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Abstract

Background and Purpose—Vascular recurrence occurs in 11% of patients during the first 

year after ischemic stroke (IS) or transient ischemic attack (TIA). Clinical scores do not predict the 

whole vascular recurrence risk, therefore we aimed to find genetic variants associated with 

recurrence that might improve the clinical predictive models in IS.

Methods—We analyzed 256 polymorphisms from 115 candidate genes in three patient cohorts 

comprising 4,482 IS or TIA patients. The discovery cohort was prospectively recruited and 

included 1,494 patients, 6.2% of them developed a new IS during the first year of follow-up. 

Replication analysis was performed in 2,988 patients using SNPlex or HumanOmni1-Quad 

technology. We generated a predictive model using Cox regression (GRECOS score), and 

generated risk groups using a classification tree method.

Results—The analyses revealed that rs1800801 in the MGP gene (HR: 1.33, p= 9×10−03), a gene 

related to artery calcification, was associated with new IS during the first year of follow-up. This 
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polymorphism was replicated in a Spanish cohort (n=1.305), however it was not significantly 

associated in a North American cohort (n=1.683). The GRECOS score predicted new IS (p= 

3.2×10−09) and could classify patients, from low risk of stroke recurrence (1.9%) to high risk 

(12.6%). Moreover, the addition of genetic risk factors to the GRECOS score improves the 

prediction compared to previous SPI-II score (p=0.03).

Conclusions—The use of genetics could be useful to estimate vascular recurrence risk after IS. 

Genetic variability in the MGP gene was associated with vascular recurrence in the Spanish 

population.

Keywords

stroke recurrence; genetics

1-Introduction

Stroke remains a major cause of death and disability. In the European Union estimates 

showed 2,700,000 recurrent stroke cases, and 536,000 incident stroke cases per year (1, 2). 

The risk of stroke recurrence after a first stroke is high, especially at the early stages, being 

around 6–12% within the first year of the initial stroke. Moreover, stroke patients also 

confront a high risk of developing other vascular diseases such as acute myocardial 

infarction and vascular death. Data suggest that within 10 years of ischemic stroke or 

Transient Ischemic Attack (TIA), around 60% of patients will die and 54% will experience a 

new vascular event. In the European Union countries, the total annual direct and indirect 

costs of stroke are estimated at €27 billion (3, 4). Unfortunately, we cannot clearly predict 

individualized stroke recurrence risk. Therefore, identification of patients at highest risk of 

recurrent stroke, including through the development of specific measures for early detection 

and prevention, remains a high priority. Several modifiable, lifestyle-associated risk factors 

such as physical inactivity, smoking, and alcohol consumption are implicated in vascular 

recurrence (5). Moreover, age, hypertension, atrial fibrillation, hyperlipidemia, 

homocysteine levels and diabetes also increase risk of stroke recurrence (6). Two main 

scores including clinical variables have been generated to predict vascular recurrence after 

ischemic stroke, such as the Essen Stroke Risk Score (ESRS) (7) and the Stroke Prognosis 

Instrument (SPI-II) (8), however the predictive ability of these models is limited and not 

useful for clinical practice (9).

Although genetic background explains some of the inter-individual differences in 

cardiovascular events recurrence, very few studies, with a sample size higher than 1000 

subjects, have analyzed the role of individual genetic background in the risk of vascular 

recurrence among first-ever ischemic stroke patients (10–13).

We aimed to identify genetic variants associated with vascular and with ischemic stroke 

recurrence in order to estimate the ability of a clinical-genetic model to predict 

cardiovascular recurrence after a first-ever ischemic stroke.
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2-Methods

2.1 Study Population

The Discovery cohort (“Cohort-A”) (n = 1494) consisted of consecutive Caucasian patients 

with a first ischemic stroke that were admitted to the emergency room of one of the 23 

participant Spanish hospitals (supplemental data) between July 2005–May 2009. Replication 

cohort B (n = 844) and C (n = 461) were recruited at Vall d’Hebron Hospital and 5 more 

Spanish hospitals as a part of GenotPA project between November 2000–May 2005 (14). 

Replication cohort D (n = 1683) was comprised of European-ancestry individuals recruited 

between 1997–2001 in North America and Scotland as a part of the Vitamin Intervention for 

Stroke Prevention (VISP) clinical trial (15). We used a prospective cohort study design, and 

considered patients with a vascular recurrence as cases and patients without a vascular 

recurrence as controls. We analyzed two end-points: 1-Ischemic stroke recurrence; and 2-

Vascular recurrence (new ischemic stroke, myocardial infarction, peripheral vascular disease 

or cardiovascular death). This study was approved by local ethics committee and written 

informed consent was obtained from all individuals.

2.2 Clinical Protocol

Included patients from Cohort A met the following criteria: First episode of persistent focal 

neurological deficit of less than 1 h (TIA) or more than 1 h with Neuroimaging (CT or MRI) 

confirming an ischemic stroke, ruling out other pathology for both TIA and ischemic stroke. 

We excluded individuals who have previously been diagnosed with a stroke, individuals with 

mRS at discharge ≥ 4 and with a life expectancy <1 year at the time of inclusion and patients 

participating in a clinical trial of secondary prevention of stroke. Patients with a presence of 

diseases that are associated with a life expectancy of less than one year, such as cancer or 

AIDS in advanced stages, were excluded. On the basis of their experience and information 

provided by other physicians, the neurologists decided whether to include or exclude each 

patient from the study.

We enrolled the patients during the first 24h after stroke and performed a follow-up for at 

least one year to record the occurrence of ischemic stroke recurrence or global vascular 

recurrences. Ischemic stroke recurrence was defined by the occurrence of a new ischemic 

stroke following first-ever stroke. Vascular recurrence was defined by a new ischemic stroke, 

myocardial infarction, peripheral vascular disease or cardiovascular death. We used standard 

questionnaires to capture follow-up clinical and demographic data for each participant 

during phone calls performed every three months, and performed Morisky Green tests for 

treatment compliance (16).

Replication cohorts (Cohorts B–C) were recruited as a part of the Genot-PA study (14), 

clinical data regarding ischemic stroke were assessed in the emergency room or during 

hospitalization, and vascular recurrence data and follow-up data were obtained by reviewing 

the clinical records and by telephone interview. The VISP trial was a multi-center clinical 

trial that enrolled patients aged ≥35 with a non-disabling cerebral infarction defined as an 

ischemic brain infarction not due to embolism from a cardiac source. The trial was designed 

to determine if daily intake of a multivitamin tablet reduced ischemic stroke recurrence 
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events. The recurrence was detected by telephone contacts and in-clinic visits every 3 

months for up to 2 years. Patients were excluded if the presence of cancer, pulmonary 

disease, or another illness was observed which, in the opinion of the study physician, would 

limit the life expectancy of the patient to less than two years.

The VISP cohort differed from the discovery Cohort A with regard to the B vitamin 

intervention and exclusion of patients with TIAs or cardioembolism.

2.3 Genetic Analysis

We identified 256 SNPs in 115 genes selected from the literature in May 2010 (methods in 

supplemental data) related to angiogenesis, stroke, hypertension and other pathways 

associated with stroke (Supplemental Table I).

Genotyping was performed using SNPlex™ technology (Applied Biosystems, Foster City, 

California). For quality control, two HapMap samples (NA10860/NA10861) were included, 

and their genotype concordance was verified. The 256 SNPs reached the minimal call rate.

VISP samples (Cohort-D) were genotyped at the Johns Hopkins Center for Inherited Disease 

Research, using the Illumina HumanOmni1-Quad_v1-0_B BeadChip (Illumina, San Diego, 

CA), (methodology in supplemental data).

2.4 Statistical Analysis

Sample size calculation was performed using Ene 2.0 software (http://www.e-

biometria.com). One hundred and ten subjects were needed to detect SNP frequencies >0.30 

in the experimental group (patients with recurrence) and <0.15 in the reference group 

(patients without recurrence) to achieve statistical power of 80% with p-value = 0.05.

Statistical analysis was performed using SPSS software, v.15 (IBM, Chicago, Illinois). 

Statistical significance for each SNP in the discovery cohort A was assessed by Kaplan-

Meier curves using log-rank test. Multivariable analysis was performed using Cox regression 

in cohort A. Statistical significance for each SNP in the replication cohorts B, C and D were 

assessed by chi-square analysis or Fisher’s exact test.

Continuous variables were compared by analysis of variance (ANOVA), Mann-Whitney or 

Kruskal-Wallis tests. We generated a predictive score based on cox regression (CR) beta 

coefficients using the data from cohort A, using a forwards stepwise procedure, with a p-

value of 0.05 as the threshold for entry.

Receiver operating characteristics (ROC) curves were plotted, and predictive capacity was 

calculated by measuring the area under the curve (AUC). The different AUCs were 

compared using z-test (17) from MedCalc version 9.2.0.1 (Mariakerke, Belgium).

The decision tree algorithm was generated with SPSS classification tree test (SPSS software, 

IBM, Chicago, Illinois). The association of the nodes with ischemic stroke recurrence was 

tested with the chi-square test using SPSS (SPSS software, IBM, Chicago, Illinois).
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The clinical variables included in the GRECOS score were those statistically (p<0.05) 

associated with stroke recurrence after COX regression and the SNPs included in the 

GRECOS score were those statistically associated with stroke recurrence after replication 

analysis (p<0.05).

3-Results

In discovery cohort A, new ischemic strokes were observed in 6.2% of patients during the 

first year of follow-up and global vascular recurrence was observed in 10.2%. Clinical and 

demographic data are available based on their availability in at least the 80% of the cohort 

(Supplemental Table II). Eleven variables were nominally associated with recurrence of new 

ischemic stroke events (p<0.1) and were included in the Cox regression analysis (Table 1).

3.1 Genotyping data

Ischemic Stroke Recurrence Association Studies—In the discovery stage (Cohort 

A, n=1494), 17 SNPs were associated with the occurrence of a new ischemic stroke under a 

dominant-recessive model (p<0.05). However, none of these SNPs remained significant after 

replication stages (Supplemental Table III).

Under an additive model, 60 SNPs were associated (p<0.05) with the occurrence of a new 

ischemic stroke in the discovery stage (Cohort A) (Supplemental Table IV). After replication 

stages (in Cohort B, n= 844 and Cohort C, n= 461; 476 cases and 829 controls) only 

rs1800801 in MGP gene was associated with the risk of new ischemic stroke following a 

genetic additive model: Discovery cohort: p= 9×10−03; Replication cohort (cohort B and C): 

1.48 OR (95% CI, 1.04–1.81); p=0.025. Replication analysis within VISP cohort (cohort D) 

(n= 1683) revealed that rs1800801 was not associated with stroke recurrence in a non-

Spanish cohort (p>0.05). However the Kaplan-Meier curves performed with prospective 

cohort A showed a clear cumulative risk of recurrent ischemic strokes during the time of 

follow-up (Figure 1). The rs1800801 SNP was only imputed in the cohort D using MACH 

version 1.0.16.

Vascular Recurrence Association Study—Under a dominant-recessive model and 

under the additive model, 13 and 53 SNPs, respectively were associated with vascular 

recurrence. None of them remained significant after replication stages (Supplemental Table 

III).

3.2 Ischemic Stroke Recurrence Clinical Predictors

Univariate analysis in Cohort A identified eleven clinical variables (Table 1) nominally 

associated with the recurrence of new ischemic stroke events (p<0.1) from the 50 analyzed 

(Supplemental Table II). We included these 11 variables in a Cox regression analysis, along 

with rs1800801, to determine whether rs1800801 was independently associated with 

ischemic stroke recurrence and to generate the clinical-genetics score. We selected the 

median age (71 years) as cut-off for the analysis.

After Cox regression only TIA at enrollment, median age above 71 years and previous acute 

myocardial infarction or angina prior to enrollment were associated with ischemic stroke 
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recurrence during the first year following the first ischemic stroke or TIA. When we 

introduced the rs1800801 SNP in the Cox regression, this SNP was a predictor of ischemic 

stroke recurrence (rs1800801, HR: 2.26 [1.462–3.488]; p = 1.27 10−4).

3.3 Ischemic stroke recurrence score generation

A pilot predictive score from the Cox regression model was generated to determine the 

usefulness of the combination of clinical and genetic variables to predict ischemic stroke 

recurrence. We included age, TIA at enrollment, previous acute myocardial infarction or 

angina and rs1800801 (G allele) in the following formula based on the independent variables 

obtained by Cox regression: Score = (1.85 × Age>71 years) + (2 × inclusion TIA) + (3.6 × 

AMI/ANGINA) + (2.26 × rs1800801 (G allele)). The coefficient for each variable was the 

Hazard Ratio value from the COX regression. This combined genetic and clinical model (the 

GRECOS score) predicts ischemic stroke recurrence (p= 3.2×10−09) with an AUC of 0.684 

[0.569–0.675].

The GRECOS score had higher predictive capacity than the previously reported SPI-II score 

or ESRS score, although the difference with ESRS was not significant (AUC-GRECOS 

score: 0.684 vs. AUC-SPI-II: 0.601, p = 0.03 and AUC-GRECOS score: 0.684 vs. AUC-

ESRS: 0.622, p = 0.11). The 3 clinical variables included in the GRECOS score alone were 

slightly but not significantly different from the classical scores (AUC-clinical variables 

alone: 0.622 vs. AUC-SPI-II: 0.601, p = 0.9); AUC-clinical variables alone:0.622 vs. AUC-

ESRS: 0.622 p=0.9). As shown by AUC values, neither genetic data nor clinical data alone 

significantly increased the predictive capacity compared to the SPI-II or ESRS scores, only 

the combination of clinical and genetic variables improves the capacity of prediction.

3.4 Classification tree

We included the three clinical variables and the rs1800801 SNP in the classification tree 

algorithm implemented in the SPSS software (Figure 2). We observed that 12.6% of patients 

harboring allele G of rs180081 (risk allele) and with previous angina or acute myocardial 

infarction (Node 7) suffered a new ischemic stroke during follow-up (Figure 2). 

Interestingly, only 1.9% of patients without previous angina/acute myocardial infarction, 

without TIA at enrollment and harboring allele A of rs180081 (Node 8) suffered a new 

ischemic stroke.

The association of all nodes with ischemic stroke recurrence was very significant (p 
value=5.58 × 10−5). In addition, when we analyzed the node with the highest risk (node 7) 

versus the others, the results were significant (p value=0.023), as were the results when we 

compared the node with the lowest risk (node 8) versus the others (p value= 2.8 × 10−4).

4-Discussion

The clinical-genetic score generated with three clinical variables (age >71 years, TIA at the 

enrollment and previous AMI/Angina) and rs1800801 (GRECOS score) improved AUC 

results versus previously reported clinical scores SPI-II or ESRS, with a statistically 

significant improvement in relation to the SPI-II score. However when we used only the 

clinical variables, the GRECOS score did not show statistically significant differences versus 
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the SPI-II score indicating that the inclusion of genetic risk factors in clinical scores can 

improve the prediction of stroke recurrence. The scores generated to predict vascular 

recurrence in stroke patients have low predictive values, questioning the usefulness of these 

risk scores in daily clinical practice (18), afterwards the increase of the prediction using 

genetic biomarkers could be important for a clinical implementation.

Furthermore, the GRECOS classification tree indicates a major patient risk group (Node 7) 

harboring rs180081 allele G (risk allele) and with previous angina/acute myocardial 

infarction that showed a 12% risk of ischemic stroke recurrence, which is double the mean 

of all ischemic stroke patients (6%). In contrast, we observed a minor patient risk group with 

a recurrence risk of only 1.9%, one third of the risk for all the patients. If these results are 

replicated in an independent study, it could be very useful from a clinical point of view. A 

neurologist could modify the treatment of this group of high risk patients, for example by 

increasing the anti-aggregation doses or using double anti-aggregation (aspirin and 

clopidogrel).

An international replication did not find any association between rs1800801 and new 

recurrent ischemic strokes, suggesting that this SNP may be associated with stroke 

recurrence only in the Spanish population. However, the VISP project (cohort D) was a 

clinical trial in which the patients were treated with vitamin interventions, introducing a 

potential confounding factor that could influence the genetic results. Other differences 

among VISP and the Spanish cohorts are the higher frequency of genetically influenced 

clinical risk factors, including hypertension and diabetes mellitus (Supplemental Table V), 

compared to the GRECOS cohort. Moreover, VISP enrolled participants between 1997 and 

2001, prior to the majority of individuals enrolled in the Spanish populations and during a 

time of transition in secondary stroke prevention. Another problem might be the sample size 

needed for the replication and the fact that in the VISP project patients with TIA or 

cardioembolism were not enrolled. Additional studies will be needed to determine whether 

the association of rs1800801 SNP with ischemic stroke recurrence is observed in other 

populations. The rs1800801 variant is located in the promoter region of the MGP gene. This 

gene encodes a matrix Gla protein which is an inhibitor of bone formation. The MGP 
−7A>G (rs1800801) polymorphism has been associated with higher risk of coronary artery 

calcification (19, 20). The functional relevance of this SNP is controversial: it is located at a 

possible transcription start site (19), but its effects on matrix Gla protein expression and 

serum levels are unclear (19–21). Several authors hypothesized that MGP −7A>G is not a 

functional variant and that the amino acid change Thr83Ala, in linkage disequilibrium with 

MGP −7A>G (D′= 0,97), might be responsible for MGP changes (19). The Thr83Ala 

substitution changes protein polarity and could affect its capacity to bind to calcium, leading 

to calcium deposition in the arterial wall (19), however the effect of rs1800801 has not yet 

been established.

Matrix Gla protein may play a protective role in atherosclerosis progression (21). It has been 

found in plaque deposits and its expression is increased in atherosclerotic plaques. 

Moreover, a knock-out mouse model showed intense arterial calcification and death within 

the first two months (22). MGP is a mineralization-associated gene, as it is OPN, which 

encodes osteopontin, a protein previously reported to be associated with poor prognosis after 
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stroke by our group (23). Both MGP and OPN genes are up-regulated through the ERK1/2 

pathway (24) and are expressed at calcification sites within atherosclerotic lesions (25).

Previous studies have found SNPs associated with vascular recurrence in stroke (10–13). 

Two studies performed with Asian population (10, 11) observed associations of ANRIL and 

NINJ2 polymorphisms with vascular recurrence. SNP rs10757278 of the ANRIL gene was 

not associated with stroke recurrence in our cohort. However, we did not check NINJ2 SNPs 

because previously unpublished results did not find any association between this locus and 

ischemic stroke in Spanish population. These two studies analyzed less than five SNPs and 

were performed in Asian populations, thus it is possible that these polymorphisms are only 

genetic risk factors for Asian populations. Two other studies have been performed in 

Caucasian population (12, 13). One of these studies recently found an association of three 

CRP polymorphisms with recurrent stroke. In our study we did not analyze these three 

polymorphisms due to the selection of the genes and polymorphism for our project was 

performed previously to the publication of the mentioned study (12).

Only in one paper (13) the potential role of genetics to predict recurrent strokes has been 

calculated. In this paper the authors did not find any improvement in the use of the genetics 

to predict the occurrence of new recurrent ischemic strokes compared to the use of clinical 

factors. However the authors only analyzed SNPs associated with non-recurrent ischemic 

stroke from previous studies. These results are in concordance with our results indicating 

that genetic risk factors associated with recurrent strokes may be different than genetic risk 

factors associated with non-recurrent strokes. In contrast, in our study with different SNPs 

selection criteria we have observed a prediction improvement when the genetic risk factors 

are included in a score. The differences observed in the two studies can be explained 

regarding the strategy followed by the two groups. In our study we have found the SNPs 

associated with stroke recurrence, as a first stage, and secondly we have performed the score 

with the significant genetics variables, however the study of Achterberg et al. performed the 

genetics score with SNPs associated previously with ischemic stroke without checking the 

association with recurrent strokes. Based on our results, we think that genetics could be 

useful for stroke recurrence prediction when more studies will be performed in the field, 

including Genome Wide Association Studies (GWAS).

Limitations

Replication cohorts were not recruited prospectively as it has been performed with the 

discovery cohort. Prevention strategies in stroke have changed during the last ten years but 

these data are difficult to quantify, but we make the assumption that cases with recurrences 

and cases without recurrences recruited in the same time period received comparable 

treatment and prevention strategies. Sub-analyses depending on the subtype of ischemic 

stroke were not performed due to the limited sample size. It would be very interesting to test 

the GRECOS score in the other replication cohorts. However, one of the main clinical 

variables associated with stroke recurrence is previous myocardial infarction (before first 

stroke) and this data was not included in the replication cohorts. The MGP polymorphism 

was not significant after Bonferroni correction. However, we think that Bonferroni penalizes 

gene candidate studies too harshly, and the SNP was replicated in independent cohorts. 
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Bonferroni is a useful multivariable test correction in several situations; however, the 

Bonferroni method is conservative and has low power (26, 27). It has been suggested that 

Bonferroni is a useful method in situations in which several subgroups of analysis have been 

tested, such as multi-stratification of the cohort (selection of women only, younger subjects 

only, etc.) or in “omics studies” with no selection of genes, proteins, or clinical factors with 

a biologically plausible association with the end-point of the study (26). We think replication 

is the most important phase of the study to validate the results obtained in gene candidate 

analysis (28).

We did not count the number of SNPs discarded during the first search of SNPs. The data 

could be valuable for future studies, but unfortunately we do not have this information. 

Economic studies could estimate the usefulness of including this SNP among the clinical 

tests

Summary/Conclusions

The generation of a score using clinical and genetic variables to predict ischemic stroke 

recurrence has revealed its potential to be useful in the future as a diagnostic tool during the 

follow-up of ischemic stroke patients.

Accurate estimates of vascular recurrence risk would allow clinicians to individualize 

secondary preventive treatment and to perform an intense follow-up of the major risk 

patients. This study is a potential first step in the development of personalized medicine 

tools for vascular recurrence after a first ischemic stroke
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Kaplan-Meier curves of rs1800801 and time of recurrent ischemic stroke event
X axis: time (days) from first stroke or TIA to recurrent ischemic stroke, p value = 9 × 10−3. 

Y axis: cumulative events (ischemic strokes). Data obtained from Discovery cohort A, N = 

1,494.
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Figure 2. Classification tree
Depending on the clinical and genetic risk factors, the patient will be incorporated in a node. 

Each node has a different ischemic stroke recurrence risk. Node 7 corresponds to the 

maximum risk of suffering a recurrent ischemic stroke; 12.6% of patients in this node will 

suffer an ischemic stroke during follow-up. Node 8 corresponds to the minimum risk of 

suffering a recurrent ischemic stroke. Only 1.9% of patients in Node 8 will suffer a new 

ischemic stroke during follow-up. %: percentage of patients, AMI: acute myocardial 

infarction, Rec: stroke recurrence during the first year, N: number of patients. Data obtained 

from Discovery cohort A. Only patients with all the data available were included in the 

classification tree analysis (N= 1,070).
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Table 1
Clinical variables associated with ischemic stroke recurrence during the first year. 
Discovery cohort (Cohort A)

The p values were obtained after Kaplan-Meier analysis, and p values of Cox regression were obtained after 

Cox regression. MI: Myocardial infarction, na: Not assessed, ns: Non-significant.

Clinical Variable p value (Kaplan-Meier) Hazard Ratio p value (Cox regression)

Median Age (71 years) 0.001 1.85 0.006

Dyslipidemia 0.046 na ns

Diabetes 0.005 na ns

Angina or MI 0.003 3.65 9.5 10−09

Diabetic nephropathy 1.9 × 10−05 na ns

TIA 0.006 2 0.028

TOAST 0.013 na ns

Clopidogrel treatment 0.048 na ns

Diuretics 0.020 na ns

B-blockers 0.037 na ns

Oral antidiabetic drugs 0.017 na ns
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