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ABSTRACT

Objectives: To determine the risk factor profiles associated with post-acute ischaemic stroke
(AIS) myocardial infarction (MI) over long-term follow-up.

Methods: This observational study includes prospectively identified AIS patients (n=9840)
admitted to a UK regional centre between January 2003-December 2016 (median follow-up:
4.72 years). Predictors of post-stroke MI during follow up were examined using logistic and
Cox regression models for in-hospital and post-discharge events, respectively. Ml incidence
was determined using a competing risk non-parametric estimator. The influence of post-
stroke MI on mortality was examined using Cox regressions.

Results: Mean age (SD) of study participants was 77.3(12.2) years (48% males). Factors
associated with in-hospital M1 (OR(95%CI)) were increasing blood glucose (1.80(1.17-2.77)
per 10mmol/L), total leukocyte count (1.25(1.01-1.54) per 10x10%L), and CRP (1.05(1.02-
1.08) per 10mg/L increase). Age (HR(95%CI) =1.03(1.01-1.06)), coronary heart disease
(1.59(1.01-2.50)), chronic kidney disease (2.58(1.44-4.63)), and cancers (1.76(1.08-2.89))
were associated with incident M1 between discharge and one year follow-up. Age
((1.02(1.00-1.03)), diabetes (1.96(1.38-2.65)), congestive heart failure (2.07(1.44-2.99),
coronary heart disease (1.81(1.31-2.50)), hypertension (1.86(1.24-2.79)), and peripheral
vascular disease (2.25(1.40-3.63)) were associated with incident MI between 1-5 years after
discharge. Diabetes (2.01(1.09-3.72)), hypertension (3.69(1.44-9.45)), and peripheral vascular
disease (2.46(1.02-5.98)) were associated with incident M1 between 5-10 years after
discharge. Cumulative M1 incidence over 10 years was 5.4%. M1 during all follow-up periods
(discharge-1 year, 1-5 years, 5-10 years) was associated with increased risk of death
(respective HR(95%C1)=3.26(2.51-4.15), 1.96(1.58-2.42) and 1.92(1.26-2.93)).
Conclusions: In conclusion, prognosis is poor in post-stroke MI. We highlight a range of

potential areas to focus preventative efforts.



1. INTRODUCTION

Ischaemic heart disease and stroke are the two leading causes of mortality worldwide,
accounting for approximately 8.76 million and 6.24 million deaths respectively in 2015 2,
Given the shared risk factor profile between stroke and cardiovascular disease, it has been
suggested that stroke patients may have an elevated risk for myocardial infarction (MI) and
non-stroke vascular death 3. Nevertheless, real world data suggest that the incidence of Ml
after AIS may not be as high as theoretically expected. In a systematic review of 39 studies in
patients with first transient ischaemic attack (T1A) or stroke, annual risks were 2.2% (95%
Cl: 1.7 to 2.7) for total MI, 0.9% (0.7 to 1.2) for non-fatal M1 and 1.1% (0.8 to 1.5) for fatal
MI 4. Another meta-analysis showed similar results: ischaemic stroke was shown to be
associated with an overall risk of Ml in the year following stroke of 3% (1.0-5.0) °. The most
recent systematic review calculated that the yearly risk of post-stroke Ml is 1.67% .

Given that there is significant overlap between stroke secondary preventative
therapies and acute coronary syndrome (ACS) primary prevention, it may not seem surprising
that the annual incidence of post-stroke M1 is not as high expected in such a highly co-morbid
population. In fact, the aforementioned figures are comparable to those of incident ACS in the
general population 7. Nevertheless, it would be reasonable to expect that the epidemiology of
MI may still be markedly different in AIS patients. It has been shown in a recent study that
MI-associated hospital mortality is significantly higher in AIS patients than in non-AlS
controls: 21.44% versus 7.1%, respectively 8. Furthermore, it may be the case that the risk
factors for post-AlS MI may differ significantly from those in the general population.

Whilst previous meta-analyses yielded risk profiles for post-AIS MI #8, these results
may not be applicable in real-world setting, given that they originate from the pooling of
highly heterogeneous data with a potentially high risk of bias, introduced by between-study

differences such as the use of different stroke secondary prevention strategies.



In this study, we aimed to provide real-world data to clinical practice in the United
Kingdom (UK) using a large British regional prospective stroke registry. More specifically,
we aimed to determine the specific risk factor profiles associated with incident MI events in
AIS patients at well-defined and clinically relevant time points: in-hospital and up to 1, 5 and
10 years after discharge. Furthermore, we also aimed to supplement current knowledge
regarding the annual incidence rate of post-AlS MI and the influence of post-stroke MI events

on patient mortality.

2. METHODS

Participants were drawn from the Norfolk and Norwich Stroke and TIA Register
(NNSTR) database using previously defined selection criteria. The NNSTR is a prospective
UK hospital-based register with a catchment population of approximately 750,000. Data
collection methods have been reported previously 4®. The register received ethical approval
from the Newcastle and Tyneside National Health Service (NHS) and Research
Ethics Committee (12/NE/0170) as a research database. The protocol was approved by the
Steering Committee of the Register. The study was conducted in accordance with the
principles of the Declaration of Helsinki (1964) and later amendments.

Inclusion and exclusion criteria, outcomes of interests (M1 incidence following AIS
and mortality), and selection of study covariates were all agreed a-priori. A total of 10,776
patients were admitted with confirmed AIS between January 2003 and December 2016.
Patients with missing post-discharge data (n = 214) and those lost during follow-up (n = 81)
were excluded. As this was an incidence study of post-stroke M, a further 641 patients
having had an M1 before the index AIS episode were excluded, yielding a total of 9840

patients included in the study (Figure 1).



In all participants, AIS was diagnosed based on evidence from patient history,
neurological examination, and neuroimaging results. Follow-up data were collected in June
2017, allowing minimum follow-up of 6 months (median follow-up (95%CI) —4.72 (4.62-
4.82) years; total follow-up: 40,374 person-years). The median follow-up and the 95%
confidence intervals were calculated using the reverse Kaplan-Meier method °. Record
linkage with the UK NHS system ensures a robust ascertainment of co-morbidities and
complete follow up data. Information on the incidence of post-stroke Ml (the primary
outcome for this study) were retrieved from the Norfolk and Norwich University Hospital’s
patient administration database, identified from codes in the 10" revision of the International
Classification of Disease (ICD-10), based on patient history, ECG findings, and cardiac
troponin levels (ICD 121; ST elevation (STEMI) and non-ST elevation (NSTEMI) myocardial
infarction). Since data were obtained by cross-linking the hospital database with NHS
primary care data, all incident MI events occurring during the follow-up period were recorded
unless they occurred outside the United Kingdom and were not recorded within the NHS
primary care database.

Characteristic data and relevant covariates were selected based on existing literature
1012 and clinical judgement. Data on age, sex, Oxfordshire Community Stroke Project (OCSP)
classification (total anterior circulation stroke (TACS), partial anterior circulation stroke
(PACS), posterior circulation stroke (POCS), lacunar stroke (LACS)), and relevant
biochemical and haematological measurements collected on admission (random plasma
glucose, haemoglobin, total white cell count, albumin, creatinine, urea, CRP (C-reactive
protein), gamma-glutamyl transferase, and INR (International Normalised Ratio)) were
collected by electronic record linkage. Information on pre-existing chronic cardiovascular
and non-cardiovascular comorbidities were identified from ICD-10 codes based on clinical

findings and retrieved from the hospital’s administration database (diabetes (ICD E10-E14),



heart failure (150), atrial fibrillation (148), coronary heart disease (120-125), chronic kidney
disease (N18), hypertension (110-115), dyslipidaemia (E78), peripheral vascular disease
(173.9), cancer (C00-C99), and TIA (G45)). Co-morbidities diagnosed during and after
hospital admission were identified in the same manner. Co-morbidities were extracted as
dichotomous variables from the NNSTR along with the time before or after the first stroke
hospitalisation when they were first diagnosed. We extracted single entries representing the
first-ever stroke presentation in the register for each patient and coded for subsequent
admissions as a separate potentially confounding covariate.

Data were analysed using Stata 14 (StataCorp. 2015: Stata Statistical Software
Release 14. College Station, TX: StataCorp LP). Descriptive statistics were generated for
patients with and without incident M1 during hospital stay and after discharge. Results were
compared using independent-sample t-tests, Mann-Whitney U test, and Chi-squared test as

appropriate.

In-hospital risk factor analysis

A binomial logistic regression model was employed to predict the risk factors of in-
hospital MI. Age, sex, OCSP, co-morbidities, and blood results were used as covariates. The
model was adjusted for age, sex and those co-morbidities and blood results reaching the 10%
threshold of statistical significance in a stepwise forward selection model. Random plasma
glucose on admission was highly correlated with diabetes (rs=0.62), and therefore was not
included as a covariate (model A). A further logistic regression model (Model B) was

constructed to include random plasma glucose instead of pre-existing diabetes.



Long-term risk factor analysis

The association between co-morbidities and M1 incidence during follow-up (discharge
to 1 year, 1 to 5 years, and 5 to 10 years) was examined using Cox regressions to calculate
cause-specific hazard ratios. The primary outcome of the regression models was incident Ml
(fatal or non-fatal), whilst death or end of follow-up were used as censoring events. Since
incident MI and death are not independent events, cause-specific proportional hazards models
were employed, as recommended by the previous literature in etiological studies . Separate
analyses were performed for each follow up period with subsequent models excluding
patients who suffered an MI or for whom follow-up ended during the preceding period. This
approach allowed us to consider the changing risk profile with older age after stroke as well
as newly identified co-morbid chronic diseases and their impact on subsequent Ml incidence.
Co-morbid predictors were selected using a stepwise forward model using the threshold of
10% statistical significance (Supplementary Table 1). Further adjustment for the antiplatelet
and anticoagulant medications prescribed after the acute event was performed in all survival
models. To account for pre-existing co-morbidities and for those diagnosed during the

follow-up, we introduced co-morbidity variables as binary time-updated variables.

Post-stroke MI incidence

M1 incidence was calculated both for MI occurring during admission, and for all
further events across follow-up. Cumulative incidence was calculated as the ratio of events
over the total cohort size for the respective period. A cumulative incidence function was
computed with incident M1 as the outcome, death as the competing event and end of follow-
up as the censoring event. Mean incidence rates for each predefined follow-up period were
calculated by computing the average value of slope of the incidence function over the

respective timeframe.



Influence of Ml on survival

The Kaplan-Meier estimator was utilised to examine survival curves over the entire
follow-up period stratified by a dichotomous variable coding for the incidence of MI during
hospital admission. The survival functions were compared using the log-rank test. Cox
regression models were constructed to estimate the effect on mortality that a diagnosis of Ml
in AIS patients had during each of the three pre-defined follow-up periods (discharge to 1
year, 1-5 years and 5 to 10 years). All models were adjusted for age, sex, OCSP, and
comorbidities. MI and all comorbidities were time-updated to account for the time during or

after the hospital stay when they were diagnosed.

3. RESULTS

A flowchart of the patient cohort is shown in Figure 1 (8164/9840 patients survived
to hospital discharge; 6417, 2947, and 938 patients respectively were followed up at 1, 5, and
10 years). Given our strict exclusion criteria and the record linkage with the NHS primary
care databases, all patients included in the study have full follow up information until either
death or the end of December 2016.

Characteristics of patients at hospital admission and in those surviving to discharge
are shown in Table 1. Mean age (SD) of study participants was 77.3(12.2) years and 48% of
patients were male. Patients with MI in hospital (vs. no MI) were more likely to be older,
suffer TACS, and have diabetes. They were also more likely to have higher INR, plasma
glucose, urea, creatinine, CRP, white blood cell count, and lower albumin levels on
admission. Patients diagnosed with Ml after discharge (vs. no MI) were more likely to be
older, have ischaemic stroke, lacunar subtype, diabetes, coronary heart disease, hypertension

and dyslipidaemia. These patients also had higher urea, creatinine, CRP, and lower levels of



haemoglobin and albumin at the time of stroke admission. The number of cases with missing

data for each variable included in the analysis are illustrated in Supplementary Table 1.
Figure 1 illustrates the patient population. From a total of 9840 eligible patients

admitted between January 2003 and December 2016 with a diagnosis of AlS, 135(1.37%)

had an MI during hospital admission and a further 281(2.86%) during study follow up.

In-hospital risk factor analysis

Predictive factors for in-hospital MI are shown in Table 2. Model A (pre-existing
diabetes mellitus, but not admission blood glucose data included in model) showed that total
white cell count (per 10x10%L) and CRP (per 10mg/L increase) were associated with
increased odds of in-hospital Ml (respective OR(95%CI1)=1.21(1.02-1.43) and 1.06(1.03-
1.08)). Covariates associated with in-hospital M1 in Model B (admission blood glucose, but
not pre-existing diabetes included in model) were random plasma glucose on admission
(1.80(1.17-2.77) per 10mmol/L increase), total white cell count (1.25(1.01-1.54) per
10x10%L increase), and CRP (1.05(1.02-1.08) per 10mg/L increase). The mean time between

blood sample collection on admission and incident MI was 1423 days (~3.9 years).

Long-term risk factor analysis

Cause-specific hazard ratios from multivariable Cox regression examining predictors
of incident M1 following hospital discharge are shown in Figure 2 (full data presented in
Supplementary Table 2). Factors associated with incident MI between hospital discharge
and one-year follow up were age (HR(95% CI)=1.03(1.01-1.06)), coronary heart disease
(2.59(1.01-2.50)), chronic kidney disease (2.58(1.44-4.63)), and cancers (1.76(1.08-2.89)).
During the 1 to 5 year follow up period, associated risk factors were older age ((1.02(1.00-

1.03)), diabetes mellitus (1.91(1.38-2.65)), congestive heart failure (2.07(1.44-2.99), atrial



fibrillation 0.72(0.49-1.05)), coronary heart disease (1.81(1.31-2.50)), hypertension
(1.86(1.24-2.79)), and peripheral vascular disease (2.25(1.40-3.63)). Regression results for 5-
10 years showed associated multivariable hazard ratios for diabetes mellitus (2.01(1.09-

3.72)), hypertension (3.69(1.44-9.45)), and peripheral vascular disease (2.46(1.02-5.98)).

Post-stroke Ml incidence

Overall Ml incidence across study follow-up was 4.23% and cumulative Ml incidence
was 5.40%. M1 incidence ratio in our cohort was 54 incident cases per 10,000 patient-years
(Figure 3, Supplementary Table 3). Incidence ratios for the individual follow-up periods
respectively were 63, 41, and 63 new cases per 10,000 patient-years (discharge to 1 year, 1-5

years, and 5-10 years).

Influence of MI on survival

Mortality during follow-up was higher amongst patients with in-hospital Ml
(Supplementary Figure 1) (Log-Rank test: ¥?=18.6, df=1, P <0.001). Cumulative mortality
at predefined time periods in patients with and without in-hospital M1 respectively was 31.1%
vs 17.0% at 1 year, 57.8% vs. 34.6% at 5 years and 65.1% vs 44.8% at 10 years
(Supplementary Table 4). A diagnosis of MI during any time of the follow-up (0-10 years)
was associated with increased risk of death (HR(95%C1)=2.30(1.95-2.70) (Supplementary
Table 5). Ml during pre-defined follow up periods (discharge to 1 year, 1 to 5 years and 5 to
10 years) was also associated with increased risk of death (respective HR(95%CI1)=3.26(2.51-

4.15),1.96(1.58-2.42) and 1.92(1.26-2.93)).

10



4. DISCUSSION

Our analysis shows that whilst well recognised co-morbid risk factors for ACS were
not predictive of in-hospital Ml, elevated inflammatory markers were positively associated
with the outcome, thus confirming the applicability of this previously defined relationship
1415 in AIS. Nevertheless, an idiosyncratic finding of our analysis was that pre-existing
diabetes mellitus was associated at the univariable level with reduced odds of Ml in hospital
(data not shown).Our model replacing a known pre-existing diagnosis of diabetes mellitus
with the measured random plasma glucose on admission shows that patients with levels
greater than 11.0 mmol/L (indicative of diabetes mellitus ) are at double odds of an in-
hospital incidence MI, suggesting that diabetes may be underdiagnosed in our cohort. This
finding also confirms the prognostic importance of admission hyperglycaemia in acute stroke
patients in the context of M1 7.

Patients with CKD and cancers were more likely to have an M1 in the first year after
discharge. These conditions may have a more relentless progression than traditional
cardiovascular co-morbidities, leading to earlier M1 onset. Coronary heart disease was
another predictive factor for MI within 1 year of discharge. On the other hand, patients
exhibiting a more classical cardiovascular event risk phenotype (pre- or post-stroke diagnosis
of peripheral vascular disease, coronary heart disease, heart failure, hypertension and
diabetes) were more likely to suffer an MI between 1 and 5 years following AlS. Finally,
hypertension and diabetes were the only predictors of MI during the time between 5 and 10
years after hospital discharge. The difference between the significant co-morbid risk factors
in the medium (1-5 years) and long-term (5-10 years) follow-up may be explained by the fact
that heart failure and atherosclerotic diseases are more likely to be less prevalent in our cohort

in the long-term, given that patients with these co-morbidities have higher mortality rates 2.
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It is also important to notice that gender was not a predictive factor for incident Ml in any of
our analyses, in contrast with the current knowledge of incident Ml in healthy populations.
Given that our cohort was only composed of stroke patients who were much older (mean age
~ 77 years), it is likely that the gender differences in M1 incidence rates observed in younger
ages would not be present 1°2°,

The association between AIS and M1 has been examined previously 6102129,
Nevertheless, these studies appear to yield different risk factor profiles, likely due to the high
between-study heterogeneity, as indicated by the most recent meta-analysis ©. This is not
surprising, given that the epidemiology of AIS and post-stroke secondary preventative
measures can vary worldwide 0. Furthermore, most of these studies do not include in their
analyses a full panel of potentially relevant co-morbid conditions or biochemical and
haematological parameters. In the current study, we present an eloquent analysis based on a
UK stroke population treated according to UK guidelines 3, which also performs additional
adjustments for antithrombotic medications prescribed at discharge for stroke secondary
prevention. Therefore, the results of our study may be utilised in clinical practice in the UK to
determine the high-risk patient subgroups for post-AlS MI. Our study may have important
implications in the era of personalised medicine since it provides a concrete list of co-
morbidities which may require more intensive management to lower the risk of post-stroke
MI. Our study also provides an important question for further research:whether the high-risk
patient subgroups we have identified may benefit from different approaches in secondary
prevention, such as anticoagulation.

Furthermore, we have demonstrated that incident M1 increases the long-term mortality
of AIS patients, with a more pronounced effect if occurring within 1 year after discharge. We
have also calculated the annual post-AlS MI incidence rate to be 0.54%, roughly half of

previously reported values 4°. These differences may relate to differences in post-stroke
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secondary preventative measures between our cohort and other populations. It may also be
the case that our competing risk non-parametric model yields better estimates. Nevertheless,
our results are derived from real world data and it is likely that our estimates are accurate in
the context of populations similar to our cohort receiving the same secondary prevention.

Our study benefits from several strengths. The cohort is a large prospectively
identified population of hospitalised stroke patients. As a record linkage study embedded
within the UK National Health Service (NHS) system, the ascertainment of co-morbidities is
robust with only 2.74% of our initial cohort having been excluded due to missing follow-up
information. Despite our study being performed as a retrospective analysis of a single-centre
stroke registry, all stroke admissions were consecutive and recorded prospectively along with
real-time co-morbid data. Thus, the selection bias in our cohort is likely to be minimal in
comparison to other observational studies. We are the first study adjusting for the time of
incident MI and comorbidity diagnoses in the time-to-event analyses. This statistical
approach provides results which more closely model observed events. Furthermore, outcomes
are examined in discrete time frames over the long-term, making adjustments for
antithrombotic medications offered to stroke patients upon discharge. Thus, our statistical
models account for confounding that may be introduced by the considerable overlap between
stroke secondary prevention and MI primary prevention.

We acknowledge some limitations. Firstly, our study sample consisted mainly of a
Caucasian population and therefore may not be applicable to other populations. Secondly, the
documented prevalence of dyslipidaemia in our cohort appears to be significantly lower than
the general British population 2. Whilst it may be likely that this is driven by the adherence
to lipid-lowering strategies in stroke patients at our centre, caution should be exerted when
considering our results in populations with a higher burden of dyslipidaemia. Despite

recording the date of death and relevant co-morbidities for each patient, we had no
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information about the cause of death. We were therefore unable to examine cause-specific
mortality. The information on acute MI extracted from the NNUSTR database did not
discriminate between STEMI and NSTEMI. Thus, we have not been able to perform separate
analyses for the two distinct clinical presentations which may have different outcomes and
predictors. Finally, we only adjusted our time-to-event analyses for discharge antithrombotic
medications, but not for hypoglycaemic agents or statins. We have also not recorded any
change to antithrombotic medications that may have occurred after discharge in the primary

care setting.

5. CONCLUSION

We have determined the predictive factors for post-AIS MI at distinct time points: in-
hospital and at 1, 5 and 10 years after discharge. Our results may be utilised to identify which
conditions may require more scrupulous management. Further research may be needed to
determine whether these high-risk patient subgroups may benefit from more aggressive
preventative strategies. We have also determined that the incidence of post-AlS MI was
lower, but nevertheless comparable, in our population than in previous reports and that these
events have a significant adverse impact on the survival of AlS patients. Finally, given our
large sample size and long follow-up time, we believe our data are generalisable to the UK
population with a similar age distribution and stroke aetiological profile whose management

conforms to the national guidelines.

The following individuals should be indexed on PubMed as collaborators:

Norfolk and Norwich Stroke Registry Steering Committee Collaborators: Anthony K

Metcalfe, Kristian M Bowles.

14



We would also like to thank the data team of the Norfolk and Norwich University
Hospital Stroke Services. We also thank Prof Kristian Bowles and Dr Anthony K Metcalfe
(co-Principal Investigators of the stroke register) and our lay steering committee members
and independent chair Prof Alastair Forbes (Chief of Research & Innovation, Norfolk and

Norwich University Hospital).

CONTRIBUTIONS

PKM and JFP are co-Pls of the NNUSTR. JHB-S performed data linkage. PKM conceived
the study. Data were analysed by TAP under the supervision of ADW, ABC, PKM, DJM.
TAP, ADW and PKM drafted the paper and all of the authors contributed in writing the

paper. PKM is the guarantor.

SOURCES OF FUNDING

TAP received the Gwyn Seymour Aberdeen Summer Research Scholarship (ASRS) to carry
out the research [grant number EA6414]. ADW was funded by the Special Educational
Scholarship award by the Department of Medicine for the Elderly, NHS Grampian [grant

number ES798]. NNUH Stroke Register is maintained by the NNUH Stroke Services.

15



REFERENCES

1. World Health Organisation. The top 10 causes of death. world health organization. .

Updated 2017. Accessed August 10, 2018.

2. Feigin VL, Forouzanfar MH, Krishnamurthi R, et al. Global and regional burden of stroke
during 1990-2010: Findings from the global burden of disease study 2010. Lancet.

2014;383(9913):245-254. doi: S0140-6736(13)61953-4 [pii].

3. Adams RJ, Chimowitz MI, Alpert JS, et al. Coronary risk evaluation in patients with
transient ischemic attack and ischemic stroke: A scientific statement for healthcare
professionals from the stroke council and the council on clinical cardiology of the american
heart association/american stroke association. Stroke. 2003;34(9):2310-2322. doi:

10.1161/01.STR.0000090125.28466.E2 [doi].

4. Touze E, Varenne O, Chatellier G, Peyrard S, Rothwell PM, Mas JL. Risk of myocardial
infarction and vascular death after transient ischemic attack and ischemic stroke: A
systematic review and meta-analysis. Stroke. 2005;36(12):2748-2755. doi:

01.STR.0000190118.02275.33 [pii].

5. Gunnoo T, Hasan N, Khan MS, Slark J, Bentley P, Sharma P. Quantifying the risk of heart
disease following acute ischaemic stroke: A meta-analysis of over 50,000 participants. BMJ

Open. 2016;6(1):009535. doi: 10.1136/bmjopen-2015-009535 [doi].

6. Boulanger M, Bejot Y, Rothwell PM, Touze E. Long-term risk of myocardial infarction
compared to recurrent stroke after transient ischemic attack and ischemic stroke: Systematic
review and meta-analysis. J Am Heart Assoc. 2018;7(2):10.1161/JAHA.117.007267. doi:

£007267 [pii].

16



7. Sanchis-Gomar F, Perez-Quilis C, Leischik R, Lucia A. Epidemiology of coronary heart
disease and acute coronary syndrome. Ann Transl Med. 2016;4(13):256. doi:

10.21037/atm.2016.06.33 [doi].

8. Algahtani F, Aljohani S, Tarabishy A, Busu T, Adcock A, Alkhouli M. Incidence and
outcomes of myocardial infarction in patients admitted with acute ischemic stroke. Stroke.

2017;48(11):2931-2938. doi: 10.1161/STROKEAHA.117.018408 [doi].

9. Shuster JJ. Median follow-up in clinical trials. J Clin Oncol. 1991;9(1):191-192. doi:

10.1200/JC0.1991.9.1.191 [doi].

10. Gattringer T, Niederkorn K, Seyfang L, et al. Myocardial infarction as a complication in
acute stroke: Results from the austrian stroke unit registry. Cerebrovasc Dis. 2014;37(2):147-

152. doi: 10.1159/000357799 [doi].

11. Ntaios G, Papavasileiou V, Makaritsis K, Milionis H, Michel P, Vemmos K. Association
of ischaemic stroke subtype with long-term cardiovascular events. Eur J Neurol.

2014;21(8):1108-1114. doi: 10.1111/ene.12438 [doi].

12. Lee SJ, Lee KS, Kim Y1, An JY, Kim W, Kim JS. Clinical features of patients with a
myocardial infarction during acute management of an ischemic stroke. Neurocrit Care.

2008;9(3):332-337. doi: 10.1007/s12028-008-9128-1 [doi].

13. Noordzij M, Leffondre K, van Stralen KJ, Zoccali C, Dekker FW, Jager KJ. When do we
need competing risks methods for survival analysis in nephrology? Nephrol Dial Transplant.

2013;28(11):2670-2677. doi: 10.1093/ndt/gft355 [doi].

17



14. Ridker PM, Glynn RJ, Hennekens CH. C-reactive protein adds to the predictive value of
total and HDL cholesterol in determining risk of first myocardial infarction. Circulation.

1998;97(20):2007-2011.

15. Ridker PM. Clinical application of C-reactive protein for cardiovascular disease detection

and prevention. Circulation. 2003;107(3):363-369.

16. American Diabetes Association. Diagnosis and classification of diabetes mellitus.

Diabetes Care. 2010;33 Suppl 1:62. doi: 10.2337/dc10-S062 [doi].

17. Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC. Stress hyperglycemia and
prognosis of stroke in nondiabetic and diabetic patients: A systematic overview. Stroke.

2001;32(10):2426-2432.

18. Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease and stroke statistics-2018
update: A report from the american heart association. Circulation. 2018;137(12):e492. doi:

10.1161/CIR.0000000000000558 [doi].

19. Anand SS, Islam S, Rosengren A, et al. Risk factors for myocardial infarction in women
and men: Insights from the INTERHEART study. European Heart Journal. 2008;29(7):932-

940. https://www.ncbi.nlm.nih.gov/pubmed/18334475. doi: 10.1093/eurheartj/ehn018.

20. Vaidya D, Becker DM, Bittner V, Mathias RA, Ouyang P. Ageing, menopause, and
ischaemic heart disease mortality in england, wales, and the united states: Modelling study of

national mortality data. BMJ. 2011;343:d5170. doi: 10.1136/bmj.d5170 [doi].

21. Towfighi A, Markovic D, Ovbiagele B. Utility of framingham coronary heart disease risk
score for predicting cardiac risk after stroke. Stroke. 2012;43(11):2942-2947. doi:
10.1161/STROKEAHA.112.668319 [doi].

18


https://www.ncbi.nlm.nih.gov/pubmed/18334475

22. Dhamoon MS, Tai W, Boden-Albala B, et al. Risk of myocardial infarction or vascular
death after first ischemic stroke: The northern manhattan study. Stroke. 2007;38(6):1752-

1758. doi: STROKEAHA.106.480988 [pii].

23. Prosser J, MacGregor L, Lees KR, et al. Predictors of early cardiac morbidity and
mortality after ischemic stroke. Stroke. 2007;38(8):2295-2302. doi:

STROKEAHA.106.471813 [pii].

24. Appelros P, Gunnarsson KE, Terent A. Ten-year risk for myocardial infarction in patients
with first-ever stroke: A community-based study. Acta Neurol Scand. 2011;124(6):383-389.

doi: 10.1111/j.1600-0404.2011.01500.x [doi].

25. Amarenco P, Lavallee PC, Labreuche J, et al. Coronary artery disease and risk of major
vascular events after cerebral infarction. Stroke. 2013;44(6):1505-1511. doi:

10.1161/STROKEAHA.111.000142 [doi].

26. Eriksson SE. Secondary prophylactic treatment and long-term prognosis after TIA and
different subtypes of stroke. A 25-year follow-up hospital-based observational study. Brain

Behav. 2016;7(1):e00603. doi: 10.1002/brb3.603 [doi].

27. Amarenco P, Goldstein LB, Sillesen H, et al. Coronary heart disease risk in patients with
stroke or transient ischemic attack and no known coronary heart disease: Findings from the
stroke prevention by aggressive reduction in cholesterol levels (SPARCL) trial. Stroke.

2010:41(3):426-430. doi: 10.1161/STROKEAHA.109.564781 [doi].

28. Pezzini A, Grassi M, Lodigiani C, et al. Predictors of long-term recurrent vascular events
after ischemic stroke at young age: The italian project on stroke in young adults. Circulation.

2014;129(16):1668-1676. doi: 10.1161/CIRCULATIONAHA.113.005663 [doi].

19



29. Edwards JD, Kapral MK, Fang J, Swartz RH. Long-term morbidity and mortality in
patients without early complications after stroke or transient ischemic attack. CMAJ.

2017;189(29):E961. doi: 10.1503/cmaj.161142 [doi].

30. Feigin VL, Norrving B, George MG, Foltz JL, Roth GA, Mensah GA. Prevention of
stroke: A strategic global imperative. Nat Rev Neurol. 2016;12(9):501-512. doi:

10.1038/nrneurol.2016.107 [doi].

31. Rudd AG, Bowen A, Young GR, James MA. The latest national clinical guideline for

stroke. Clin Med (Lond). 2017;17(2):154-155. doi: 10.7861/clinmedicine.17-2-154 [doi].

32. Townsend N, Wickramasinghe K, Bhatnagar P, et al. Coronary heart disease statistics
2012 edition. british heart foundation: London.&nbsp; London, UK: British Heart

Foundation; 2012.

FIGURE LEGENDS

No. of figures: 2

Are there color figures? No

Figure captions:

Figure 1. Study population summary.

Figure 2. Predictors of acute myocardial infarction in AIS patients from Cox proportional
hazard models. Dots represent Hazard Ratios (obtained using Cox regression models) with
error bars (95% confidence interval) for each predictor. Results data shown were adjusted
for: age, diabetes, heart failure, atrial fibrillation, coronary heart disease, chronic kidney
disease, hypertension, dyslipidaemia, peripheral vascular disease, cancer, transient ischemic

attack, and previous stroke.
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Figure 3. Incidence curve illustrating the cumulative incidence of M1 in the patient

population over the entire follow-up period after hospital discharge.
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