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Abstract: There is a significant correlation between ischemic stroke (IS) and chromosome 9. However, its status 
was uncertain in China’s cold regions. 1920 IS patients, and 1920 healthy individuals were included in the study. 
Blood samples were collected. The association of SNPs with IS was evaluated by Sequenom, and logistic regres-
sion models adjusted for known risk factors of IS were constructed to assess the SNPs’ associations in cases and 
controls. We found rs1333040 and rs2383207 were associated with IS, compared with primitive genotypes. The 
genotype CT of rs7027526 has a protective role during IS development, while the effect of the genotype TT is still 
not clear. These results changed after stratification by age and sex. In conclusion, rs1333040 and rs2383207 SNPs 
in CDKN2BAS are associated with ischemic stroke in the Chinese Han population. This study confirms the associa-
tion between 9p21.3 and IS.
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Introduction

Stroke is a well-known medical condition and 
the second leading cause of cardiovascular 
death worldwide [1]. It is a complex process 
influenced by non-genetic and genetic factors 
[2-6]. Ischemic stroke (IS) is the most common 
type and occurs in 75%-90% of cases [7]. In 
previous studies, we used a genome-wide 
association study (GWAS) to analyze genes 
associated with IS [8]. We discovered that 
rs1333040, rs2383207, and rs7027526 SNPs 
on chromosome 9 were all related to IS. More- 
over, these SNPs have been associated with 
other cardiovascular diseases and diabetic 
nephropathy [9-15]. 

In China, the highest prevalence of IS has  
been reported in Heilongjiang Province (43- 
47° north latitude), in the northern part of the 
country. This region is characterized by a long 
winter and a high salt diet [16], well-known  
risk factors for stroke. In this study, we further 

investigated the association between rs133- 
3040, rs2383207, and rs7027526 SNPs in IS 
cases and healthy volunteers from Heilong- 
jiang province, China.

Materials and methods 

Subjects

The present study included 1920 unrelated 
cases (26-65 years of age) and 1920 unre- 
lated controls (48-86 years of age). All cases 
were selected from the Second Affiliated 
Hospital of Qiqihar Medical College. Controls 
who were volunteers were recruited from the 
communities following a medical examination. 
The inclusion criteria and exclusion criteria 
were as previously described [17, 18].

A complete clinical history, including age, sex, 
height, weight, blood pressure, triglyceride le- 
vel, blood oxygen saturation, liver index, blood 
sugar, and kidney index, were collected from all 
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participants by professional and technical per-
sonnel. Blood samples were collected at the 
same time from both groups.

Genetic analysis

Human genomic DNA was extracted from  
blood samples using the Blood Genomic DNA 
Midi Kit (produced by Kangwei Shiji Company). 
Genotype of the investigated SNPs (rs13330- 
40, rs2383207, and rs7027526) was analyzed 
by a set of reagents on a matrix-assisted laser 
desorption/ionization-time of flight mass spec-
trometer (MassArray, Sequenom Inc.) using 
Sequenom reagents and protocols. Automatic 
allele calls by the Sequenom software were 
validated by manual evaluation.

Statistical analysis

Statistical analysis was performed using a 
SPSS version 20.0 (SPSS Inc., Chicago, IL, 
USA). Measured data (such as age, SBP, DBP) 
were compared using a t-test. Chi-square test 
was used to detect Hardy-Weinberg equili- 
brium and the differences of genotypes and 
alleles in the two groups. Logistic regression 
analysis was used to analyze the risk of geno-
types and alleles for cerebral infarction. Link- 
age disequilibrium and haplotype were calcu-
lated using the SHEsis program platform 
(http://analysis.bio-x.cn/SHEsisMain.htm) [19-
21]. The lowest frequency threshold (LFT) for 
haplotype analysis was set to 0.01. The im- 
pact of genotypes on stroke was presented by 
Meta-analysis in different groups. A P value of 
0.05 or less was considered significant. 

Result

Information of the 3 SNPs

rs1333040 and rs2383207 SNPs are located 
deep in the intron of CDKN2B-AS1 (Table 1). 
Several recent GWAS studies reported an as- 
sociation between these two SNPs, located in 
the 9p21 region, and CAD [9]. 

unclear. Some studies suggest that the FR- 
MD3 is associated with diabetic nephropathy  
in type 1 diabetes and may work as a tumor 
suppressor gene [22]. 

Characteristics of the study population

In the case group, all three SNPs were de- 
tected in 1640 people, and there were 1755 
people in the control group. The clinical infor-
mation of the study participants is summari- 
zed in Table 2. The mean age of the subjects 
with IS was 62.66 (±11.75) years, while the 
mean age of the control subjects was 50.78 
(±8.87) years (P<0.01). Male patients with IS 
accounted for 54.72%, 1.21 times of female 
patients, and this is consistent with other re- 
lated reports [23, 24]. 

Significant differences in BMI, SBP, DBP, TG, 
TC, AST, ALT, γ-GT, Glu, and UA were found bet- 
ween patients and control subjects (all P< 
0.05), whereas there were no significant differ-
ences in SpO2, Alb, TP, Urea, and Cr (Table 2).

Linkage disequilibrium tests and frequency 
distribution

Linkage disequilibrium test revealed a D’ of 
0.893 (out-off-balance) between rs1333040 
and rs2383207, and the D’ of 0.244 between 
rs2383207 and rs7027526.

The genotype and allele frequency of cases  
and controls are presented in Table 3. The  
genotype frequencies of rs1333040, rs2383- 
207, and rs7027526 showed a significant dif-
ference between IS and controls by logistic 
regression. A difference existed when compar-
ing the frequency of CC with CT and TT geno-
types in rs1333040 (OR (95% CI) = 1.599 
(1.242-2.06) and 1.413 (1.102-1.812)). The 
risk was increased to 1.873 (1.276-2.749) and 
1.876 (1.284-2.74) after adjusting for age  
and sex. The dominant model of rs1333040 
showed a reduction in the risk of IS (1.874 
(1.297-2.71)). 

Table 1. Information and primers for the SNPs
SNP Allele Gene Chromosome Position
rs1333040 C>T CDKN2B-AS1 9p21.3 22083405
rs2383207 A>G CDKN2B-AS1 9p21.3 22115960
rs7027526 C>T FRMD3/LOC102723989 9q21.32 83260207

rs7027526 is located in the 
FRMD3 gene or LOC10272- 
3989 gene. The function of 
the LOC102723989 gene is 
not clear. In addition, the 
exact function of the protein 
encoded by FRMD3 remains 
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Table 2. Comparison of general demographic data and clinical characteristics of the study population
Ischemic Stroke Control t/χ2 P

Age, years 62.66±11.75 50.78±8.87 12.840 <0.01**
Sex (M/F, %) 54.72/45.28 33.85/66.15 24.530 <0.01**
Body Mass Index (BMI) 25.12±3.21 23.54±3.21 4.520 <0.01**
Systolic pressure (SBP) 138.4±15.71 118.3±12.96 15.120 <0.01**
Diastolic blood pressure (DBP) 89.67±28.35 77.71±8.86 5.650 <0.01**
Oxygen saturation (SpO2, %) 94.02±18.48 95.35±15.27 1.259 >0.05
Total Cholesterol (TC) 5.42±1.14 5.04±0.97 5.716 <0.01**
Triglyceride (TG) 2.04±4.3 1.54±2.2 2.309 <0.05*
Aspartate aminotransferase (AST) 33.96±19.83 31.13±16.77 2.476 <0.05*
Alanine aminotransferase (ALT) 21.64±10.8 20.23±6.98 2.435 <0.05*
γ-Glutamyl transpeptidase (γ-GT) 35.57±33.54 27.37±20.58 4.766 <0.01**
Albumin (Alb) 43.16±9.38 44.52±24.2 1.200 >0.05
Total Protein (TP) 69.51±4.2 68.97±5.02 1.871 >0.05
Glucose (Glu) 5.32±3.01 4.96±1.99 2.205 <0.05*
Urea (UR) 4.78±1.72 6.63±24.98 1.628 >0.05
Uric acid (UA) 374.67±129.4 323.71±109.34 6.824 <0.01**
Creatinine (Cr) 64.08±8.55 64.43±9.36 0.627 >0.05
*: P<0.05; **: P<0.01.

Table 3. Genotype and allele frequencies of patients with IS vs. controls
Ischemic Stroke Controls Before adjustment Adjusted

n (%) N (%) P OR (95% CI) p OR (95% CI)
rs1333040 CC 120 (7.3) 185 (10.5) 0.001 1.0 0.004 1.0

CT 695 (42.4) 670 (38.2) 0.000 1.599 (1.242-2.06) 0.001 1.873 (1.276-2.749)
TT 825 (50.3) 900 (51.3) 0.006 1.413 (1.102-1.812) 0.001 1.876 (1.284-2.74)
C 935 (28.51) 1040 (29.63) 1.0
T 2345 (71.49) 2470 (70.37) 0.308 1.056 (0.951-1.173)

Dominant CC 120 (7.32) 185 (10.54) 1.0 1.0
CT+TT 1520 (92.68) 1570 (89.46) 0.001 1.493 (1.174-1.898) 0.001 1.874 (1.297-2.71)

Recessive CC+CT 815 (49.7) 855 (48.72) 1.0 1.0
TT 825 (50.3) 900 (51.28) 0.569 0.962 (0.841-1.1) 0.302 1.104 (0.915-1.33)

rs2383207 AA 180 (11) 250 (14.2) 0.017 1.0 0.004 1.0
AG 665 (40.5) 690 (39.3) 0.009 1.339 (1.075-1.667) 0.028 1.412 (1.037-1.921)
GG 795 (48.5) 815 (46.4) 0.006 1.355 (1.093-1.68) 0.001 1.659 (1.224-2.249)
A 1025 (31.25) 1190 (33.90) 1.0
G 2255 (68.75) 2320 (66.10) 0.020 1.128 (1.019-1.249)

Dominant AA 180 (10.98) 250 (14.25) 1.0 1.0
AG+GG 1460 (89.02) 1505 (85.75) 0.004 1.347 (1.098-1.653) 0.003 1.538 (1.152-2.053)

Recessive AA+AG 845 (51.52) 940 (53.56) 1.0 1.0
GG 795 (48.48) 815 (46.44) 0.235 1.085 (0.948-1.242) 0.012 1.274 (1.056-1.537)

rs7027526 CC 1600 (97.6) 1705 (97.2) 0.422 1.0 0.000 1.0
CT 35 (2.1) 50 (2.8) 0.189 0.746 (0.482-1.155) 0.003 0.225 (0.083-0.611)
TT 5 (0.3) 0 (0) - - - -
C 3235 (98.63) 3460 (98.58) 1.0
T 45 (1.37) 50 (1.42) 0.854 0.963 (0.642-1.444)

Dominant CC 1600 (97.56) 1705 (97.15) 1.0 1.0
CT+TT 40 (2.44) 50 (2.85) 0.458 0.853 (0.559-1.299) 0.003 0.225 (0.083-0.611)

Recessive CC+CT 1635 (99.7) 1755 (100) - -
TT 5 (0.3) 0 (0) - - - -

OR: Odds Ratio; CI: Confidence Interval; The adjustment factors were age and sex.



Association of SNP on 9p21 with stroke

729	 Int J Clin Exp Pathol 2021;14(6):726-733

The distribution of the variant rs2383207 was 
significantly different in genotype frequency 
among cases and controls. After comparing  
the frequency of AA with AG and GG genoty- 
pes, the results were significant (OR (95% CI) = 
1.412 (1.037-1.921) and OR (95% CI) = 1.659 
(1.224-2.249)). Meanwhile, both dominant and 
recessive models increased the risk of IS. 

A significant association of rs7027526 with IS 
was shown by heterozygote CT (P = 0.003) and 
by the dominant model (P = 0.003). Simultane- 
ously, there was a phenomenon accompanying 
rs7027526. The genotype TT was found only in 
the control group, which is most likely due to 
the small sample size. It is also possible that 
individuals with rs7027526 TT suffered from IS.

Next, we created two independent groups, 
where the first group included individuals 
younger than 60 years old, and the other group 
included those older than 60 years old. The 
results were more pronounced in those young-
er than 60 years (Table 4). In addition, we fur-
ther grouped individuals according to gender. 
The results were more pronounced in females 
(Table 5).

Haplotype analysis among different subgroups

In the control group, the frequency of genotype 
TT was 0. Consequently, haplotypes were con-
structed based on the two SNPs (rs1333040 
and rs2383207). All 4 possible haplotypes 
were included in our haplotype analysis (Table 
6 and Figure 1A). The T-A haplotype reduced 
the risk of IS (OR (95% CI) = 0.743 (0.603-
0.916)), and the T-G haplotype increased the 
risk (OR (95% CI) = 1.126 (1.019-1.244)).

In patients younger than 60 years old, the 
result was not consistent with the overall data 
(Attached 1, Figure 1B). Moreover, the results 
in the female group were similar to the overall 
data, while they differed in the male group 
(Attached 1, Figure 1C, 1D). The individuals 
with haplotype T-A were not prone to cerebral 
infarction in males, while those with haplotype 
T-A were more likely to suffer from it in females.

Discussion

Recently, we discovered an association bet- 
ween three loci on chromosome 9 and cere- 
bral infarction [9]. In the present study, we fur-

ther examined this association in a large sam-
ple population, obtaining results that were  
consistent with the previous data.

So far, several studies have reported on the 
CDKN2B-AS1 gene. This region is a significant 
genetic susceptibility locus for multiple diseas-
es, such as cardiovascular disease, several 
cancers, and type-2 diabetes. This may be  
due to the molecular form of RNA affected by 
transcript variants during transcription [25]. 
Considering that cardiovascular disease and 
diabetes are all risk factors for cerebral infarc-
tion [26, 27], we assumed that this gene is 
associated with cerebral infarction.

Several recent studies have reported the as- 
sociation of rs1333040 and rs2383207 with 
IS. A meta-analysis found an association bet- 
ween those genes and IS in Caucasians (OR = 
1.55, P = 0.0007) and African Americans (OR  
= 0.65, P = 0.023); yet, no correlation with  
cerebral infarction was found in China [28]. 
Moreover, Yue et al suggested that a reces- 
sive model of rs2383207 was a predictor for 
stroke (OR = 1.28, 95% CI = 1.03-1.59, P = 
0.02, Q = 0.03) [29]. Several GWAS have dem-
onstrated that the 9p21 locus was associated 
with cerebral infarction [30], which was consis-
tent with the results reported by Wang et al 
[31]. Nevertheless, a recent study performed 
by Cheng et al could not replicate these results 
[32]. These discordant results most likely 
occurred due to the different genetic back-
grounds of these populations.  

Our analyses provided novel evidence that 
9p21.3 has a key role in cerebral infarction. 
FRMD3 gene has been considered as a sus- 
ceptible gene for diabetic nephropathy in type 
1 diabetes [33], while an association between 
FRMD3 genes and stroke has been rarely 
reported. Considering that diabetes is a tradi-
tional risk factor for cerebral infarction [26],  
we assumed that ischemic stroke shares com-
mon risk factors with diabetes. After stratifica-
tion by sex and age, we found that the results 
were very different. The effect of haplotype T-A 
in patients with early-onset cerebral infarction 
was different from the overall data. At the  
same time, the role of the haplotypes T-A and 
T-G in women was opposite to that in men.  
The above results suggest that patients of dif-
ferent sex and age should be treated differ- 
ently.
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Table 4. Genotype and allele frequencies of patients with IS vs. controls at different ages
<60 ≥60

Controls
(%)

IS
(%)

Before  
adjustment OR 

(95% CI)

Before  
adjustment

P

Adjusted
OR (95% CI)

Adjusted
P

Controls
(%)

IS
(%)

Before  
adjustment OR 

(95% CI)

Before  
adjustment

P

Adjusted
OR (95% CI)

Adjusted
P

rs1333040 CC 11.30 5.20 1.0 1.0 6.80 7.40 1.0 1.0

CT 34.90 45.50 2.912 (1.776-4.773) 0.000 2.799 (1.697-4.615) 0.000 54.20 40.70 0.688 (0.387-1.221) 0.201 0.768 (0.429-1.373) 0.373

TT 53.80 49.40 1.997 (1.223-3.261) 0.006 1.897 (1.155-3.116) 0.011 39.00 51.90 1.217 (0.682-2.172) 0.505 1.314 (0.733-2.358) 0.359

rs2383207 AA 14.00 9.10 1.0 1.0 15.30 13.90 1.0 1.0

AG 37.30 44.20 1.881 (1.265-2.797) 0.002 1.72 (1.15-2.574) 0.008 49.20 38.00 0.848 (0.554-1.299) 0.449 0.852 (0.555-1.31) 0.467

GG 48.60 46.80 1.485 (1.001-2.202) 0.049 1.424 (0.955-2.123) 0.083 35.60 48.10 1.486 (0.963-2.292) 0.073 1.5 (0.969-2.323) 0.069

rs7027526 CC 97.20 97.60 1.0 1.0 98.30 100.00

CT 2.80 2.10 0.414 (0.163-1.05) 0.063 0.321 (0.125-0.822) 0.018 1.70 0.00 - - - -

TT 0.00 0.30 - - - - 0.00 0.00 - - - -

Table 5. Genotype and allele frequencies of patients with IS vs. controls in different sexes
Male Female

Controls
(%)

IS
(%)

Before  
adjustment OR 

(95% CI)

Before  
adjustment

P

Adjusted
OR (95% CI)

Adjusted
P

Controls
(%)

IS
(%)

Before  
adjustment OR 

(95% CI)

Before  
adjustment

P

Adjusted
OR (95% CI)

Adjusted
P

rs1333040 CC 8.70 9.00 1.0 1.0 11.40 3.60 1.0 1.0

CT 37.40 40.00 1.059 (0.678-1.655) 0.800 1.114 (0.671-1.85) 0.675 38.60 46.40 3.857 (2.205-6.747) 0.000 3.893 (2.014-7.525) 0.000

TT 53.90 51.00 0.914 (0.591-1.413) 0.686 1.034 (0.629-1.7) 0.894 50.00 50.00 3.203 (1.837-5.587) 0.000 4.016 (2.081-7.747) 0.000

rs2383207 AA 10.40 14.00 1.0 1.0 16.10 9.50 1.0 1.0

AG 42.60 42.00 0.752 (0.509-1.111) 0.153 0.865 (0.557-1.342) 0.516 37.70 39.30 1.761 (1.199-2.588) 0.004 2.28 (1.437-3.617) 0.000

GG 47.00 44.00 0.698 (0.474-1.03) 0.070 0.866 (0.558-1.342) 0.518 46.20 51.20 1.874 (1.287-2.728) 0.001 2.985 (1.895-4.703) 0.000

rs7027526 CC 93.90 99.00 98.70 98.80 1.0 1.0

CT 6.10 0.00 - - - - 1.30 1.20 0.936 (0.338-2.591) 0.898 3.276 (1.162-9.238) 0.025

TT 0.00 1.00 - - - - 0.00 0.00 - - - -
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Table 6. Haplotypes and their risk of ischemic stroke

Haplotype IS
(%)

Controls
(%)

Before adjustment Adjusted
P OR (95% CI) P OR (95% CI)

T G 0.653 0.641 0.373 1.054 (0.937-1.186) 0.373 1.054 (0.937-1.186)
T A 0.067 0.062 0.519 1.077 (0.858-1.352) 0.519 1.077 (0.858-1.352)
C A 0.255 0.276 0.099 0.898 (0.79-1.02) 0.099 0.898 (0.79-1.02)
C G 0.024 0.019 0.305 1.218 (0.834-1.779) 0.305 1.218 (0.834-1.779)

Figure 1. Summary of haplotype analysis. A: In all individuals; B: Early onset cerebral infarction; C: In men; D: In 
women.

This study has a few limitations. Due to the re- 
latively small sample size, we could not analy- 
ze the association of the genotype TT and the 
haplotype of rs7027526 with IS. Another limi- 
tation is the single ethnicity of the study popu-
lation. Finally, we did not perform analysis in 
the different subtypes.
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