
3393

See related article, p 3335

The long-term risk of myocardial infarction (MI) and re-
current ischemic stroke after a transient ischemic attack 

(TIA) or ischemic stroke is particularly high in patients with 
prior coronary artery disease (CAD).1,2 Recent trials of more 
intensive secondary prevention, such as those of lipid-lowering 
with the PCSK9 (proprotein convertase subtilisin-kexin type 
9) inhibitors3–5 or those combining antithrombotic treatments,6 
focused on patients with prior CAD. However, whether some 
subgroups of patients with TIA/stroke without prior CAD 
have a similar high long-term risk of MI or recurrent ischemic 
stroke remains uncertain. Although the SPARCL trial7 showed 

that higher dose of statin should be standard of care in patients 
with TIA/stroke, it is uncertain whether more intensive treat-
ment might be justified in certain subgroups.

Long-term follow-up of patients with TIA/stroke has 
shown that the risks of death due to recurrent stroke and 
death due to coronary events are similar.1 However, risk strat-
ification schemes tend to focus on risk of recurrent stroke.8–13 
Nevertheless, since risk scores to predict the risk of recur-
rent ischemic stroke are mostly based on risk factors for, or 
clinical manifestations of, atherosclerosis they may also pre-
dict coronary events. Therefore, rather than attempting to de-
rive and validate a new score to predict coronary events after 
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TIA/stroke, we determined the predictive value of the Essen 
stroke risk score for risk of MI after TIA/stroke. The Essen 
risk score is a simple clinical score that was derived to predict 
the 1-year risk of recurrent ischemic stroke after ischemic 
stroke based on the presence of prior vascular comorbidities, 
including current smoking, previous TIA or ischemic stroke, 
prior CAD, peripheral artery disease, hypertension, diabetes 
mellitus, and age and is one of the most established scores for 
patients with stroke.11,13

The Essen score has been validated previously, but further 
validation would be helpful for several reasons. First, pre-
vious validations have looked only at short-term risk, predict-
ing the 1-year risk of recurrent stroke,11,13–19 or the 1-year risk 
of the combined outcome of recurrent stroke, MI, and cardi-
ovascular death14,17,19 or the 1-year risk of combined outcome 
of recurrent stroke or cardiovascular death.18 Second, the 
score was derived on patients recruited into a trial cohort in 
the early 1990s, and the validation cohorts involved patients 
recruited in trials or hospital-based registries, mostly in the 
early 2000s before the widespread use of higher-dose statins.7 
The absolute risk of MI after TIA/stroke has decreased over 
the past few decades,1 and there are relatively few recent data 
on the overall residual vascular risk in patients with TIA/
stroke on current guideline-based management, particularly 
on long-term follow-up. Third, previous validation studies 
have focused mainly on patients with stroke due to large ar-
tery disease, have excluded patients with TIA, and have sug-
gested that the score might perform less well in those with 
stroke due to small vessel disease.19 Finally, no study has 
looked at whether the score predicts risk of MI as well as 
stroke, and none have assessed predictive value in patients 
with no prior CAD.

We aimed to determine whether the Essen score iden-
tified a subset of patients with TIA/stroke without known 
prior CAD who nevertheless had a high risk of MI on cur-
rent secondary prevention management and might, there-
fore, benefit from more intensive treatment or might be 
included in future trials.

Methods
Requests for anonymized data will be considered by the corre-
sponding author.

The OXVASC (Oxford Vascular Study) is an ongoing population-
based study of the incidence and outcome of all acute vascular events 
in 92 728 individuals, irrespective of age, registered with 100 family 
physicians in 9 general practices in Oxfordshire, United Kingdom.20 
The analysis reported here included consecutive cases, irrespective of 
age, with a TIA or ischemic stroke from 2002 to 2014, with follow-up 
until 2016. The OXVASC study design has been described in detail 
previously.20 Briefly, multiple overlapping methods of hot and cold 
pursuit were used to achieve near-complete ascertainment of all indi-
viduals with TIA or stroke.21,22 These include (1) a daily, rapid access 
TIA and stroke clinic to which participating general practitioners 
and the local emergency department refer individuals with suspected 
TIA or minor stroke; (2) daily searches of admissions to the medical, 
stroke, neurology, and other relevant wards; (3) daily searches of the 
local emergency department attendance register; (4) daily searches 
of in-hospital death records via the Bereavement Office; (5) monthly 
searches of all death certificates and coroner’s reports for out-of-hos-
pital deaths; (6) monthly searches of general practitioner diagnostic 
coding and hospital discharge codes; and (7) monthly searches of all 
brain and vascular imaging referrals.

Demographic data, prior comorbidities, and medication were 
collected from face-to-face interviews and cross-referenced with pri-
mary care records. All cases were investigated and treated according 
to current guidelines. Patients were classified as having a prior CAD 
if they had at least one of the following: previous MI; unstable an-
gina; angina; previous percutaneous coronary intervention; or coro-
nary artery bypass graft surgery. Written informed consent or assent 
from relatives was obtained in all patients. OXVASC was approved 
by our local research ethics committee.

Standard World Health Organization definitions were used for 
TIA and stroke, which have been reported previously.20,21 All cases 
were investigated according to current guidelines and reviewed by 
a senior neurologist with stroke expertise (P.M. Rothwell) to ensure 
consistency over time and TIA/stroke cause was categorized accord-
ing to the modified TOAST (Trial of ORG 10172 in Acute Stroke 
Treatment) criteria (Table I in the online-only Data Supplement).23 
Differentiation between TIA and stroke was based on the WHO 
24-hour cutoff for symptom duration (ie, events were classified as 
TIA even if diffusion-weighted imaging was positive if symptoms 
resolved within 24 hours), and we have kept the same definition over 
time. Patients were prescribed standard secondary prevention medi-
cation according to contemporary guidelines, including antiplatelet 
or anticoagulant treatment, as appropriate, blood pressure-lowering 
medication and statin treatment to achieve a target of blood pressure 
<140/90 and LDL (low-density lipoprotein) <2.6 mmol/L, both at 
baseline and at the time of study follow-up visits.

All patients were followed up face-to-face at 1, 6, 12, 60, and 
120 months by a study nurse or physician and subsequent vascular 
events identified and risk factor control evaluated and treatment re-
vised as necessary. For patients who had moved out of the study area, 
telephone follow-up was done, and patients with dementia were fol-
lowed up via a carer or by assessment in a nursing home. All MIs that 
presented to medical attention would also be identified by ongoing 
daily case-ascertainment of all acute vascular events in the study 
population. All study patients were also notified to the UK Office of 
National Statistics such that all deaths were reported back to the study 
with causes. Deaths were also identified by regular review of primary 
care records and by regular contact with the Coroner’s Office to as-
certain out-of-hospital deaths.

MI was defined using standard criteria and remained unchanged 
over the study period.24 Recurrent ischemic stroke was defined as new 
neurological deficit fitting the definition for ischemic stroke occur-
ring after a period of neurological stability or improvement.

Statistical Analysis
We determined the 10-year actuarial risk of MI and of recurrent is-
chemic stroke from Kaplan-Meier analyses in patients with TIA/
stroke with and without prior CAD. Among the latter subgroup, we 
stratified risk by the Essen score but excluded the history of other 
cardiac disease (ie, cardiac disease other than MI or atrial fibrilla-
tion; Table 1) because this variable was not fully defined in previous 
reports.11,14,15 Essen scores in patients without prior CAD, therefore, 
ranged from 0 to 7: 1 point is attributed for age 65 to 75 years; 2 for 
age >75 years and 1 for each history of prior hypertension, diabetes 
mellitus, peripheral artery disease, current smoking, or previous TIA 
or ischemic stroke. A small number of patients with missing value on 
the Essen score were excluded from the analyses. Discrimination (ie, 
how well the score distinguished between people with the outcome 
and those without) was assessed with the C statistic. Difference in 
the discrimination of the score for the risk of MI and for the risk of 
recurrent ischemic stroke was assessed by a Z-test. Age- and sex-
adjusted risk associations between variables of the Essen score and 
MI were determined by Cox regression. In additional analyses in 
patients without prior CAD, we determined the 10-year risk of MI or 
recurrent ischemic stroke based on the Essen score and stratified by 
presence of large artery disease (TOAST) subtype, which have been 
shown to carry one of the highest risks of MI and recurrent ischemic 
stroke,2 and difference was assessed by log-rank P. Also, we deter-
mined the predictive value of adding the variable presence of large 
artery disease (TOAST) subtype as a categorical variable to the Essen 
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score for the risk of MI and of recurrent ischemic stroke, with 1 point 
being attributed for the presence of large artery disease subtype and 
0 point for any other subtypes than large artery disease. All analyses 
were done using R version 3.1.3.

Results
Of 2555 patients with TIA/stroke, those without prior CAD 
(n=2017; 78.9%) were younger, had less prior vascular comor-
bidities, except for current smoking, and were less likely to be 
on antithrombotics, antihypertensives and statins before the 
TIA/stroke than those with prior CAD (P<0.001, Table  2). 
Rates of secondary preventive therapies use were high at 
1-year follow-up, but rates of antithrombotics and antihyper-
tensives use remained lower in patients without CAD than 
in those with (Table 2). The prevalence of TIA/stroke due to 
large artery disease was similar in patients with and without 
prior CAD, but TIA/stroke was less often due to cardioembo-
lism in patients without CAD (Table 2).

During 13 070 patient-years of follow-up, there were 118 
MIs after a median (range) of 5.6 (0–14.6) years, of which 
70 (59.3%) occurred in patients without prior CAD. Five 
(0.2% of patients) had a missing value for one of the Essen 
score variables and were excluded from subsequent analy-
ses. Among patients without prior CAD, those with an Essen 
score ≤1 comprised 565 (28.1%) of all patients but accounted 
for 3 (4.3%) of follow-up MI, whereas those with a score ≥4 
comprised 14.6% (n=294) of all patients but accounted for 
31.4% (n=22) of MI (Table  3). There were also 413 recur-
rent ischemic strokes during follow-up, of which 313 (75.7%) 
occurred among patients without prior CAD.

In patients without prior CAD, variables of the Essen score 
were all associated with an increased risk of MI after adjust-
ment for age and sex (Table  4). The 10-year risk of MI in 
patients without prior CAD (overall risk =6.0% [95% CI, 4.4–
7.5]) ranged from 0.9% (0–1.9) in those with an Essen score ≤1 
to 29.8% (7.7–46.6) in those with a score ≥5 (Figure, Table 3), 
with a C statistic of 0.64 (0.57–0.71, P<0.001). Compared with 
patients with prior CAD (n=538, 21.1%), an Essen risk score 
of ≥4 (n=294, 11.5%) in those without prior CAD identified a 

subgroup at similarly high 10-year risk of MI (17.2%, 6.9–26.3; 
versus 16.9%, 11.5–22.0). The subgroup of patients without 
prior CAD with an Essen risk score of ≥4 were also at signif-
icantly higher 10-year risk of MI than those with a score of 
<3 (17.2%, 6.9–26.3 versus 4.7%, 3.2–6.2; P<0.001, age-and 
sex-adjusted hazard ratio =2.23, 1.32–3.76, Table 5, Table II in 
the online-only Data Supplement), with no interaction by TIA/

Table 1.  The Essen Risk Score11,13

Variables of the Essen Score Points

Age, y

 ��� <65 0

 ��� 65–75 1

 ��� >75 2

History of hypertension 1

History of diabetes mellitus 1

History of peripheral artery disease 1

History of previous myocardial infarction 1

History of other cardiovascular disease (except 
myocardial infarction and atrial fibrillation)

1

Current smoking 1

Additional TIA or ischemic stroke in addition to the 
qualifying event (ie, previous TIA/ischemic stroke)

1

TIA indicates transient ischemic attack.

Table 2.  Baseline Characteristics of OxVasc Patients With TIA or Stroke 
Included in the Analysis and Medication at Baseline and on Follow-Up

Prior Coronary Artery Disease

P ValueNo (n=2017) Yes (n=538)

Mean (SD) age, y 72.7 (13.5) 78.4 (9.8) <0.001

Men 971 (48.1) 291 (54.1) 0.0162

Prior comorbidities

 ��� Previous TIA or ischemic 
stroke

248 (12.3) 101 (18.8) <0.001

 ��� Atrial fibrillation 339 (16.8) 183 (34.0) <0.001

 ��� Peripheral artery disease 103 (5.1) 88 (16.4) <0.001

 ��� Hypertension 1128 (55.9) 409 (76.0) <0.001

 ��� Diabetes mellitus 225 (11.2) 132 (24.5) <0.001

 ��� Hypercholesterolemia 493 (24.4) 289 (53.7) <0.001

Smoking status

 ��� Present* 321 (15.9) 40 (7.4) <0.001

 ��� Past† 771 (38.2) 282 (52.4) <0.001

TIA/stroke subtype

 ��� Cardioembolic 471 (23.3) 198 (36.8) <0.001

 ��� Large artery disease 216 (10.7) 64 (11.9) 0.48

 ��� Small vessel disease 276 (13.7) 41 (7.6) <0.001

 ��� Cryptogenic 689 (34.1) 122 (22.7) <0.001

 ��� More than one cause 54 (2.7) 36 (6.7) <0.001

 ��� Unknown 261 (12.9) 70 (13.0) 0.99

 ��� Other causes 50 (2.5) 7 (1.3) 0.14

Baseline medication

 ��� Antithrombotics 659 (32.7) 441 (82.0) <0.001

 ��� Antihypertensives 1027 (50.9) 459 (85.3) <0.001

 ��� Statins 367 (18.2) 317 (58.9) <0.001

Secondary prevention 
medication at 1-year follow-up‡

n=1639 n=392  

 ��� Antithrombotics 1511 (92.2) 374 (95.4) 0.035

 ��� Antihypertensives 1228 (74.9) 344 (87.8) <0.001

 ��� Statins 1279 (78.0) 310 (79.1) 0.70

Data are numbers (%), unless otherwise specified. P for comparison between 
patients with and without coronary artery disease (χ2 test for categorical variables 
and t test for continuous variable). OxVasc indicates Oxford Vascular Study; and 
TIA, transient ischemic attack.

*Missing data for 7 patients (5 patients without prior CAD and 2 with 
prior CAD).

†Missing data for 9 patients (6 patients without prior CAD and 3 with 
prior CAD).

‡Patients who died before follow-up were not included.
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stroke subtype (P interaction =0.93). The risk of MI was ap-
proximately linear with time in patients with prior CAD and in 
those without (Figure I in the online-only Data Supplement).

The 10-year risk of recurrent ischemic stroke was 23.6% 
(20.7–26.4) overall in patients without prior CAD, ranging 
from 11.2% (7.9–14.3) in those with an Essen score ≤1 to 
39.5% (17.2–55.8) in those with a score ≥5 (Figure, Table 3). 
The score tended to be less predictive (difference: P=0.0460) 
for the risk of recurrent ischemic stroke (C statistic =0.57, 
0.54–0.60) than for the risk of MI.

An Essen risk score of ≥4 also identified a subgroup at 
similarly high 10-year risk of recurrent ischemic stroke to 
those with prior CAD (40.4%, 26.7–51.6; versus 32.4%, 25.2–
38; Table 3). Although the risk of recurrent ischemic stroke 
increased with an increasing Essen score (Figure), the sub-
group with an Essen risk score of ≥4 were not at significantly 
higher 10-year risk than those with an Essen risk score of <3 
(40.4%, 26.7–51.6 versus 21.6%, 18.7–24.3, P=0.0063, age-
and sex-adjusted hazard ratio =1.21, 0.90–1.63), with no inter-
action observed by TIA/stroke subtype (P-interaction=0.91, 
Table 5, Table II in the online-only Data Supplement). After 

the early high risk-period, the risk of recurrent ischemic stroke 
was approximately linear with time in patients with prior 
CAD and in those without (Figure II in the online-only Data 
Supplement).

In patients without prior CAD, 10-year risk of MI or re-
current ischemic stroke increased with an increasing Essen 
score in patients with large artery disease (TOAST) sub-
type and in those without (Table III in the online-only Data 
Supplement). Ten-year risk of MI or recurrent ischemic stroke 
in the subgroup of patients with large artery disease subtype 
(overall risk =27.5%, 2.37–34.1) ranged from 15.6% (5.1–
25.0) in those with an Essen score ≤1 to 74.6% (16.2–92.3) 
in those with a score ≥5 while 10-year risk in the subgroup 
of patients with other TIA/stroke subtypes than large artery 
disease (overall risk =24.3%, 21.5–26.9) ranged from 10.5% 
(7.5–13.4) in those with an Essen score ≤1 to 50.0% (23.8–
67.1) in those with a score ≥5.

Compared with cryptogenic subtype, cardioembolism, 
large artery disease, and small vessel disease subtypes 
were all associated with a higher risk of MI and of recur-
rent ischemic stroke after adjustment for age and sex, and 

Table 3.  Ten-Year Risks of Myocardial Infarction and Recurrent Ischemic Stroke After Transient Ischemic Attack or Ischemic Stroke in 
Patients Without Prior CAD, Stratified by the Essen Risk Score, and in Those With Prior CAD

Prior CAD Status

Myocardial Infarction Recurrent Ischemic Stroke

Cumulative Events, 
n/N

10-Year Risk, %  
(95% CI)

Cumulative  
Events, n/N

10-Year Risk, %  
(95% CI)

All patients 118/2555 8.01 (6.38–9.61) 413/2555 25.25 (22.58–27.83)

Prior CAD 48/538 16.89 (11.49–21.96) 100/538 32.34 (25.20–38.80)

No prior CAD

Essen score*

 ��� ≤1 3/565 0.89 (0–1.93) 52/565 11.15 (7.91–14.27)

 ��� 2 18/577 5.60 (2.72–8.39) 98/577 24.10 (18.99–28.89)

 ��� 3 27/576 9.25 (5.00–13.31) 107/576 32.12 (25.12–38.47)

 ��� 4 14/240 15.59 (2.70–26.78) 43/240 40.95 (23.94–54.16)

 ��� ≥5 8/54 29.82 (7.72–46.63) 13/54 39.51 (17.20–55.82)

Total 70/2012 5.97 (4.39–7.53) 313/2012 23.60 (20.73–26.37)

CAD indicates coronary artery disease.
*Data missing for 5 patients.

Table 4.  Variables of the Essen Score and Risk of Myocardial Infarction in Patients With TIA/Stroke Without Prior Coronary Artery Disease

Variables of the Essen Score
Events, 

n/N
Crude HR, 
(95% CI)

Age- and Sex-Adjusted, 
HR (95% CI) P Value

Age (vs <65 y)

 ��� 65–75 20/544 4.08 (1.53–10.86) 4.08 (1.53–10.86) 0.0049

 ��� >75 45/977 7.63 (3.02–19.26) 7.66 (3.01–19.47) <0.001

Hypertension 50/1128 vs 20/889 2.14 (1.28–3.60) 1.66 (1.00–2.80) 0.05

Diabetes mellitus 13/225 vs 57/1792 1.91 (1.05–3.49) 2.00 (1.09–3.66) 0.025

Peripheral artery disease 11/103 vs 59/1914 4.49 (2.36–8.55) 3.93 (2.05–7.52) <0.001

Current smoking* 17/321 vs 53/1691 1.48 (0.86–2.55) 3.27 (1.82–5.88) <0.001

Prior TIA/ischemic stroke 15/248 vs 55/1769 2.13 (1.20–3.77) 1.66 (0.94–2.96) 0.08

HR indicates hazard ratio; and TIA, transient ischemic attack.
*Data missing for 5 patients.
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the associations remained unchanged after further adjust-
ment for the Essen score (Table IV in the online-only Data 
Supplement).

Adding the variable presence of large artery disease 
(TOAST) subtype as a categorical variable to the Essen score 
did not significantly increase the predictive value of the score 
for the risk of MI (C statistic =0.74, 0.57–0.71, Tables V and 
VI in the online-only Data Supplement) and of recurrent is-
chemic stroke (C statistic =0.58, 0.54–0.60).

Information on antithrombotic therapy at the time of the 
follow-up MI was available for 102 of the 118 patients with 
MI (87 on antiplatelet therapy only and 15 on anticoagulant 
therapy). Antithrombotic therapy had been withdrawn within 
30 days of the MI in 7 (7%) patients (3 for bleeding and 4 
for surgery, Table VII in the online-only Data Supplement). 
None of these 7 patients had prior CAD, but the MI was fatal 
in 5 cases.

Discussion
In this population-based cohort of consecutive patients with 
TIA or ischemic stroke on current secondary prevention man-
agement, the Essen score risk-stratified individuals without 
prior CAD for the risk of follow-up MI and of recurrent is-
chemic stroke. An Essen score of ≥4 in those without prior 
CAD identified a subgroup at similarly high 10-year risk of 
MI to those with prior CAD and of recurrent ischemic stroke. 
Thus, in addition to the 538 patients with known prior CAD, 
an Essen risk score of ≥4 identified a further 257 patients with 
high-risk TIA/stroke. Since trials of more intensive secondary 
prevention have reported significant reductions in the risk of 
recurrent ischemic events in patients with prior CAD,3–6 trials 
of such treatment might also be justified in high-risk patients 
without prior CAD.

The Essen score was previously shown to predict the 
1-year risk of recurrent ischemic stroke in patients with TIA/
stroke due to large artery disease,10,12–15 but we have shown 
predictive value in a broader range of patients with longer 
follow-up. We also showed that the score predicted risk of 
MI better than recurrent stroke, perhaps because all patients 
already had established cerebrovascular disease, and so dis-
crimination for stroke risk was more difficult. We found a 
2-fold increase in the risk of MI and a 20% rise in the risk of 
recurrent ischemic stroke in patients with Essen score of ≥4 
compared with those with a score of <4. We also found that 
the predictive value of the score was similar for patients with 
different TIA/stroke TOAST subtypes, although larger stud-
ies would be required to confirm this finding. In patients with 
TIA/stroke without prior CAD, a few scores have been shown 
to predict the presence of asymptomatic coronary lesions 
(PRECORIS score [Predicting Asymptomatic Coronary 
Artery Disease in Patients With Ischemic Stroke and Transient 
Ischemic Attack])25,26 or the risk of MI (Framingham score).27 
However, these scores involved patients recruited in trials or 
hospital-based cohorts, with more potential selective biases 
than population-based cohorts, and only looked at the short-
term risk and their clinical utility for predicting the long-term 
risk is unknown. A high Essen risk score in patients with TIA/
stroke without prior CAD identified subgroups at substantially 
high risk of follow-up MI. However, whether these individu-
als should be screened for asymptomatic coronary lesions is 
unclear.

No study has assessed whether coronary revascularisation 
in patients with TIA/stroke screened for asymptomatic CAD 
might reduce future cardiac events.

Figure. Ten-year actuarial risk of myocardial infarction and of recurrent 
ischemic stroke in transient ischemic attack/stroke patients based on the 
presence of prior coronary artery disease (CAD) and the Essen score.

Table 5.  Stratification by Essen Score of ≥4 Versus <4 and Risk of Myocardial Infarction and of Recurrent Ischemic Stroke in Patients With TIA/Stroke Without Prior 
Coronary Artery Disease

Essen Score*

Events, n/N 10-Year Risk, % (95% CI)

P Value Crude HR, (95% CI)

Age- and Sex-
Adjusted HR,  

(95% CI) P Value<4 ≥4 <4 ≥4

Follow-up events

Myocardial infarction 48/1718 22/294 4.71 (3.22–6.17) 17.19 (6.92–26.32) <0.001 3.60 (2.17–5.97) 2.23 (1.32–3.76) 0.0028

Recurrent ischemic 
stroke

257/1718 56/294 21.55 (18.70–24.30) 40.42 (26.67–51.59) 0.0063 1.49 (1.12–1.98) 1.21 (0.90–1.63) 0.21

HR indicates hazard ratio; and TIA, transient ischemic attack. P for comparison between Essen Score ≥4 versus <4.
*Data missing for 5 patients.
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Although we consider our findings to be valid, our study 
has limitations. First, our cohort was predominantly made up of 
white patients, which might limit generalisability. Second, al-
though we aimed for very high rates of secondary prevention, 
our population-based cohort included many frail and very eld-
erly patients, often with dementia, prior bleeding, or terminal 
illness, and some patients refused medication, or it was contrain-
dicated for other reasons. However, 1-year medication rates were 
higher than in other similar cohorts,28–31 and can be regarded as 
being based closely on current guidelines for secondary pre-
vention. We also showed that very few MIs were accounted for 
by discontinuation of antithrombotic therapy. Third, in our co-
hort, baseline characteristics were well-defined, and although 
we make recommendations to primary care physicians about 
changes to risk factors and medication at study follow-up visits, 
we have limited information on the control of vascular risk fac-
tors during the whole follow-up. Fourth, we excluded the other 
cardiovascular disease variable from our analysis of the Essen 
score due to a lack of clarity of what conditions and what se-
verity of disease are required to satisfy the definition.10 However, 
this omission is likely to have reduced predictive value, and so 
our findings are probably somewhat conservative. The C statis-
tics of the score were of moderate predictive value for the risk of 
MI and of recurrent ischemic stroke, however, in certain clinical 
situations, the score would still provide clinically important in-
formation. In the subgroups of patients with TIA/stroke without 
prior CAD and with a score of ≥4, 10-year risk of MI was 17%, 
and 10-year risk of recurrent ischemic stroke was 40%, which 
was as high as in patients with prior CAD.

In conclusion, the Essen score is a simple clinical score to risk-
stratify patients with TIA/stroke without prior CAD, and to identify 
patients who may be at sufficiently high risk of MI and recurrent 
stroke to justify more intensive treatment or inclusion in trials.﻿﻿﻿﻿‍

Acknowledgments
We are grateful to all the staff in the general practices that collabo-
rated in OXVASC (Oxford Vascular Study). We also acknowledge the 
use of the facilities of the Acute Vascular Imaging Centre, Oxford. 
The views expressed are those of the author(s) and not necessarily 
those of the National Health Service, the National Institute for Health 
Research, or the Department of Health.

Sources of Funding
This work was supported by National Institute for Health Research 
(NIHR) Oxford Biomedical Research Centre, Wellcome Trust, 
Wolfson Foundation and the British Heart Foundation. P.M. Rothwell 
is in receipt of a NIHR Senior Investigator award. MB was funded by 
Société Française de Neurovasculaire (SFNV)-France AVC, Journées 
de Neurologie en Langue Française (JNLF), Fondation Planiol pour 
l’Etude du Cerveau & Institut Servier. Ethics approval: The Oxford 
Vascular Study was approved by the Oxfordshire clinical research 
ethics committee (CO.043).

Disclosures
None.

References
	 1.	 Boulanger M, Béjot Y, Rothwell PM,Touzé E. Long-term risk of myo-

cardial infarction compared to recurrent stroke after transient ischemic 
attack and ischemic stroke: systematic review and meta-analysis. J Am 
Heart Assoc. 2018;7:e007267. doi: 10.1161/JAHA.117.007267

	 2.	 Boulanger M, Li L, Lyons S, Lovett NG, Kubiak MM, Silver L, et 
al; Oxford Vascular Study. Effect of coexisting vascular disease on 
long-term risk of recurrent events after TIA or stroke. Neurology. 
2019;93:e695–e707. doi: 10.1212/WNL.0000000000007935

	 3.	 Ridker PM, Revkin J, Amarenco P, Brunell R, Curto M, Civeira F, et 
al; SPIRE Cardiovascular Outcome Investigators. Cardiovascular effi-
cacy and safety of bococizumab in high-risk patients. N Engl J Med. 
2017;376:1527–1539. doi: 10.1056/NEJMoa1701488

	 4.	 Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD, 
Murphy SA, et al; FOURIER Steering Committee and Investigators. 
Evolocumab and clinical outcomes in patients with cardiovascular disease. 
N Engl J Med. 2017;376:1713–1722. doi: 10.1056/NEJMoa1615664

	 5.	 Bowman L, Hopewell JC, Chen F, Wallendszus K, Stevens W, Collins R, 
et al; HPS3/TIMI55–REVEAL Collaborative Group. Effects of anac-
etrapib in patients with atherosclerotic vascular disease. N Engl J Med. 
2017;377:1217–1227. doi: 10.1056/NEJMoa1706444

	 6.	 Eikelboom JW, Connolly SJ, Bosch J, Dagenais GR, Hart RG, 
Shestakovska O, et al; COMPASS Investigators. Rivaroxaban with 
or without aspirin in stable cardiovascular disease. N Engl J Med. 
2017;377:1319–1330. doi: 10.1056/NEJMoa1709118

	 7.	 Amarenco P, Bogousslavsky J, Callahan A 3rd, Goldstein LB, Hennerici  
M, Rudolph AE, et al; Stroke Prevention by Aggressive Reduction in 
Cholesterol Levels (SPARCL) Investigators. High-dose atorvastatin after 
stroke or transient ischemic attack. N Engl J Med. 2006;355:549–559. 
doi: 10.1056/NEJMoa061894

	 8.	 Rothwell PM, Giles MF, Flossmann E, Lovelock CE, Redgrave JN, 
Warlow CP, et al. A simple score (ABCD) to identify individuals at high 
early risk of stroke after transient ischaemic attack. Lancet. 2005;366:29–
36. doi: 10.1016/S0140-6736(05)66702-5

	 9.	 Ay H, Gungor L, Arsava EM, Rosand J, Vangel M, Benner T, et al. A 
score to predict early risk of recurrence after ischemic stroke. Neurology. 
2010;74:128–135. doi: 10.1212/WNL.0b013e3181ca9cff

	 10.	 Kamouchi M, Kumagai N, Okada Y, Origasa H, Yamaguchi T, Kitazono  
T. Risk score for predicting recurrence in patients with ischemic 
stroke: the fukuoka stroke risk score for Japanese. Cerebrovasc Dis. 
2012;34:351–357. doi: 10.1159/000343503

	 11.	 CAPRIE Steering Committee. A randomised, blinded, trial of clopido-
grel versus aspirin in patients at risk of ischaemic events (CAPRIE). 
CAPRIE Steering Committee. Lancet. 1996;348:1329–1339. doi: 
10.1016/s0140-6736(96)09457-3

	 12.	 Steg PG, Bhatt DL, Wilson PW, D’Agostino R Sr, Ohman EM, Röther  
J, et al; REACH Registry Investigators. One-year cardiovascular event 
rates in outpatients with atherothrombosis. JAMA. 2007;297:1197–1206. 
doi: 10.1001/jama.297.11.1197

	 13.	 Diener HC, Ringleb PA, Savi P. Clopidogrel for the secondary pre-
vention of stroke. Expert Opin Pharmacother. 2005;6:755–764. doi: 
10.1517/14656566.6.5.755

	 14.	 Diener HC, Cunha L, Forbes C, Sivenius J, Smets P, Lowenthal A. 
European Stroke Prevention Study. 2. Dipyridamole and acetylsalicylic 
acid in the secondary prevention of stroke. J Neurol Sci. 1996;143:1–13. 
doi: 10.1016/s0022-510x(96)00308-5

	 15.	 Diener HC. Modified-release dipyridamole combined with aspirin for 
secondary stroke prevention. Aging Health. 2005;1:19–26.

	 16.	 Weimar C, Diener HC, Alberts MJ, Steg PG, Bhatt DL, Wilson PW, 
et al; REduction of Atherothrombosis for Continued Health Registry 
Investigators. The essen stroke risk score predicts recurrent cardiovas-
cular events: a validation within the REduction of Atherothrombosis 
for Continued Health (REACH) registry. Stroke. 2009;40:350–354. doi: 
10.1161/STROKEAHA.108.521419

	 17.	 Meng X, Wang Y, Zhao X, Wang C, Li H, Liu L, et al. Validation of the essen 
stroke risk score and the stroke prognosis instrument II in chinese patients. 
Stroke. 2011;42:3619–3620. doi: 10.1161/STROKEAHA.111.624148

	 18.	 Weimar C, Goertler M, Röther J, Ringelstein EB, Darius H, Nabavi DG, 
et al; SCALA Study Group. Predictive value of the essen stroke risk 
score and ankle brachial index in acute ischaemic stroke patients from 
85 German stroke units. J Neurol Neurosurg Psychiatry. 2008;79:1339–
1343. doi: 10.1136/jnnp.2008.146092

	 19.	 Liu Y, Wang Y, Li WA, Yan A, Wang Y. Validation of the essen stroke risk 
score in different subtypes of ischemic stroke. Neurol Res. 2017;39:504–
508. doi: 10.1080/01616412.2017.1313364

	 20.	 Rothwell PM, Coull AJ, Giles MF, Howard SC, Silver LE, Bull LM, 
et al; Oxford Vascular Study. Change in stroke incidence, mortality, 
case-fatality, severity, and risk factors in Oxfordshire, UK from 1981 
to 2004 (Oxford Vascular Study). Lancet. 2004;363:1925–1933. doi: 
10.1016/S0140-6736(04)16405-2

D
ow

nloaded from
 http://ahajournals.org by on M

ay 13, 2020



Boulanger et al    Myocardial Infarction After Stroke    3399

	 21.	 Coull AJ, Silver LE, Bull LM, Giles MF, Rothwell PM; Oxford Vascular 
(OXVASC) Study. Direct assessment of completeness of ascertain-
ment in a stroke incidence study. Stroke. 2004;35:2041–2045. doi: 
10.1161/01.STR.0000137605.48864.2f

	 22.	 Feigin V, Hoorn SV. How to study stroke incidence. Lancet. 
2004;363:1920. doi: 10.1016/S0140-6736(04)16436-2

	 23.	 Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, 
Gordon DL, et al. 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. doi: 
10.1161/01.str.24.1.35

	 24.	 Myocardial infarction redefined–a consensus document of The Joint European 
Society of Cardiology/American College of Cardiology Committee for the 
redefinition of myocardial infarction. Eur Heart J. 2000;21:1502–1513. doi: 
10.1053/euhj.2000.2305

	 25.	 Calvet D, Touzé E, Varenne O, Sablayrolles JL, Weber S, Mas JL. 
Prevalence of asymptomatic coronary artery disease in ischemic stroke 
patients: the PRECORIS study. Circulation. 2010;121:1623–1629. doi: 
10.1161/CIRCULATIONAHA.109.906958

	 26.	 Calvet D, Song D, Yoo J, Turc G, Sablayrolles JL, Choi BW, et al. 
Predicting asymptomatic coronary artery disease in patients with 

ischemic stroke and transient ischemic attack: the PRECORIS score. 
Stroke. 2014;45:82–86. doi: 10.1161/STROKEAHA.113.003414

	 27.	 Towfighi A, Markovic D, Ovbiagele B. Utility of framingham coronary 
heart disease risk score for predicting cardiac risk after stroke. Stroke. 
2012;43:2942–2947. doi: 10.1161/STROKEAHA.112.668319

	 28.	 Hamann GF, Weimar C, Glahn J, Busse O, Diener HC; German Stroke 
Data Bank. Adherence to secondary stroke prevention strategies–results 
from the German Stroke Data Bank. Cerebrovasc Dis. 2003;15:282–288. 
doi: 10.1159/000069490

	 29.	 Hillen T, Dundas R, Lawrence E, Stewart JA, Rudd AG, Wolfe CD. 
Antithrombotic and antihypertensive management 3 months after is-
chemic stroke: a prospective study in an inner city population. Stroke. 
2000;31:469–475. doi: 10.1161/01.str.31.2.469

	 30.	 Mouradian MS, Majumdar SR, Senthilselvan A, Khan K, Shuaib A. How 
well are hypertension, hyperlipidemia, diabetes, and smoking managed 
after a stroke or transient ischemic attack? Stroke. 2002;33:1656–1659. 
doi: 10.1161/01.str.0000017877.62543.14

	 31.	 Ovbiagele B, Saver JL, Fredieu A, Suzuki S, Selco S, Rajajee V, et al. 
In-hospital initiation of secondary stroke prevention therapies yields 
high rates of adherence at follow-up. Stroke. 2004;35:2879–2883. doi: 
10.1161/01.STR.0000147967.49567.d6

D
ow

nloaded from
 http://ahajournals.org by on M

ay 13, 2020




