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Abstract

Background: Ischemic stroke is a life-threatening condition due to obstructed blood supply of the brain. Elevation
of plasma C-reactive protein, an important inflammatory marker, was known to associate with increased risk of
ischemic stroke. Previous studies reported association between genetic variants of HNF1A and plasma level of C-
reactive protein. The HNF1A gene encodes a hepatocyte transcription factor which might have regulatory effects
on C-reactive protein synthesis in liver. Therefore, the C-reactive protein associated gene HNF1A seems to be a
promising candidate gene for ischemic stroke.

Results: We used HNF1A as a candidate gene of ischemic stroke and evaluated seven common variants of HNF1A
for their contribution to ischemic stroke. The association analysis of HNF1A variants with ischemic stroke was
performed in a Chinese population with 918 cases and 979 controls. For total ischemic stroke and large vessel
disease subtype, none of variants exceeded significant threshold. For small vessel disease subtype of ischemic
stroke, the G allele of rs7953249 showed nominal association (OR = 0.82, p = 0.04) after data adjustment for
conventional risk factors. However, our preliminary results did not survived bonferroni correction for multiple
comparisons.

Conclusions: Common genetic variants of HNF1A showed nominal association with small vessel disease subtype
of ischemic stroke though not survived bonferroni correction for multiple comparisons. The association between
HNF1A and ischemic stroke is limited by small effects of individual SNPs. Our study provided additional genetic
evidences to understand the role of HNF1A gene and C-reactive protein underlying ischemic stroke.
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Background
Stroke accounts for the second most common cause of
death in the world [1]. There were 2.5 million patients
newly identified as stroke cases and 1.6 million patients
died of stroke every year in China [2]. There were two
clinical subtypes of stroke namely ischemic stroke and
hemorrhagic stroke. In China, more than 60 % stroke
patients were ischemic characterized by obstructed
blood supply of the brain [3, 4]. Given the huge financial
burden imposed by healthcare expenses of stroke,
there have been intensive efforts to develop effective

intervention and prevention strategies against this life-
threatening disease [5, 6]. Previous epidemiological studies
of ischemic stroke proposed several risk factors including
hypertension, cigarette smoking, diabetes and obesity [7].
In addition to previously proposed conventional risk
factors, genetic factors were also suggested to play a role
underlying ischemic stroke [8].
Some ischemic stroke cases could be attributed to

mendelian disorders which are caused by mutation of a
single gene [9]. Whereas, genetic etiologies underlying
most ischemic stroke cases were believed to be polygenic
[10]. The candidate gene approach has been widely
applied to identify susceptibility genes of ischemic stroke
upon previous biological and functional understanding
of the disease. Atherosclerosis has been known as a
common cause of ischemic stroke [11]. It was reported
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that inflammation might associate with plaque instability
and finally result in atherosclerosis [12, 13]. Meanwhile,
observational studies also found that elevation of plasma
C-reactive protein (CRP), an important inflammatory
marker, was associated with increased risk of ischemic
stroke [14, 15]. Therefore, genes affecting CRP level
seem to be promising candidate genes of ischemic
stroke.
Circulating level of CRP is directly associated with the

CRP gene. Indeed, genetic variants of CRP gene were
identified for their contribution to both CRP level and
susceptibility of ischemic stroke [16]. However, CRP
gene itself could only explain a small portion of CRP
variance. In addition to CRP gene, genome-wide associ-
ation studies (GWAS) identified a number of genetic
variants associated with circulating level of CRP. As
such, the HNF1A gene encoding Hepatocyte Nuclear
Factor 1 Homeobox A were found to associate with CRP
[17, 18]. HNF1A is mainly expressed in liver and acts as
a transcription factor. As CRP is mainly synthesized in
liver by hepatocytes [19], the HNF1A gene might be an
important regulator of CRP and associate with ischemic
stroke through its regulatory effects on CRP.
In the present study, we selected HNF1A as a candi-

date gene of ischemic stroke and focused on several
single nucleotide polymorphisms (SNPs) of HNF1A that
were known to be associated with circulating CRP levels.
We performed SNP genotyping and association analysis
in a large unrelated Chinese population. The association
between HNF1A and ischemic stroke and its subtypes
provided further evidence to understand genetic etiolo-
gies underlying ischemic stroke.

Methods
Subjects
In total, 918 ischemic stroke cases and 979 healthy con-
trols were recruited from the Second People’s Hospital
Affiliated to Fujian University of Traditional Chinese
Medicine, Fujian Provincial Hospital, Fuzhou General
Hospital of Nanjing Military Command and Fujian
University of Traditional Chinese Medicine Subsidiary
Rehabilitation Hospital. Their demographic information
was indicated in Table 1. This study was approved by
the institutional review board of each participating hos-
pitals. Written consents and peripheral blood samples
were obtained from each participant. All participants are
genetically unrelated Han Chinese. The stroke status of
each ischemic stroke cases was determined by Magnetic
Resonance Imaging and their clinical records as con-
firmed by two clinicians. The large-vessel disease (LVD)
and small-vessel disease (SVD) subtype of each ischemic
stroke case was determined by the TOAST stroke sub-
type classification system [20]. Healthy controls without
history of ischemic stroke and neurological impairments

were recruited from healthcare center of aforementioned
hospitals. The demographic information of all partici-
pants was listed in Table 1.

SNP selection and genotyping
Eight SNPs of HNF1A namely rs7310409, rs735396,
rs1169300, rs2464196, rs7953249, rs2650000, rs1169302
and rs1169307 previously associated with plasma CRP
were selected for our study [18]. Due to failure of primer
design,rs735396 was replaced by another SNP in linkage
disequilibrium namely rs1169306. In addition, rs1169300
was excluded as it was in linkage disequilibrium with
rs2464196. Finally, there were seven SNPs of HNF1A
namely rs1169302, rs1169306, rs1169307, rs2464196,
rs2650000, rs7310409 and rs7953249 selected for subse-
quent genotyping and association analysis.
Genotyping were performed at CapitalBio Corporation

(Beijing, China) with Sequenom MassARRAY platform
(San Diego, U.S) according to the manufacturer’s protocol.
Briefly, genomic DNA was extracted from whole blood of
each individual using Wizard® Genomic DNA Purification
Kit (Promega, Madison, WI, USA). DNA concentration
was determined by NanoDrop 1000 (Waltham, U.S).
Multiplex reaction primers were designed using the
MassARRAY Assay Design software package (v3.1). Mass
determination was carried out with the MALDI-TOF
mass spectrometer and Mass ARRAY Type 4.0 software
was used for data acquisition.

Statistical analysis
Each SNP was tested for Hardy-Weinberg equilibrium
(HWE). Associations between HNF1A and ischemic
stroke and its subtypes were analyzed under different
models (additive, dominant, recessive and genotype)

Table 1 Demographic information of participants

Group Cases (n = 918) Controls (n = 979)

Large Vessel Disease, n (%) 465 (51 %) /

Small Vessel Disease, n (%) 453 (49 %)

Age, years 69.39 ± 10.45* 67.04 ± 10.26

Male, n (%) 601 (65 %)* 562 (57 %)

Female, n (%) 317 (35 %)* 417 (43 %)

Hypertension, n (%) 216 (24 %)* 316 (32 %)

Diabetes, n (%) 598 (65 %)* 126 (13 %)

Smoking, n (%) 626 (68 %)* 170 (17 %)

Drinking, n (%) 736 (80 %)* 81 (8 %)

Triglyceride, mmol/L 1.59 ± 0.94 1.60 ± 0.91

Total Cholesterol, mmol/L 4.62 ± 1.21* 5.22 ± 1.08

Low Density Lipoprotein, mmol/L 3.04 ± 1.66* 3.42 ± 1.00

High Density Lipoprotein, mmol/L 1.20 ± 0.52* 1.35 ± 0.34

Data were shown as mean ± standard deviation (SD) or as n (%). Significant
differences between cases and controls were indicated with an asterisk (*)
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through PLINK software [21]. The odds ratio (OR) and its
corresponding 95 % confidence interval (L96 and U95)
were used to indicate the effect size of each variants.
The association results were adjusted for known risk
factors of ischemic stroke including age, sex, hyper-
tension, diabetes, smoking, drinking, triglyceride, total
cholesterol, low density lipoprotein and high density
lipoprotein.

Results
In this study, we genotyped seven common SNPs of
HNF1A in a large unrelated Chinese population and
performed case–control based association analysis with is-
chemic stroke and its subtypes. The genotype distribution
of each SNP in case and control groups was analyzed
under additive, dominant, recessive and genotype models
for its association with ischemic stroke and its subtypes.
Our results were adjusted for known risk factors of
ischemic stroke including age, sex, hypertension, diabetes,
smoking, drinking, triglyceride, total cholesterol, low
density lipoprotein and high density lipoprotein.
The association between seven SNPs of HNF1A and

overall ischemic stroke were indicated in Table 2. Before
data adjustment, none of these SNPs showed significant
association with overall ischemic stroke (minimum p =
0.09). After data adjustment for known risk factors, none
of above results became significant (minimum p = 0.16).
The association between seven SNPs of HNF1A and

large vessel disease subtype of ischemic stroke were indi-
cated in Table 3. Before data adjustment, none of these
SNPs showed significant association with large vessel
disease subtype of ischemic stroke (minimum p = 0.25).
After data adjustment for known risk factors, the T allele
of rs1169302 showed marginal association under domin-
ant model (TT + TG v.s GG, OR = 0.88, p = 0.05). In
addition, its heterozygote genotype TG also showed mar-
ginal association (OR = 0.87, p = 0.05). After bonferroni
correction for multiple comparisons, none of these seven
SNPs exceeded significant threshold.
The association between seven SNPs of HNF1A and

small vessel disease subtype of ischemic stroke were
indicated in Table 4. Before data adjustment, the A allele
of rs2650000 showed significant association with small
vessel disease subtype of ischemic stroke under additive
model (OR = 0.83, p = 0.03) and dominant model (AA +
AC v.s CC, OR = 0.74, p = 0.02). Its homozygote geno-
type AA also showed significant association (OR = 0.70,
p = 0.03). In addition, the G allele of rs7953249 showed
significant association with small vessel disease subtype
of ischemic stroke under additive (OR = 0.84, p = 0.03)
and dominant models (GG + GA v.s AA, OR = 0.75,
p = 0.02). Its homozygote genotype AA also showed
significant association (OR = 0.70, p = 0.03). After data
adjustment for known risk factors, only the G allele of

rs7953249 remained significant under additive model
(OR = 0.82, p = 0.04) and its homozygote genotype GG
(OR = 0.66, p = 0.04) respectively. After bonferroni
correction for multiple comparisons, none of these
seven SNPs exceeded significant threshold.

Discussion
Although atherosclerosis was known to be a common
cause of ischemic stroke, molecular pathogenesis under-
lying atherosclerosis and ischemic stroke remain complex
and elusive. Inflammation is a series of physiological
responses to stimulations of various pathogens. It occurs
systemically and associates with a number of human
diseases. CRP is a well-known inflammatory marker that
could be quantitated in circulating blood. Elevation of cir-
culating CRP has been recognized as a predictive marker
for atherosclerosis and cardiovascular diseases. In recent
years, studies in general populations observed association
of CRP with ischemic stroke [15, 22, 23]. Whereas, contra-
dictory results were also reported by studies in different
cohorts [24, 25]. Identification of CRP-associated genetic
variants provided an alternative aspect to elucidate contri-
bution of CRP to ischemic stroke. Genetics variants of
CRP gene which were directly associated with circulating
CRP level showed significant association with ischemic
stroke in a Chinese population [16]. In addition to CRP
gene, circulating CRP level was associated with some
regulatory genes that could also be considered as candi-
date genes of ischemic stroke. CRP is mainly synthesized
in liver [19]. The hepatocyte nuclear factor HNF1A is a
transcription factor that was believed to have regulatory
effects on CRP. Indeed, association between common
SNPs of HNF1A and circulating CRP level were reported
in large-scale GWAS [17, 18].
In our study, we used these variants of HNF1A as can-

didate variants of ischemic stroke and performed associ-
ation analysis in a Chinese cohort. For overall ischemic
stroke and its LVD subtype, none of SNPs exceeded sig-
nificant threshold. For SVD subtype of ischemic stroke,
the A allele of rs2650000 and the G allele of rs7953249
showed nominal association with the disease. Given the
broad effects of inflammation, interplay between CRP
and conventional risk factors of ischemic stroke would
cause confounding biases which might explain the
inconclusive and controversial role of CRP underlying is-
chemic stroke in previous studies. To reduce confound-
ing biases, we adjusted both non-modifiable risk factors
(age and sex) and conventional risk factors (hyperten-
sion, diabetes, and etc.) during association analysis
between HNF1A and ischemic stroke. After data adjust-
ment, only the G allele of rs7953249 remained signifi-
cant with protective effect on SVD subtype of ischemic
stroke. Thus, our preliminary results further supported
the independent contribution of HNF1A and CRP to
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ischemic stroke. In addition, we applied bonferroni
correction which was known to be one of the most
stringent methods for multiple comparisons to the
seven SNPs of HNF1A. The significant threshold after
bonferroni correction became approximate 0.007

(0.05/7) therefore none of analyzed variants persisted
significant.
For polygenic diseases such as ischemic stroke, there

were considerable portion of unexplained heritability
remained as missing heritability [26]. Although some

Table 2 Association analysis of HNF1A with overall ischemic stroke

SNP Allele Model Unadjusted Adjusted

OR L95 U95 p-value OR L95 U95 p-value

rs1169302 T Additive 0.97 0.84 1.12 0.67 0.93 0.78 1.10 0.37

Dominant 0.94 0.79 1.13 0.54 0.88 0.71 1.10 0.27

Recessive 1.02 0.74 1.40 0.91 0.98 0.67 1.44 0.93

Genotype TT 0.99 0.71 1.37 0.94 0.93 0.62 1.37 0.70

Genotype TG 0.94 0.77 1.13 0.49 0.88 0.70 1.10 0.26

rs1169306 C Additive 1.03 0.91 1.17 0.65 1.00 0.85 1.17 0.99

Dominant 0.98 0.79 1.21 0.86 0.95 0.73 1.22 0.67

Recessive 1.10 0.89 1.37 0.36 1.14 0.88 1.47 0.32

Genotype CC 1.06 0.82 1.38 0.65 1.00 0.73 1.37 0.99

Genotype CT 0.94 0.75 1.18 0.62 0.83 0.63 1.08 0.16

rs1169307 T Additive 0.95 0.79 1.15 0.61 0.95 0.75 1.20 0.69

Dominant 0.94 0.76 1.17 0.59 0.95 0.73 1.22 0.67

Recessive 0.98 0.47 2.04 0.96 0.98 0.39 2.48 0.97

Genotype TT 0.97 0.46 2.02 0.93 0.97 0.38 2.45 0.94

Genotype TC 0.94 0.76 1.17 0.59 0.94 0.73 1.23 0.67

rs2464196 G Additive 1.04 0.91 1.18 0.58 1.01 0.86 1.18 0.89

Dominant 0.99 0.80 1.22 0.90 0.89 0.69 1.15 0.37

Recessive 1.12 0.90 1.39 0.30 1.16 0.90 1.50 0.26

Genotype GG 1.08 0.83 1.40 0.58 1.03 0.75 1.40 0.87

Genotype GA 0.94 0.76 1.18 0.62 0.83 0.64 1.09 0.18

rs2650000 A Additive 0.90 0.79 1.02 0.09 0.91 0.78 1.07 0.26

Dominant 0.84 0.68 1.03 0.09 0.86 0.67 1.11 0.24

Recessive 0.89 0.72 1.10 0.28 0.91 0.71 1.18 0.49

Genotype AA 0.80 0.61 1.04 0.09 0.83 0.61 1.14 0.26

Genotype AC 0.85 0.68 1.07 0.16 0.87 0.67 1.14 0.32

rs7310409 A Additive 0.97 0.85 1.11 0.69 1.01 0.86 1.18 0.94

Dominant 0.97 0.80 1.17 0.75 1.00 0.79 1.26 0.98

Recessive 0.96 0.75 1.23 0.74 1.03 0.76 1.37 0.87

Genotype AA 0.95 0.72 1.24 0.69 1.02 0.73 1.42 0.91

Genotype AG 0.98 0.80 1.20 0.82 0.99 0.77 1.27 0.93

rs7953249 G Additive 0.90 0.79 1.03 0.12 0.91 0.77 1.06 0.22

Dominant 0.84 0.68 1.03 0.10 0.85 0.66 1.09 0.21

Recessive 0.90 0.72 1.13 0.36 0.91 0.70 1.19 0.48

Genotype GG 0.81 0.62 1.06 0.12 0.82 0.60 1.13 0.23

Genotype GA 0.85 0.69 1.06 0.16 0.86 0.66 1.12 0.27

All SNPs were analyzed under allele, genotype, dominant and recessive models. Statistical analysis was performed using Chi-square test. P-value less than 0.05
were indicated in bold. Effect size was indicated in odds ratio (OR) with 95 % confidence interval (L95 and U95). After bonferroni correction, none of the associations
highlighted in bold remained significant
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genetic variants were identified by candidate gene based
approach, they were usually believed to be common vari-
ant with small effect [27]. In the present study, effects of
each SNPs of HNF1A on ischemic stroke were limited
which might explain that none of SNPs exceed the

significant threshold yielded by bonferroni correction.
As such, expanding sample size could be an option to
confirm the association between HNF1A and ischemic
stroke. Alternatively, functional characterization of
HNF1A variants would be a more direct way to explain

Table 3 Association analysis of HNF1A with large vessel disease

SNP Allele Model Unadjusted Adjusted

OR L95 U95 p-value OR L95 U95 p-value

rs1169302 T Additive 0.92 0.77 1.10 0.35 0.84 0.68 1.04 0.11

Dominant 0.88 0.70 1.10 0.26 0.76 0.58 1.00 0.05

Recessive 0.98 0.66 1.45 0.91 0.94 0.58 1.50 0.78

Genotype TT 0.92 0.61 1.38 0.69 0.82 0.50 1.34 0.44

Genotype TG 0.87 0.69 1.10 0.25 0.75 0.56 1.00 0.05

rs1169306 C Additive 1.01 0.87 1.19 0.86 0.96 0.79 1.17 0.72

Dominant 1.00 0.77 1.29 0.98 0.84 0.61 1.14 0.26

Recessive 1.04 0.80 1.36 0.75 1.09 0.80 1.50 0.58

Genotype CC 1.03 0.75 1.42 0.86 0.94 0.64 1.38 0.74

Genotype CT 0.98 0.75 1.29 0.89 0.79 0.57 1.10 0.17

rs1169307 T Additive 0.95 0.75 1.20 0.67 0.98 0.73 1.30 0.87

Dominant 0.92 0.71 1.19 0.52 0.96 0.70 1.31 0.78

Recessive 1.26 0.55 2.90 0.59 1.18 0.41 3.44 0.76

Genotype TT 1.23 0.53 2.83 0.63 1.17 0.40 3.40 0.78

Genotype TC 0.90 0.68 1.18 0.43 0.94 0.68 1.31 0.72

rs2464196 G Additive 1.03 0.87 1.20 0.76 0.98 0.81 1.19 0.85

Dominant 1.01 0.77 1.30 0.97 0.85 0.62 1.17 0.32

Recessive 1.07 0.82 1.39 0.64 1.12 0.82 1.54 0.48

Genotype GG 1.05 0.76 1.45 0.75 0.97 0.66 1.43 0.87

Genotype GA 0.98 0.75 1.30 0.91 0.80 0.58 1.12 0.20

rs2650000 A Additive 1.04 0.89 1.22 0.60 1.00 0.82 1.22 0.99

Dominant 1.06 0.81 1.38 0.67 0.97 0.71 1.34 0.87

Recessive 1.06 0.82 1.38 0.66 1.03 0.75 1.42 0.85

Genotype AA 1.09 0.79 1.51 0.59 1.00 0.68 1.48 0.98

Genotype AC 1.04 0.79 1.38 0.76 0.96 0.69 1.34 0.82

rs7310409 A Additive 1.07 0.91 1.26 0.40 1.15 0.95 1.41 0.15

Dominant 1.09 0.85 1.38 0.50 1.14 0.85 1.53 0.38

Recessive 1.11 0.83 1.49 0.47 1.31 0.92 1.86 0.13

Genotype AA 1.16 0.83 1.61 0.39 1.36 0.91 2.03 0.13

Genotype AG 1.06 0.82 1.37 0.64 1.07 0.79 1.46 0.67

rs7953249 G Additive 0.97 0.83 1.14 0.71 1.00 0.82 1.22 0.98

Dominant 0.94 0.73 1.22 0.66 0.96 0.70 1.32 0.81

Recessive 0.98 0.75 1.28 0.86 1.05 0.76 1.45 0.78

Genotype GG 0.94 0.68 1.30 0.71 1.01 0.68 1.49 0.97

Genotype GA 0.95 0.72 1.24 0.69 0.94 0.68 1.31 0.73

All SNPs were analyzed under allele, genotype, dominant and recessive models. Statistical analysis was performed using Chi-square test. P-value less than 0.05
were indicated in bold. Effect size was indicated in odds ratio (OR) with 95 % confidence interval (L95 and U95). After bonferroni correction, none of the associations
highlighted in bold remained significant
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its contribution to ischemic stroke. The rs7953249, lo-
cated upstream of HNF1A, was associated with plasma
N-glycan levels and the HNF1A gene was shown to be a
regulator of protein glycosylation [28]. Dysregulation of
glycosylation was known to associate with a wide range
of diseases including cancer, diabetes and cardiovascular

diseases [29]. A number of mutations of HNF1A gene
were associated with maturity-onset diabetes of the
young (MODY), an early onset form of type 2 diabetes
[30, 31]. Thus, pleiotropic effects of HNF1A variants
on CRP and N-glycan are worthwhile to be further
investigated.

Table 4 Association analysis of HNF1A with small vessel disease

SNP Allele Model Unadjusted Adjusted

OR L95 U95 p-value OR L95 U95 p-value

rs1169302 T Additive 1.02 0.86 1.21 0.81 0.99 0.81 1.22 0.95

Dominant 1.02 0.81 1.27 0.89 1.01 0.77 1.32 0.95

Recessive 1.06 0.72 1.56 0.77 0.94 0.60 1.50 0.81

Genotype TT 1.06 0.71 1.59 0.77 0.95 0.59 1.54 0.85

Genotype TG 1.01 0.79 1.28 0.96 1.02 0.77 1.36 0.89

rs1169306 C Additive 1.05 0.89 1.23 0.57 1.05 0.86 1.27 0.63

Dominant 0.97 0.74 1.25 0.80 0.96 0.70 1.32 0.81

Recessive 1.17 0.90 1.52 0.24 1.18 0.86 1.61 0.31

Genotype CC 1.10 0.80 1.51 0.57 1.10 0.75 1.61 0.63

Genotype CT 0.91 0.69 1.20 0.49 0.90 0.65 1.26 0.54

rs1169307 T Additive 0.95 0.75 1.21 0.70 0.90 0.67 1.21 0.50

Dominant 0.97 0.75 1.26 0.81 0.91 0.66 1.25 0.56

Recessive 0.70 0.25 1.94 0.49 0.69 0.19 2.50 0.58

Genotype TT 0.70 0.25 1.94 0.49 0.68 0.19 2.45 0.56

Genotype TC 0.99 0.76 1.29 0.92 0.92 0.67 1.27 0.63

rs2464196 G Additive 1.05 0.89 1.23 0.56 1.05 0.87 1.28 0.59

Dominant 0.97 0.74 1.25 0.80 0.97 0.71 1.33 0.87

Recessive 1.18 0.91 1.53 0.22 1.18 0.86 1.62 0.30

Genotype GG 1.10 0.80 1.52 0.55 1.11 0.76 1.63 0.59

Genotype GA 0.91 0.69 1.20 0.49 0.91 0.65 1.27 0.59

rs2650000 A Additive 0.83 0.71 0.98 0.03 0.84 0.69 1.02 0.07

Dominant 0.74 0.58 0.96 0.02 0.79 0.58 1.08 0.14

Recessive 0.83 0.63 1.09 0.18 0.79 0.57 1.09 0.15

Genotype AA 0.70 0.50 0.96 0.03 0.70 0.47 1.04 0.08

Genotype AC 0.77 0.58 1.00 0.05 0.84 0.61 1.16 0.29

rs7310409 A Additive 0.88 0.75 1.04 0.14 0.90 0.74 1.10 0.30

Dominant 0.87 0.68 1.10 0.23 0.94 0.70 1.24 0.65

Recessive 0.81 0.59 1.11 0.20 0.77 0.53 1.13 0.18

Genotype AA 0.76 0.54 1.08 0.13 0.77 0.50 1.17 0.22

Genotype AG 0.90 0.70 1.15 0.41 0.99 0.74 1.34 0.96

rs7953249 G Additive 0.84 0.71 0.98 0.03 0.82 0.67 0.99 0.04

Dominant 0.75 0.58 0.96 0.02 0.78 0.57 1.05 0.10

Recessive 0.83 0.62 1.10 0.18 0.75 0.53 1.05 0.09

Genotype GG 0.70 0.50 0.97 0.03 0.66 0.45 0.98 0.04

Genotype GA 0.77 0.59 1.01 0.06 0.83 0.60 1.14 0.25

All SNPs were analyzed under allele, genotype, dominant and recessive models. Statistical analysis was performed using Chi-square test. P-value less than 0.05
were indicated in bold. Effect size was indicated in odds ratio (OR) with 95 % confidence interval (L95 and U95). After bonferroni correction, none of the associations
highlighted in bold remained significant
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Conclusion
In conclusion, our study used HNF1A as a candidate
gene of ischemic stroke and genotyped seven common
SNPs of HNF1A in a Chinese population. We found
nominal association between HNF1A and small vessel
disease subtype of ischemic stroke though not survived
bonferroni correction for multiple comparisons. Cur-
rently, the contribution of seven candidate variants of
HNF1A to ischemic stroke should be interpreted with
caution. It is worthwhile to replicate the association
between HNF1A and ischemic stroke in expanded co-
horts and to characterize the functional role of HNF1A
underlying ischemic stroke.

Additional file

Additional file 1: Table S1. Genotype distribution of overall ischemic
stroke. Table S2. Genotype distribution of large vessel disease. Table S3.
Genotype distribution of small vessel disease. (DOCX 17 kb)

Abbreviations
CRP, C-reactive protein; GWAS, Genome-Wide Association Study; HNF1A,
hepatocyte nuclear factor 1 homeobox A; HWE, Hardy-Weinberg equilibrium;
LVD, large vessel disease; OR, odds ratio; SNP, single nucleotide polymorphism;
SVD, small vessel disease

Acknowledgements
The authors thank all the study subjects, research staff and students who
participated in this work.

Funding
This project was supported by the Collaborative Innovation Center for
Rehabilitation Technology in Fujian Province (Grant Number X2012008-
Collaboration) and the 12th Five-year Plan supporting project of Ministry
of Science and Technology of the People’s Republic of China (Grant
Number 2013BAI10B01).

Availability of data and material
All data and materials supporting the conclusions of this article are included
within the article and its Additional file 1.

Authors’ contributions
LC designed and supervised the study. LC and HS recruited participants,
analyzed and interpreted the data, drafted and revised the manuscript;
SL performed laboratory experiments, analyzed and interpreted the data,
assisted with drafting the manuscript. HL and YZ performed laboratory
experiments and contributed reagents/materials/analysis tools. All authors
have read and approved the final version of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Participants were recruited from the Second People's Hospital Affiliated to
Fujian University of Traditional Chinese Medicine, Fujian Provincial Hospital,
Fuzhou General Hospital of Nanjing Military Command and Fujian University
of Traditional Chinese Medicine Subsidiary Rehabilitation Hospital. This study
was approved by the institutional review board of each participating hospitals.
Written consents were obtained from each participant.

Author details
1Fujian University of Traditional Chinese Medicine, No.1 Qiuyang Road,
Shangjie, Minhou, Fuzhou 350122, China. 2Fujian University of Traditional
Chinese Medicine Subsidiary Rehabilitation Hospital, Fuzhou, China.
3Academy of Integrative Medicine, Fujian University of Traditional Chinese
Medicine, Fuzhou, China. 4Health Management Center, The Second Hospital
of Dalian Medical University, Dalian, China. 5Department of Neurology, The
People’s Hospital of Fujian Province, Fuzhou, China. 6The Second People’s
Hospital Affiliated to Fujian University of Traditional Chinese Medicine,
Fuzhou, China.

Received: 9 January 2016 Accepted: 19 July 2016

References
1. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J,

Adair T, Aggarwal R, Ahn SY, Alvarado M, Anderson HR, Anderson LM,
Andrews KG, Atkinson C, Baddour LM, Barker-Collo S, Bartels DH, Bell ML,
Benjamin EJ, Bennett D, Bhalla K, Bikbov B, Bin Abdulhak A, Birbeck G,
Blyth F, Bolliger I, Boufous S, Bucello C, Burch M, et al. Global and regional
mortality from 235 causes of death for 20 age groups in 1990 and 2010:
a systematic analysis for the Global Burden of Disease Study 2010. Lancet.
2012;380:2095–128.

2. Liu L, Wang D, Wong KSL, Wang Y. Stroke and stroke care in China: huge
burden, significant workload, and a national priority. Stroke. 2011;42:3651–4.

3. Zhang L-F, Yang J, Hong Z, Yuan G-G, Zhou B-F, Zhao L-C, Huang Y-N,
Chen J, Wu Y-F. Proportion of different subtypes of stroke in China. Stroke.
2003;34:2091–6.

4. Wang Y, Cui L, Ji X, Dong Q, Zeng J, Wang Y, Zhou Y, Zhao X, Wang C,
Liu L, Nguyen-Huynh MN, Claiborne Johnston S, Wong L, Li H. The China
National Stroke Registry for patients with acute cerebrovascular events:
design, rationale, and baseline patient characteristics. Int J Stroke. 2011;6:
355–61.

5. Donnan GA, Fisher M, Macleod M, Davis SM. Stroke. Lancet. 2008;371:1612–23.
6. Di Carlo A. Human and economic burden of stroke. Age Ageing. 2008;38:4–5.
7. Liu M, Wu B, Wang W-Z, Lee L-M, Zhang S-H, Kong L-Z. Stroke in China:

epidemiology, prevention, and management strategies. Lancet Neurol.
2007;6:456–64.

8. Traylor M, Farrall M, Holliday EG, Sudlow C, Hopewell JC, Cheng Y-C,
Fornage M, Ikram MA, Malik R, Bevan S, Thorsteinsdottir U, Nalls MA,
Longstreth W, Wiggins KL, Yadav S, Parati EA, Destefano AL, Worrall BB,
Kittner SJ, Khan MS, Reiner AP, Helgadottir A, Achterberg S, Fernandez-
Cadenas I, Abboud S, Schmidt R, Walters M, Chen W-M, Ringelstein EB,
O’Donnell M, et al. Genetic risk factors for ischaemic stroke and its subtypes
(the METASTROKE collaboration): a meta-analysis of genome-wide
association studies. Lancet Neurol. 2012;11:951–62.

9. Francis J, Raghunathan S, Khanna P. The role of genetics in stroke. Postgrad
Med J. 2007;83:590–5.

10. Hassan A, Markus HS. Genetics and ischaemic stroke. Brain. 2000;123(Pt 9):
1784–812.

11. Amarenco P, Cohen A, Tzourio C, Bertrand B, Hommel M, Besson G, Chauvel C,
Touboul PJ, Bousser MG. Atherosclerotic disease of the aortic arch and the risk
of ischemic stroke. N Engl J Med. 1994;331:1474–9.

12. Lombardo A, Biasucci LM, Lanza GA, Coli S, Silvestri P, Cianflone D, Liuzzo G,
Burzotta F, Crea F, Maseri A. Inflammation as a possible link between
coronary and carotid plaque instability. Circulation. 2004;109:3158–63.

13. Packard RRS, Libby P. Inflammation in atherosclerosis: from vascular biology
to biomarker discovery and risk prediction. Clin Chem. 2008;54:24–38.

14. Khera A, de Lemos JA, Peshock RM, Lo HS, Stanek HG, Murphy SA, Wians FH,
Grundy SM, McGuire DK. Relationship between C-reactive protein and
subclinical atherosclerosis: the Dallas Heart Study. Circulation. 2006;113:38–43.

15. Liu Y, Wang J, Zhang L, Wang C, Wu J, Zhou Y, Gao X, Wang A, Wu S,
Zhao X. Relationship between C-reactive protein and stroke: a large
prospective community based study. PLoS One. 2014;9:e107017.

16. Wang Q, Ding H, Tang J, Zhang L, Xu Y, Yan J, Wang W, Hui R, Wang C,
Wang D. C-reactive protein polymorphisms and genetic susceptibility to
ischemic stroke and hemorrhagic stroke in the Chinese Han population.
Acta Pharmacol Sin. 2009;30:291–8.

17. Reiner AP, Barber MJ, Guan Y, Ridker PM, Lange LA, Chasman DI, Walston JD,
Cooper GM, Jenny NS, Rieder MJ, Durda JP, Smith JD, Novembre J, Tracy RP,
Rotter JI, Stephens M, Nickerson DA, Krauss RM. Polymorphisms of the HNF1A

Shi et al. BMC Medical Genetics  (2016) 17:51 Page 7 of 8

dx.doi.org/10.1186/s12881-016-0313-3


gene encoding hepatocyte nuclear factor-1 alpha are associated with
C-reactive protein. Am J Hum Genet. 2008;82:1193–201.

18. Ridker PM, Pare G, Parker A, Zee RYL, Danik JS, Buring JE, Kwiatkowski D,
Cook NR, Miletich JP, Chasman DI. Loci related to metabolic-syndrome
pathways including LEPR, HNF1A, IL6R, and GCKR associate with plasma
C-reactive protein: the Women’s Genome Health Study. Am J Hum Genet.
2008;82:1185–92.

19. Black S, Kushner I, Samols D. C-reactive Protein. J Biol Chem. 2004;279:
48487–90.

20. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh EE.
Classification of subtype of acute ischemic stroke. Definitions for use in a
multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke. 1993;24:35–41.

21. Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MAR, Bender D, Maller J,
Sklar P, de Bakker PIW, Daly MJ, Sham PC. PLINK: a tool set for whole-genome
association and population-based linkage analyses. Am J Hum Genet. 2007;81:
559–75.

22. Rost NS, Wolf PA, Kase CS, Kelly-Hayes M, Silbershatz H, Massaro JM,
D’Agostino RB, Franzblau C, Wilson PW. Plasma concentration of C-reactive
protein and risk of ischemic stroke and transient ischemic attack: the
Framingham study. Stroke. 2001;32:2575–9.

23. Jiménez MC, Rexrode KM, Glynn RJ, Ridker PM, Gaziano JM, Sesso HD.
Association Between High-Sensitivity C-Reactive Protein and Total Stroke
by Hypertensive Status Among Men. J Am Heart Assoc. 2015;4:e002073.

24. Elkind MSV, Luna JM, Moon YP, Liu KM, Spitalnik SL, Paik MC, Sacco RL.
High-sensitivity C-reactive protein predicts mortality but not stroke: the
Northern Manhattan Study. Neurology. 2009;73:1300–7.

25. Bos MJ, Schipper CMA, Koudstaal PJ, Witteman JCM, Hofman A, Breteler
MMB. High serum C-reactive protein level is not an independent predictor
for stroke: the Rotterdam Study. Circulation. 2006;114:1591–8.

26. Manolio TA, Collins FS, Cox NJ, Goldstein DB, Hindorff LA, Hunter DJ,
McCarthy MI, Ramos EM, Cardon LR, Chakravarti A, Cho JH, Guttmacher AE,
Kong A, Kruglyak L, Mardis E, Rotimi CN, Slatkin M, Valle D, Whittemore AS,
Boehnke M, Clark AG, Eichler EE, Gibson G, Haines JL, Mackay TFC, McCarroll SA,
Visscher PM. Finding the missing heritability of complex diseases. Nature. 2009;
461:747–53.

27. McCarthy MI, Abecasis GR, Cardon LR, Goldstein DB, Little J, Ioannidis JPA,
Hirschhorn JN. Genome-wide association studies for complex traits:
consensus, uncertainty and challenges. Nat Rev Genet. 2008;9:356–69.

28. Lauc G, Essafi A, Huffman JE, Hayward C, Knežević A, Kattla JJ, Polašek O,
Gornik O, Vitart V, Abrahams JL, Pučić M, Novokmet M, Redžić I, Campbell S,
Wild SH, Borovečki F, Wang W, Kolčić I, Zgaga L, Gyllensten U, Wilson JF,
Wright AF, Hastie ND, Campbell H, Rudd PM, Rudan I. Genomics meets
glycomics-the first GWAS study of human N-Glycome identifies HNF1α as a
master regulator of plasma protein fucosylation. PLoS Genet. 2010;6:
e1001256.

29. Ohtsubo K, Marth JD. Glycosylation in cellular mechanisms of health and
disease. Cell. 2006;126:855–67.

30. Ellard S, Colclough K. Mutations in the genes encoding the transcription
factors hepatocyte nuclear factor 1 alpha (HNF1A) and 4 alpha (HNF4A) in
maturity-onset diabetes of the young. Hum Mutat. 2006;27:854–69.

31. Colclough K, Bellanne-Chantelot C, Saint-Martin C, Flanagan SE, Ellard S.
Mutations in the genes encoding the transcription factors hepatocyte
nuclear factor 1 alpha and 4 alpha in maturity-onset diabetes of the
young and hyperinsulinemic hypoglycemia. Hum Mutat. 2013;34:669–85.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Shi et al. BMC Medical Genetics  (2016) 17:51 Page 8 of 8


	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Subjects
	SNP selection and genotyping
	Statistical analysis

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

