0.64, 0.93) 6.14
Ma J et al, 2013 - 1.14 (0.91, 1.44) 5.76
Subtotal (I-squared = 70.7%, p = 0.000) <|> 1.19 (0.97, 1.45) 63.92
Caucasian :

Staton J et al, 2006 —.—Jl- 0.77 (0.49, 1.20) 3.92
Sun'Y et al, 2009 - 1.34 (0.84, 2.13) 3.80

(
(
Van Rijn M et al,2005 —_—— 1.04 (0.64, 1.68) 3.68
Gretarsdottir S et al, 2003 —_— 1.17 (0.88, 1.55) 5.30
Meschia J et al, 2005 —r 0.85(0.56,1.31)  4.12
Woo D et al, 2006 — 0.94 (0.69,1.29) 5.04
Song Q et al, 2006 —_— 0.84 (0.53,1.33)  3.80
kuhlenbaumer G et al, 2006 - 0.97 (0.84,1.12) 6.42
Subtotal (I-squared = 0.0%, p = 0.623) d 0.98 (0.89, 1.09)  36.08
|
r
1

Overall (I-squared = 64.0%, p = 0.000) 1.11 (0.97,1.27) 100.00

NOTE: Weights are from random effects analysis
T

.0582 17.2
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Fig.3 (continued)

E. SNP 89 - Recessive model (CC vs. CT+ TT)

Study %
ID OR (95% CI) Weight
T
|
Caucasian :
|
Staton J et al, 2006 ( : 0.86 (0.61, 1.20) 12.62
|
Gretarsdottir S et al, 2003 : 0.95 (0.78, 1.17) 17.30
|
kuhlenbaumer G et al, 2006 —0-:— 0.99 (0.88, 1.11) 19.90
|
|
Song Q et al, 2006 + T 0.90 (0.67, 1.22) 14.03
|
|
Woo D et al, 2006 + 0.99 (0.77, 1.26) 15.95
|
|
Subtotal (I-squared = 0.0%, p = 0.929) <:jl> 0.97 (0.88, 1.05) 79.80
|
|
|
|
Asian :
|
Matsushita T et al, 2009 : 1.42(1.28, 1.58) 20.20
|
Subtotal (I-squared =.%, p =.) : Q 1.42 (1.28, 1.58) 20.20
|
|
|
|
Overall (I-squared = 84.0%, p = 0.000) :> 1.02 (0.85, 1.24) 100.00
|
|
NOTE: Weights are from random effects analysis :
|
T T
.607 1 1.65
SNP 26 - Recessive model (CC vs. CT+ TT)
Study %
D OR (95% CI) Weight
v
1
|
Caucasian 1
1
|
1
Gretarsdottir S et al, 2003 - 1.02 (0.78, 1.34) 16.99
1
1
1
Bevan S et al, 2005 - 1.07 (0.88, 1.29) 33.54
1
1
1
Brophy V et al, 2006 > 0.94 (0.70, 1.27) 13.78
|
1
1
Lohmussaar E et al, 2005 - 0.84 (0.67, 1.05) 25.40
1
1
: AN
Zee Retal, 2012 : <+ 7 1.17 (0.82, 1.65) 10.28
|
[
Subtotal (I-squared = 0.0%, p = 0.453) ! > 0.99 (0.89, 1.11) 100.00
1
1
1
|
Ll
Overall (I-squared = 0.0%, p = 0.453) ! > 0.99 (0.89, 1.11) 100.00
1
|
1
NOTE: Weights are from random effects analysis :
' T
.605 1 1.65
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Fig.3 (continued) G, SNP 41 - Recessive model (CC vs. CT+ TT)

Study %
ID OR (95% Cl) Weight
i
Caucasian H
1
Staton J et al, 2006 : 1.40 (0.51, 3.84) 1.32
1
Sun Y et al, 2009 R e — 1.10 (0.82, 1.49) 15.00
Skvortsova V et al, 2012 —_—— 0.91(0.74, 1.13) 29.34
Milton A et al, 2011 0.96 (0.72, 1.26) 17.46
1
Subtotal (I-squared = 0.0%, p = 0.683) <> 0.98 (0.84, 1.13) 63.11
1
1
1
1
Asian :
1
Munshi A et al, 2012 —0—=— 0.79 (0.63, 1.00) 25.90
1
Hseih M et al,2009 L 0.73 (0.38, 1.41) 3.16
1
Kim M et al 2009 _0—— 0.86 (0.57, 1.30) 7.82
1
Subtotal (I-squared = 0.0%, p = 0.907) 0.80 (0.66, 0.97) 36.89
1
1
1
Overall (I-squared = 0.0%, p = 0.640) @? 0.91(0.81, 1.02) 100.00
1
1
NOTE: Weights are from random effects analysis :
T ' T
.26 1 3.84
H. SNP 32 - Recessive model (CC vs. CT+ TT)
Study %
D OR (95% CI) Weight
|
1
Asian |
i
Kalita J et al,2011 : g 1.40 (0.90, 2.19) 20.86
1
Saleheen D et al,2005 : +- 1.35 (0.88, 2.08) 21.56
1
1
Xue H et al, 2009 _— 0.78 (0.58, 1.03) 30.05
1
Subtotal (I-squared = 72.0%, p = 0.028) <:LT> 1.11 (0.73, 1.68) 72.47
1
1
i
1
Caucasian 1
1
1
Zee Retal, 2012 3 1.08 (0.78, 1.50) 27.53
1
Subtotal (-squared = %, p =) <:> 1.08 (0.78, 1.50) 2753
1
1
i
Overall (I-squared = 58.8%, p = 0.064) <:> 1.08 (0.82, 1.44) 100.00
Ll
i
NOTE: Weights are from random effects analysis :
T ! T
457 1 2.19
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Fig.4 A-H: Forest plot for the A. SNP 45 - Allelic model (T vs. C)

relationship between PDE4D

SNP45, SNP56, SNP87, Study

SNP83, SNP89, SNP26, b

SNP41, and SNP32 Polymor- ) ;

phism with the Risk of Ischemic Caucasian (

Stroke using the Allelic Model Fidani L et al, 2007 —
Staton J et al, 2006 : >
Zee Retal, 2012 | +
Gretarsdottir S et al, 2003 —_— :
Bevan S et al, 2005 —0--:—
Brophy V et al, 2006 —':"_
kuhlenbaumer G et al, 2006 -1
Kostulas K et al, 2007 —0—-:—
Lohmussaar E et al, 2005 L —
Meschia J et al, 2005 —_—

Song Q et al, 2006

Van Rijn M et al,2005

Lovkvist H et al, 2012 e G

Ardnor N et al,2005 —_—
Milton A et al, 2011 +

Subtotal (l-squared = 48.8%, p = 0.017) <:

Asian

Wang X etal, 2017
Kumar A et al, 2017
Shao M et al, 2015

=

%
OR(95%Cl)  Weight

1.10(0.65,1.87) 3.37
1.26 (0.81,1.95) 4.23
1.33(0.95,1.87) 5.36
0.75(0.62,092) 7.26
0.95(0.79, 1.15) 7.46
1.07 (0.80, 1.44) 5.99
1.10(0.95,1.28) 7.97
0.93(0.73,1.20) 658
1.04 (0.83,1.29) 7.00
0.78 (0.61,0.99) 6.73
117(0.77,1.77) 445
1.11(0.68,1.81) 3.75
0.72(0.58,0.91) 6.90
1.20 (0.86, 1.69) 5.40
0.83(0.58,1.18) 5.14
0.97 (0.88,1.07) 87.59

——=——  166(1.38,2.00) 747

1.00 (0.69, 1.45) 4.94
(Excluded) 0.00

Subtotal (I-squared = 82.3%, p = 0.018) —_— T ————— 132(081,217) 1241

Overall (I-squared = 71.5%, p = 0.000) <>

NOTE: Weights are from random effects analysis
I

1.02 (0.90, 1.16) 100.00

461 1

B. SNP 56 - Allelic model (A vs. C Allele)

Study
ID

Asian

Lin HF et al, 2007

Sun Y et al, 2009 —
Munshi A et al, 2012

T
'
i
Matsushita T et al, 2009 —_— :
Wang X, 2017 —_— :
Subtotal (I-squared = 93.8%, p = 0.000) <j’:>
i
Caucasian :
Staton J et al, 2006 —0——5—
Zee Ret al, 2006 _—
Gretarsdottir S et al, 2003 : —_—
Brophy V et al, 2006 _‘__E_
kuhlenbaumer G et al, 2006 —i—:—
Meschia J et al, 2005 __i_‘_
Woo D et al, 2006 —_—
Subtotal (I-squared = 70.7%, p = 0.002) <T>

1
] |

1
Overall (I-squared = 87.2%, p = 0.000) [T

;

|

|

:

NOTE: Weights are from random effects analysis

217

%
OR (95% CI) Weight

147 (1.10,195)  7.23
0.97(0.84,1.13)  9.07

—%— 1.95(1.63,2.33) 8.71

0.92(0.84,1.02)  9.62
0.85(0.70,1.01) 868
116 (0.87,155)  43.30

0.88(0.63,1.21)  6.72
0.78(0.60,1.02)  7.60
1.31(1.10,156) 875
0.93(0.75,1.16)  8.12
0.99(0.89,1.12)  9.43
1.16(0.92,1.46)  8.01
0.77(0.61,0.96)  8.05
0.97(0.84,1.12)  56.70

1.04(0.90,1.20)  100.00

T
.429 1

T
2.33
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Fig.4 (continued) C. SNP 87 - Allelic model (T vs. C Allele)
Study %
D OR (95% Cl) Weight
Asian :
Lin HF et al, 2007 —_—r—— 1.21(0.83,1.75) 2.28
He Y etal, 2013 ! ——&%—> 2.75(1.97,3.84) 258
Ying H et al,2012 —— 1.15(0.88,1.49) 3.28
Kalita J et al,2011 —-:0— 1.10(0.81,1.51) 277
Li Netal,2010 —_— 1.02(0.83,1.26) 3.96
Saleheen D et al,2005 —_— 1.00 (0.75, 1.35) 2.94
Ma J et al, 2013 — 0.76 (0.59, 0.98) 3.47
Hseih M et al,2009 —_— 1.08 (0.73,1.60) 2.09
Shao M et al, 2015 —— 1.05(0.82,1.33) 3.56
Yue X etal, 2019 —_— 0.86 (0.65, 1.15)  3.03
Zhang L et al, 2019 | —— 1.27 (1.09,1.47) 474
Shi Jetal, 2015 —_— 0.78 (0.58, 1.05)  2.90
Zhao et al, 2012 —— 1.09 (0.93,1.27) 4.63
Wang X et al, 2017 —— 1.24 (1.04,1.48) 4.37
Xue H et al, 2009 —_— 1.04 (0.84,1.29) 3.85

Matsushita T et al, 2009
Kumar A et al, 2017
Zhang et al, 2012

—+ 0.93 (0.81,1.07) 4.89
—_—
Subtotal (I-squared = 73.3%, p = 0.000) 4
—_—
—

1.15(0.89, 1.49) 3.33
0.69 (0.50, 0.96) 2.64
1.06 (0.95,1.19)  61.30

Caucasian

Staton J et al, 2006

Sun Y et al, 2009
Skvortsova V et al,2012
Gretarsdottir S et al, 2003
Bevan S et al, 2005

i
.

1

.

1

I 0.68(0.49,0.93) 276
s 1.16 (0.95, 1.41)  4.11
— 0.95(0.77,1.16)  4.01
H— 1.18(1.00,1.38) 4.64
— 1.10 (0.96,1.26) 4.93

kuhlenbaumer G et al, 2006 - 1.03(0.92,1.15) 5.26
Lohmussaar E et al, 2005 —4;1— 0.96 (0.83,1.12) 4.71
Woo D et al, 2006 —Oﬂ— 0.96 (0.77,1.21) 3.75
Lovkvist H et al, 2008 —_— 0.96 (0.82, 1.14) 4.52
Subtotal (I-squared = 43.0%, p = 0.081) 1.02(0.94,1.10) 38.70
. 1
Overall (I-squared = 67.0%, p = 0.000) 1.04 (0.97,1.12) 100.00
NOTE: Weights are from random effects analysis .
T 1 T
.261 1 3.84

D. SNP 83 - Allelic model (C vs. T Allele)
Study %
ID OR (95% CI) Weight

Asian :
Lin HF et al, 2007 — 1.03 (0.71, 1.48) 3.23
Munshi A et al, 2009 | ——— 1.93 (1.46, 2.55) 3.48
Kalita J et al,2011 |—— 1.80 (1.32, 2.46) 3.39
Li Netal,2010 = 1.26 (1.03, 1.55) 3.67
Saleheen D et al, 2005 —— 1.27 (0.97, 1.65) 3.53
Shao M et al, 2015 ! 0.88 (0.70, 1.11) 3.61
Matsushita T et al, 2009 g 0.87 (0.73, 1.02) 3.75

|
|

Banerjee | et al, 2008 -IO— 1.24 (0.93, 1.64) 3.47
Wang et al, 2012 — 1.72 (1.12, 2.63) 3.03
Cheng H et al, 2011 — 0.98 (0.74, 1.30) 3.46
Xue H et al, 2009 - 1.42 (1.16, 1.74) 3.68
Zhang et al, 2009 —— 1.08 (0.55, 2.11) 2.26
Xu SL et al, 2008 ——f.— 1.32 (0.84, 2.09) 2.94
Zhao et al,2012 —— 1.30 (1.00, 1.70) 3.51
Luo M et al,2014 - 1.16 (0.96, 1.41) 3.69
Zhao et al,2012 -+ 1.23 (1.06, 1.44) 3.77
Yue Xetal, 2019 ~—— 1.51 (1.14, 2.01) 3.47
Nakayama T et al, 2005 — 0.97 (0.65, 1.44) 3.12
Kumar A et al, 2017 —— 1.46 (1.13, 1.88) 3.55
Wang X, 2017 - : 0.56 (0.46, 0.67) 3.71
Ma J et al, 2013 —— 1.31(1.083, 1.68) 3.57
Subtotal (I-squared = 82.7%, p = 0.000) <l> 1.20 (1.05, 1.37) 71.91
Caucasian :

Staton J et al, 2006 : 0.70 (0.51, 0.96) 3.38
Sun Y et al, 2009 =l 1.24 (1.04, 1.49) 3.72
Van Rijn M et al,2005 i 0.98 (0.68, 1.41) 3.23

Gretarsdottir S et al, 2003

——|
—3
—%— 1454 (10.11,20.93) 3.23
Meschia J et al, 2005 -
—
—
3
<

0.75 (0.60, 0.95) 3.60

Woo D et al, 2006 0.87 (0.69, 1.09) 3.62

Song Q et al, 2006 - 0.85 (0.64, 1.13) 3.46
kuhlenbaumer G et al, 2006 - 1.00 (0.90, 1.12) 3.84
Subtotal (I-squared = 96.9%, p = 0.000) - 1.26 (0.80, 1.98) 28.09
. 1
Overall (I-squared = 91.8%, p = 0.000) <> 1.22 (1.04, 1.42) 100.00
1
M

NOTE: Weights are from random effects analysis
T

.0478

20.9
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Fig.4 (continued)

E. SNP 89 - Allelic model (T vs. C Allele)

NOTE: Weights are from random effects analysis

Study %
D OR (95% Cl) Weight
1
[
Caucasian :
1
Staton J et al, 2006 : 0.92 (0.62, 1.38) 10.07
1
Gretarsdottir S et al, 2003 : —e—— 1.35(1.07,1.71) 19.42
1
kuhlenbaumer G et al, 2006 —:-O— 1.03 (0.89, 1.19) 27.01
[
ya 1|
Song Q et al, 2006 < y 0.75 (0.49, 1.15) 9.38
[
1
Woo D et al, 2006 0.84 (0.61, 1.16) 13.79
|
Subtotal (I-squared = 56.0%, p = 0.059) <> 1.00 (0.83, 1.21) 79.66
[
[
1
[
Asian :
[
Matsushita T et al, 2009 _0—:_ 0.93 (0.74, 1.16) 20.34
|
Subtotal (I-squared =.%, p =.) <:> 0.93 (0.74, 1.16) 20.34
1|
[
1
1|
Overall (l-squared = 49.4%, p = 0.079) <> 0.99 (0.85, 1.15) 100.00
[
1
[
NOTE: Weights are from random effects analysis i
N
T T
494 1 2.03
F. SNP 26 - Allelic model (T vs. C Allele)
Study %
D OR (95% ClI) Weight
T
1
1
Caucasian 1
1
1
1
Gretarsdottir S et al, 2003 - 1.02 (0.85, 1.23) 19.01
1
1
1
Bevan S et al, 2005 -+ 1.04 (0.91, 1.20) 28.42
1
1
1
Brophy V et al, 2006 + 0.93 (0.75, 1.15) 15.34
1
'
1
Lohmussaar E et al, 2005 - 0.86 (0.73, 1.00) 25.08
1
1
1
Zee Retal, 2012 +- 1.13 (0.88, 1.44) 12.15
1
1
T
Subtotal (I-squared = 26.3%, p = 0.246) | > 0.98 (0.89, 1.08) 100.00
|
'
1
1
|
1
Overall (I-squared = 26.3%, p = 0.246) ! > 0.98 (0.89, 1.08) 100.00
1
1
1
'
1
L
1

694

@ Springer



2102 Acta Neurologica Belgica (2023) 123:2085-2110

Fig.4 (continued) G, SNP 41 - Allelic model (T vs. C Allele)

Study %

ID OR (95% Cl) Weight
1

Caucasian :
1

Staton J et al, 2006 : > 1.06 (0.71, 1.59) 9.95
1

Sun Y et al, 2009 :—4— 1.05 (0.90, 1.22) 23.11
1

Skvortsova V et al,2012 < + : 0.63 (0.44, 0.90) 11.48
1

Milton A et al, 2011 e a : 0.82 (0.55, 1.24) 9.77

Subtotal (I-squared = 59.1%, p = 0.062) <:> 0.89 (0.70, 1.14) 54.31
1
1

: 1
1

Asian \
1

Munshi A et al, 2012 —_— 0.80 (0.67, 0.96) 21.29
1

Hseih M et al,2009 : - 1.16 (0.84, 1.61) 13.02
1

Kim M et al 2009 - : 0.78 (0.54, 1.13) 11.37

Overall (I-squared =53.1%, p = 0.047) > 0.89 (0.76, 1.05) 100.00

NOTE: Weights are from random effects analysis

T
.436

Subtotal (-squared = 51.6%, p = 0.126) <:> 089 (070, 1.12) 45.69
1
1
: 1
=
L
1
1
1
1
.
!

2.29

H. SNP 32 - Allelic model (T vs. C Allele)

Study %

D OR (95% Cl) Weight
1
1

Asian |
1
1

Kalita J et al,2011 ! —oﬁ 1.91 (1.42, 2.56) 23.84
1
1

Saleheen D et al,2005 > 1.13 (0.76, 1.66) 19.37
1
1

Xue H et al, 2009 —_ 1.12 (0.95, 1.32) 30.56

Subtotal (I-squared = 79.6%, p = 0.007) =] 1.33 (0.94, 1.90) 73.76

Caucasian

Zee Retal, 2012 1.04 (0.81, 1.33) 26.24

—
1
1
1
1
1
1
1
1
> :
1
1
Subtotal (I-squared = %, p =) <> 1.04 (0.81, 1.33) 26.24
1
1
. 1
1
1
e
1
1
1
1
1
:

Overall (l-squared = 74.0%, p = 0.009) < 1.25(0.96, 1.61) 100.00

NOTE: Weights are from random effects analysis

T T
.39 1 2.56
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95% CI 0.65—1.17), recessive model (OR=1.11, 95% CI
0.73-1.68) and allelic model (OR-1.33, 95% CI 0.94-1.90)
respectively [Figs. 2H, 3H, 4H] [Table 2]. Also in the Cau-
casian population, no significant association was observed
under dominant model (OR =0.98, 95% CI 0.76-1.26),
recessive model (OR=1.08, 95% CI 0.78-1.50) and
allelic model (OR =1.04, 95% CI 0.81-1.33) respectively
[Figs. 2H, 3H, 4H] [Table 2].

Relationship between PDE4D SNP 41 gene
polymorphism and ischemic stroke risk

The pooled effect among all studies estimates that there were
no significant association between PDE4D SNP41 gene pol-
ymorphism and risk of IS, under overall dominant model
(OR=1.08,95% CI 0.98-1.19), recessive model (OR=0.91,
95% CI=0.81-1.02), and allelic model (OR =0.89, 95% CI
0.76-1.05) respectively. Upon conducting subgroup analysis
on the basis of ethnicity of the study population, no sig-
nificant association was observed in the Asian population
under dominant (OR =1.15, 95% CI 0.98-1.35) and allelic
models (OR=0.89, 95% CI 0.70-1.12) respectively. How-
ever, a protective association was observed under the reces-
sive model (OR =0.80, 95% CI 0.66-0.97) [Figs. 2G, 3G,
4G] [Table 2]. Also in Caucasian population no significant
association was observed under dominant model (OR =1.07,
95% CI 0.89-1.30), recessive model (OR=0.98, 95% CI
0.84-1.13) and allelic model (OR=0.89, 95% C1 0.70-1.14)
respectively [Figs. 2G, 3G, 4G] [Table 2].

Relationship between PDE4D SNP 87 gene
polymorphism and ischemic stroke risk

We conducted a meta-analysis for 27 eligible studies. In the
overall population, no significant association was observed
between SNP87 and IS under dominant model (OR =0.98,
95% CI 0.95-1.02), recessive model (OR=0.99, 95% CI
0.94-1.03), and allelic model (OR=1.04, 95% CI1 0.97-1.12)
respectively. Eighteen independent analyses of Asian and
nine independent analyses of Caucasian populations were
conducted. Subgroup analysis on the basis of ethnicity of
study population observed no significant association in the
Asian population under dominant model (OR=0.98, 95% CI
0.93-1.02), recessive model (OR=0.99, 95% CI 0.94-1.05)
and allelic model (OR—1.06, 95% CI 0.95-1.19) respec-
tively [Figs. 2C, 3C, 4C] [Table 2]. Also in the Caucasian
population, no significant association was observed under
dominant model (OR=0.99, 95% CI 0.94-1.05), recessive
model (OR=0.98, 95% CI 0.90-1.06) and allelic model
(OR=1.02, 95% CI 0.94-1.10) respectively [Figs. 2C, 3C,
4C] [Table 2].

@ Springer

Publication bias

For SNPs 45, 32, 41, 26, 56, 83, 87, 89, publication bias aris-
ing from the literature was qualitatively estimated by funnel
plots and quantitatively examined by Begg’s and Egger’s
test. It was observed that all the plots were roughly symmet-
rical, indicating no publication bias was present as shown in
the supplementary file as figures: S1-A, S2-A, S3-A, S4-A,
S5-A, S6-A, S7-A and S8-A. In addition, Begg’s and Egger’s
test did not have any significant p values for the different
effect sizes (p value >0.05).

Sensitivity analyses

Moreover, sensitivity analyses were carried out to assess the
influence of each of the SNPs (SNP 45, 32, 41, 26, 56, 83,
87, 89) on the overall study by sequential omission of each
eligible study. By removing individual studies, no statisti-
cal variation of pooled OR was seen. Our result indicated
that no study influenced the quality of the pooled ORs and
the current meta-analysis was reliable and robust [Figures:
S1-B, S2-B, S3-B, S4-B, S5-B, S6-B, and S7-B].

Meta-regression analysis

Meta-regression analysis based on the quality score for the
relationship between PDE4D SNP45 gene polymorphism
and the risk of IS did not confirm any deviation from the
findings of the meta-analysis (p=0.86) [Figures: S1-C,
S2-C, S3-C, S4-C, S5-C, S6-C, S7-C, and S8-B].

Discussion

The current systematic review and meta-analysis involving
47 studies consisted of 20,644 IS cases and 23,201 controls.
The association between eight PDE4D SNPs (45, 32, 41, 26,
56, 83, 87, 89) and the risk of IS was analyzed. For SNP§3,
we included 29 eligible studies, comprising 10,639 cases and
14,234 controls. SNP83 was associated with a statistically
increased risk of IS in overall analysis (OR=1.22, 95% CI
1.04-1.42) under the allelic model. Moreover, we found a
significant association in the subgroup analysis of the Asian
population in the allelic model of the polymorphism (OR—
1.20, 95% CI 1.05-1.37). In a previously published meta-
analysis by Wang et al., 2017 [61], a total of 26 studies were
included and a significant association was observed between
the SNP83 genetic polymorphism and risk of IS in the Asian
population under dominant (OR=1.19, 95% CI 1.02-1.38)
and allelic (OR=1.25, 95% CI 1.06-1.48) models. More-
over, Yan et al. [62] observed a significant association in
the overall population under dominant (OR=1.15, 95%
CI 1.02-1.30), recessive (OR=1.21, 95% CI 1.02-1.42),
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and allelic (OR=1.19, 95% CI 1.06-1.33) models. On
subgroup analysis, a significant association was found in
the Asian population under dominant (OR =1.20, 95% CI
1.13-1.44), recessive (OR=1.48, 95% CI 1.22-1.79), and
allelic (OR=1.35,95% CI 1.16-1.57) models, respectively.
There was no significant association of SNP83 of PDE4D
in the Asian subgroup analysis in our study with the risk
of IS under the dominant and recessive genetic models. In
the studies by Wu et al. [63] and Xue et al. [64], a signifi-
cant association was seen in the overall analysis (OR=1.45,
95% CI 1.19-1.76 and OR=1.42, 95% CI 1.44-1.77, respec-
tively). However, Yoon et al. [65] only reported the signifi-
cance of SNP83 association with the risk of IS in the Asian
subgroup populations under all three genetic models. Our
study did not find any overall significance of SNP83 with the
risk of IS. Moreover, the Caucasian populations did not have
any significant association of SNP83 in PDE4D and IS risk.

For SNP45, we observed that the PDE4D gene was not
significantly associated with IS in the overall analysis, which
is in accordance with the findings of Yoon et al. [65]. How-
ever, on conducting subgroup analysis stratified by ethnic-
ity, a significant association between SNP45 and risk of IS
was found in the Asian population, only under the recessive
model (OR=2.06, 95% CI 1.31-3.23). A meta-analysis by
Zhang et al. [66] involving 8731 cases and 10,756 controls
showed no significant association of SNP56 in PDE4D with
the risk of IS, which is consistent with the findings of our
study. Yoon et al. [65] also observed no significant associa-
tion in their meta-analysis. The analysis of SNP56 consisting
of 13 published studies with 6064 cases and 9612 controls,
failed to find an association between SNP56 gene poly-
morphism and risk of IS. The inclusion of SNP87 with 27
studies comprised of 12,651 cases and 16,133 controls also
demonstrated that there was no relation between SNP87 and
IS. Liang et al. [67] did not find any significance for SNP87
polymorphism in PDE4D and the risk of IS after incorporat-
ing data from 18 studies with 8363 cases and 12,223 con-
trols. Moreover, Xu et al. [64] also reported no observable
associations between SNP87 PDE4D polymorphism and
risk of IS. The present meta-analysis on SNP87 also did not
show any association with increased risk of IS in the overall
population and the ethnicity subgroups. For SNPs 26 and 89,
no correlation was observed with increased or decreased risk
of IS among Asian or European populations [65]. We also
did not observe any significant association of SNP26 under
any of the genetic models of PDE4D with IS risk for Asian
and Caucasian ethnicities. However, SNP89 of PDE4D has
a significant association with the risk of IS in the Asian
population under dominant and recessive models in our
meta-analysis, providing a correlation of SNP89 in patients
of Asian descent. We also reported the analysis of two addi-
tional SNPs, 32 and 41, which were not included in previous
meta-analyses. Although SNP 32 was not associated with

any significant risk of IS, SNP41 of PDE4D showed signifi-
cant protective association with IS in the Asian subgroup
under the recessive model genetic correlation. Although,
the sample sizes for these two SNPs were relatively lower,
further studies are warranted to establish their association
with IS pathophysiology. The detailed effect sizes of the dif-
ferent meta-analyses previously published on different SNPs
of PDE4D have been depicted in Table 3.

We included eight SNPs in our meta-analysis which
accounts for the largest meta-analysis on PDE4D done to
date for analyzing the association of the risk of IS occur-
rence. Unlike previous studies, we did not find any signifi-
cant association between the eight SNPs of PDE4D with
the risk of IS in the overall population and the Caucasian
subgroup. The significance of risk association of PDE4D
polymorphism with IS was observed in the Asian popula-
tion under specific genetic models in SNPs 45, 83, and 89.
Moreover, SNP45 showed a protective association against
IS in the Asian population. Polymorphism in PDE4D is
diverse, and its relation to the associated risk of cerebral
ischemic stroke has been quite intriguing. Despite the het-
erogeneity in sample size, the overall effect size of the stud-
ies showed a significant association in the results without
any deviation. The risk conferred by the SNPs of the gene is
non-significant in the overall and the Caucasian population.
Although the Asian population is predisposed towards IS
risk associated with specific polymorphisms of PDE4D, sev-
eral elements need to be conferred upon, which could have
added possible confounding effects to the resultant effect
size. Interest in PDE4D stems from its significant involve-
ment in the pathophysiology of IS governing inflammation
and structural damage to the neural architecture. SNPs 39
and 45 are found to be involved in small vessel infarction
in an isolated Caucasian population group, suggesting the
allelic significance of PDE4D polymorphisms in IS physi-
ology [21]. Moreover, targeted PDE4D inhibitors have also
depicted favorable outcomes through neuroplastic improve-
ments and anti-inflammatory responses in stroke recovering
patients [68].

Despite the significance of a large-scale meta-analysis,
our study had certain limitations to be considered for inter-
preting the results. First, there was significant heterogeneity
in the effect size of the outcomes. The studies had variable
sample sizes, which affected the individual strength of the
studies on overall results. Since most of the studies were of
case—control design, the sample sizes were usually < 1000.
However, sensitivity analyses and meta-regression did not
depict any significant deviation from the observed effect
size, validating our results. Therefore, large-scale prospec-
tive cohort-based and case—control studies should be con-
ducted to validate these polymorphisms. Second, most of
the included studies were from the Asian population, and
the observed overall effect size could have been affected by
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their association. However, the number of Caucasian stud-
ies included in the meta-analysis was the highest to date,

i and the effect size observed provides significant credibility.
§ < < < < Third, the effect of confounders such as age, sex, and IS
< . .
) z zZ Z z z Z subtypes was not analyzed in the study, which could have
impacted the desired outcome and overall heterogeneity.
§ § Lastly, unpublished or ongoing studies were not incorpo-
S :P 55 N rated in the analysis, possibly introducing selection bias in
— . Q) ~ IR I 1
= = 23 = =23 the observed effect size.
O o U= a v =
S N I X =T
S © o S S v
§ |g © 832 4go 3o
g S a e S ~=9e
- T -0 Conclusion
& = The association between PDE4D gene polymorphism and
g < % SRS the risk of IS is debatable. The present meta-analysis showed
2 [N RS =) . .- . .
T 7 23 T TS Q' some possible associations of PDE4D with the risk of IS
>~ v T n ! . . . . . .
= 25 37 2 I RS in Asian populations while other studies did not. Further
5 § g § S ;r 5 % E large-scale genome-wide association studies are warranted
© S = o - S - to ascertain the association of PDE4D gene polymorphism
and IS risk.
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