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Abstract 
Background : Acute coronary syndrome (ACS) encompasses acute myocardial 
infarction (AMI) and unstable angina (UA). It is a global major cause of morbidity 
and mortality in both the short and long terms. The risk for recurrent ischemic 
cardiovascular (CV) events and death after ACS depends on patient factors at 
presentation, revascularization and secondary prevention measures. Of these, 
ischemic stroke (IS) is a feared and potentially devastating complication that 
confers suffering for the individual patient and an economic burden on society. 
ACS and secondary prevention treatment have gone through dramatic 
improvements during recent decades. These improvements, together with an 
improved risk factor profile in the general population, have led to lower morbidity 
and halved mortality. ACS and IS share many risk factors. Most of our knowledge 
about prognosis and risk of recurrent ischemic events after ACS is based on 
clinical trials and it is uncertain whether these findings can be translated to the 
general population. 

Aims : The study aims were as follows: to estimate the rate, time trends, risk 
factors and effects on mortality of IS after an AMI during the decades that ACS 
and secondary prevention treatment improved; to study wether the switch from 
the antiplatelet agent clopidogrel to ticagrelor influenced post-AMI IS risk in 
patients treated with PCI, based on data from the SWEDEHEART register; and 
to estimate the long-term rate of subsequent CV events after ACS in an unselected 
cohort of ACS patients, based on the ACS-population in the Nurse-based Age-
independent Intervention to Limit Evolution of Disease After Acute Coronary 
Syndrome (NAILED-ACS) study. 

Methods : In papers I–IV, data from the SWEDEHEART register were merged 
with the Swedish National Patient Register (NPR) to identify patients with AMI 
and subsequent ischemic stroke. In paper V, data were obtained from the 
NAILED-ACS study. Survival analysis with Kaplan–Meier estimates and hazard 
ratios for risk factors with Cox proportional hazards regression models were 
calculated in all five studies. When appropriate, propensity scores and competing 
risk analyses were used to adjust for baseline differences and a high overall 
mortality rate, respectively. 

Results:  

• The overall IS rates at 30 days and 1 year after AMI were 2.1 and 4.1% 
respectively, during the study period (1998–2008).  

• The rate of IS after AMI decreased over time, both at 30 days and at 1 
year, with relative risk reductions (RRRs) of 11% at 30 days and 20% at 1 
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year respectively, when comparing the beginning and end of the study 
period. 

• AMI complicated by IS within 1 year had a higher mortality rate than AMI 
without IS (36.5 vs. 18.3%). The mortality rates decreased during 1998–
2008, by 9.4% in patients with IS and 7.5% in those without IS.  

• The introduction of dual antiplatelet therapy (DAPT) with ticagrelor 
instead of clopidogrel was associated with a 21% relative risk reduction 
of IS within 1 year after AMI in patients treated with PCI. 

• The rate of recurrent CV events (CV death, AMI and IS) after ACS during 
the first year was 10.3% and remained high during a median follow-up 
time of 4.7 years, at 28.6%. 

• Predictors of increased risk of recurrent ischemic events were older age, 
female sex, previously established CV and cerebrovascular disease, 
hypertension, atrial fibrillation, diabetes mellitus, heart failure and renal 
disease. Reperfusion and revascularization procedures in the acute phase 
as well as evidence-based secondary prevention treatment were 
associated with a protective effect against recurrent ischemic events. 

Conclusion: The results reported in this thesis indicate an overall high rate of 
recurrent CV events after ACS based on a contemporary, unselected population 
of ACS patients. IS a relatively rare, but serious complication after AMI that 
confers a substantially increased mortality risk. The rate and mortality risk of IS 
after AMI have decreased over time. Improved, evidence-based treatment, both 
in the acute phase and in the long term, has most likely reduced the post-ACS risk 
of recurrent ischemic events in general and more specifically of IS. The switch 
from clopidogrel to ticagrelor was associated with a small, but statistically 
significant reduction in IS risk in PCI-treated AMI patients. 
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Enkel sammanfattning på svenska 
Kardiovaskulära sjukdomar (CVD) utgör globalt den enskilt viktigaste 
dödsorsaken. Ischemisk hjärtsjukdom (IHD) utgör merparten av CVD och 
innebär att hjärtmuskulaturen utsätts för syrebrist sekundärt till förträngda eller 
avstängda kranskärl som i de flesta fall orsakas av åderförkalkning (ateroskleros). 
IHD kan kategoriseras som akut eller kronisk - akut koronart syndrom (ACS) 
repektive kroniskt koronart syndrom (CCS). 

Akut koronart syndrom (ACS) är ett samlingsbegrepp som omfattar akut 
hjärtinfarkt (AMI) och instabil angina (UA) och beskriver den kliniska yttringen 
av en blodproppsbildning i något av hjärtats kranskärl som försörjer 
hjärtmuskulaturen med syrerikt blod. Patienten drabbas i det typiska fallet av 
central bröstsmärta och EKG-förändringar. Den vanligaste orsaken till 
blodproppsbildning är att det uppstår en spontan skada, vanligen en så kallad 
plackruptur i ett av ateroskleros drabbat kranskärl. Upphörd eller försämrad 
blodtillförsel till hjärtmuskulaturen leder oftast till någon grad av vävnadsdöd 
(infarkt), som är proportionerlig till det drabbade kärlets försörjningsområde 
samt graden av flödesbegränsning. Vid UA uppstår definitionsmässigt inte någon 
detekterbar infarkt, beroende på att blodflödet är tillräckligt för att hjärtmuskeln 
inte skall ta skada. En AMI leder oftast till en markant ökad risk för hjärtsvikt och 
död, medan UA förknippas med en bättre prognos. 

ACS-vården har genomgått omfattande förbättringar under de senaste 
decennierna, vilket i kombination med en förbättrad riskfaktorprofil i 
befolkningen har medfört att dödligheten efter AMI har halverats. Lägre 
kolesterolnivåer, färre rökare samt lägre blodtryck är de viktigaste riskfaktorerna 
som förbättrats i den allmänna befolkningen. Därutöver har sannolikt 
möjligheten att begränsa infarktstorleken med hjälp av ballongvidgning och 
stentinläggning (PCI), samt en förbättrad läkemedelsbehandling för att förhindra 
återinsjuknande spelat en avgörande roll. Risken för nya händelser i form av 
ischemiskt stroke (IS), AMI eller kardiovaskulär död efter ACS är trots detta 
betydande, både på kort och lång sikt. Av dessa är IS en särskilt fruktad 
komplikation efter AMI som medför ett stort lidande för den enskilda patienten 
samt stora kostnader för samhället. Lägre dödlighet efter AMI innebär fler 
överlevare, vilket i kombination med en ökad medellivslängd leder till att det 
finns fler patienter som är utsatta för risk att återinsjukna. Det är därför angeläget 
med en förbättrad och uppdaterad kunskap om risken för nya ischemiska 
händelser efter ACS, inte bara på kort utan även lång sikt, för att kunna optimera 
skyddet mot återinsjuknande för patienter som genomgått ACS. 
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Denna avhandling syftar till att, i fem delstudier, närmare studera och kartlägga 
risken för nya kardiovaskulära händelser i relativt oselekterade 
patientpopulationer efter ACS, på kort och lång sikt, med särskilt fokus på IS i 
fyra av delstudierna. I samtliga studier analyseras vilka riskfaktorer som är 
förknippade med ökad respektive minskad risk för återkommande 
kardiovaskulära händelser. 

I delarbete I studerade vi hur IS efter AMI påverkade risken att avlida jämfört 
med patienter som inte drabbats av IS. Att drabbas av IS efter AMI var förenat 
med en kraftigt ökad risk att avlida jämfört med patienter som inte drabbats av 
stroke. Denna risk har minskat över tid, sannolikt till följd av effektivare 
behandlingsmetoder. 

I delarbete II och III gjorde vi en tillförlitlig uppskattning av risken för IS inom 
30 dagar respektive 1 år efter genomgången AMI (2.1 respektive 4.1%). Vi visade 
att risken för IS har minskat över tid, sannolikt till följd av bättre behandling både 
i akutskedet och sekundärprofylaktiskt. 

I delarbete IV studerade vi hur införandet av det blodförtunnande läkemedlet 
ticagrelor, som ofta används efter AMI, påverkade risken att drabbas av IS inom 
1 år bland AMI-patienter som behandlats med PCI. En ökande användning av 
ticagrelor var förenat med ett minskat insjuknande i IS efter AMI bland PCI-
behandlade AMI-patienter. 

I delarbete V studerade vi risken för nya kardiovaskulära händelser efter ACS på 
lång sikt i en helt oselekterad ACS-population med hög datakvalitet. Vi visade att 
risken var hög för det sammansatta utfallet av IS, AMI och kardiovaskulär död 
både inom 1 år och upp till knappt 5 år efter genomgånget ACS. Välkända 
riskfaktorer var associerade med risken för nya händelser. 

Avhandlingen visar att risken för återinsjuknande i kardiovaskulära händelser 
efter ACS, är betydande på både kort och lång sikt. Risken för ischemisk stroke 
har minskat över studieperioden 1998-2017. Denna riskminskning är sannolikt 
kopplad till förbättrad behandling och understryker vikten av evidensbaserad 
behandling i alla åldersgrupper både i akutskedet och på lång sikt. 
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Introduction 
Cardiovascular (CV) disease (CVD) includes a number of disorders affecting the 
blood vessels and the heart that are responsible for one third of all deaths 
worldwide(1). Ischemic heart disease (IHD) is the main component of CVD, 
characterized by a dynamic disease process of atherosclerotic plaque 
accumulation in epicardial coronary arteries. The progress and stability of IHD 
can be modified with life style interventions, pharmacological treatment and 
coronary revascularization procedures(2). Depending on whether the patient is 
in a stable disease state or not, IHD is categorized as either a chronic coronary 
syndrome (CCS) or an acute coronary syndrome (ACS). The shift from CCS to 
ACS confers a markedly increased morbidity and mortality risk(3). Incidence and 
outcomes after acute coronary syndrome (ACS) have improved during recent 
decades(4-7). The introduction of new reperfusion methods in conjunction with 
more potent platelet inhibition and anticoagulation drugs, as well as efficient 
secondary prevention medication, has contributed to and partially explains this 
development(6). Additionally, reduced serum cholesterol levels, declining 
smoking rates and less physical inactivity in the general population have in 
different explanatory models been asscociated with reduced IHD-related 
mortality(8). An implication of improved outcomes after ACS is an increasing 
burden of IHD because there are more survivors of ACS at risk of recurrent 
events. Moreover, an aging population is also expected to increase the burden of 
disease. This prediction highlights the importance of optimal risk reduction by 
means of all available treatment measures. High-quality and updated 
epidemiologic research can validate results from randomized controlled trials 
(RCTs), generate hypotheses and ultimately motivate caregivers to rethink how 
care and follow-up of CVD are best delivered and to which patient groups. The 
focus of this thesis is on CV outcomes after ACS with an emphasis on ischemic 
stroke (IS). 

Etiology and classification of ACS 
ACS describes a state of acute myocardial ischemia, usually caused by a rupture, 
erosion or ulceration of an atherosclerotic coronary artery plaque, causing a 
varying degree of thrombotic obstruction of the coronary lumen, hindering blood 
flow and oxygen delivery to the myocardium distal to the lesion. In general, this 
condition manifests in a variety of clinical symptoms as well as abnormal 
electrocardiogram (ECG) and elevated biochemical (cardiac biomarker) findings, 
the magnitude of which depends largely on the size of the ischemic territory. 
Patients typically present with chest pain/discomfort with or without radiation or 
shortness of breath, both of which can be accompanied by signs of autonomic 
nervous system activation. As with most disease there are extremes at both ends 
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of the spectrum : Some patients present with dramatic symptoms, such as severe 
chest pain and cardiogenic shock or even sudden cardiac death (SCD), whereas 
others have limited symptoms that do not prompt them to seek medical 
attention(9). The most common ECG alterations indicating myocardial ischemia 
include ST-segment elevation or depression, T-wave inversion, bundle branch 
block or arrythmia. Elevation of cardiac biomarkers is a sign of myocardial 
necrosis. 

ACS is divided into acute myocardial infarction (AMI) and unstable angina (UA). 
For the diagnosis of AMI, there needs to be evidence of myocardial necrosis 
(dynamic elevation of cardiac biomarkers) in combination with a clinical setting 
consistent with acute myocardial ischemia(10). UA is a symptomatic diagnosis 
defined as anginal symptoms induced by minimal physical activity or at rest, 
where biochemical evidence of myocardial necrosis must be precluded. The ECG 
in UA is often normal, but ST-depression or T-wave inversion is not 
uncommon(11). AMI is further subcategorized into ST-segment myocardial 
infarction (STEMI) and non-STEMI (NSTEMI). ST-segment elevation on ECG in 
combination with symptoms suggestive of myocardial ischemia indicates 
occlusion of an epicardial artery, whereas absence of ST-segment elevation 
typically is not associated with epicardial arterial occlusion. The latter is a 
simplification, however, to facilitate clinical decision making, because it is well 
known that a substantial proportion of NSTEMI are caused by vessel occlusion 
that is not detectable on ECG(12). Occlusion of an epicardial artery, compatible 
with STEMI, leads to myocardial necrosis downstream of the lesion and typically 
induces an infarction that becomes transmural if blood flow is not restored in a 
timely way. In NSTEMI, the artery is generally not occluded completely, leading 
to a limited, subendocardial injury. Non-ST-elevation acute coronary syndrome 
(NSTE-ACS) is a frequently used umbrella term that comprises NSTEMI and UA. 
According to the universal definiton of myocardial infarction, AMI is categorized 
into different etiologic types. Briefly, type 1 is typically caused by plaque rupture, 
erosion, fissure or dissection, typically leading to thrombotic obstruction of blood 
flow. Type 2 is typically caused by a mismatch between myocardial oxygen 
delivery and demand, as for example in severe anemia or tachyarrythmia. Type 3 
refers to the situation when the patient suffers from typical symptoms suggestive 
of myocardial ischemia, but dies before cardiac biomarkers are measured. Type 4 
and 5 refer to myocardial infarction caused by cardiac procedures, for example 
percutaneous coronary intervention (PCI) and coronary artery bypass graft 
(CABG) surgery(13). Today, NSTEMI constitutes more than 50 % of ACS, STEMI 
around 40% and UA the remaining 10% consists of UA. The proportion of 
NSTEMI has increased from less than 30% to more than 50 % during the last two 
decades, mainly because of new, high-sensitivity cardiac biomarkers, that make 
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it possible to detect even small myocardial injuries, suggesting a diagnosis of 
AMI(7). 

Epidemiology 
From a global perspective, CVD causes around 420 million prevalent cases and 
18 million deaths annually, which represents a third of all deaths, making it the 
global leading cause of death(14). IHD is the largest subgroup of CVD, accounting 
for 110 million prevalent cases and 9 million deaths annually. Together with 
stroke, IHD is responsible for 85% of CVD deaths(2). This huge burden of disease 
not only imposes suffering and shortened life expectancy on the individual 
patient, but also confers enormous cost to society(15). 

According to the Swedish National Board of Health and Welfare, there were 
24800 AMIs in Sweden in 2018 which corresponds to 322/100000 
inhabitants(16). This change represents a decline in AMI incidence compared 
with 2014, when there were 383 AMIs/100000 inhabitants, which in turn is a 
decline of 38% compared with 2001(17). The Swedish Web-system for 
Enhancement and Development of Evidence-Based Care in Heart Disease 
Evaluated According to Recommended Therapies (SWEDEHEART) register 
reported 2162 hospitalizations for UA in 2018, which represents 11 % of all 
hospitalizations for ACS in coronary care units (CCUs), corresponding to levels in 
previous reports(18, 19). 

Age-standardized CVD mortality declined significantly in high-income countries 
during the 1990s and 2000s. In Sweden, 1-year mortality after ACS was halved 
between 1995 and 2014 from 22% to 11%, likely because of improved 
revascularization methods and secondary prevention treatment, in combination 
with an improved risk factor profile in the general population(8, 14, 20, 21). 

Risk factors 
In epidemiological research, a risk factor is defined as a variable with a 
statistically significant association with a clinical outcome. It is important to 
understand that even a strong statistical association of a risk factor does not 
automatically mean that a variable contributes causally to a given outcome. A risk 
factor is considered independent if, after adjustment for other relevant variables 
in multivariable analysis, it maintains a statistically significant association with 
the outcome(22).  

The most important established risk factors for the development of IHD are age, 
male sex, hyperlipidemia, smoking, hypertension, diabetes, obesity, unfavorable 
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diet, poor exercise habits and psychosocial habits. Age and male sex are non-
modifiable, whereas the others are considered potentially modifiable risk factors. 
In the INTERHEART study, these factors accounted for >90% of the risk for 
developing a first myocardial infarction. Of these, hyperlipidemia and smoking 
were the most important risk factors globally(23). 

Treatment 
Two major objectives of ACS treatment can be outlined. First, in the acute phase, 
the primary goal is to limit myocardial injury, i.e. hypoxia-induced necrosis, 
resulting from coronary artery obstruction caused by thrombus formation. 
Achieving this objective prevents acute complications of AMI such as ischemia-
driven, arrythmia related SCD, acute heart failure and mechanical complications 
of AMI. In contemporary practice, this aim is achieved mainly by a combination 
of arrythmia monitoring, medical treatment including especially antiplatelet and 
antithrombotic agents to limit thrombus formation, and revascularization 
procedures with PCI or CABG surgery, aiming at restoring sufficient blood flow 
to the myocardium(11, 24, 25). 

Second, in the longer perspective, secondary prevention aims at preventing 
recurrent CV events by treatment of all possibly modifiable risk factors. It consists 
of both medical therapy and lifestyle modification counseling, preferably within 
a cardiac rehabilitation programme. Comprehensive medical treatment targeting 
platelet activation, hyperlipidemia, hypertension and diabetes is considered 
crucial for risk reduction of future ACS events, and has been shown to reduce the 
risk of recurrent events considerably(26, 27). Lifestyle modifications addressing 
smoking habits, physical inactivity, overweight and dietary habits within a 
cardiac rehabilitation program also play an important role in reducing the risk for 
recurrent events but are beyond the scope of this thesis. 

Antiplatelet therapy 
Platelet aggregation plays a key role in thrombus formation in ACS. In vascular 
injury, it represents the body´s first line of defense, functioning to quickly build 
a plug to stop bleeding. This process is called primary hemostasis and is followed 
by secondary hemostasis, which involves activation of coagulation factors in a 
cascade that eventually leads to formation of a thrombus, consisting of mainly 
fibrin and platelets. In ACS, the reason for platelet aggregation is the vascular 
injury that typically consists of the ruptured coronary artery plaque. Platelet 
activation is a complex process, in which two receptor-mediated pathways play 
important roles and both of which are currently targeted in ACS antiplatelet 
therapy. The first is the thromboxane A2 (TXA2)-receptor, which activates 
platelet aggregation when binding TXA2. The production of TXA2, which 
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depends on enzymatic activation by cyclooxygenase 1 (COX-1), is irreversibly 
inhibited by acetylsalicylic acid (ASA), which has long been the foundation of 
antiplatelet therapy in all IHD. The second pathway involves the P2Y12-receptor, 
which mediates platelet activation when binding to adenosine diphosphate 
(ADP). Several P2Y12-receptor inhibitors are in clinical use, each with different 
pharmacodynamic features and efficacy. The most common are clopidogrel, 
ticagrelor and prasugrel(28). 

Solid evidence and guidelines support antiplatelet therapy with ASA in all 
subcategories of IHD. A dosage of 75–100 mg daily results in complete inhibition 
of COX-1, and because bleeding risk is dose-dependent, higher doses are not 
recommended. Treatment duration is mostly recommended to be lifelong, unless 
the patient has bleeding complications or develops an indication for oral 
anticoagulation (OAC)(3, 11, 24, 29). 

A P2Y12-receptor inhibitor added to ASA, is known as dual antiplatelet therapy 
(DAPT). The CURE trial, published 2001, marked the advent of DAPT. In that 
trial, clopidogrel in addition to ASA was superior to ASA alone in NSTE-ACS, 
regarding CV death, AMI and stroke at the cost of a slightly elevated bleeding 
risk(30). Almost 10 years later, prasugrel and ticagrelor proved more efficacious 
than clopidogrel in the landmark TRITON TIMI-38 and PLATO trials(31, 32) and 
have gradually replaced clopidogrel. Today, ticagrelor is the most prescribed 
P2Y12-receptor inhibitor in ACS in Sweden, because of several contraindications 
related to prasugrel that exclude a substantial proportion of the general ACS 
population. DAPT for 3-12 months is standard treatment after PCI in both CCS 
and ACS. DAPT is also recommended for 3-12 months in patients receiving 
conservative treatment for ACS patients (i.e., without coronary 
angiography/intervention)(11, 24). 

Despite solid evidence of risk reduction of composite CV endpoints with P2Y12-
receptor inhibitor treatment in addition to ASA, all of the above mentioned trials 
have failed to demonstrate benefit regarding IS. A meta-analysis of data for 
107473 patients, however, addressing the efficacy of clopidogrel, ticagrelor and 
prasugrel, found a moderate risk reduction of IS with clopidogrel compared with 
placebo (0.99% vs. 1.18%, p=0.002), but no further risk reduction of IS with the 
novel, more potent P2Y12-inhibitors ticagrelor or prasugrel compared with 
clopidogrel(33). That meta-analysis was based on the pivotal RCTs in the field, 
which means that a substantial proportion of the ACS population was excluded, 
as illustrated by a mean age of 57–66 years in the inluded studies. Therefore, its 
findings cannot be translated to the general population. In the Long Term Use of 
Ticagrelor in Patients with Prior Myocardial Infarction trial, there was a small, 
but significant benefit of low-dose ticagrelor in addition to ASA vs. ASA in 
addition to placebo, regarding any stroke and a trend towards benefit regarding 
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IS(34). This trial too cannot readily be translated to the general ACS population, 
because it evaluated antithrombotic treatment beyond the first year after 
discharge and included a selected group of patients. 

Coronary revascularization 
Restoration of coronary blood supply to the myocardium by means of coronary 
revascularization is fundamental in the setting of ACS. Cardiomyocytes are very 
sensitive to ischemia and necrosis becomes established if revascularization is not 
performed swiftly. The more complete the coronary lumen obstruction, the faster 
the artery must be opened. Thus, STEMI involves the highest urgency, followed 
by NSTE-ACS. Revascularization can be achieved pharmacologically by 
thrombolysis or mechanically by PCI or CABG. Thrombolytic revascularization is 
strictly a reperfusion therapy. To simplify here, reperfusion and revascularization 
will subsequently be designated as “revascularization”. Briefly, PCI is a 
percutaneous, catheterbased endovascular method of revascularization, in which 
the stenosis is dilated with a balloon catheter from inside the vessel lumen, mostly 
followed by implantation of a stent. Vascular access is mostly gained through 
puncture of the radial or femoral arteries. By being minimally invasive, the 
patient is typically awake during the procedure. CABG surgery on the hand 
requires access to chest cavity and therefore general anasthesia. The patients 
circulation and respiration is taken over by a cardiopulmonary bypass pump. New 
vessels, which can be both arterial or venous, are anastomosed distal to the 
stenoses, reestablishing sufficient blood flow to the ischemic myocardium.  

 

Figure 1. Development of coronary artery disease diagnostics and revascularization 1982-2019 
(SWEDEHEART annual report 2019). 
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CABG was for many years the main mechanical method of coronary 
revascularization. However, PCI has increased steadily at the cost of CABG, 
primarily because of improvements in the method through development of new 
interventional equipment and concomitant treatment, in particular drug-eluting 
stents and DAPT. There is limited evidence comparing CABG with PCI in the 
setting of ACS. In Sweden, only a small proportion of ACS patients currently 
undergo revascularization with CABG, whereas it plays a more prominent role in 
the revascularization of multivessel disease in CCS, particularly if combined with 
diabetes mellitus. The time trends of coronary diagnostics and revascularization 
in IHD in Sweden are illustrated in fig. 1. 

In STEMI, thrombolysis was the primary choice of treatment for many years. As 
PCI developed, and became available to more patients, it also yielded better 
outcomes compared with thrombolysis in large RCTs. Hence, PCI became the 
revascularization of choice for most patients with STEMI, and its first-line use is 
designated as primary PCI (PPCI). In current European guidelines, PPCI is 
recommended over thrombolysis if the patient can be intervened on within 2 
hours from diagnosis(24, 35). If that is not feasible, as can be the case under 
challenging geographical circumstances or with poorly developed health care 
resources, thrombolysis is still the first and sometimes only available reperfusion 
treatment. In a register-based report from 19 developing countries, only 20 % of 
STEMI patients were treated with PPCI(36). In Sweden, thrombolysis is still used 
in a small proportion of patients, primarily because of large geographical 
distances to clinical care in certain parts of the country. Emergency CABG is 
rarely an option in STEMI, because the time factor is crucial and preparing a 
patient for that kind of surgery is time consuming. The evolution of 
revascularization treatment in patients with STEMI over the study period of this 
thesis is illustrated in fig. 2. 
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Figure 2. Development of revascularization treatment in STEMI 1995-2019 (SWEDEHEART annual 
report 2019). 

In NSTE-ACS, in which the artery most often is not occluded, revascularization is 
slightly less urgent. Thrombolysis is generally not an alternative. A routine 
invasive strategy has been demonstrated to be superior compared with a selective 
invasive approach. A routine invasive strategy in this setting means that most 
patients are evaluated with coronary angiography and revascularized if 
appropriate. A selective strategy, on the other hand, means that patients initially 
are managed medically, and that coronary angiography and revascularization are 
performed only if the patient has objective or refractory myocardial ischemia 
(37). Current guidelines recommend an invasive angiographic evaluation within 
24 hours if the patient has at least one additional high-risk feature and within 2 
hours if the patient has signs of refractory ischemia, arrythmia or heart 
failure(11). The proportion of patients with NSTE-ACS undergoing coronary 
angiography during hospitalization has increased dramatically in all age-groups 
during the current study period(38). 

Antihypertensive treatment 
Hypertension, defined as systolic blood pressure (BP)>140 mm Hg and/or 
diastolic BP>90 mm Hg, is the leading cause of CVD and premature death. The 
global prevalence was estimated at one third of adults in 2010(39). The benefit of 
antihypertensive treatment is well documented with a log-linear association 
between BP and vascular events down to a BP of 115/75 mm Hg(40). In a meta-
analysis including over 600000 patients, a reduction in systolic BP by 10 mm Hg 
reduced the risk for coronary heart disease by 17%, stroke by 27%, heart failure 
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by 28%, and all-cause mortality by 13%(41). The optimal target level of treatment 
has been and still is a subject of debate, because of evidence suggesting a J-shaped 
relationship between BP and CV risk(42). Current European ACS guidelines 
recommend pharmacological antihypertensive therapy if BP>140/90 mm Hg or 
>130/90 mm Hg in patients with diabetes or renal failure. Most patients should, 
if it can be tolerated, be treated to <130/80 mm Hg. In patients <65 years, the 
systolic BP target range is 120–129 mm Hg, and in patients >65 years 130–139 
mm Hg(11). 

Lipid-lowering therapy 
Atherosclerosis is a complex inflammatory disease process, in which blood lipids, 
mainly cholesterol, play a central role. This has been demonstrated in animal 
models, observational data, and clinical trials(43, 44). Lipid measures consist 
roughly of low-density lipoprotein (LDL), high-density lipoprotein (HDL) and 
triglycerides. LDL is the lipid directly involved in atherosclerosis. Several 
pharmacological options target lipid-lowering, and new agents are under 
development. In contemporary clinical practice however, statins, ezetimibe and 
PCSK9-receptor inhibitors represent the most widely used drug groups and are 
also those with the most scientific evidence of efficacy. 

Statins are the most important drug used to lower blood lipids. They act by 
inhibiting HMG-CoA reductase, which limits cholesterol biosynthesis and lowers 
the hepatic cholesterol concentration. The latter upregulates hepatic LDL 
receptors, enhancing clearance of LDL particles from the blood. Apart from the 
lipid-lowering effect, statins are considered to counteract the chronic 
inflammatory process in the arterial wall by improving endothelial function and 
reducing plaque vulnerability(45). There is solid evidence from both RCTs and 
meta-analyses that statin therapy reduces CV events. The Cholesterol Treatment 
Trialists Collaboration has reported two important meta-analyses. The first, 
including 90000 participants from 14 trials of statin treatment versus placebo, 
demonstrated a weighted LDL difference of 1.09 mmol/l and a reduction of major 
CV events by one-fifth over a 5-year follow-up period in the statin-treated 
group(46). The second, including 170000 patients from 26 trials comparing high-
intensity statin treatment with low-intensity treatment or placebo, demonstrated 
a 22% log-linear proportional risk reduction for major CV events for each mmol/l 
reduction of LDL in the high-intensity treatment group over a treatment period 
of 5 years(47). Statin therapy, based on these data, constitutes the foundation of 
lipid-lowering therapy in patients at increased risk for CV events. Both European 
and U.S. guidelines give statin therapy in the setting of ACS their highest level of 
recommendation(11, 48). LDL treatment target levels have become more 
ambitious over time, with a current target level of <1.4 mmol/l based on the above 
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mentioned meta-analyses from the Cholesterol Treatment Trialist 
Collaboration(11). 

Ezetimibe is a cholesterol absorption inhibitor that acts through reduced uptake 
of cholesterol from the small intestine. It has been shown to add a moderate CV 
risk reduction after ACS when combined with statin therapy(49). It is currently 
recommended if the LDL treatment target is not reached despite high-intensity 
statin therapy(11). 

PCSK-9 receptor inhibitors target the hepatic PCSK-9 receptor which results in 
increased plasma clearance of LDL particles. These agents are highly efficient in 
reducing LDL and add a moderate risk reduction of CV events when added to 
high-intensity statin therapy(50, 51). PCSK-9 receptor inhibitor treatment is 
recommended if the combination high-intensity statin and ezetimibe is 
insufficient to reach LDL target levels(11). 

Blood glucose 
Diabetes mellitus is a well established risk factor for CVD(23). Patients with 
diabetes carry an adjusted risk for coronary heart disease, stroke and vascular 
death that is about twice as high as in patients without diabetes(52). After AMI, 
diabetes is associated with a significantly elevated mortality in the long term 
compared with no diabetes, after adjustment for important risk factors(53).  

Most CCUs in Sweden screen for diabetes during hospitalization by means of 
fasting blood glucose and glycosylated hemoglobin, a surrogate marker of long-
term blood sugar levels. 

In the light of the elevated risk that diabetes confers, it is of great importance that 
patients with diabetes receive an optimal secondary prevention treatment that 
addresses all modifiable risk factors. A multifactorial approach is recommended 
in patients with diabetes and established coronary heart disease, with specific 
target levels regarding BP, LDL and glycosylated hemoglobin. The recommended 
BP target is 120–130/70–80 mm Hg for most patients. The LDL target level does 
not differ from that for patients without diabetes, and glycosylated hemoglobin 
should be treated to <53 mmol/l(3). 

Two new treatment options, the sodium-glucose-co-transporter-2 inhibitors and 
glucagon-like-peptide-1 receptor antagonists have demonstrated a reduction of 
CV events, including mortality, in patients with diabetes and IHD in landmark 
RCTs. These drug classes represent new important tools in the treatment of 
patients with diabetes and IHD(54, 55). 
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Outcomes 
Although mortality after ACS has declined dramatically in recent years, the risk 
of recurrent CV events is still substantial, according to a comprehensive report 
from the SWEDEHEART registry. In this analysis, published in 2015, and 
including almost 100000 ACS patients between 2006 and 2011, one out of ten 
patients hospitalized for ACS died whithin a week from the event. Among the 
survivors, almost 20% experienced a recurrent ACS, stroke or died for CV reasons 
during the first year. Another 20% of patients without an event during the first 
year, suffered a recurrent event during the subsequent 2 years(56). 

Of these events, IS is of particular importance, because neurological disability is 
a devastating consequence for the patient and entails huge costs for society. IS 
has a reported incidence of 1.1–4.1% during the first year after AMI(57). The 
pathophysiological mechanism behind IS after ACS is poorly understood. Further 
clarification of epidemiologic aspects can contribute to a better etiologic 
understanding of IS after ACS and aid in preventing IS events. 

Implementation of evidence-based treatments directed at reducing the risk of 
ischemic events implies an increased risk of bleeding conferred by platelet 
inhibition and anticoagulation. Bleeding events after ACS are associated with 
both increased morbidity and mortality(58). In fact, a major bleeding confers a 
mortality risk comparable with that seen in AMI(59). Incidence of bleeding 
events varies among studies and tends to be lower in clinical trials compared with 
observational studies, because of patient selection mechanisms. In a recent report 
from the SWEDEHEART registry including around 370000 patients between 
1995 and 2018, in-hospital major bleeding was 0.5% in 1995, peaked at 2% in 
2005/2006, and leveled out at 1.3% at the end of the study period. Post-discharge 
bleeding requiring hospitalization during the first year, increased from 2.5% in 
1995 and seemed to stabilize around 4.8%. Increased bleeding rates both in-
hospital and post-discharge reflected intensified antithrombotic treatment(60). 
Although they are important, bleeding events are beyond the scope of this thesis 
and will not be addressed in more detail. 

Ischemic stroke 
In 2019, there were approximately 27500 incident cases of stroke in Sweden 
among 25700 patients, of whom 5800 died because of their stroke. Of the stroke 
hospitalizations during 2017–2019 registered in the National Swedish stroke 
register, 87% were ischemic. In common with ACS, incidence and mortality of IS 
in the general population have declined during recent decades(61), and stroke 
incidence and mortality overall have declined by 40% over the last two 
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decades(62, 63). Of note, subarachnoid hemorrhage is not recorded in this 
register. 

Stroke can be ischemic or hemorrhagic in origin. IS is generally caused by a 
thrombotic blockage of a cerebral artery, although there are other, rare types of 
IS. Hemorrhagic stroke is caused by a rupture of a cerebral vein or artery. Both 
IS and hemorrhagic stroke lead to hypoxic tissue damage in the brain, causing 
neurologic symptoms corresponding to the localization and magnitude of the 
injury. Hemorrhagic stroke is further divided into intracerebral hemorrhage and 
subarachnoid hemorrhage. 

The definition of stroke is challenging and has been subject to debate, and an 
international consensus is lacking. Globally, the most widely adopted World 
Health Organization (WHO) definition, published in 1970, states that a stroke is 
rapidly developing signs of focal (at times global) disturbance of cerebral 
function, with symptoms, lasting more than 24 hours or leading to death, with 
no apparent cause other than that of vascular origin. However, advances in the 
understanding of the pathophysiology of stroke and improved neuroimaging 
technology highlight weaknesses in the WHO definition that prompted the 
American Heart Association and American Stroke Association to produce an 
expert consensus document for the definition of stroke, published in 2013. The 
term central nervous system (CNS) infarction was introduced and is defined as 
brain, spinal cord, or retinal cell death attributable to ischemia, based on 1. 
pathological, imaging, or other objective evidence of cerebral, spinal cord, or 
retinal focal ischemic injury in a defined vascular distribution; or 2. clinical 
evidence of cerebral, spinal cord, or retinal focal ischemic injury based on 
symptoms persisting ≥24 hours or until death, and other etiologies excluded. 
Furthermore, based on the definition of CNS infarction, IS is defined as an acute 
episode of focal or global cerebral, spinal or retinal dysfunction caused by 
infarction of central nervous system (CNS) tissue(64, 65). The WHO is the holder 
of the international classification of diseases (ICD) system and the currently used 
ICD-10 does not include any definitions. However ICD-11, which is under 
implementation, does have definitions, and the definition of IS includes tissue-
based evidence based on neuroimaging(66), implying that a diagnosis of IS will 
require imaging evidence of cerebral infarction. In Sweden, where the ICD-10 is 
still used, the WHO definition is applied in most hospitals and was during the 
study period of this thesis. 

IS is a heterogeneous disease with different mechanisms underlying the arterial 
vessel occlusion, the determination of which has important implications for 
treatment. Several classification systems are in use in clinical practice and 
research. The well-established and widely used TOAST classification system 
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categorizes etiology as large-artery atherosclerosis, cardio-embolic, small-vessel 
occlusion, stroke of other determined etiology, and stroke of undetermined 
etiology(67). The majority of IS is considered to be caused by large artery 
atherosclerosis, cardio-embolism and small-vessel occlusion, although a 
considerable proportion of stroke is deemed to be of undetermined etiology(68). 
Large-artery atherosclerosis IS is caused by stenosis or occlusion of a major brain 
artery, either by in situ thrombus formation or by artery–artery embolization. It 
manifests clinically with cortical symptoms and brain stem or cerebellar 
dysfunction. Cardio-embolic IS is generally associated with more dramatic 
clinical symptoms at onset, more extensive neurological deficit, prominent 
imaging findings and higher mortality compared with other IS subtypes(69, 70). 
Proposed cardiac sources are atrial fibrillation, myocardial infarction, heart 
failure, patent foramen ovale, aortic arch atheroma, prosthetic heart valves and 
infective endocarditis(71). Small-vessel occlusion accounts for up to 25% of IS. 
Small perforating arteries, arterioles and venules are obstructed, and the 
pathogenesis is incompletely understood. Small-vessel occlusion IS presents with 
symptoms compatible with lacunar syndromes, and brain imaging will be normal 
or show brain stem or sub-cortical infarction <1.5cm in diameter. Stroke of other 
determined etiology includes rare causes such as non-atherosclerotic 
vasculopathies, hypercoagulable states or hematological disorders. Cardio-
embolic and large-artery atherosclerotic sources should be ruled out(67). Stroke 
of undetermined origin is defined as IS where the source cannot be determined 
despite extensive evaluation, or if there is more than one identifiable, possible 
source (67, 72). 

IS after ACS 

The risk of IS is clearly elevated after AMI, particularly during the first few days 
after AMI onset. In a report from the Northern Sweden World Health 
Organization Multinational Monitoring of Trends and Determinants in 
Cardiovascular Disease (MONICA) study, including AMI patients between 1985–
1994, compared with an age-matched reference population without preceding 
AMI, daily IS incidence was 8/10000 among AMI patients and 0.14/10000 
among patients in the reference population without AMI during the first few days. 
The risk declined exponentially but remained approximately doubled up to 1 year 
after AMI compared with the reference population(69, 73). 

However, there are important evidence gaps regarding IS after ACS. Many 
previous studies in this field were performed before the dramatic changes in ACS 
treatment and often included small and/or selected populations. In an important 
meta-analysis published in 2006, on which much of our current understanding 
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of post-AMI IS risk is based, the IS rate was estimated at 11.1 per 1000 AMIs in-
hospital, 12.2 per 1000 AMIs at 30 days, and 21.4 per 1000 AMIs at 1 year(57). 
The studies included in this meta-analysis were observational and published 
1978–2004. Most of them reported in-hospital incidence and few reported 30-
day or 1-year incidence. More contemporary knowledge stems mainly from 
clinical trials with selected, generally healthier patient populations compared 
with the patient populations that clinicians see and treat in everyday practice. In 
the PLATO trial for example, the risk of IS at 1 year after discharge from ACS was 
1.1%(31). 

Moreover, there is no consensus regarding the pathophysiological mechanisms 
underlying IS after AMI. One important proposed mechanism is embolization 
from a left ventricular thrombus (LVT), which mainly occurs in severe infarction 
of the anterior left ventricular wall. In a recent meta-analysis of cardiac magnetic 
resonance (CMR) imgaging data for the incidence of LVT in PPCI patients 
(n=2072), 96% of LVT occurred in anterior STEMI(74). However, a large 
proportion of post-AMI IS occurs after non-anterior infarctions, which highlights 
the need to broaden our perspectives on pathophysiology. Also, according to the 
above mentioned, and widely used TOAST criteria, an AMI is only considered to 
be a contributor of high risk for IS during the first month after AMI(67). Studies 
highlight an elevated risk beyond the first month, but currently we do not know 
for how long the risk should be considered high. In current clinical practice, we 
do not tailor treatment for individual patients to reach best possible protection 
against IS after ACS, because there is no validated risk stratification tool and we 
do not know how to individualize treatment based on this risk. These evidence 
gaps need to be addressed if we are to make progress in prevention of post-AMI 
IS. The papers in this thesis address some of these issues with the ambition to 
contribute to a better understanding of IS after ACS. 

Aims 
An overall aim of this thesis was to add real-world evidence on epidemiological 
aspects of CV complications after ACS with a special focus on IS. In all studies, 
predictors of risk were analyzed. More specifically, the main aims of this thesis 
were as follows: 

I. To estimate the 1 year mortality rate and temporal trends of mortality 
after AMI complicated by IS in a fairly unselected population of AMI-
patients between 1998 and 2008. 

II. To estimate the 30-day and 1-year incidence and temporal trends of 
IS after AMI in a fairly unselected population of AMI-patients 
between 1998 and 2008. 
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III. To assess whether the shift to DAPT with ticagrelor instead of 
clopidogrel has influenced the risk of IS within 1 year after AMI in a 
fairly unselected population of AMI-patients treated with PCI 
between 2009 and 2013. 

IV. To estimate the rate of recurrent CV events in an unselected cohort 
of ACS-patients with a long follow-up of up to 8 years. 
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Materials and Methods 
Study I II III IV V 
Type of 
study 

Retrospective 
observational 
cohort study 

Retrospective 
observational 
cohort study 

Retrospective 
observational 
cohort study 

Retrospective 
observational 
cohort study 

Retrospective 
observational 
cohort study 

Data 
source 

RIKS-HIA, NPR RIKS-HIA, NPR RIKS-HIA, NPR Riks-HIA, NPR, 
National 

Prescribed Drug 
Register 

NAILED-ACS 

N 1733233 1733233 1733233 34931 1379 

Inclusion 
criteria 

AMI AMI AMI AMI and PCI ACS 

Inclusion 
period 

1998–2008 1998–2008 1998–2008 2009–2013 2010–2013 

Follow-
up time 

12 months 30 days 12 months 12 months 4.7 years 

Outcome - Mortality 
after AMI 
when 
complicated 
by IS 

 
- Temporal 

trends 
 
- Predictors 

of increased 
mortality 
risk 

- Incidence of 
IS within 30 
days of AMI 

 
- Temporal 

trends of IS 
after AMI 
over the 
study period 

 
- Predictors 

of IS within 
30 days of 
AMI 

- Incidence of 
IS within 1 
year of AMI 

 
- Temporal 

trends of IS 
after AMI 
over the 
study period 

 
- Predictors 

of IS within 
1 year of 
AMI 

- Rate of IS 
after the 
shift from 
DAPT with 
clopidogrel 
to DAPT 
with 
ticagrelor in 
patients 
treated with 
PCI 

 
- Predictors 

of IS in PCI-
treated 
patients 
with AMI 

- Long term 
outcome 
after ACS 
regarding 
the 
composite 
of CV death, 
IS and AMI 

 
- Predictors 

of IS after 
ACS 

Table 1. Study design, data source, number of participants, time periods and outcomes for the papers 
included in this thesis. 

Papers I–IV are based on patient data from SWEDEHEART and more specifically 
its sub-register, the Swedish Register of Information and Knowledge about 
Swedish Heart Intensive Care Admissions (RIKS-HIA)(75), which was merged 
with the National Patient Register (NPR) to identify subsequent IS events. In 
paper IV, in addition to RIKS-HIA and NPR, the Swedish prescribed drug register 
was used to assess variations in treatment duration. In paper V, data was obtained 
from the NAILED-ACS database. These data sources are described below. 

National quality registers 
A national quality register contains detailed person-based information on 
diagnoses/problems, its treaments and results. The general objective of national 
qualitiy registers is to help health care providers to implement and monitor the 
delivery of evidence-based treatment methods and thereby contributing to saving 
lives and equal care. Another purpose is to facilitate follow-up, learning, quality 
improvement, research and direction of resources. In Sweden, the National 
Steering Group for Quality registers ensures certification and monitoring of all 
national quality registers(76). 
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SWEDEHEART 
The Swedish Web-system for Enhancement and Development of Evidence-Based 
Care in Heart Disease Evaluated According to Recommended Therapies 
(SWEDEHEART), is a large national quality register that was established in 2009 
by a merger of RIKS-HIA, the national register of secondary prevention (known 
as SEPHIA)(77), the Swedish coronary angiography and angioplasty register 
(known as SCAAR), and the Swedish Cardiac Surgery Register(78). After that, the 
register for Percutaneous Valve Interventions (known as SWENTRY) was 
incorporated in 2010. The national register for cardiogenetics, currently under 
construction, is planned to be a part of SWEDEHEART in the future. As an entity, 
SWEDEHEART is primarily a register for patients hospitalized because of ACS, 
undergoing coronary angiography, angioplasty or a percutaneous valve 
intervention. Approximately 85000 cases are registered each year, consisting of 
30000 ACS, 40000 coronary angiographies and interventions, 7000 heart 
surgeries and 9000 secondary prevention follow-up visits(18, 78). 

RIKS-HIA was established in 1995, initially with 19 participating hospitals, 
gradually increasing to 58 in 1998 and 74 of 74 hospitals in 2008(75). The register 
enrolls patients hospitalized for suspected or confirmed ACS and holds more than 
100 variables that are entered into a web-based form that essentially is split into 
three parts to cover the whole chain of care. On admission, variables concerning 
baseline characteristics, including ECG data, are entered. During the hospital 
stay, information regarding biomarkers, echocardiography, revascularization 
treatment, and complications are entered. At discharge, complications, 
angiographic and revascularization information, and medication are 
recorded(75). The register is monitored every year. In 2007, monitoring of 38182 
variables entered by 21  randomly assigned hospitals, revealed  conformity of 93% 
to 97% between RIKS-HIA and patient records(78). Patients are informed about 
their participation in the register, in most CCUs through written information, and 
are given the possibility to deny participation. 

SWEDEHEART will subsequently be used as an umbrella term for all sub-
registers. 

The coverage in SWEDEHEART is almost 100% for patients undergoing coronary 
angiography or intervention, heart surgery or valve intervention. AMI, covered 
by RIKS-HIA, is captured to a lower degree, when validated against the NPR, but 
has increased over the last decade. There is a considerable variation between 
hospitals and generally a lower degree of capture in patients >80 years of age, 
which is explained by admission to non-CCUs to a higher extent in older patients. 
In 2010, coverage was 60% for all AMIs regardless of age, compared with 2019 
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when median coverage was 88%. Coverage of AMI hospitalized in CCUs is almost 
100%(38). 

The National Patient Register 
The NPR is upheld by the national board of health and welfare and contains 
complete data since 1987 concerning all hospitalizations in Sweden, including 
patient and hospital data, admission and discharge dates, and primary and 
secondary diagnoses at discharge according to the WHO ICD-9 (1987–1996) and 
ICD-10 (1997–present). It also covers outpatient visits including day surgery and 
psychiatric care from both private and public health care providers. Primary care, 
however, is not covered by the NPR(79). 

The NPR has been validated against the Northern Swedish MONICA, a highly 
validated, population-based stroke register, with a positive predictive value of 
88.1% for all stroke and 94% for first stroke(80). 

The Swedish Prescribed Drug Register 
Established in 2005, the Swedish Prescribed Drug Register, holds information on 
patient identity and dispensed prescriptions to the whole population, making it 
possible to study iterations of prescribed drugs and duration of treatment(81). 

NAILED-ACS 
In study V, we included all patients with ACS admitted to Östersund Hospital 
during the inclusion period (1 January 2010–31 December 2014) of The Nurse-
Based Age Independent Intervention to Limit Evolution of Disease After Acute 
Coronary Syndrome (NAILED-ACS) Risk Factor Trial(82). Östersund Hospital is 
the only hospital in the geographically large rural region of Jämtland/Härjedalen 
with a catchment area of approximately 126000 patients at the time of study start. 
Patients with suspect ACS were identified through review of patient records and 
included if they fulfilled the criteria for AMI or UA. AMI was defined as type 1 
myocardial infarction according to the universal definition of myocardial 
infarction(83). In addition to the symptomatic definition of UA, ECG changes 
(ST-segment depression or T-wave alterations) suggestive of myocardial 
ischemia, were required. 

From 1 January 2010 to 31 December 2014, a total 1464 unselected patients with 
ACS were included. Of these, 85 died in-hospital, and the remaining 1379 were 
followed from the day after discharge until 31 December 2017, death or a move 
away from the region, resulting in a median follow-up time of 4.7 years. 
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Event adjudication was performed by four study physicians according to a 
standardized work routine with a prespecified endpoint definition, through 
scrutiny of discharge records for study patient hospitalizations within the 
department of internal medicine and cardiology at Östersund Hospital. Because 
a small proportion of patients could have been hospitalized in other departments 
from which discharge records were not available, events of interest were 
identified through the local in-patient register, which is part of the NPR. All 
potential events were adjudicated and validated through review of patient 
records. Each physician worked independently and consecutive meetings were 
held to discuss and reach consensus in difficult cases. 

The primary endpoint was the composite of CV death, type 1 AMI and IS, 
whichever happened first. All diagnoses were classified according to ICD-10 
codes. CV death was defined as death from CV causes within 30 days after an 
AMI, sudden cardiac death (SCD), congestive heart failure, stroke, CV 
procedures, CV bleeding and other CV causes such as pulmonary embolism and 
peripheral artery disease. AMI was defined according to the third universal 
definition of myocardial infarction. Only type 1 AMIs were included. IS was 
defined as an acute episode of focal or global cerebral, spinal or retinal 
dysfunction caused by infarction of central nervous system (CNS) tissue. 

Amalgamation of registers 
Every person resident in Sweden has a unique personal registration number, 
making it possible to merge registers, to find overlaps regarding prespecified 
questions. The amalgamation of register data for papers I–IV, was approved and 
performed by the National Board of Health and Welfare. Approval was also 
granted from the regional ethics committee in Umeå 

Statistics 
Descriptive statistics are presented as means or medians with 25th or 75th 
percentiles for continuous variables and compared with the Students 
independent samples t-test or the Mann–Whitney U test as appropriate. We used 
Pearson´s chi-square test for comparison of categorical variables. Statistical 
methods regarding outcomes and analysis of risk factors are described in the 
following sections. Statistical analyses were performed in SPSS (versions 20.0-
25.0; IBM Corp., Armonk, NY, USA) and SAS (version 9.4, SAS Institute Inc., 
Cary, NC, USA). 
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Paper I 
Patients registered in SWEDEHEART with a first AMI during the years 1998–
2008 were included. To identify patients with IS (ICD-9 433 and 434 and ICD-10 
codes I63 and I64) or death within 1 year after AMI admission, the database was 
amalgamated with the NPR. 

Outcomes: 

- Mortality rate within 1 year after hospitalization for AMI in patients 
suffering IS compared with stroke-free patients. 

- Temporal trends in mortality within 1 year after hospitalization for AMI 
when complicated by IS. 

- Predictors associated with mortality risk within 1 year after 
hospitalization for AMI. 

Unadjusted mortality rates for patients with and without IS were estimated in 
Kaplan–Meier (K-M) analysis. The log-rank test was used for comparison of 
difference between groups. 

Temporal trends of mortality were studied by dividing the study period into five 
ranges (1998–2000, 2001–2002, 2003–2004, 2005–2006 and 2007–2008). K-
M estimates of survival stratified by time period were calculated and compared 
with the log-rank test for differences between groups. 

Factors associated with mortality risk were assessed in a multivariable Cox 
proportional hazards regression model. Variables previously associated with 
mortality risk were included in addition to variables predicting risk in a 
univariable at a level of significance of p<0.25. 

Papers II and III 
Patients registered in SWEDEHEART with a first AMI during the years 1998–
2008 were included. To identify patients with IS (ICD-9 codes 433 and 434, ICD-
10 codes I63 and I64) within 30 days and 1 year respectively, after AMI 
admission, the database was amalgamated with the NPR. 

Outcomes: 

- Rate of IS within 30 days and 1 year after hospitalization for AMI. 
- Temporal trends of IS within 30 days and 1 year after hospitalization for 

AMI. 
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- Predictors associated with risk of IS within 30 days and 1 year after 
hospitalization for AMI. 

Unadjusted IS rate was estimated in K-M analysis at 30 days and 1 year 
respectively. 

Temporal trends of IS within 30 days and 1 year after hospitalization for AMI 
were studied by dividing the study period into five ranges (1998–2000, 2001–
2002, 2003–2004, 2005–2006 and 2007–2008). K-M curves of survival without 
IS were calculated for the time intervals using the log-rank test for between group 
differences. Moreover, temporal trends of IS risk were analyzed in a univariable 
Cox proportional hazards model using the first time interval as a reference. 

Predictors associated with IS risk within 30 days and 1 year after hospitalization 
for AMI were analyzed in a multivariable proportional Cox hazards model. 
Variables previously associated with risk of IS were included as well as variables 
found in univariable analysis at a level of significance of p<0.25. In paper II, a 
matched propensity score analysis, was undertaken to assess bias in the 
multivariable Cox regression analysis. 

Paper IV 
Patients registered in SWEDEHEART and hospitalized because of AMI between 
8 December 2009 and 31 December 2013 were included if they underwent PCI 
and were treated with either clopidogrel or ticagrelor at discharge. To identify 
patients suffering from IS within 1 year from admission, the database was merged 
with the NPR (ICD-9 codes 433 and 434, ICD-10 codes I63 and I64). 

Outcomes: 

- Rate of IS after PCI-treated AMI within 1 year from admission in patients 
treated with clopidogrel compared with patients on ticagrelor. 

- Factors associated with risk of IS within 1 year after AMI treated with 
PCI. 

To reduce selection bias between the two drugs studied, we chose an 
intertemporal cohort model, with two time periods of equal length in which the 
date of the first prescription of ticagrelor was used as a divider. K-M curves were 
calculated for unadjusted stroke-free survival in the two cohorts. The log-rank 
test was used for comparison between the groups. 

Logistic regression analysis was performed to further elucidate the relationship 
between increasing ticagrelor use and stroke-free survival. 
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Factors associated with IS risk within 1 year after PCI-treated AMI were studied 
in a multivariable proportional Cox hazards model. Factors previously deemed to 
influence stroke risk were included in the model as well as variables appearing to 
influence IS risk in univariable analysis if p<0.1. 

Paper V 
Patients registered in the NAILED-ACS Risk Factor Trial between 1 January 2010 
and 31 December 2014 were included and followed from the day after discharge 
until 31 December 2017, death or a move away from the region. 

Outcomes: 

- The primary endpoint was the incidence of the composite of CV death, 
type 1 AMI or IS during the entire follow-up time, both unadjusted and 
stratified for age groups (<60 years, 60–69 years, 70–79 years and >80 
years). 

- Factors associated with the risk for the the primary endpoint. 

K-M curves were calculated for the unadjusted incidence of the primary endpoint, 
as well as for the predefined age strata that were tested for differences between 
groups with the log-rank test. 

Outcomes according to age groups were estimated in K-M analysis, with the log-
rank test for differences between groups. 

Predictors associated with risk for the primary endpoint were assessed in a 
multivariable proportional Cox hazards model. Known predictors were included 
in the model in addition to relevant factors proven significant (p<0.1) in 
univariable analysis. 

Because of a high overall mortality, non-CV death represents a competing risk, 
which was assessed in a separate analysis according to Fine and Gray. 
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Results 

Papers I-III 

Table 2. Baseline characteristics of 173233 patients according to the occurrence of IS within 30 days 
and 1 year after AMI. P values are presented once if <.001 or not significant (ns) for both 30 days and 
1 year, and as two values if p values differed for each time point. 

Papers I–III are based on the same study population consisting of 173233 
patients with their first AMI, registered in SWEDEHEART 1998–2008. They 

 No IS 
within 30 

days 
(n=169662) 

IS within 
30 days 

(n=3571) 

No IS 
within 1 

year 
(n=166125) 

IS within 1 
year 

(n=7185) 

P values for 
30 days/1 

year 

Characteristics   

Age (mean) 71.1 76.1 70.9 76.5 <.001 
Women (%) 36.6 45.0 36.5 43.9 <.001 

Comorbidities   

Prior AMI (%) 15.8 17.8 15.6 20.1 0.001/<.001 
Prior stroke (%) 10.7 29.0 10.3 27.9 <.001 
Prior IS (%) 8.2 24.6 7.8 23.3 <.001 
Prior renal failure 
(%) 

2.2 2.2 2.2 2.4 ns 

Prior dialysis (%) 0.5 0.4 0.5 0.5 ns  
Prior COPD (%) 8.3 7.9 8.3 8.3 ns 
Prior heart failure 
(%) 

11.9 14.9 11.7 17.6 <.001 

Prior diabetes 
mellitus (%) 

19.2 25.2 19.1 25.7 <.001 

Prior peripheral 
artery disease (%) 

5.6 8.0 5.6 8.1 <.001 

Atrial fibrillation 
during 
hospitalization (%) 

16.8 31.7 16.5 31.5 <.001 

Clinical signs of heart 
failure during 
hospitalization (%) 

34.9 51.9 34.7 48.3 <.001 

Revascularization 
treatment 

  

PCI during 
hospitalization (%) 

35.6 18.7 35.9 20.4 <.001 

Thrombolysis at 
presentation (%) 

15.3 13.6 15.4 12.8 0.005/<.001 

CABG during 
hospitalization (%) 

1.9 2.6 1.9 1.8 0.003/0.493 
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were followed during 1 year from the day after discharge in papers I and III and 
to 30 days in paper II. 

Table 2 presents baseline characteristics of this cohort according to the 
occurrence of IS within 30 days and 1 year respectively, after a first AMI. Patients 
suffering an IS were clearly older, the proportion of women was increased, they 
had significantly more comorbidities and were revascularized to a lesser extent 
with the exception of patients suffering from IS within 30 days who went through 
CABG surgery more often compared with stroke-free patients. The mean age of 
the whole cohort was 71.2 years. 

Stroke rate and temporal trends 
During the first year after discharge, there were 7185 cases (4.1%) of IS. Of these, 
3571 (2.1%) occurred within 30 days. K-M analysis of the of IS rate in the five time 
intervals revealed a reduced stroke rate over the 10-year period at both 30 days 
and 1 year. At 30 days, there was a significant relative risk reduction of 11 % in 
period 5 compared with period 1 in a univariable regression model. At 1 year, 
there was a significant 20% relative risk reduction in period 5 compared with 
period 1. Cumulative IS incidence and hazard ratios per time period are presented 
in table 3. 

Time Period IS rate at 
30 days 

Hazard ratio, 
(95% CI) 

IS rate at 
1 year 

Hazard ratio, 
(95% CI) 

1 (1998-2000) 2.2% Reference 4.5% Reference 

2 (2001-2002) 2.2% NS 4.4% NS 

3 (2003-2004) 2.0% NS 4.1% 0.89, (95% CI, 0.83–
0.95 ) 

4 (2005-2006) 2.0% NS 3.9% 0.84; (95% CI, 0.75–
0.86) 

5 (2007-2008) 2.0% 0.89, (95% CI, 0.80–
0.98) 3.8% 0.80 (95% CI, 0.75–

0.86) 
Table 3. Rates and temporal trends of IS at 30 days and 1 year, among 173233 AMI-survivors. NS, 
not significant. 

Figure 3 presents K-M curves of stroke-free survival in the five time periods. IS 
during hospitalization was coded as having occurred on the day after discharge, 
so the vertical part of the curves represents IS during hospitalization. Day 0 
represents the day after discharge; overall log-rank test, p<0.001 of differences 
between time periods. 
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Figure 3. Cumulative stroke-free survival among 173233 patients surviving AMI during 5 
consecutive time intervals. 

Mortality and temporal trends 
Of 7185 patients with IS during the first year after admission for AMI, 2624 
(36.5%) died. Among patients without IS (n=166047), a total of 30461 (18.3%) 
died, indicating a doubled mortality risk among patients with IS. 

The risk of death during the first year after AMI decreased over the study period, 
irrespective of the occurrence of IS. Figure 4 presents K-M survival curves for 
both groups. In this figure, day 0 represents the day of admission for AMI. 
Between periods 1 and 5, there was a 9.4% absolute risk reduction in mortality 
among IS patients and a 7.5% absolute risk reduction among patients without IS. 
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Figure 4. Cumulative survival among 17233 AMI-patients according t0 occurrence of IS during 5 
consecutive time intervals. (Left: AMI survivors with stroke; right: AMI survivors without stroke). 

Risk factors associated with IS and mortality risk 
Risk factors associated with IS risk at 30 days and 1 year were identified in a 
multivariable proportional hazards Cox regression model. We found previously 
reported risk factors to be associated with IS in this cohort. Revascularization 
with PCI was associated with a lower short- and long-term post-AMI IS risk, 
whereas in-hospital CABG predicted an elevated risk in the short term. This 
association was not found in the long term. The results of this analysis are 
presented in table 4. The matched propensity score analysis in paper II did not 
alter the overall results in the model. 

Risk factors associated with the risk of death within 1 year in patients with IS 
within 1 year after AMI are presented in table 5. Preexisting heart failure, diabetes 
mellitus, renal failure and peripheral arterial disease had the strongest 
association with an elevated mortality risk. Revascularization treatment during 
hospitalization and evidence-based medical treatment at discharge with statins, 
angiotensin-converting enzyme (ACE) inhibitors, ASA, P2Y12-receptor inhibitors 
and warfarin were associated with a reduced risk of death. 
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Variable 
 

Hazard ratio 
(95% CI) at 30 

days 

P value Hazard ratio 
(95% CI) at 1 

year 

P value 

Age 1.02 (1.01–1.02) <.001 1.03 (1.03–1.03) <.001 

Female sex 1.17 (1.09–.26) <.001 1.10 (1.04–1.16) <.001 

Prior stroke 2.52 (2.33–2.73) <.001 2.59 (2.45–2.75) <.001 

Diabetes 
mellitus 

1.20 (1.10–1.30) <.001 1.30 (1.22–1.37) <.001 

Atrial fibrillation 1.53 (1.41–1.66) <.001 1.65 (1.56–1.75) <.001 

Clinical signs of 
heart failure at 
admission 

1.24 (1.15–1.34) <.001 1.18 (1.11–1.24) <.001 

STEMI 1.38 (1.27–1.50) <.001 1.19 (1.12–1.27) <.001 

ACE inhibitor 
treatment at 
discharge 

1.10 (1.02–1.18) 0.011 1.14 (1.08–1.2) <.001 

Thrombolysis at 
presentation 

0.84 (0.74–0.94) 0.002 0.88 (0.80–0.95) <.001 

PCI during 
hospitalization 

0.69 (0.62–0.76) <.001 0.69 (0.64–0.74) <.001 

CABG during 
hospitalization 

1.64 (1.32–2.03) <0.001 Ns - 

ASA treatment 
at discharge 

0.65 (0.60–0.71) <.001 0.86 (0.80–0.92) <.001 

Statin treatment 
at discharge 

0.88 (0.81–0.96) 0.002 0.87 (0.82–0.92) <.001 

P2Y12-receptor 
inhibitor 
treatment at 
discharge 

0.83 (0.75–0.91) <.001 0.87 (0.82–0.93) <.001 

Table 4. Risk factors associated with IS risk within 30 days and 1 year after AMI. 
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Variable HR at 1 year (95% CI) P value 

Age (1 SD) 1.64 (1.52–1.77) <.001 

Prior heart failure 1.33 (1.19–1.49) <.001 

Prior IS 1.16 (1.04–1.28) 0.006 

Prior diabetes mellitus 1.21 (1.09–1.34) <.001 

Prior renal failure 1.46 (1.15–1.86) 0.002 

Prior peripheral arterial 
disease 

1.27 (1.09–1.47) 0.002 

Hypertension –  

Atrial fibrillation 1.14 (1.03–1.25) 0.010 

Smoking –  

Heart failure during 
hospitalization 

1.34 (1.22–1.47) <.001 

PCI during hospitalization 0.79 (0.68–0.91) 0.002 

Thrombolytic therapy 0.86 (0.74–0.99) 0.038 

Statins at discharge 0.77 (0.69–0.85) <.001 

ACE inhibitors at discharge 0.84 (0.77–0.93) <.001 

ASA at discharge 0.76 (0.67–0.86) <.001 

Warfarin at discharge 0.69 (0.58–0.82) <.001 

P2Y12-receptor inhibitor at 
discharge 

0.88 (0.77–0.99) 0.038 

Diuretics at discharge 1.18 (1.06–1.31) 0.003 

Table 5. Independent risk factors of mortality in patients with IS within 1 year after AMI. 
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Improved treatment 
During the study period, treatment at discharge with ACE inhibitors, ASA, statins 
and P2y12-receptor inibitors increased markedly, as illustrated in figure 5.

 

Figure 5. Medication at discharge among 173233 AMI survivors 1998–2008. ACEi, ACE inhibitor. 

Concomitantly, revascularization treatment went through a shift of paradigm, in 
which PPCI became the revascularization method of choice in STEMI and an 
increasing proportion of patients with NSTE-ACS were treated with PCI. 
Thrombolytic reperfusion treatment decreased accordingly. This shift is 
illustrated in figure 6. 
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Figure 6. Revascularization treatment among 173233 AMI survivors during 5 consecutive time 
intervals. 

Conclusion 
We made a reliable estimate of the rate of IS and its mortality in an unselected 
AMI-population, which was 2.1 % at 30 days and 4.1% at 1 year after discharge 
over a 10-year period. Mortality was significantly higher in patients with IS after 
AMI compared with stroke-free patients. The risk of both IS and IS mortality after 
AMI declined significantly over the study period, most likely explained by 
improved treatment of ACS, both in the acute phase and long term in addition to 
previously mentioned population-related background factors. We confirmed 
established risk factors of both post-AMI IS and excess mortality risk conferred 
by IS after AMI. In addition, we found that revascularization treatment by means 
of PCI or thrombolysis and initiation of evidence-based secondary preventive 
treatment were associated with a lower IS risk and lower IS mortality post-AMI. 

Paper IV 
Of 62903 patients registered with AMI in the SWEDEHEART register between 8 
December 2009 and 31 December 2013, a total of 34931 were treated with PCI. 
Patients were exluded if they died during hospitalization without initiating 
P2Y12-receptor inhibitor treatment, were discharged without P2Y12-receptor 
inhibitor treatment, or were treated with P2y12-receptor inhibitors other than 
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clopidogrel or ticagrelor. Patients registered with AMI, but for whom no 
additional data were available were also excluded. Figure 7 presents the study 
flow in paper IV. 

 

Figure 7. Study flow chart in paper IV. 

  

All SWEDEHEART 
AMI patients during 

study period
(n = 62903)

Patients treated with PCI 
during hospitalization and 

discharged with either 
clopidogrel och ticagrelor 

(n=34933)

Period 1
8 Dec 2009-19 Dec 

2011
100% Clopidogrel

(n=16670)

Period 2
20 Dec 2011-31 Dec 

2013
39% Clopidogrel

(n=7184)
61% Ticagrelor

(n=11079)

Excluded:
Died during 
hospitalization without 
P2Y12-inhibitor 
(n=2159).
No P2Y12-inhibitor at 
discharge (n=10902)
Ticlopidin (n=55)
Prasugrel (n=1614)
No PCI during 
hospitalization (n=12741)
Missing data (n=499)
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Patient Characteristics Period 1 Period 2 P value 

Age 67.3 67.6 0.436 

Women, % 28.4 28.8 0.384 

Smokers, % 27.6 25.9 <0.001 

Infarct type    

STEMI, % 46.3 44.9 0.011 

Comorbidities    

Diabetes mellitus, % 19.4 20.2 0.046 

Hypertension, % 49.3 50.7 0.013 

Atrial fibrillation, % 11.2 12.1 0.007 

Medical history    

Prior AMI, % 6.2 5.4 0.001 

Prior congestive heart failure, % 3.8 4.1 0.090 

Prior peripheral artery disease, % 3.2 3.7 0.014 

Prior IS, % 5.5 5.5 0.834 

Prior hemorrhagic stroke 0.6 0.5 0.535 

Prior PCI, % 7.7 8.2 0.153 

Prior CABG, % 4.4 4.3 0.761 

Treatment    

CABG during hospitalization, % 0.6 0.6 0.991 

Table 6. Baseline characteristics of 34931 PCI-treated AMI patients in two consecutive periods. 

Baseline characteristics are presented in table 6. Patients in periods 1 and 2 had 
comparable baseline characteristics. There were several variables with a 
statistically significant difference between periods 1 and 2 (smoking, STEMI, 
hypertension, atrial fibrillation, prior AMI and peripheral artery disease). The 
absolute differences were small, however. 

Cumulative K-M incidence of IS was 2.2% in period 1 and 1.8% in period 2 
(p=0.004, log-rank), which represents a relative reduction of 18.2%. K-M curves 
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are presented in figure 8. IS during hospitalization was coded as having occurred 
on the day of discharge, represented by day 0. The vertical parts of the curves 
contain in-hospital IS. 

 

Figure 8. K-M estimates of stroke-free survival among 34931 consecutive PCI-treated AMI patients 
in period 1 (n=16670) and period 2 (n=18261). 

Risk factors associated with IS risk in a multivariable proportional Cox hazards 
model are presented in table 7. Age, atrial fibrillation, prior ischemic stroke, heart 
failure during hospitalization, STEMI, hypertension and diabetes mellitus were 
associated with an increased risk of IS within the first year after AMI. Belonging 
to period 2 was associated with a 21% lower risk of IS. 
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Table 7. Risk factors for ischemic stroke among 32899 PCI-treated AMI patients. 

Further analysis of the introduction of ticagrelor in a logistic regression model 
yielded an association of increased ticagrelor use with increased stroke-free 
survival (odds ratio 5.76, 95% confidence interval (CI) 3.06-10.8), as illustrated 
in figure 9. 

 

Figure 9. Logistic regression analysis relating increased ticagrelor use to increased stroke-free 
survival among 34931 PCI-treated AMI-patients. 

Predictor variable HR (95% CI) P value 

Period 1 vs. period 2 0.79 (0.68–0.92) 0.003 

Age 1.04 (1.03–1.05) <.001 

Atrial fibrillation 2.11 (1.77–2.52) <.001 

Prior IS 3.42 (2.81–4.18) <.001 

Heart failure during hospitalization 1.49 (1.25–1.77) <.001 

STEMI 1.37 (1.17–1.60) <.001 

Hypertension 1.21 (1.01–1.44) 0.035 

Diabetes mellitus 1.21 (1.01–1.45) 0.042 
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Conclusion 
The introduction of ticagrelor was associated with a reduced risk of IS within 1 
year after AMI in PCI-treated patients. This result strengthens the external 
validity of previous RCTs investigating the efficacy of ticagrelor in preventing 
ischemic events and is hypothesis generating for future studies regarding post-
AMI IS in an older PCI-treated patient population. Previously established risk 
factors associated with post-AMI IS were confirmed. 

Paper V 
A total of 1379 patients from the NAILED-ACS cohort were included (64.9% men 
and 36.1% women) and followed after discharge from the index event 
hospitalization for ACS until 31 December 2017. A study flow chart is presented 
in figure 10. 

 

Figure 10. Study flow chart in paper V. 

Baseline characteristics of the cohort are presented in table 8. Median age was 71 
years. More than 50% of patients were older than 70 years. Women were clearly 
older than men, and the median age among women was 76 years compared with 
the median age of 68 years among men. The index event was an AMI in the vast 

Outcomes until
31 Dec 2017Excluded

Included
1 Jan 2010-31 Dec 

2014

All patients included in 
the NAILED-ACS study

n=1464

Discharged
n=1379

Cardiovasular death
n=201

Type 1 myocardial 
infarction

n=157

Ischemic stroke
n=66

Died during index 
hospitalization

n=85
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majority of cases (92.4%). The distribution of comorbidities and medical history 
were similar to those of previous studies. 

Variable  
Age, median (IQR) 71 (±8.5) 
Age, median (IQR) males 68 (±8) 
Age, median (IQR) females 76 (±8.3) 

<60 years, % (n) 17.2 (237) 
60–69 years, % (n) 28.7 (396) 
70–79 years, % (n) 27.3 (377) 
>80 years, % (n) 26.8 (369) 

Women, % 36.1 
Current smoking, % 18.9 
Previous smoking, % 40.8 
ACS type  

UA, % 8.0 
NSTEMI, % 63.6 
STEMI, % 28.4 

Comorbidities  
Hypertension, % 58.5 
Diabetes mellitus, % 22.1 
Atrial fibrillation, % 8.6 
Medical history  
Prior AMI, % 21.4 
Prior congestive heart failure, % 5.9 
Prior IS, % 5.9 
Prior hemorragic stroke, % 0.6 
Prior transient ischemic attack, % 2.3 
Prior peripheral artery disease, % 2.6 
Prior PCI, % 8.5 
Prior CABG, % 8.7 
Prior renal failure % 29 
Revascularization pre/in-hospital  
Fibrinolysis (STEMI), % 67.1 
PCI, % 43.8 
CABG, % 10.0 

Table 8. Baseline characteristics of 1379 patients discharged after hospitalization for ACS. IQR, 
interquartile range. 
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At a median follow-up time of 1 and 4.7 years, there were 142 and 327 events, 
respectively, meeting the criteria for the primary endpoint of major adverse CV 
events (MACE), defined as CV death, type 1 AMI and IS. Cumulative K-M 
incidences at 1 year and end of follow-up, were 10.3% (95% CI: 8.7–12.1) and 
28.6% (95% CI: 26.2–31.0), respectively. The K-M curve of MACE-free survival 
over the entire study period is presented in figure 11. 

 

Figure 11. Cumulative K-M estimate of survival without the primary endpoint among 1379 patients 
discharged after hospitalization for ACS between 1 January 2010 and 31 December 2014 

Event/follow-
up time 

K-M 
incidence at 
1 year, 
% (n) 

95% CI K-M 
incidence at 
end of 
follow-up, 
% (n) 

95% CI 

MACE 10.3 (142) 8.7–12.1 28.6 (327) 26.2–31.0 

      CV death 5.1 (70) 4.0–6.4 17.5 (201) 15.5–19.6 

      AMI 6.3 (87) 5.1–7.7 13.3 (157) 11.5–15.2 

      IS 1.5 (20) 0.1–2.3 7.1 (66) 5.8–8.6 

All-cause death 8.4 (115) 7.0–10.0 39.2 (404) 36.6–41.8 

Table 9. K-M incidence at 1 year and end of follow-up after discharge in 1379 ACS patients. 

Almost half of all events occurred during the first year, with recurrent AMI being 
the most frequent event. Only one-third of IS events occurred during the first 
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year; however, in-hospital IS is not included. All-cause mortality was high, over 
40% at the end of follow-up. 

Stratification into age groups showed a dramatic increase in the rate of the 
primary endpoint with increasing age, as illustrated in table 10 and figure 12. 

Age group (n) K-M incidence of 
MACE at 3 years, % (n) 

95% CI 

>60 years (237) 8.1 (19) 5.1–12.5 
60-69 years (396) 10.2 (40) 7.4–15.7 
70-79 years (377) 16 (60) 12.5–20.1 
≥80 years (396) 34.2 (126) 29.4–39.3 

Table 10. K-M incidence of MACE at 3 years according to age-groups among 1379 patients 
discharged after ACS. 

 

Figure 12. Cumulative K-M estimate of survival without CV death, type 1 AMI or IS, according to age 
groups among 1379 patients discharged after hospitalization for ACS between 1 January 2010 and 31 
December 2014. 

Risk factors associated with recurrent CV events, presented in table 11, were 
analyzed in a multivariable proportional Cox hazards regression model. Age and 
concomitant diabetes mellitus, angina pectoris and heart failure prior to 
hospitalization were associated with an increased risk of the primary endpoint. 
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Table 11. Risk factors associated with CV-death, MI and IS among 1379 patients discharged after 
hospitalization after ACS in a multivariable Cox regression analysis. 

Prior IS and revascularization procedures were also associated with an elevated 
risk of subsequent CV events. Revascularization procedures during the index 
hospitalization and lipid-lowering therapy at discharge were associated with a 
reduced risk, whereas treatment with diuretics at discharge predicted increased 
risk. 

Conclusion 
In an unselected cohort of ACS patients, the risk of recurrent CV events was high 
during the first year after discharge from hospitalization for ACS and remained 
high during the subsequent 3.7 years. Patients ≥80 years of age had the highest 
risk. Previously acknowledged risk factors were associated with increased risk for 
subsequent events whereas revascularization treatment and lipid-lowering 
therapy predicted a reduced risk. 

Variable HR (95% CI) P value 

Age 1.03 (1.02-1.04) <.001 

Diabetes Mellitus 1.74 (1.36-2.22) <.001 

Angina Pectoris 1.41 (1.08-1.85) 0.012 

CHF 1.56 (1.11-2.21) .011 

Prior IS 1.46 (1.03-2.07) <.001 

Prior PCI 1.41 (1.00-2.00) 0.049 

Prior CABG 1.82 (1.34-2.49) <.001 

PCI during index hospitalization 0.58 (0.44-0.77) <.001 

CABG during index hospitalization 0.51 (0.31-0.85) 0.010 

Diuretics treatment at discharge 1.32 (1.04-1.68) 0.024 

Lipid-lowering therapy at discharge 0.69 (0.51-0.94) 0.017 
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Discussion 

Main findings 
We have used nationwide registers and a population-based cohort of ACS-
patients to elucidate epidemiological aspects of recurrent CV events after ACS 
with a special emphasis on IS, a relatively rare but potentially devastating 
complication. Reliable epidemiological data in the field are scarce. This thesis 
contributes with reliable data on the rate, mortality, temporal trends and risk 
factors of IS after ACS over a long time period, 1998–2017. The rate of IS after 
ACS was higher than in previous reports in both the short and long terms. 
However, it continuously declined during this time period, likely because of 
improved treatment of ACS in addition to an improved risk factor profile in the 
population. In the analysis of the mortality risk of IS after ACS, our data indicate 
a doubled mortality rate within 1 year, compared with patients without stroke. 
This risk declined over a 10-year period (1998–2008), probably explained by the 
same mechanisms behind the reduction in post-AMI IS. The broad introduction 
of the P2Y12-receptor inhibitor ticagrelor in the setting of ACS represents a 
milestone in modern ACS treatment and has repeatedly shown superiority over 
clopidogrel regarding the composite of CV death, AMI and stroke. However, 
despite more efficient platelet inhibition characteristics of ticagrelor, trials have 
failed to prove advantage regarding IS. We found that increasing use of ticagrelor 
was associated with a decreased risk of IS in the PCI-treated AMI-population in 
SWEDEHEART, strengthening the external validity of this change in treatment 
paradigm. Finally, we have followed an unselected cohort of ACS patients, with 
high data quality, over an exceptionally long time, to reliably estimate the rate of 
recurrent CV events in an unselected ACS population. We found a high event rate 
at 1 year that continued to be high during the remaining follow-up time. In all 5 
papers we have analyzed risk factors associated with the respective outcome of 
interest. Previously established independent risk factors of elevated risk of 
recurrent CV events in general, and IS more specifically, were confirmed. In 
addition, we found that in-hospital revascularization with PCI was associated 
with a reduced IS risk at both 30 days and 1 year which has not been reported 
before. Evidence-based therapies, in particular statins, were strongly associated 
with favourable outcome both regarding both IS and MACE. These findings are 
discussed in more detail below. 

Methodological considerations and limitations 
RCTs are considered the gold standard in the evaluation of health care 
interventions(84). However, the samples in RCTs are often selected with younger 
patients and fewer comorbidities. The results from RCTs thus cannot readily be 



 

41 

translated to the general population, because a considerable proportion of real-
world patients are excluded from participation by the strict inclusion and 
exclusion criteria. Observational studies are limited in their ability to prove 
causation between an exposure and a clinical outcome. They are, however, a 
valuable tool to test and strengthen the external validity of RCTs by studying the 
same question in a less selected population, and they can be hypothesis 
generating for RCT purposes(85). The data sources in this thesis are 
observational in that they are register-based in papers I–IV. Paper V is also of 
observational nature even if it is based on patient data from the NAILED-ACS 
Risk Factor Trial. 

Register-based studies have strengths in that the sample-size often is large, data 
collection already has been performed and follow-up time already has passed in 
part or completely, making it less time-consuming and thereby less costly. Data 
can be considered complete on a study person level, which limits selection bias 
mechanisms and basically eliminates attrition bias. Data are collected 
irrespective of the research questions, which also contributes to limiting bias. The 
most important limitations of register-based studies are that the data are pre-
collected and not necessarily relevant for the study questions. Data quality can 
also be hard to determine. Confounder information can be limited and it can be 
difficult to handle missing data which are common in registers(86). These issues 
are discussed in more detail below. 

Missing data 
In observational studies, data gaps are a frequent problem. “Missing data” is 
defined as values that are not available but would be meaningful for analysis if 
they were observed(87). Missing data can introduce bias and reduce sample size 
and thereby statistical power. This problem occurs in this thesis mainly in papers 
I-IV, which are based on data from SWEDEHEART, which is under continuous 
development. New variables are being introduced and others removed at 
different points in time, so that a variable introduced after start of the register 
will by definition have missing data. Some variables are compulsory, and others 
are not. Even if a variable is compulsory, it can be completed with “unknown” 
which has to be treated as missing data. Non-compulsory variables, such as 
patients baseline characteristics, can be missing simply because they have not 
been registered. In paper V, missing data could be kept to a minimum through 
rigorous control of all variables used in the NAILED-ACS database. Missing data 
could be completed by review of patient records in the vast majority of cases. 

Missing data can be handled in different ways. Imputation methods have been 
developed to replace missing data, depending on if data are missing at random or 
not, which is often the case in health care registers. We chose, however, not to use 
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imputation, because the proportion of missing data was deemed acceptable and 
the distribution random, and imputation requires invented values. More 
specifically, in paper I, variables with <90% valid cases were excluded from the 
multivariable analysis. In paper II, the number of valid cases was displayed in the 
baseline characteristics to facilitate assessment. In paper III, only variables with 
more than 95% valid cases were included in the multivariable analysis. In paper 
IV, we did not describe how we handled missing data, but briefly, output files 
were controlled and we verified that variables included in univariable and 
multivariable analyses had at least 95% valid cases. All variables analyzed in 
univariable analysis are presented in paper IV. In paper V, all missing data was 
completed by review of patient records. 

Bias 
Bias has been defined as “any process at any stage of inference that tends to 
produce results or conclusions that differ systematically from the truth”(88) and 
represents a threat to the validity and generalizability of research findings. There 
are several types, the most important of which are addressed briefly here in the 
context of observational research in general and more specifically of the papers 
in this thesis. 

Selection bias refers to selective differences between study groups or between the 
studied population and the general population. In this thesis, both mechanisms 
are present. In all SWEDEHEART-based studies, there is selection bias at the 
level of registration. In the beginning, only CCU-treated AMI patients were 
registered, excluding patients hospitalized in other units, which by experience are 
older and have more comorbidities and thus are at higher risk of recurrent events. 
From 2006 and forward, ACS patients admitted to non-CCU units have been 
registered, leading to higher coverage and inclusion of older patients with high 
comorbidity burden. Moreover, new and progressively more sensitive laboratory 
cardiac biomarker assays used for AMI diagnosis have been introduced over the 
time span of this thesis. This has led to inclusion in the register of a growing 
proportion of small infarctions that previously were not detectable, and not 
registered as ACS. Over time, therefore, the AMI-population included in 
SWEDEHART has changed, including both healthier individuals with lower risk 
and older and sicker patients with higher risk. 

In studies I–III, potential selection bias arises in the multivariable analysis of risk 
factors of IS rate and mortality after AMI. This possible bias was addressed by 
inclusion of all potential and available predictor variables in the model. However, 
some variables had high proportions of missing data and were therefore excluded 
from the analysis. Moreover, there are always confounding factors not recorded 
as variables, which can introduce bias. The finding that revascularization with 
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PCI reduces IS and mortality risk in papers I-III is perhaps the most obvious 
example of potential selection bias. Younger and generally more healthy patients 
with a lower risk of IS are more likely to be treated with PCI compared with older 
patients with multiple comorbidities with a high IS risk. In paper II, a matched 
propensity score analysis was performed to reduce selection bias when estimating 
treatment effects, in which PCI remained associated with risk reduction of post-
AMI IS. In paper IV, we studied differences in stroke rate between patients 
discharged with either clopidogrel and ticagrelor after the introduction of the 
novel P2Y12-receptor inhibitor ticagrelor. For this study, there was an obvious 
risk of selection mechanisms in that a larger proportion of younger and healthier 
patients would be treated with ticagrelor, which was handled by the choice to 
study time periods instead of drug allocation. With the choice to study the PCI-
treated subgroup of AMI patients, the oldest and sickest patients were exluded, 
which in turn likely reduced selection bias related to the choice of drug. In paper 
V, multivariable regression and competing risk analysis were used to reduce 
selection bias in the analysis of risk factors for recurrent events. 

Information bias refers to inadequate/incorrect registration of data. In 
SWEDEHEART, which is primarily a health care quality register, data are 
registered by health care workers in most cases. Incorrect data registration is 
therefore unavoidable but is considered to be distributed in a random fashion, 
not affecting overall results. SWEDEHEART is monitored annually, showing high 
correspondence with patient records. However, only a proportion of hospitals 
and variables are monitored, which makes data quality more uncertain. As 
mentioned, validation studies of IS in the NPR have been performed and show a 
high positive predictive value for first stroke. However, IS diagnoses obtained 
from the NPR are made by physicians and can thereby be incorrect, which 
introduces information bias. 

Attrition bias refers to an unevenly distributed loss of follow-up information, 
which leads to impaired internal validity of the study. Attrition was minimized in 
papers I–IV because outcome data were obtained from the mandatory NPR. In 
this setting, however, patients moving outside Sweden could contribute to 
attrition bias, but the effect can be considered negligible. In paper V, attrition 
represented a potential problem during the adjudication process of outcome 
events, as described above. Patients moving away from the county were identified 
through patient records. Hospitalizations for events in other departments with 
inaccessible medical records, were captured through the local in-patient register 
after which patient records in other departments could be accessed for 
adjudication, minimizing attrition. 
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Confounding 
Confounding is an important problem in observational research, and it must be 
considered for adequate interpretation of results. Confounding occurs when there 
appears to be a causal relationship between an exposure and an outcome, but in 
fact, another factor (confounder) influences the relationship. A confounder is 
defined as a factor that affects both the exposure (risk factor, intervention or 
treatment) and the outcome, is unequally distributed between study groups and 
is not an intermediary step in a causal pathway between exposure and 
outcome(89). There are different ways to treat confounding in observational 
research, but it cannot be eliminated completely, so there is always some residual 
confounding. In this thesis, we have used Cox multivariable regression models, 
when analyzing the effect of different risk factors on the outcome of interest. 
However, we could only adjust for known variables which leaves room for 
confounding as in all observational research. 

Generalizability 
SWEDEHEART and the NPR were used as data sources for papers I–IV during 
1998–2008 and 2009–2013. In addition to the selection and information bias 
mechanisms mentioned above, inclusion stretches over a long period of time. 
There are important differences between the registers in 1998 compared with 
2013, especially regarding SWEDEHEART. Registration criteria, treatment 
strategies and methods, diagnostic tools and variables in the register changed 
over the inlusion period, paving the ground for both bias and confounding. IS 
diagnoses have most likely gone through a change during the inclusion period 
because of improved neuroradiologic diagnostic tools with increasing resolution, 
making it possible to diagnose an increasing proportion of cerebral infarctions 
that were previously not found. The implication is that the IS population in the 
NPR has a growing proportion of smaller CNS infarctions over time, with a 
concomitantly better prognosis. Morover, we did not use the cause of death 
register (CDR) in this thesis, which has implications for papers I–IV. Patients 
with IS dying before hospitalization are most often diagnosed by a primary care 
physician. The cause of death and relevant diagnoses are registered in the CDR. 
Possible IS events of that kind, even if not diagnosed with imaging, were therefore 
not captured in our studies. These limitations need to be acknowledged in the 
interpretation of the results in this thesis, especially time trends, because 
inclusion of a gradually healthier population could contribute to and in part 
explain improved outcomes after ACS. 

Overall, despite the limitations mentioned, we believe that the results can be 
translated to a large proportion of the Swedish hospitalized ACS population and 
other countries with similar demography and health care structure. 
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IS after ACS 

Incidence 
During 1998–2008, the overall incidence of post-AMI IS was 2.1% at 30 days and 
4.1% at 1 year, with an observed relative risk reduction of 11 and 20% at 30 days 
1 year respectively, over the 10 year period. During 2010–2017, the 1-year rate of 
IS after discharge from ACS was 1.5%, indicating a further decline in stroke risk. 
However, these numbers must be compared with caution because of the 
methodological issues discussed in the previous section. 

Few, if any studies conducted in large, relatively unselected populations have 
investigated IS rate and temporal trends after the broad introduction of modern 
ACS treatment including revascularization of most patients with PCI, DAPT, 
statins and ACE inibitors/angiotension II receptor blockers. In a SWEDEHEART 
report from our group, studying IS rate before and after the introduction of 
ticagrelor in the registered AMI population between 2009–2013, we found a 1-
year rate of 2.8% in 2009–2011 and 2.4% 2012–2013(90), indicating a further 
decrease in IS risk compared with 1998-2008. In paper V, including ACS 
survivors from the NAILED-ACS cohort, followed between 2010–2017, IS 
incidence after discharge at 1 year was as low as 1.5%. There are several caveats 
when comparing these numbers, based on important differences in the data 
sources. First, in papers I–IV, in-hospital IS was included as opposed to paper V, 
in part explaining the lower 1-year rate. Furthermore, the NAILED-ACS study 
included ACS patients of all ages, but inclusion criteria regarding ACS were 
strictly followed through review of records by a study physician, which means that 
inclusion 0f non-type 1 AMIs was limited. Inclusion of patients with cardiac 
biomarker elevation not related to a primary coronary event, for example anemia 
or tachyarrythmia, often classified as type 2 AMI, was reduced to a minimum. 
Regarding UA, ECG changes were required, limiting inclusion of unspecific chest 
pain. Type 2 AMI has been associated with a similar or even higher mortality risk 
than type 1 AMI(91). In a SWEDEHEART report, a significant proporption (7.1%) 
of AMIs were classified as type 2. Patients with type 2 AMIs were older and 
predominately female, and had more anemia, renal failure and generally more 
comorbidities. One-year mortality was almost doubled compared with patients 
with type 1 AMI (24.7 vs. 13.5%)(92). The proportion of AMI types included in 
SWEDEHEART during 2019 is illustrated in figure 13. Most hospitals register 
5%-15% type 2 AMIs. 
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Figure 13. Proportion of different types of AMI, by hospital, included in SWEDEHEART 2019 
(SWEDEHEART annual report 2019). 

These differences, in addition to improved treatment, could have contributed to 
both the lower MACE and IS rate found in paper V. The estimates of the incidence 
of IS after ACS in this thesis can be considered to reasonably mirror the rate of IS 
and evolution of risk in a real-world ACS population during the time period 1998–
2017. 

Mortality 
We found a doubled mortality rate within 1 year in patients with IS after AMI 
compared with stroke-free patients (36.5% vs. 18.3%). Patients with IS were 
clearly older and had more comorbidities. Reliable data on this issue are scarce. 
The estimates of mortality in this large, fairly unselected patient population are 
precise and can be considered representative of the general population. 
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Temporal trends 
There was a relative risk reduction of IS after AMI between 1998 and 2008, with 
11% at 30 days (HR 0.89, 95% CI 0.80-0.98) and 20% at 1 year (HR 0.80, 95% CI 
0.75-0.86). Mortality decreased during the same period; the absolute risk 
declined by 9.4% in IS patients corresponding to a relative risk reduction of 
almost 24%. The decline in IS incidence and mortality after AMI demonstrated 
in papers I–III coincides with increased use of evidence-based treatment, as 
outlined previously and illustrated in figures 5 and 6. This development, in 
combination with an improved risk factor profile in the general population, such 
as lower serum cholesterol levels, lower smoking rates, and improved BP control 
in the general population, likely explains these findings as pointed out in previous 
publications(21, 93). 

In-hospital revascularization treatment was associated with a beneficial outcome 
in all studies, and the more active approach towards revascularization could have 
contributed to the observed improved outcomes. Revascularization treatment in 
AMI has increased dramatically, in all age groups during the studied time period, 
and seems to have plateaued in patients <80 years of age, as illustrated in figure 
14. Among patients age ≥80 years, revascularization has increased dramatically 
and is still increasing, indicating a progressively active treatment approach in this 
group of patients, who have the highest risk of recurrent events in general, and 
more specifically of IS(56). 

 

Figure 14. In-hospital PCI/CABG in AMI-patients in relation to age and sex, 1995-2019. 
(SWEDEHEART annual report 2019). 
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This group is poorly represented in clinical trials demonstrating an advantage of 
a routine invasive strategy with revascularization when appropriate. 
Revascularization in elderly patients has been associated with a greater survival 
benefit compared with younger patients(94). In a report from the Global Registry 
of Acute Coronary Events (known as GRACE), revascularization with PCI was 
associated with a beneficial outcome regarding CV death, AMI and stroke in the 
very elderly (≥80 years) at 6 months, without increased incidence of in-hospital 
stroke(95). Of importance, the vast majority of revascularization in the setting of 
ACS is carried out by PCI.  

It has not been proven, however, that revascularization in general, or more 
specifically PCI, reduces the risk of IS in the setting of ACS. In the short run, PCI 
has rather been associated with an elevated stroke risk, even if it today has to be 
considered a rare complication. Of more than 560000 PCI procedures in Britain 
during 2006–2013, there were 0.1% in-hospital IS(96). CABG surgery has also 
been shown to carry an increased short-term risk of IS, in accordance with the 
risk factor analysis in paper II, which showed an association with increased risk 
of IS at 30 days(97). This association disappeared at 1 year as demonstrated in 
paper III, at which point all revascularization treatment was strongly associated 
with a lower risk of IS. Both acute and subacute revascularization have the 
potential to reduce the magnitude of myocardial injury and subsequent heart 
failure and atrial fibrillation, both of which are established risk factors of IS, 
which could reduce post-AMI IS risk(71). 

P2Y12-receptor inhibitor treatment of varying duration in addition to ASA is 
standard therapy in most patients undergoing PCI, irrespective of indication. It 
was strongly associated with IS reduction in this work. The sharp rise in usage 
started at the beginning of the study period, and consisted mainly of clopidogrel. 
Most trials have failed to demonstrate a benefit of adding a P2Y12-receptor 
inhibitor to ASA after ACS regarding IS. There are some possible explanations for 
this. In the CURE trial, 75% of patients did not have an AMI, thereby carrying a 
significantly lower risk for recurrent ischemic events compared with AMI 
patients(30). In the PLATO trial, patients with an indication for oral 
anticoagulation were excluded which led to a low proportion of patients with 
atrial fibrillation, excluding patients at a higher risk of IS(31). A trend towards a 
reduction in IS was seen in two large RCTs of clopidogrel in ACS, one without 
loading dose and one with insufficient statistical power(98, 99). As with 
revascularization however, the oldest patients were not included in the major 
P2Y12-receptor inhibitor trials, making it uncertain wether the results are 
applicable to a real world ACS population.  
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Statin therapy increased dramatically in all age-groups over the study time period 
as illustrated in figure 15. Patients age ≥80 years have been not been treated as 
extensively as younger patients, but have caught up in recent years and the curves 
indicate a continued increase in statin treatment among the very elderly. 

 

Figure 15. Statin treatment among AMI patients registered in SWEDEHEART 1995-2019 
(SWEDEHEART annual report 2019). 

The strong association of statin therapy with reduced risk of IS post-AMI 
corresponds well with and gives external validity to previous RCT results 
demonstrating a significant risk reduction of high dose-statin treatment after 
ACS with respect to stroke(100). 

Because of their observational nature, the studies described here do not provide 
a causative explanation of the reduced IS rate after ACS, but it is reasonable to 
assume that improved treatment has contributed significantly to declining IS 
rates after ACS. 

Etiology of IS after ACS 
Pathophysiologic mechanisms of post-AMI IS are poorly understood. A 
frequently proposed, important source is embolism from a LVT, for which current 
European and U.S. STEMI guidelines recommend anticoagulation treatment, 
despite absence of strong evidence, so that it remains a topic of debate(24, 101). 
LVT formation can arise because of regional wall motion abnormalities in 
conjunction with infarction-related myocardial inflammation, predominately in 
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anterior/apical STEMI. The incidence of LVT varies substantially in different 
studies, depending on the time period and which diagnostic modality was used. 
In the pre-thrombolytic and thrombolytic era, incidence was reported at 7–46% 
in AMI(102, 103). Incidence today is considerably lower, with a range of about 5-
7% in PCI-treated AMI-patients. In a recent meta-analysis of 2072 STEMI 
patients treated with PPCI, 6.3% developed LVT confirmed by CMR, 96% of 
which occurred in anterior STEMI(74). 

Our findings suggest that there are other important mechanisms and that they 
probably vary over time. The majority of IS in our material occurred in NSTEMI, 
in which LVT is a rare phenomenon. In support of our findings, a recent study of 
IS in >70000 ACS-patients reported an equally elevated risk in NSTEMI and 
STEMI(104), indicating other possible mechanisms such as increased platelet 
reactivity from infarction-induced inflammation and systemic vascular 
inflammation in non-coronary arteries. Inflammation is a well described cause of 
enhanced platelet reactivity and plaque vulnerability(105). Pronounced systemic 
vascular inflammation and remote plaque destabilization beyond the coronary 
circulation have been found in AMI patients, making in situ thrombus formation 
and large-artery embolization plausible sources of post-AMI IS(106, 107). 
Furthermore, OAC treatment was not associated with a reduced risk of IS in any 
of the studies in this thesis, which supports the idea that other sources than LVT 
are important in IS post-AMI. Consistent with our findings, in-hospital 
anticoagulation with unfractionated heparin or low-molecular weight heparin in 
addition to ASA has been evaluated in large randomized trials and not shown any 
benefit regarding stroke(108-110). 

Moreover, a question of interest is how long the risk of IS can be considered to be 
elevated after ACS. According to the TOAST criteria, it is elevated during the first 
4 weeks post-AMI(67). A recent publication of observational data investigating 
specifically this issue, found the risk to be elevated up to 12 weeks post-discharge 
after AMI(111). The risk was highest during the first 4 weeks (HR 2.7, 95% CI 2.3–
3.2) and declined thereafter and was no longer elevated after 12 weeks. In our 
data, IS risk seems to be elevated longer than this in accordance with previous 
publications(73). Of note, the studies described in this thesis were not designed 
to investigate this issue. However, the incidence rates found in papers I–IV and 
the shape of the K-M curves could indicate risk elevation in the longer run. In 
paper V, only ≈30% of IS post-discharge after ACS occurred during the first year, 
also indicating an elevated risk profile in the longer term. 

Ticagrelor 
In paper IV, the introduction of ticagrelor was associated with a reduced IS rate 
when comparing two time periods, before and after the first prescription of 
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ticagrelor in Sweden during November 2009–December 2013. Ticagrelor is 
considered a more potent P2Y12-receptor inhibitor than clopidogrel, based on its 
pharmacodynamic properties, and its superiority over clopidogrel was 
demonstrated in the PLATO trial regarding the composite endpoint of CV death, 
AMI and stroke. It has, however, not yet been shown to reduce IS events after 
ACS. In the PLATO trial, there was equipoise regarding IS between clopidogrel 
and ticagrelor, as well as in a subgroup analysis of PCI-treated patients(31, 112). 
The PLATO study population was considerably younger compared with our study 
population (mean age 61 years vs. 67.5 years), excluded patients with an 
indication for oral anticoagulation and had fewer patients with prior IS, an 
important and well-established risk factor of new IS. As a result, the overall rate 
of IS is twice as high at 1 year in our material compared with the PLATO 
population (1.8% vs. 0.9%). 

It is not possible to draw any conclusions about causation, and there might be 
other, confounding factors explaining the reduced IS rate after the introduction 
of ticagrelor, such as more active revascularization and improved secondary 
prevention. Randomized data are lacking in unselected patient populations, but 
there are observational SWEDEHEART reports in support of our findings, with 
different study designs. A prospective cohort study of 45073 ACS-patients during 
2010–2013, comparing those discharged with ticagrelor vs. clopidogrel regarding 
the primary endpoint of death, AMI, and stroke, found a lower rate of the primary 
endpoint in the ticagrelor group (adjusted HR 0.85, 95% CI 0.78–0.93) and 
stroke (adjusted HR 0.81, 95% CI 0.65–1.01) at the cost of increased bleeding in 
the ticagrelor group (adjusted HR 1.20, 95% CI 1.04–1.40)(113). In another 
observational SWEDEHEART report comparing ticagrelor with clopidogrel with 
respect to death, AMI and stroke in >14000 patients ³80 years of age with AMI 
during 2010–2017, ticagrelor was associated with a reduction in both stroke 
(adjusted HR 0.72, 95% CI 0.56–0.93) and AMI (adjusted HR 0.80, 95% CI 0.70-
0.92). However, the ticagrelor group had a significantly higher mortality 
(adjusted HR 1.17, 95% CI 1.03–1.32) and higher risk for re-hospitalization 
related to bleeding (adjusted HR 1.48, 95% CI 1.25–1.76). To reduce selection 
bias, Inverse Probability Treatment Weights (IPTW) were used to adjust for 
differences in patient characteristics, in-hospital treatment, and 
medications(114). Of note, no distinction was made between stroke types in these 
studies, making a comparison with our results difficult. 

The results in paper IV and the above-mentioned observations highlight the 
importance of validation of RCT results in real world patients. Ticagrelor, a more 
potent P2Y12-receptor inhibitor than clopidogrel, might well be more efficient in 
preventing ischemic events in a real-world population, but plausibly not without 
the cost of increased bleeding risk. Therefore, as recent NSTE-ACS guidelines 
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have stressed, it is important to individualize antithrombotic treatment in ACS, 
especially in the eldery, who have the highest ischemic and bleeding risks(11). 

Long term outcomes after ACS 
Few studies have reported long term outcomes after ACS. To our knowledge, no 
comparable studies have had the combination of an equally long follow-up time, 
no exclusion criteria and high data quality. With a median follow-up time of 4.7 
years, we assessed CV outcomes in 1379 ACS patients after discharge during 
2010–2017. The risk of recurrent events was high during the entire follow-up 
period with a cumulative MACE-rate of almost 30%. More than 40% occurred 
during the first year, with a cumulative MACE-rate of 10.3%. Patients ≥80 years 
of age constituted 29% of the study population but accounted for more than 50% 
of MACE at 3 years. The NAILED-ACS cohort included patients of all ages with 
ACS but had strict inclusion criteria regarding ACS. Inclusion of non-type 1 AMI 
was limited, and UA had to be associated with ischemic ECG-changes in order to 
be eligible, which reduced inclusion of patients with non-ischemic chest pain. The 
risk factors of recurrent events found in the multivariable analysis are consistent 
with previous reports and highlight the importance of evidence-based treatment, 
including adequate revascularization and pharmacological therapy in all age 
groups. 

Sex-related outcomes 
A substantial amount of research has been conducted to investigate sex-related 
differences in outcome after ACS. Several meta-analyses as well as large 
observational studies have found sex-related differences in outcome. These 
differences, however, seem to be related to age as well as baseline characteristics 
and angiographic disease severity. When adjusted for these factors, there is no 
difference in average mortality between women and men, or even in average 
better prognosis. However, after adjustment for these variables, a prevailing 
difference has repeatedly been demonstrated, with higher mortality in younger 
women and women with STEMI(115-117). Regarding IS after AMI, female sex is 
not a previously established risk factor, but it was associated with an elevated risk 
of IS after AMI in papers II and III, whereas there was no association of sex with 
IS in paper IV, which could be explained by the inclusion criterium that only PCI-
treated patients were included in paper IV. This likely reduced selection bias by 
reducing baseline differences between sexes. Mean age among women was 
generally higher in the studies reported in this thesis, consistent with previous 
findings that women are significantly older when they present with their first 
myocardial infarction(118). Morover, we did not adjust for angiographic disease 
severity in any of our multivariable models, which was an important confounder 
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in a meta-analysis of short term mortality among >130ooo patients after 
AMI(115). 

To explore sex differences further, we conducted a complementary K-M analysis 
of MACE-free survival according to sex in the NAILED-ACS cohort. In the whole 
cohort, the unadjusted MACE rate at a median follow-up of 4.7 years, was 31.1% 
among women and 27.1% among men (p=0.002, log-rank). K-M curves are 
presented in figure 16. 

 

Figure 16. K-M curves of MACE-free survival among 1379 patients discharged after hospitalization 
for ACS according to sex. 

MACE-free survival in the whole cohort, stratified according to age and sex, with 
results presented in figure 17. 
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Figure 17. K-M curves of MACE-free survival among 1379 patients discharged after hospitalization 
for ACS according to age and sex. 

Unadjusted K-M incidence of MACE did not differ between men and women, age 
<60 years (11.5% vs. 6.1%, p=0.19, pairwise log-rank), 60–69 years (17.1% vs. 
15.9%, p=0.71, pairwise log-rank) and age 70–79 years (31.9% vs. 20.1%, p=0.18, 
pairwise log-rank). In patients ≥80 years of age however, men had a statistically 
significant favourable prognosis compared with women (44.4% vs. 53.6%, 
p=0.02, pairwise log-rank). There were few events among patients age <60 years, 
the analysis must therefore be interpreted with caution. 

Baseline characteristics and treatment among patients age ≥80 years are 
presented in table 12. Women were older, had signifantly more hypertension and 
renal dysfunction, and received less lipid-lowering therapy and PCI in-hospital 
compared with men. 
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Variable Men ≥80 years 
n=176 

Women ≥80 years 
n=193 

P value 

Age (mean) 85.1 86.5 0.004 

Prior AMI (%) 31.8 29.0 0.56 

Prior IS (%) 12.5 8.8 0.25 
Congestive heart 
failure (%) 

8.5 12.4 0.22 

Diabetes mellitus 
(%) 

18.2 23.8 0.18 

Hypertension (%) 60.2 74.1 0.005 
Renal dysfunction 
(%) 

64.8 79.3 0.002 

P2y12- receptor 
inhibitor treament 
at discharge (%) 

74.1 77.8 0.40 

Lipid-lowering 
treatment at 
discharge (%) 

78.6 58.5 0.001 

PCI during 
hospitalization (%) 

27.8 13.5. 0.001 

Table 12. Baseline characteristics and treatment among 369 patients age ≥80 years discharged after 
hospitalization for ACS. 

Unadjusted K-M rate of MACE in the STEMI subgroup, revealed a numerically 
higher event rate among men age ≤ 80 years, however not statistically significant, 
because of a small sample and few events. In patients age ≥ 80 years, women had 
a numerically higher event rate, also not statistically significant. Event rates 
among men and women were, age <60 years (15.5% vs. 0%, p=0.18, pairwise log-
rank), age 60-69 years (18.6% vs. 4.8%, p=0.19, pairwise log-rank), age 70-79 
years (43.4% vs. 12.1%, p=0.06, pairwise log-rank) and age ≥80 years (34.5% vs. 
51.0%, p=0.09, pairwise log-rank). K-M curves are presented in figure 17. 
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Figure 18. MACE-free survival among 392 patients dicharged after hospitalization for STEMI 
according to age and sex. 

Baseline characteristics among STEMI-patients age ≥80 years are presented in 
table 13. 

Variable Men ≥80 years 
n=48 

Women ≥80 years 
n=42 

P value 

Age (mean) 83.7 86.4 0.002 
Prior AMI (%) 22.9 14.3 0.30 
Prior IS (%) 10.4 4.8 0.32 
Congestive heart 
failure (%) 

2.1 11.9 0.06 

Diabetes mellitus 
(%) 

20.8 23.8 0.74 

Hypertension (%) 56.3 76.2 0.05 
Renal dysfunction 
(%) 

56.3 85.7 0.002 

P2y12-receptor 
inhibitor treament 
at discharge (%) 

89.6 81.0 0.25 

Lipid-lowering 
treatment at 
discharge (%) 

85.4 54.8 0.001 

PCI during 
hospitalization (%) 

52.1 26.2 0.01 

Table 13. Baseline characteristics among 100 patients age ≥80 years discharged after hospitalization 
for STEMI. 
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Women were clearly older, had more renal insufficiency and were treated less 
frequently with lipid-lowering drugs and PCI. There was a clear numerical 
difference in preexisting heart failure, however not statistically significant. 
Because the number of patients in this study subgroup was limited, results must 
be interpreted with caution. 

The main findings of these additional, unadjusted analyses are consistent with 
previous reports, i.e. women with ACS have a worse prognosis. In subgroup 
analysis, the difference is explained by the higher MACE rate among women age 
≥80 years, likely because of a higher mean age, more comorbidities (hypertension 
and renal dysfunction) and less evidence-based treatment (lipid-lowering drugs 
and PCI). Regarding younger women and women with STEMI, the results are not 
consistent with previous findings. However, the low number of study participants 
in these subgroups, in combination with a limited number of events makes it 
difficult to draw any conclusions. 
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Conclusion 

• The 1-year mortality rate after admission for AMI complicated by IS was 
36.5% compared with 18.3% in patients without IS during 1998–2008. 
The risk of death during the first year declined by 9.4% over the 10-year 
period among IS patients and by 7.5 % among IS-free patients. Reduced 
mortality coincided with increasing use of evidence-based therapies, 
which also were associated with reduced mortality risk in multivariable 
regression analysis. 

• Age, prior heart failure, prior IS, prior renal failure, prior diabetes 
mellitus, prior peripheral artery disease, atrial fibrillation and heart 
failure during hospitalization were independently associated with 
elevated mortality risk among patients with IS after AMI. 
Revascularization treatment (PCI and thrombolysis) and medical 
treatment with ASA, P2Y12-receptor inhibitors, warfarin, statins and 
ACE inhibitors were independently associated with reduced mortality 
risk among the same patients. 

• The 30-day and 1-year incidence of IS after admission for AMI were 2.1% 
and 4.1% respectively, during 1998–2008. The rate declined over the 
study period by 11% at 30 days and 20% at 1 year. The reduced IS rate 
coincides with increased use of evidence-based therapies. 

• Age, female sex, prior IS, diabetes mellitus, atrial fibrillation, heart 
failure on admission and STEMI were associated with elevated IS risk at 
both 30 days and 1 year. CABG during hospitalization was associated with 
elevated risk only at 30 days. Revascularization treatment with PCI and 
thrombolysis, as well as treatment at discharge with ASA, P2Y12-receptor 
inhibitors, and statins was associated with reduced IS risk at both 30 days 
and 1 year. 

• When comparing occurrence of IS within 1 year from admission in two 
consecutive cohorts of PCI-treated AMI-patients with equal follow-op 
time during 2009–2013, before and after the introduction of ticagrelor, 
there was a 21% relative risk reduction between the first and second time 
periods. Hospitalization for AMI during the second period, with 
increasing ticagrelor use, was independently associated with a reduced 
IS risk. 

• In a population-based, unselected cohort of ACS patients included during 
2010–2014 with a long follow-up time, the composite of CV death, type 1 
AMI and IS was 10.3% at 1 year and 28.6% over the whole study period. 
More than half of all events at 3 years occurred among patients ≥80 years 
of age. Well-established risk factors were independently associated with 
an increased risk of recurrent CV events. 
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Future perspectives 
An ageing population and increasing proportion of survivors of ACS exposes more 
people to the risk of future CV events. Of these, IS is one of the most devastating 
complications, with reduced autonomy and quality of life for the individual 
patient. Age is an important risk factor for both ischemic and hemorrhagic events. 
Emerging evidence and ACS guidelines are focusing increasingly on how to tailor 
antithrombotic treatment after ACS. This thesis has confirmed previously 
established risk factors of recurrent CV events in general and more specifically of 
IS. We also propose that revascularization with PCI or thrombolysis, platelet 
inhibition and lipid-lowering treatment are associated with a reduced risk of IS 
after ACS. In order to further reduce the risk of IS after ACS, there are in our 
opinion amongst others, two research areas of special importance. 

The first is risk stratification. Ischemic and bleeding risk need to be carefully 
assessed in the individual patient to be be able to optimize ischemic protection at 
the lowest possible bleeding risk. There are several validated risk scores in clinical 
use, endorsed by European and U.S. NSTE-ACS guidelines to assess mortality 
and bleeding risk in ACS(119, 120). The CHADS2 and CHA2DS2-VASC risk scores, 
are well validated and used to determine risk of IS in atrial fibrillation. They have 
also been studied in the setting of ACS and demonstrated a prognostic impact on 
both mortality and stroke risk(121, 122). In paper II, we analyzed IS rate in 
relation to CHADS2 and CHA2DS2-VASC scores which showed that IS risk 
increased, as expected, with an increasing score. However, none of these risk 
stratification tools are designed, nor validated to estimate IS risk in the general 
ACS-population. Furthermore, the clinical trials upon which these tools are based 
did not include the patient category that is exposed to both the highest ischemic 
and bleeding risk. Therefore, further studies are warranted to further explore this 
field which could have an important impact on clinical practice. 

Second, further knowledge on pathophysiology is desirable if we are to make 
progress in IS protection after ACS. Today, treatment options are limited to DAPT 
and/or OAC with different duration, which by itself is a topic of debate. A better 
understanding of the underying mechanisms could open for other treatment 
strategies that targets IS after ACS more efficiently. 
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