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Abstract 
Background 

 
One of the leading causes of death and disability worldwide is cardiovascular 
disease (CVD), including acute myocardial infarction (AMI). Despite 
improvements in medical treatment, management, and care over the years and 
the halving of mortality in recent decades, there is considerable room for 
improvement. Following myocardial infarction (MI), a patient is at great risk for 
subsequent infarctions or other related complications. In addition, the risk of 
ischemic stroke is increased following MI. Secondary prevention after MI is 
paramount for reducing further complications and consists of lifestyle changes, 
optimised medical treatment, and risk factor control of blood pressure (BP) and 
blood lipid levels. Although secondary preventive measures are effective, the 
proportion of patients reaching set treatment target levels is disappointingly 
low. 

Most patients are prescribed dual antiplatelet therapy (DAPT) following MI as 
part of their secondary preventive treatment. Several articles have been 
published on treatment efficacy based on comparisons with different kinds of 
antiplatelet drugs and in different combinations. However, little data 
specifically address the incidence of ischemic stroke after MI in real-world 
populations. In addition to antiplatelet treatment, secondary prevention 
comprises risk factor control of hypertension and hyperlipidaemia. Given the 
low proportion of patients reaching set target levels for BP and blood lipids, new 
strategies are needed. 

Aims 

 
The aim of this dissertation is partly to elucidate if the rapid change in preferred 
DAPT in Sweden, from clopidogrel to ticagrelor in addition to aspirin, affected 
the incidence of ischemic stroke in patients suffering AMI (paper I) and in 
patients suffering AMI who have a history of ischemic stroke (paper II). 

The second part of the dissertation aims to investigate the feasibility and 
implementation of a randomised controlled trial of a nurse-led telephone-based 
secondary preventive program, and to assess the proportion of patients who can 
be included in an unselected acute coronary syndrome (ACS) population (paper 
III). Furthermore, the aim of the trial was to assess the long term results 
regarding systolic BP (SBP), diastolic BP (DBP), and low-density lipoprotein 
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cholesterol (LDL-C) after 36 months of intervention and follow-up compared to 
a control group receiving usual care (paper IV). 

 

Methods 

Papers I and II examined the impact of a change in the antiplatelet regimen 
following MI in regard to ischemic stroke occurrence. Data were obtained from 
the Swedish Register of Information and Knowledge about Swedish Heart 
Intensive Care Admissions (i.e., RIKS-HIA). The register was combined with the 
National Patient Register (NPR) and the Cause of Death Register (CDR) in order 
to obtain data on stroke occurrence. Patients with AMI and treated with either 
clopidogrel or ticagrelor were assigned to one of two cohorts, each covering a 2-
year time period, with the initial prescription of ticagrelor (20 Dec 2011) used as 
a cutoff point. Patients in the early cohort (n=23,447) were treated exclusively 
with clopidogrel, whereas those in the later cohort (n=24,227) were treated with 
either clopidogrel (47.9%) or ticagrelor (52.1%). In paper II, the same 
methodology was used, but with a study sample restricted to AMI patients with 
a history of ischemic stroke. In paper II, there were 1633 patients in the early 
cohort and 1642 in the late cohort. In the late cohort, 66.3% patients were 
treated with clopidogrel and 33.7% with ticagrelor. Kaplan–Meier analysis was 
used to assess the risk of ischemic stroke over time, with multivariable Cox 
regression analysis used to identify predictors of ischemic stroke. 

 
Papers III and IV were based on the Nurse-based Age independent Intervention 
to Limit Evolution of Disease (NAILED)-ACS trial. 
 
The NAILED-ACS trial was an open randomised controlled trial of whether a 
nurse-led telephone-based follow-up and medical titration after MI or unstable 
angina achieved lower levels of BP and LDL-C than usual care. In paper III, 
patients admitted for ACS during January 2010 and December 2013 were 
evaluated for participation. Factors predicting participation and non-
participation were assessed using logistic regression. Mortality rates after one 
year among included and excluded patients and patients declining participation 
were assessed using Kaplan–Meier analysis. For paper IV, all patients admitted 
with ACS at Östersund Hospital between January 2010 and December 2014 
were screened for inclusion based on their ability to participate in a telephone-
based follow-up. Participants were randomised into two parallel groups, an 
intervention group and a control group receiving usual care. BP and LDL-C were 
measured at 1, 12, 24, and 36 months. The baseline consisted of randomised 
patients who completed the one-month follow-up. The intervention group 
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received counselling and medical titration to attain treatment targets (BP 
<140/<90 mmHg and LDL-C <2.5/<1.8 mmol/L). Adjusted means stratified by 
sex and type of ACS were calculated for SBP and DBP and LDL-C. The 
proportion of patients who achieved treatment target levels at the end of the 
study was also assessed. 
 
Results 
 
Among the general AMI population treated with either clopidogrel or ticagrelor, 
the incidence of ischemic stroke after one year was 2.8% in the early cohort vs. 
2.4% in the late cohort (p=0.001) (paper I). The study population in paper II, in 
which all patients had a history of previous ischemic stroke, was overall older 
and had a higher prevalence of comorbidities than the population in paper I. In 
paper II, incidence of ischemic stroke in the early cohort was 12.1% vs. 8.6% in 
the late cohort (p<0.01). Corresponding incidence of intracranial bleeding for 
the population in paper II was a non-significant 1.2% vs 1.5%. 
 
In the feasibility study of the NAILED-ACS trial (paper III), 907 patients were 
assessed for inclusion. Among these, 72.9% could be included (n=661), 146 
patients (16.1%) were excluded, and 100 patients declined participation (11 %). 
Reasons for exclusion were mainly participation in another trial, dementia, 
inability to use a telephone, and advanced disease. Examples of predictors of 
both exclusion and declining participation were older age, lower functional 
status, and lower education. Non-participating patients had significantly higher 
mortality rates at one year compared to participating patients. 
 
Paper IV presents the final results of the NAILED-ACS risk factor trial in which 
a total of 962 patients were randomised and completed the one-month follow-
up. Of this group, 797 were available for analysis after 36 months. Compared to 
the control group, in the intervention group, mean SBP was 4.1 mmHg lower, 
mean DBP was 2.9 mmHg lower, and mean LDL-C was 0.28 mmol/L lower 
(p<0.001 for all). The proportions of patients reaching treatment target goals 
for SBP, DBP, and LDL-C were significantly higher in the intervention group. In 
regard to SBP, 77.6% of intervention patients achieved treatment target levels, 
compared to 62.9% in the control group. Corresponding numbers for DBP were 
90.9% vs. 80.8% and for LDL-C, they were 65.6% vs. 53.1%.  
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Conclusion 

The incidence of ischemic stroke was significantly lower in a cohort of AMI 
patients following a change in preferred treatment from clopidogrel to ticagrelor 
(paper I). In AMI patients with a history of ischemic stroke (paper II), the 
incidence rate of ischemic stroke was significantly lower in the late cohort 
compared to the early cohort, and overall incidence rates were markedly higher 
than in paper I.  

The NAILED-ACS trial was shown to be both feasible (paper III) and successful, 
with a higher proportion of patients reaching treatment target levels in the 
intervention group, and significantly lower mean values for SBP, DBP, and LDL-
C (paper IV). 
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Enkel sammanfattning på svenska 

Bakgrund 
Trots att stora framsteg har skett avseende både behandling och uppföljning av 
hjärtkärlsjukdom de senaste decennierna är det fortsatt den enskilt största 
orsaken till förtida död i världen. Den medicinska utvecklingen har gått kraftigt 
framåt, med nya, förbättrade mediciner och förbättrade behandlingar. Trots alla 
framsteg återstår mycket att göra. Ett område som fortsatt är svårbemästrat är 
sekundärprevention, vilket innefattar uppföljning och behandling efter 
hjärtinfarkt i syfte att förhindra återinsjuknande och komplikationer. 

Hjärtinfarkt innebär att hjärtmuskelceller dör till följd av syrebrist, och detta 
kan ske till följd av att hjärtats egna blodkärl täpps till, helt eller delvis. 
Förträngningen av kärlen sker vanligen till följd av långvarig atheroskleros, i 
dagligt tal åderförkalkning. Atheroskleros orsakas av inflammation och 
inlagring av blodfetter i kärlväggen. Detta leder i sin tur till plackbildning och 
förträngning av kärlets insida med försämrat blodflöde som följd. Behandlingen 
i akutskedet består delvis i att minska den akuta belastningen med hjälp av 
mediciner, men också genom att öppna upp förträngningen igen. Tidigare 
nyttjades ofta trombolys, det vill säga propplösande medicin som injicerades i 
blodbanan, men numera sker behandling i regel med hjälp av 
ballongsprängning och inläggande av en stent (PCI), eller i vissa fall en så kallad 
bypassoperation (CABG). Vi blir allt bättre på behandling av akut hjärtinfarkt, 
men patienter som överlever löper stor risk att få ny hjärtinfarkt eller drabbas 
av andra komplikationer, t.ex. ischemisk stroke, det vill säga en propp i hjärnan. 
Vid ischemisk stroke hindras blodflödet till en del av hjärnan av en blodpropp 
som uppstått lokalt i det aktuella blodkärlet, eller som transporterats dit med 
blodbanan, så kallad embolisering. Långvarig åderförkalkning och 
plackbildning ökar risken markant för att lokal proppbildning ska kunna ske, på 
liknande vis som för hjärtinfarkt.. 

Högt blodtryck (hypertoni), höga blodfetter tillsammans med rökning, övervikt 
och fysisk inaktivitet är exempel på det som kallas riskfaktorer och att reducera 
dessa är viktigt för att förhindra såväl insjuknande som återinsjuknande i 
hjärtkärlsjukdom. Efter att en person drabbats av en hjärtinfarkt är det viktigt 
att behandla riskfaktorer, för att minska risken för att drabbas av nya händelser 
och detta kallas sekundärprevention. Optimerad medicinsk behandling 
inkluderar behandling för att sänka blodtryck och blodfetter, samt behandling 
för att minska risken för att blodplättarna, trombocyterna, i blodbanan ska 
klumpa ihop sig och orsaka lokal proppbildning.  
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Studier har påvisat att det sekundärpreventiva arbetet är bristande och att en 
allt för stor del av patienter inte ligger inom målvärden för blodtryck och 
blodfetter, och inte heller når många upp till uppsatta mål för fysisk aktivitet, 
viktnedgång och rökstopp.   

Syfte 
Syftet med den här avhandlingen är att i fyra arbeten undersöka hur 
sekundärprevention efter hjärtinfarkt kan förbättras. 

De två första arbetena fokuserar på risken att drabbas av ischemisk stroke inom 
1 år efter hjärtinfarkt och hur risken påverkats sedan man införde en mer potent 
trombocythämmare i svensk vård. Detta undersöktes allmänt bland patienter 
med hjärtinfarkt, samt i patienter med hjärtinfarkt som även tidigare drabbats 
av blodpropp i hjärnan, d.v.s. stroke. 

Vidare undersöktes i två arbeten implementeringen och slutresultatet av en 
randomiserad studie. Studien var en telefonbaserad sjuksköterskeledd 
uppföljning (NAILED-ACS) avseende riskfaktorer inklusive högt blodtryck och 
höga blodfetter i form av så kallat LDL-C (Det onda kolesterolet), hos patienter 
med hjärtinfarkt eller instabil kärlkramp som vårdats på Östersunds sjukhus. 

Metod 
Översiktlig metod för de fyra ingående arbetena beskrivs nedan, uppdelat efter 
övergripande frågeställning. 

Ischemisk stroke efter hjärtinfarkt (Studie I och II)  
Två av arbetena som avser risken för ischemisk stroke efter hjärtinfarkt baseras 
på sammanställda data från det svenska hjärtintensivvårdsregistret (RIKS-
HIA), nationella patientregistret, dödsorsaksregistret samt det svenska 
läkemedelsregistret. I dessa arbeten undersöks hur incidensen för ischemisk 
stroke efter hjärtinfarkt förändrats sedan man i klinisk praxis gick över till en 
mer potent trombocythämmare hos 1.) en population om 47674 patienter med 
hjärtinfarkt (studie I), och 2.) hos en population på 3275 patienter med 
hjärtinfarkt och tidigare stroke (studie II). 

Fram till december 2011 användes en trombocythämmande medicin, 
clopidogrel tillsammans med acetylsalicylsyra som standardbehandling i tillägg 
till övrig sekundärpreventiv medicinering efter hjärtinfarkt. Till följd av att 
preparatet ticagrelor i en vetenskaplig studie visat förbättrade resultat jämfört 
med clopidogrel infördes den mer potenta ticagrelor på den svenska marknaden 
2011 och ett snabbt skifte i behandlingspraxis infördes i Sverige. I dessa arbeten 
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delades patienterna in i två kohorter, motsvarande cirka 2 år innan ticagrelors 
införande (2009-2011) och cirka 2 år efter dess införande (2011-2013). I den 
första kohorten/tidsperioden användes clopidogrel av 100 % av patienterna, och 
i den andra kohorten/tidsperioden användes antingen clopidogrel eller 
ticagrelor med en kontinuerligt ökande användning av ticagrelor. Risken för 
ischemisk stroke ett år efter insjuknande i hjärtinfarkt jämfördes mellan 
patienter i tidig och sen kohort, likaså undersöktes i arbetena vilka faktorer som 
predicerar ökad risk för att drabbas av ischemisk stroke. I delarbete II 
undersöktes även risk för intrakraniell blödning mellan tidig och sen kohort 
inom 1 år efter insjuknande. 

NAILED-ACS (Studie III och IV) 
I studien som kallas NAILED-ACS eller SPIK på svenska slumpades patienter 
med hjärtinfarkt till antingen en kontrolldel eller en interventionsdel. Alla 
patienter som skrevs ut, oavsett om de tillhörde kontroll- eller 
interventionsgrupp följdes upp efter en månad, samt därefter årligen med 
anmodan om att lämna nya blodtryck och blodprover samt intervjuades därefter 
av studiesjuksköterska.  

Interventionsgruppen 

Patienter i interventionsdelen erhöll råd avseende livsstilsförändringar, och om 
blodtryck eller blodfetter inte var inom målvärden kontaktades studieläkare 
som gjorde medicinjusteringar. De målvärden som användes var för blodtryck 
<140/90 mmHg och för blodfetter användes inledningsvis ett målvärde för 
LDL-C på <2.5 mmol/L som senare justerades till <1.8 mmol/L. 

Kontrollgruppen 

Patienter i kontrollgruppen erhöll inga livsstilsråd, och ej heller några 
läkemedelsjusteringar inom ramen för studien. Resultatet av mätningarna av 
blodtryck och blodprover skickades till patientens ordinarie hälsocentral och det 
var upp till mottagande läkare i primärvården att ta ställning till om resultaten 
föranledde någon åtgärd. 

Alla patienter som lades in på Östersunds sjukhus på grund av hjärtinfarkt eller 
instabil kärlkramp mellan 2010 och 2014 utvärderades för deltagande i studien. 
I studie III utvärderades genomförbarheten avseende hur många patienter som 
kunde gå med i studien (inkluderas), hur många som inte kunde gå med 
(exkluderas) och hur många som valde att inte gå med i studien (nekade till 
deltagande). Orsaker och faktorer till exklusion och icke-deltagande 
undersöktes. 
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I studie IV utvärderades uppföljningens effekt på blodtryck och LDL-C, samt 
andelen som nådde till uppsatta målvärden för blodtryck och LDL-C efter 36 
månaders total uppföljning. 

Resultat 
Resultaten från studierna visar att risken för ischemisk stroke ett år efter 
hjärtinfarkt bland patienter i den tidiga kohorten var 2.8% att jämföra med 
2.4%, i den sena kohorten där ticagrelor hade introducerats (studie I). För 
patienter som även hade en tidigare ischemisk stroke i den egna sjukhistorien 
var siffrorna 12.1% jämfört med 8.6% i den sena kohorten (studie II). Det var 
ingen signifikant skillnad avseende risk för intrakraniell blödning mellan 
kohorterna i studie II (1.2% för tidig kohort, och 1.5% för sen kohort). 

Vid undersökning av genomförbarhet av NAILED-ACS-studien undersöktes 907 
patienter, varav 72,9% kunde inkluderas, 16.1% exkluderades och 11% valde att 
inte delta. Främsta orsakerna till exklusion var deltagande i andra studier, svår 
sjuklighet eller demens. Patienter som inte deltog i studien, innefattande såväl 
exkluderade som patienter som avstod medverkan var i allmänhet äldre och 
hade lägre utbildningsnivå än patienter som deltog (studie III). 

I studie IV visade uppföljningen efter 36 månader att patienter i 
interventionsgruppen hade signifikant lägre värden på systoliskt blodtryck, 
diastoliskt blodtryck och LDL-C jämfört med kontrollgruppen. Avseende 
målvärdesuppfyllnad uppnåddes målvärden för systoliskt blodtryck (77,6% vs. 
62,9%), diastoliskt blodtryck (90,9% vs. 80,8%) och LDL-C (65,6% vs. 53,1%) i 
högre utsträckning i interventionsgrupp kontra kontrollgrupp. 

Slutsatser 
Sedan man i Sverige i klinisk praxis ändrade till behandling med den mer 
potenta trombocythämmaren ticagrelor har risken för ischemisk stroke minskat 
för patienter med hjärtinfarkt, och särskilt för de som haft en tidigare ischemisk 
stroke. Risken för intrakraniell blödning hos patienter med tidigare ischemisk 
stroke var inte signifikant ökad. Avseende uppföljning efter hjärtinfarkt är en 
sjuksköterskeledd och telefonbaserad uppföljning ett praktiskt genomförbart 
alternativ där en stor andel patienter kan inkluderas, och där resultaten efter 36 
månaders uppföljning visar signifikant bättre värden avseende blodtryck och 
blodfetter i interventionsgruppen jämfört med kontrollgruppen som i huvudsak 
följdes upp inom primärvården. Interventionen ledde även till ökad andel 
patienter som nådde uppsatta målvärden. 
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Introduction 

Definition of acute coronary syndrome and ischemic stroke 
Acute coronary syndrome (ACS) is a term that encompasses clinical signs and 
symptoms suggestive of acute myocardial ischemia. ACS includes ST-elevation 
myocardial infarction (STEMI), non-ST-elevation myocardial infarction 
(NSTEMI), and unstable angina (UA)(1). Myocardial infarction (MI) results 
from irreversible myocardial ischemia arising because of an imbalance or 
mismatch between oxygen demand and oxygen supply. In the clinical setting, 
signs and symptoms suggestive of myocardial ischemia can often be identified 
via patient history and electrocardiogram (ECG). Ischemic symptoms typically 
consist of a diffuse pain or pressure over the chest, with radiation to the 
extremities or the lower jaw. Presentation can vary greatly, and patients can 
present with atypical symptoms or even without symptoms(2).  

The third universal definition of MI was used in this dissertation. According to 
this definition of acute MI (AMI), the diagnosis is based on evidence of 
myocardial necrosis in a setting consistent with acute myocardial ischemia. The 
diagnosis can be made based on detection of a change in cardiac biomarkers, 
with at least one value above the 99th percentile of the upper reference limit, 
together with one of the following criteria: symptoms of ischemia, ECG changes 
indicative of new ischemia (new ST-T changes or new onset left bundle branch 
block), evidence of pathological Q-waves on the ECG, imaging evidence of new 
loss of viable myocardium or new regional wall motion abnormality or 
identification of an intracoronary thrombus by angiography or autopsy(3). MI 
can be subdivided further into different types, with type 1 infarction defined as 
an event related to atherosclerotic plaque rupture, ulceration, fissuring, 
erosion, or dissection, resulting in thrombus formation and subsequent necrosis 
of myocytes.  

Stroke is generally characterised as a neurological deficit secondary to acute 
focal injury in the central nervous system (CNS) because of a vascular cause. 
Traditionally, stroke has been subdivided into cerebral infarction, intracerebral 
haemorrhage, and subarachnoid haemorrhage. The definition of stroke has been 
debated. An old version from the World Health Organization (WHO) defined 
stroke as “rapidly developed clinical signs of focal (or global) disturbance of 
cerebral function, lasting more than 24 hours or leading to death, with no 
apparent cause other than of vascular origin(4)” and does not consider medical 
advances such as modern brain imaging. In 2013, the American Heart 
Association in collaboration with the American Stroke Association released an 
expert consensus document with an updated definition of stroke(5). In that 
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document, CNS infarction is defined as follows: “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, ischemic stroke is defined 
as “an episode of neurological dysfunction caused by focal cerebral, spinal or 
retinal infarction”. The heterogeneous definitions and classifications of stroke 
among studies necessitate caution in the interpretation and assessment of 
reported incidence rates(6). In Swedish hospitals a diagnosis of stroke is coded 
according to the International Classification of Disease (ICD). 

Aetiology and pathophysiology of ACS and ischemic stroke 
The process of atherosclerosis underlies ACS and many cases of ischemic stroke. 
Symptomatic atherosclerosis develops over decades and can begin as early as 
childhood(7). The process has been closely studied, and our understanding is 
continually expanding. The most widely held view of the aetiology is that a 
complex interaction among blood vessel walls, lipids, cells, and mediators of the 
immune system drive its development.  

Briefly and broadly, one of the main drivers of atherosclerosis is 
hypercholesterolemia. Low-density lipoprotein cholesterol (LDL-C) particles 
enter into the arterial intimal wall because of changes in arterial endothelial 
permeability. Arterial endothelial permeability can increase via a number of 
reasons, such as via mechanical shear stress, via oxidized LDL-C or by pro-
inflammatory molecules. Via enzymatic activity, LDL-C is then modified and 
oxidised, generating a pro-inflammatory environment and further increasing 
permability. Circulating monocytes adhere to endothelial cells via adhesion 
molecules and migrate into the subendothelial space. Monocytes then 
differentiate into macrophages, which engulf lipids and transform into foam 
cells(8). In early atherosclerosis, the congregation of foam cells and minor 
extracellular lipid accumulation is known as fatty streaks. These changes start 
developing in childhood and adolescence. Fatty streaks can then progress 
further to early fibroatheroma, in which inflammation is more pronounced. 
Extracellular lipid retention is increased and the increased amounts pool 
together and cause cell necrosis within the intimal layer of the vessel wall. The 
lipid pools eventually form necrotic cores that increasingly take up space in the 
arterial intimal wall. A fibrous cap forms over the necrotic core, adjacent to the 
endothelium of the arterial wall. This fibroatheroma might further progress into 
a thin-cap fibroatheroma, in which the fibrous cap can become weakened and 
thinner and at risk for rupture(9).  
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The understanding of the aetiology and pathophysiology of ACS has evolved. 
During the 1980s, autopsies performed on patients with sudden cardiac 
ischemic death suggested that coronary plaque rupture or fissure was 
responsible for most fatal MIs(10). Later studies have shown that there are 
many different and heterogeneous causes of ACS. A review suggested that the 
cause of ACS could broadly be grouped into four different types: plaque rupture 
with systemic inflammation, plaque rapture without systemic inflammation, 
plaque erosion and ACS without thrombus (epicardial or microvascular 
spasm)(11). 

Ischemic stroke can have many different causes and the Trial of Org 10172 in 
Acute Stroke Treatment classification from 1993 is still often used(12). In most 
cases, ischemic stroke can be attributed to large-artery atherosclerosis, 
embolism, small-vessel occlusion, stroke of other determined aetiology, and 
stroke of undetermined aetiology. In large artery atherosclerosis, stroke vessel 
occlusion can occur because of artery-to-artery embolisation or localised 
thrombosis, which cause arterial occlusion in the same way as the occlusion in 
MI(13). Embolism via artery to artery is associated with atherosclerotic plaque 
formation and can be either intra- or extracranial in origin. Examples includes 
atherosclerotic plaques in carotid arteries(14). Stroke because of cardiac 
embolism can arise for several different reasons, with atrial fibrillation as a 
leading cause, but with recent MI also acknowledged as a risk factor(15). 
Cerebral small vessel disease (CSVD) can also cause cerebral infarction because 
of obstructions of small penetrating arteries. CSVD is an umbrella term that 
captures different diseases affecting the small cerebral arteries, arterioles, 
venules, and capillaries with different pathological processes and 
aetiologies(16). In case of ischemic stroke, up to 25% of cases can be attributed 
to CSVD(17). 

Epidemiology  
Cardiovascular disease (CVD) is the leading cause of death and disability 
worldwide, responsible for 17.8 million deaths annually according to the 2017 
Global Burden of Disease Study(18). In a 2016 study in Europe, CVD was found 
to have caused more than 4 million deaths each year, representing 45% of all 
deaths on the continent. Coronary heart disease and cerebrovascular disease 
were the most common causes of CVD deaths, with 1.8 million and 1 million 
deaths respectively(19). CVD mortality has been decreasing over the decades in 
high-income countries because of better preventive treatment, changes in risk 
factors, and better management(20). In many low- and middle-income 
countries (LMICs), however, the burden of CVD is growing, and approximately 
80% of global CVD deaths occur in these countries. The increase in CVD seen in 
LMICs is partly attributable to an ageing population with an increased 
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prevalence of risk factors such as hypertension(21). Limited access to 
cardiovascular health care and medication also play a role(22, 23). To reduce 
the global burden of CVD, interventions are needed at both the personal and 
population levels, and novel interventions for treatment and prevention are 
warranted(24, 25). 

Risk factors 
Risk factors for atherosclerosis and CVD have been studied thoroughly, and 
knowledge and information have steadily increased over time following both 
observational studies and interventional studies. Lifestyle-related risk factors 
include physical inactivity, obesity, use of tobacco, and stress, and medical risk 
factors include hypertension, diabetes, and hypercholesterolaemia. In the well-
known Framingham Heart Study, risk factors were determined for the 
calculation of future cardiovascular risk. Increasing age, smoking, elevated 
systolic blood pressure (SBP; treated/untreated), and dyslipidaemia were the 
most profound risk factors(26). In the INTERHEART study, risk factors were 
assessed on a global scale for both sexes, at different ages, and among various 
regions of the world. Smoking, hypertension, diabetes, abdominal obesity, 
abnormal lipids, lack of physical exercise, use of alcohol, and low intake of fruits 
and vegetables constituted the most important risk factors for MI(27). Many of 
the risk factors are either preventable or treatable, and the incentive for better 
management worldwide is clear. 

This dissertation presents the results of the Nurse-based Age independent 
Intervention to Limit Evolution of Disease after Acute Coronary Syndrome 
(NAILED-ACS) trial. In this trial, risk factor intervention was aimed at 
controlling hypertension and LDL-C through the use of medical titration and 
adherence to guideline recommendations. Lifestyle factors were also addressed 
in the intervention arm of the study but are not evaluated in this dissertation 
and the present papers. 

Treatment of ACS  
ACS is a medical emergency. The initial management and treatment of ACS has 
changed dramatically over the years. Now, early reperfusion with percutaneous 
coronary intervention (PCI) with angioplasty and/or stent placement is 
indicated in most cases of total occlusion (STEMI). This approach is also highly 
recommended for patients with NSTEMI)/UA. If PCI is not possible within set 
time limits or is unavailable, reperfusion via thrombolytic infusion is 
recommended. In select cases, depending on clinical status and cardiac 
angiography findings and availability, coronary bypass graft surgery (CABG) 
might instead be performed to restore perfusion. 
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Medical treatment is also initiated during the initial management of ACS to 
reduce oxygen demand, stabilise atherosclerotic plaques, and reduce 
thrombogenicity and to start secondary preventive treatment. According to 
guidelines, dual antiplatelet therapy (DAPT) with acetylsalicylic acid (ASA) and 
a P2Y12-inhibitor is recommended in most cases. Also recommended is 
treatment with a lipid-lowering statin. An angiotensin converting enzyme 
inhibitor (ACEI) or angiotensin II-receptor blocker (ARB) is also recommended 
in case of heart failure, hypertension or diabetes unless contraindicated. Beta-
blockers are also recommended in patients with left ventricular ejection fraction 
at or below 40%(28, 29). 

Prognosis of survivors of ACS 
The overall prognosis of survivors of ACS has improved over the years, with 
mortality rates declining(30, 31), but survivors are at great risk for recurrent 
events such as recurrent MI, stroke or cardiovascular death. According to 
Swedish registry data, 18.3% of surviving MI patients suffer a second 
cardiovascular event, with recurrent MI making up 55% of the events within one 
year(32). Following MI, there is a risk for ischemic stroke(33, 34). Reported 
incidence rates of ischemic stroke following MI vary from 1.1% to 4.1% within 
the first year(35-37). Better interventions, treatments, and management have 
likely paved the way for the decline seen during the last decades(38, 39), but a 
residual risk is still prevalent. Better secondary prevention and management 
have the potential to further reduce complications and improve outcomes. 

What is secondary prevention? 
Secondary prevention after ACS is aimed at improving quality of life and 
reducing both mortality and morbidity among survivors of an ACS event. 
Secondary prevention is effective in reducing subsequent events and consists of 
lifestyle adjustments, risk factor control, and optimised treatment. Four 
important aspects of secondary prevention are antiplatelet therapy and 
mitigation of hypertension, dyslipidaemia, and lifestyle factors. 

Antiplatelet therapy 
A cornerstone of secondary prevention after ACS is antiplatelet therapy to 
reduce thrombogenicity and thrombus formation. For most patients, DAPT is 
recommended whether the patient is presenting with STEMI or NSTEMI and 
whether the patient is treated with PCI or medically managed(28, 29, 40). 
DAPT consists of ASA in addition to a P2Y12 inhibitor. Traditionally, 
clopidogrel was the most-used P2Y12 inhibitor in Sweden. In 2011, however, the 
results of the randomised PLATelet inhibition and patient Outcomes 
(PLATO) trial led to a rapid change in preferred treatment in Sweden, from ASA 
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+ clopidogrel to ASA + ticagrelor. The PLATO trial demonstrated that ASA plus 
ticagrelor when compared with ASA plus clopidogrel was associated with a 
significant reduction in total death and in a composite endpoint consisting of 
death from vascular causes, MI, or stroke(37). The increased platelet inhibition 
from DAPT reduces the risk of recurrent myocardial infarction, but at the price 
of an increased risk of bleeding. 

Antihypertensive treatment 
Hypertension has long been recognised as a risk factor for CVD(41, 42). The 
incidence of hypertension is increasing on a global scale, in part driving the high 
numbers of deaths attributable to CVD(43). Management of hypertension is of 
utmost importance. Initial treatment of hypertension includes non-
pharmacological management such as a change in diet, weight loss, increased 
physical activity, and smoking cessation, which have been linked to lower 
BP(44). If lifestyle intervention fails to achieve adequate BP or if the patient has 
grade 2 hypertension (≥160 mmHg/100 mmHg) then initiation of 
antihypertensive treatment is recommended(45). However, in the setting of 
secondary prevention in which the patient has established cardiovascular 
disease and classify as at high risk,  treatment is initiated without delay. 

In recent years, with the population in the western world getting older, interest 
has turned to treatment of hypertension in the elderly. In the Hypertension in 
the Very Elderly Trial (HYVET), patients 80 years or older with persistent 
hypertension of 160–199/90–109 mmHg were randomised to either placebo or 
active antihypertensive treatment. The study failed to reach its primary outcome 
of reduced fatal and nonfatal stroke but was prematurely stopped because of a 
21% decrease in all-cause mortality in the group receiving active treatment(46). 
Questions have also been raised regarding the potential benefits of intensive 
blood pressure (BP) lowering in high-risk patients. In the Systolic Blood 
Pressure Intervention Trial (SPRINT) patients with a high risk for CVD but 
without previous stroke or diabetes were examined in regard to an intensive 
lowering of SBP to <120 mmHg in contrast to the standard treatment target 
goal of 135–139 mmHg. The SPRINT trial demonstrated that a more intensive 
lowering of SBP led to improved cardiovascular outcomes and increased overall 
survival compared with the standard treatment target(47). Overall, evidence of 
the relationship between lower mortality and morbidity with lowering of BP is 
strong, but the optimal BP levels within different settings is debated, and the 
results of the SPRINT trial have been called into question(48, 49). The 
guidelines from the European Society of Cardiology (ESC) recommend, in 
general, a SBP of at least <140 mmHg, but include fairly complex tabulations 
regarding treatment thresholds and targets(45).  
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Treatment of dyslipidaemia 
A high cholesterol level, or dyslipidaemia, has long been a recognised prominent 
CVD risk factor. As the understanding of serum cholesterol has become more 
detailed, the focus has primarily been on LDL-C, which has a direct relationship 
with the development and progression of atherosclerosis and future CVD(50). 
Treatment of high LDL-C in part could be achieved through dietary changes, but 
in practice, treatment normally relies on use of HMG-CoA-reductase inhibitors, 
or statins, as they are more commonly known. Additionally, ezetimibe and 
PCKS9 inhibitors can be used to lower LDL-C(51, 52). The use of statins has 
become widely debated and a subject of suspicion and controversy. However, 
few medications have been so thoroughly studied through both observational 
and interventional studies. The evidence of reduced cardiovascular morbidity 
and death with statin-driven LDL-C decreases in the secondary prevention of 
CVD is well established(53, 54). Guideline-recommended target levels have 
continually evolved, and studies have shown that there virtually is no lower limit 
for reducing LDL-C(55, 56). Given the rationale that further lowering of LDL-C 
promotes further reduced cardiovascular risk, the latest ESC guidelines on 
dyslipidaemia establish new treatment target goals for patients at very high risk, 
such as those with established atherosclerotic CVD with LDL-C targets of <1.4 
mmol/L and of <1.0 mmol/L in select cases(57). However, the overall clinical 
and cost benefits of these new targets could be questioned. To achieve these 
new, lower treatment targets, the addition of PCSK9 inhibitors would in many 
cases be needed, and their cost-effectiveness has been called into question(58). 

Lifestyle factors 
Lack of physical activity, obesity, and smoking are among the lifestyle factors 
that have repeatedly been characterised as risks for CVD. From a secondary 
prevention perspective, addressing these modifiable risk factors should be 
prioritised. Guidelines give clear recommendations, and cardiac rehabilitation 
programs exist to help patients achieve their targets. In a cross sectional study 
of 18,809 patients and their adherence to lifestyle and behavioural 
recommendations following ACS, adherence to diet and exercise 
recommendations was associated with a 48% lower risk of MI, and patients who 
quit smoking had a 43% lower risk of MI(59). 

Secondary prevention challenges 
Secondary prevention after ACS aimed at improving lifestyle- and risk factors is 
effective in reducing both morbidity and mortality(60, 61). Secondary 
prevention is also cost-effective in regard to economic outcomes(62, 63). The 
knowledge is vast regarding the positive effects of well-managed secondary 
prevention, but disappointingly, adherence to guideline-recommended 
secondary preventive measures is inadequate. In the latest European Action on 
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Secondary and Primary Prevention by Intervention to Reduce Events 
(EUROASPIRE) survey published in 2019, a total of 8261 coronary artery 
disease (CAD) patients from 27 countries were interviewed and examined. Of 
this group, 58% had BP within target levels, and 29% had LDL-C values within a 
target level of <1.8 mmol/L(64). Compared to the earlier EUROASPIRE IV 
survey, achievement of the same LDL-C target level increased from around 20%, 
whereas achievement of BP treatment target levels was, in practice, 
unchanged(65). A low level of achievement of guideline targets is in agreement 
with results from previous studies(66, 67). The proportion of patients who are 
prescribed secondary preventive medicines such as antiplatelet drugs, 
ACEIs/ARBs, beta-blockers, and statins has increased, and most patients are 
now treated in accordance with guideline recommendations(64, 65, 68, 69). Yet 
a large proportion of patients fail to reach adequate risk factor targets regarding 
BP and LDL-C. 

There is room for improvement, and in a call to action, gaps in secondary 
prevention need to be addressed. It is clear that novel ideas and methods are 
warranted if we are to improve overall secondary prevention following ACS(70). 
There are many barriers to secondary prevention. To name a few, the 
availability of cardiac rehabilitation or secondary preventive programs is not 
universal(71). Even though secondary prevention is cost effective, inequalities 
exist among and within different regions and countries in the use and 
availability of secondary preventive medications(72). Adherence to secondary 
preventive pharmacological treatment is lacking(73-75). An insufficient 
understanding of CVD among affected individuals is prevalent, as well, and 
patients tend to have an optimistic bias toward their own risk(76). Another 
barrier to overcome is therapeutic inertia, or the failure of the health care 
provider or physician to act on suboptimal treatment goals, a well-known 
problem that contributes to the less-than-optimal rates of meeting guideline-
recommended treatment targets(77, 78). 

Interventions to improve secondary prevention after ACS 
Failure to achieve adequate and guideline-recommended secondary preventive 
targets have long been acknowledged. Several trials and interventions has been 
done with the goal of improving risk factors and outcomes. 

In the EUROACTION trial, a nurse-coordinated multidisciplinary preventive 
cardiology program was evaluated in patients with coronary heart disease or at 
high risk in both a hospital and general practice setting. Patients were 
randomised to an intervention group or usual care. After 1 year, patients in the 
intervention group achieved overall better results on several risk factors than 
patients in the control group receiving usual care(79).  
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In another trial, the Randomized Evaluation of Secondary Prevention by 
Outpatient Nurse SpEcialists (RESPONSE) the impact of a randomised 
hospital-based nurse-coordinated secondary prevention program for 754 
patients with ACS was compared with usual care. Randomised patients received 
four outpatient nurse clinic visits and advice on healthy lifestyle and medication 
adherence, and biometric data were assessed. BP and lipid levels were titrated 
by a collaborative physician in case of values outside target levels (SBP <140 
mmHg, LDL-C <2.5 mmol/L). Following the intervention, improvements in 
patients in the intervention group were seen for risk factor control, and a 
relative risk reduction for rehospitalisation of 34.8% was observed(80).  

In the Global Secondary Prevention Strategies to Limit Event Recurrence After 
Myocardial Infarction (GOSPEL) trial, a total of 3241 patients with MI were 
randomised to an education and behavioural intervention or to usual care. 
Patients were followed for up to 3 years. The study failed to show a significant 
difference in the primary endpoint of a combination of cardiovascular mortality, 
non-fatal stroke and MI, and hospitalisation. However, the results 
demonstrated that a multifactorial intervention with a team-based approach 
was effective in decreasing the risk of certain secondary cardiovascular 
outcomes such as non-fatal MI. Improvements were also seen in the 
intervention group in regard to lifestyle habits(81).  

The Choice of Health Options in prevention of Cardiovascular Events (CHOICE) 
trial was a randomised controlled trial (RCT) in a single-centre Australian 
hospital that included 144 patients. Patients randomised to the intervention 
group received patient-centred care, telephone support for 3 months, and a 
choice of preferred risk-modification strategies. This group had significantly 
better risk factor levels than controls after one year of follow-up(82). A later 
study found that the improvements in risk factor profile for CHOICE patients 
were only partially maintained after 4 years(83). Trials such as these 
demonstrate that secondary prevention can be improved, but the optimal 
implementation and structure are yet to be determined. 

Nurse-based and telemedicine interventions 
Novel ideas and interventions for secondary prevention after ACS are needed. A 
secondary preventive program should have a long-term perspective and ideally 
be available to a large part of the at-risk population, be implementable in 
ordinary health care practice, and be tailored to the individual needs of the 
patient while enabling adherence to guideline recommendations. Nurse-based 
or nurse-coordinated interventions have shown positive results as seen in 
EUROACTION, RESPONSE, GOSPEL, and CHOICE. Select telemedicine 
interventions have also shown promising results. However, long-term studies of 
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secondary prevention after ACS via the use of telemedicine are lacking(84-86). 
There is a need for knowledge regarding the feasibility and effects of nurse-led 
telephone-based secondary prevention interventions with a long-term 
perspective. 

Summary 
• Risk factors for CVD, including ACS and ischemic stroke are well known 

and to a large extent preventable.  
 

• CVD represents the bulk of non-communicable diseases and a leading 
cause of premature death and morbidity worldwide.  
 

• Although mortality rates have declined in high-income countries, they 
are rising in LMICs partly because of increasing levels of modifiable or 
preventable risk factors.  
 

• Following ACS, survivors are at great risk for recurrent events including 
an increased risk of ischemic stroke.  
 

• The risk for subsequent events can be reduced through secondary 
prevention, which consists of both medical treatment and lifestyle 
changes.  
 

• Although secondary prevention is effective, goal attainment and 
adherence are disappointingly low. A program that relies on nurse-led 
telephone-based follow-up can be made available to a large part of the 
population and might hold some promise for improving secondary 
prevention. 

 

 

 

 

 



 

 11 

Aims 
The aims of this thesis are to elucidate whether: 

1.) The risk of ischemic stroke following MI has changed in Sweden 
following the introduction of ticagrelor for DAPT (paper I). 
 

2.) The risk of ischemic stroke following MI in patients with previous 
ischemic stroke has changed following the introduction of ticagrelor for 
DAPT (paper II). 
 

3.) A nurse-led telephone-based secondary preventive intervention 
program is feasible and implementable for a large part of an ACS 
population (paper III). 
 

4.) A nurse-led telephone-based secondary preventive intervention 
program can lead to lower BP, lower LDL-C, and a higher proportion of 
patients achieving recommended treatment target levels compared with 
usual care (paper IV). 
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Materials and Methods 
This dissertation consists of four papers. Two are based on registry data from 
Register of Information and Knowledge about Swedish Heart Intensive Care 
Admissions (RIKS-HIA; papers I and II) and two are based on the NAILED-ACS 
trial (papers III and IV). The materials and methods portion of this dissertation 
is divided into two parts because the material and statistical methods used in 
papers I and II differ from those used in papers III and IV.  

A summary of the study designs is given in Table 1. 

Table 1 Study design and populations in papers I–IV 

Paper I II III IV 
Study design Observational 

cohort study 
Observational 
cohort study 

Observational 
cohort study 

RCT 

Data sources RIKS-HIA, NPR, 
CDR, Swedish 

prescribed drug 
register 

RIKS-HIA, NPR, 
CDR, Swedish 

prescribed drug 
register 

NAILED-ACS 
registry, CDR 

NAILED-ACS 

Participants 47,674 3275 907 962 (797 
available at 36 

months) 
Inclusion 
criteria 

AMI, clopidogrel 
or ticagrelor at 

discharge 

AMI and 
previous 

ischemic stroke, 
clopidogrel or 
ticagrelor at 

discharge 

ACS ACS, and able to 
participate in 

nurse-led 
telephone-based 

follow-up 

Inclusion period Dec 2009 to Dec 
2013 

Dec 2009 to Dec 
2013 

Jan 2010 –Dec 
2013 

Jan 2010 – Dec 
2014 

Length of 
follow-up 

1 year 1 year 1 year (for 
mortality) 

36 months 

Outcomes 1. Ischemic 
stroke incidence 
one year after 
AMI 
 
2. Predictors of 
ischemic stroke 

1. Ischemic 
stroke incidence 
one year after 
AMI 
 
2. Incidence of 
intracranial 
bleeding one 
year after AMI 
 
3. Predictors of 
ischemic stroke 

1. The proportion 
of patients in an 
unselected ACS 
cohort who can 
be included in a 
telephone-based 
follow-up 
 
2. Predictors of 
participation and 
non-participation 

1. Mean 
differences in 
SBP, DBP, and 
LDL-C between 
intervention and 
control groups 
 
2. Difference in 
proportion of 
patients between 
intervention and 
control groups 
in achievement 
of target levels 
of SBP, DBP, 
and LDL-C 
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The impact of the introduction of ticagrelor on ischemic stroke risk 
after MI (papers I and II) 
Sweden has several national quality registers, in which information is collected 
on a vast scale, enabling time trend analysis. Each individual in Sweden has a 
unique personal identity number, making it possible to merge and crosslink 
registers to enable register-based studies with high data quality and validity. In 
papers I and II, data were obtained and merged from the registers described 
below. 

SWEDEHEART 
The study population was obtained via The Swedish Web-system for 
Enhancement and Development of Evidence-Based care in Heart disease 
Evaluated According to Recommended Therapies (SWEDEHEART). The 
nationwide register was begun in 2009, following the merger of four national 
registers. This register contains data on heart intensive care admissions (RIKS-
HIA), PCI and coronary angiography procedure data, secondary prevention 
data, and heart surgery procedure data (Hjärtkirurgiregistet). The 
SWEDEHEART register is well known internationally and has been a data 
source for a vast number of studies(87). 

RIKS-HIA 
Part of the SWEDEHEART register is RIKS-HIA, which was the data source for 
original papers I and II. Patients presenting with ACS and hospitalised at a 
coronary care unit are included. Data are collected for a broad selection of 
variables, including but not limited to date of admission, date and time of 
intervention (thrombolysis, PCI, CABG), previous and current comorbidities, 
medication at admission and discharge, and demographic and biochemical data. 

National Patient Register 
The National Board of Health and Welfare maintains the National Patient 
Register (NPR), which contains the Swedish In-Patient Register. The latter 
covers inpatients and has data on admission, discharge, and primary and 
secondary diagnoses at discharge. Since 1987, the register has contained data 
for all hospitalised patients, has repeatedly been validated, and was found to 
have a positive predictive value of 98.6% for stroke/transient ischemic 
attack(88).  However, in a paper by Köster, in which a refined analysis of 
national registers were performed, the positive predicative value was lower at 
94%(89). 
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Cause of Death Register 
The National Board of Health and Welfare in addition handle the Swedish cause 
of Death Register (CDR). The register is continually updated, and since its 
beginning in 1952 has contained data on the date and cause of death, as well as 
contributing and underlying comorbidities. Diagnoses are coded using the ICD 
system. With 96% of cases in the register having a recorded cause of death, only 
a small fraction lacks specific description(90). Because the cause of death 
depends on diagnostic customs and most cases are not confirmed via autopsy, 
there is always some degree of uncertainty in the CDR data. In one study from 
2009, the underlying cause of death for hospitalised patients was correct in 77% 
of cases(91). 

Swedish Prescribed Drug Register 
Since 2005, the Swedish Prescribed Drug Register has contained the identity of 
individual patients, making cross-linking possible. The register contains 
information regarding patient identification, prescribed drugs, dispensing, 
doses, and prescriber. The register can be crosslinked to other registers, 
enabling large-scale pharmacoepidemiologic studies(92).  

Study design and population 
All patients in studies I and II had AMI according to the 2007 universal 
definition. Patients who were included in the study were admitted between the 8 
December 2009 and 31 December 2013, presented with AMI, and were 
prescribed either clopidogrel or ticagrelor at discharge. For paper II, patient 
inclusion was also based on a history of ischemic stroke.  

To encompass a study population that was representative of a general 
population, exclusion criteria were minimised to the minority of patients 
prescribed other P2Y12 inhibitors and patients who died during admission and 
had not yet initiated P2Y12 inhibitors. The use of oral anticoagulants was not a 
reason for exclusion (Figure 1). 
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Figure 1 Flowchart of study participants in papers I and II 

 

The RIKS-HIA register was merged with the Swedish prescribed drug register, 
the CDR, and the NPR to allow for analysis of drug use, cause of death, and 
ischemic stroke diagnosis. Based on classification following the ICD 10th 
revision, the diagnosis codes I63 and I64 were used to identify patients suffering 
ischemic stroke. The merging of registers was made possible because of data 
linking via unique identifiers in the form of Swedish personal number among 
the registers. The regional ethics committee in Stockholm approved the merging 
of the registers. 

Early vs. late cohorts 

A cutoff was set on 20 December 2011, based on the first patient discharged 
with ticagrelor. The study period was then defined and divided in accordance 
with the creation of two study cohorts of similar length: an early cohort of 
patients prescribed clopidogrel (100%), and a late cohort of patients among 
whom adoption of ticagrelor use was progressively increasing. The early cohort 
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encompassed 8 December 2009 to 19 December 2011. The late cohort started 20 
December 2011 and ran through 31 December 2013. This method was chosen to 
avoid overt selection bias. In simple terms, the early cohort consisted of patients 
treated only with clopidogrel, for comparison with the late cohort of patients 
treated with clopidogrel or ticagrelor, with rates of the latter increasing with 
time. 

Statistical methods 

The incidence of ischemic stroke following MI was the main endpoint for both 
papers I and II and assessed for all included patients during the study period 
using Kaplan–Meier analysis. In paper II, incidence of intracranial bleeding was 
also assessed via the same method. Comparisons were not made between 
individual patients or patients discharged with ticagrelor or clopidogrel but 
between the early and late cohorts. Risk factors were assessed using univariable 
and multivariable Cox proportional hazards models, in which stepwise exclusion 
of non-significant variables was used to yield a final Cox regression model. 
Baseline comparisons were made between the two cohorts, with the Mann–
Whitney U test applied for continuous variables and the Pearson Chi-square test 
for categorical variables. Results are presented as medians with 25th and 75th 
percentiles for continuous variables and as percentages for categorical variables. 
Results from Cox regression analyses are presented as hazard ratios (HRs) with 
95% confidence intervals (CIs). The assumption of proportional hazards was 
assessed using Schoenfeld residuals in paper II. For all statistical analyses, a P 
value of <0.05 was considered significant. Analyses were made with IBM SPSS v 
23 and 24, with the exception of a matched analysis in study II that was made 
using Matchit software in the statistical package “R”. 

 

Sub-analyses  

In study I, a sub-analysis was performed based on the gradual increase in 
ticagrelor use within the late cohort to assess for differences in stroke incidence. 
Comparisons were made in regard to Kaplan–Meier estimates of ischemic 
stroke by further dividing patients in the late cohort into two subgroups. The 
first subgroup consisted of patients from the first third of the late cohort, and 
the second subgroup consisted of the remaining patients in the late cohort. 
Comparisons were made between the early cohort and the first third of the late 
cohort, as well as with the latter two-thirds of the late cohort. 
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A number of sensitivity analyses were also performed in study I, including 
analyses of treatment duration, patient matching, and assessment via Cox 
regression of stroke incidence relative to discharge with ticagrelor. 

Outcomes 

The main outcomes for both papers were incidence of ischemic stroke one year 
after MI. Predictors of ischemic stroke were also assessed. In addition, for this 
dissertation, incidence of intracranial bleeding and gastrointestinal bleeding 
was also assessed for both study populations in paper I and II as a whole and 
also based on sex.  

The NAILED-ACS trial (papers III and IV) 

Study III is based on the ACS population in the NAILED registry, and study IV 
is based on the randomised NAILED-ACS trial(93). 

Location and setting 

The county of Jämtland is located in the mid-northern part of Sweden, which at 
trial initiation had a population of approximately 126,000. Despite a surface 
area representing around 12% of Sweden, only about 1.3% of the Swedish 
population resides there. The county has only one secondary care provider, 
Östersund Hospital, which contains the county’s only coronary care unit. Since 
2015, the hospital has provided PCI for all patients, either as a primary 
intervention or as rescue intervention following thrombolysis. Roughly 30 
primary care facilities are located throughout the county, almost all publicly 
managed.  

NAILED-ACS 

The NAILED-ACS trial was an open, prospective, randomised controlled trial 
with two parallel arms. The aim of the trial was to examine whether a nurse-
based telephone intervention was better than usual care in controlling two risk 
factors, high BP and LDL-C, and in achieving a higher proportion of patients 
reaching set target levels of BP and LDL-C. 

The NAILED-ACS trial was aimed at all patients presenting to Östersund 
Hospital with a diagnosis of ACS. The definition of ACS was either MI type 1 
according to the third universal definition of MI, including NSTEMI or STEMI, 
or UA based on typical symptoms. In addition, for the diagnosis of UA, we 
required ECG changes suggestive of ischemia. To enrol as many patients as 
possible, we limited the exclusion criteria. During the hospitalisation, the study 
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nurses screened patients presenting with ACS. Based on medical records, 
baseline data, and interviews, eligible and willing patients were randomised into 
either an intervention group (follow-up intervention via study nurse) or to a 
control group (usual care). Randomisation was stratified based on sex and type 
of ACS. Exclusion was defined as inability to adhere to the study protocol or to 
participate in telephone-based follow-up because of, for example, deafness or 
dementia. Other reasons for exclusion included advanced disease with short 
expected survival and participation in other trials at the time of enrolment.  

Targets  

Target levels for BP and blood lipids were based on current local guidelines at 
the time of the trial. BP target levels were <140/<90 mmHg. For LDL-C, an 
initial target for all patients was <2.5 mmol/L. A local guideline change for 
patients with diabetes was established in March 2013 in which a new target of 
<1.8 mmol/L was set. From 2017, this LDL-C target of <1.8 mmol/L was made 
universal for ACS patients.  

Usual care 

All patients, regardless of whether randomised into the intervention or control 
group, received standard follow-up via the cardiology clinic. The standard 
follow-up outside of the trial encompassed a visit to a cardiology nurse 
approximately one month after discharge, and then to a cardiologist after 
approximately 2-3 months. Younger patients and patients at high risk or with 
certain conditions would in some cases have continuous follow-up via the 
cardiology clinic, but in most cases would be referred to their primary care 
provider. The general practitioner (GP) would generally have the responsibility 
of managing further secondary preventive measures and follow-up.  

Data collection 

During the initial hospitalisation, baseline data, demographic information, 
comorbidities, use of medication, and health status were collected by interview 
and medical records. During the telephone-based follow-up, at one month and 
then annually, patients in both groups were interviewed regarding general 
status, smoking status, level of physical activity, and current medication intake 
and adherence. Results were recorded on pre-printed standardised forms and 
preserved in binders organised by patient number. Data from standardised BP 
readings and LDL-C measurements were collected via the closest primary care 
provider and registered both on standardised paper forms and in the electronic 
journal system. 
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Follow-up 

Patients in both the intervention and control groups had follow-up 
measurements of BP and blood lipids at one month and then annually via their 
primary care provider. Shortly after the measurements, a study nurse 
telephoned participants in both study groups.  

Patients randomised to the intervention were counselled on the importance of 
medical adherence, smoking cessation, and regular exercise. Study nurses had 
received education in motivational interviewing. Participants were given advice 
in regard to diet and exercise in accordance with the recommendations of the 
Swedish public health authority. Patients who smoked received advice about 
smoking cessation and recommendations regarding available resources. 
Patients in the intervention group also received a local brochure with diet 
recommendations. If BP and/or LDL-C were outside of set target levels, patients 
had their medication titrated after consultation with a study physician to 
achieve the targets. Further follow-up via telephone was scheduled 
approximately one month after every titration, and further medical adjustments 
were made if necessary and if tolerated. The blood sample and BP measurement 
values for the control group were available both to the primary care provider 
and the study nurses. There was no intervention or titration in the control group 
made by the study physicians, and patients received no counselling or medical 
advice from the study nurses.  

The overall aim of the trial was to elucidate if a nurse-based telephone 
intervention of secondary prevention would best usual care for lower BP and 
lower LDL-C, in addition to a higher proportion of patients achieving set target 
levels. 

 

 

 

 

 

 

 

 

 



 

 20 

Figure 2 Flow chart of the NAILED-ACS trial 

 

 

 

TIME PERIODS STUDIED 

Paper III, 1 January 2010 – 31 December 2013 

Paper IV, 1 January 2010 – 31 December 2014 
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Paper III – Feasibility study 

In paper III, the feasibility and reasons for exclusion and predictors of non-
participation were explored. One-year mortality was also assessed. 

Statistical methods 

Patients included in the study were classified into three categories: “Included”, 
“Declined” (in which patients were eligible for inclusion but declined 
participation for any reason), and “Excluded”. Depending on the dataset, the 
two-sided Chi-square test, Fisher’s exact test, and/or independent-samples t-
tests were used for comparisons between groups on baseline characteristics and 
other variables. Multivariable logistic regression models were used to find 
predictors of declining participation, and a second model was made in the same 
manner to find independent predictors of exclusion. Variables included in the 
multivariable models had a p-value of <0.1 in a univariable analysis or were 
deemed important (sex and age). Continuous variables were recoded into 
categorical variables for practical reasons. Results are presented as odds ratios 
(ORs) with 95% confidence intervals (CIs). Univariate logistic regression was 
also used to calculate OR for mortality. Kaplan–Meier estimates and the log-
rank test were used to examine the cumulative one-year survival between 
groups. IBM SPSS v22 was used for data analysis. 

Outcomes 

The primary outcome was the proportion of patients from an unselected ACS 
population who could be included in a telephone-based follow-up trial. 
Secondary outcomes were factors associated with participation and non-
participation, as well as reasons for exclusion. 

Paper IV – 36-month evaluation of risk factors  
In paper IV, the effects of the intervention were evaluated regarding the risk 
factors BP and LDL-C. 

Statistical methods 
Patients in the intervention and control groups were followed for at least 36 
months. Blood samples and BP were assessed at the described intervals (one 
month and then annually) and for the intervention group, titrations were made 
as needed. Data were analysed using an intention-to-treat principle, meaning 
that analysis would occur disregarding patient adherence to prescribed 
treatment.  
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Adjusted means stratified by sex and type of ACS were calculated for SBP, DBP, 
and LDL-C for each follow-up and for the end of titration. Paired samples t-tests 
were used to analyse changes within groups. The proportions of patients within 
treatment target levels were calculated for the end of the study at 36 months of 
follow-up. Baseline characteristics for patients were compared using the t-test 
for continuous variables and chi-square test for categorical variables. Results 
are presented as means for continuous variables and percentages for categorical 
variables. A p-value of <0.05 was used for assessing significance. IBM SPSS v 24 
was used for data analysis. 

Outcomes 
The primary endpoint was mean LDL-C after 36 months of follow-up. Other 
endpoints included adjusted mean SBP and DBP after 36 months of follow-up 
and proportion of patients achieving treatment target levels. 

Power calculation 

A power calculation was conducted before commencement of the NAILED trial. 
The goal was to detect a mean difference of 5 mmHg in SBP with a standard 
deviation (SD) of 19, and a mean difference of 0.5 mmol/L in LDL-C (SD 1.0). 
Based on a two-tailed alpha of 0.05 and 80% power, we calculated that a 
minimum of 200 participants would be needed. Substantially more patients 
were included to maintain statistical power for analyses after long-term follow-
up and for sub-analyses within and between subgroups. 

Trial registration 
The NAILED-ACS trial was registered in the International Standard 
Randomized Controlled Trial Number registry (ISRCTN) on 24 August 2011, 
with the trial number (ISRCTN96595458). Because the study began in 2010, the 
trial was retrospectively registered. The strict requirement for prospective 
registration came to our attention after recruitment had already begun.  

Differences regarding male and female participants 
Although not part of the original papers, sub-analyses of outcomes with regard 
to male or female participation are included in this dissertation. Data are 
presented in the results section and with interpretations in separate discussion 
sub-headings.  
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Results 
Results for the register-based studies in papers I and II are described separately 
from the results for NAILED-ACS for papers III and IV. 

Results, papers I and II 
As described, the study population represented in papers I and II was divided 
into early and late cohorts. The early cohorts were treated with clopidogrel only, 
and the late cohort had increasingly higher rates of ticagrelor use over time. 
Paper I included 47,674 AMI patients, with 23,447 in the early cohort and 
23,227 in the late cohort. In the late cohort, 47.9% were treated with 
clopidogrel, and 52.1% were treated with ticagrelor. In paper II, which included 
3275 AMI patients with previous ischemic stroke, the early cohort consisted of 
1633 patients, and the later cohort consisted of 1642 patients. Of the latter, 
66.3% were treated with clopidogrel and 33.7% were treated with ticagrelor.  

Baseline characteristics of the study population in paper I are presented in 
Table 2 The baseline characteristics of the study population in paper II are 
presented in Table 3. 
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Table 2 Baseline characteristics of the study population in paper I 

 Early cohort  
(n=23,447) 

Late cohort  
(n=24,227) 

P  

Age (median, IQR) 70(61–79)      70 (61–79) 0.08 
Female sex%               33.5                33.7 0.89 
Smoking% 23.1 22.2 0.02 

Diabetes% 21.7 22.3 0.12 

STEMI% 36.9 37 0.9 

Hypertension% 53 54.6 <0.001 

Atrial fibrillation% 13.9 14.1 0.38 

Heart failure % 20.2 18.9 <0.001 

Previous MI% 8.5 7.3 <0.001 

Previous ischemic 

stroke% 

7.0 6.8 0.42 

Previous 

haemorrhagic 

stroke% 

1.1 1.3 0.08 

Previous dialysis% 0.5 0.5 0.96 

Previous PAD% 4.4 4.9 0.03 

Thrombolysis 

treatment% 

1.7 1.2 <0.001 

PCI treatment% 71.1 75.4 <0.001 

CABG treatment% 1.1 1.4 <0.001 

eGFR (median, IQR) 77.7 (60-90.8) 78.1 (60.2-91.2) 0.06 

eGFR, estimated glomerular filtration rate; IQR, interquartile range; PAD, peripheral artery 
disease 

In paper I, patients in the early vs. late cohorts had several significant 
differences. Peripheral artery disease (PAD) and hypertension were more 
prevalent in the late cohort, as was treatment with PCI and CABG. The late 
cohort also had a lower proportion of smokers and lower rates of previous MI, 
signs of heart failure during hospitalisation, and thrombolysis during 
hospitalisation. Despite statistically significant differences, the absolute 
differences were small. In paper II, the baseline characteristics were similar 
between the groups for many variables. However, hypertension was significantly 
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more prevalent in the late cohort, as was treatment with PCI, and the rate of 
thrombolysis was lower than in the early cohort. STEMI was more prevalent in 
the early cohort. 

Table 3 Baseline characteristics of the study population in paper II 

 Early cohort  
(n=1633) 

Late cohort  
(n=1642) 

P  

Age (median, IQR) 78(70.5-83)      70 (71-84) 0.05 
Female sex%               35.3               38 0.11 
Smoking% 14.3 14 0.83 

Diabetes% 36.7 36.1 0.74 

STEMI% 28.5 25.9 0.1 

Hypertension% 81 83.7 0.04 

Atrial fibrillation% 26.2 27.4 0.44 

Heart failure % 34.6 32.1 0.13 

Previous MI% 18.7 16.9 0.18 

Previous 

haemorrhagic 

stroke% 

3.4 4.4 0.13 

Previous dialysis% 0.8 1.2 0.23 

Previous PAD% 12.4 11.8 0.55 

Thrombolysis 

treatment% 

1 0.4 0.02 

PCI treatment% 49.9 55.7 <0.01 

CABG treatment% 0.9 1.4 0.14 

eGFR (median, IQR) 62.8 (45.1-

79.6) 

62.1 (45-79.3) 0.52 

 

 

 

 



 

 26 

Use of medication at discharge 

Tables 4 and 5 show the use of medication at discharge for the study population 
in papers I and II, respectively.  
 
Table 4 Medication at discharge for the early vs. late cohorts (paper I) 

Variable Early cohort  

(n=23,447) 

Late cohort  

(n=24,227) 

P 

Aspirin% 97 95.6 <0.001 

ACEIs/ARBs% 78.6 79.8 <0.01 

Statins% 91.1 91.5 0.14 

Oral 

anticoagulants% 

4.5 6.3 <0.001 

Beta-blockers% 90.5 89.1 <0.001 

Calcium channel 

blockers% 

15.3 16.2 0.01 

Diuretics% 26.4 23.5 <0.001 

 

Table 5 Medication at discharge for the early vs. late cohorts (paper II) 

Variable Early cohort  

(n=1633) 

Late cohort  

(n=1642) 

P 

Aspirin% 92.8 88.3 <0.001 

         ACEIs/ARBs% 75.8 75.4 0.79 

              Statins% 83.5 83.1 0.74 

        Oral anticoagulants% 9 11.6 0.01 

          Beta-blockers% 88.4 85.6 0.03 

           Calcium channel 

blockers% 

26.6 26.2 0.8 

Diuretics% 47.5 42.3 <0.01 
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In paper I, patients in the late cohort were treated with ACEIs/ARBs, oral 
anticoagulants, and calcium channel blockers in a significantly larger proportion 
than patients in the early cohort. Conversely, rates of aspirin, beta-blocker, and 
diuretic use were lower. The groups did not differ statistically in use of statins. 
In paper II, medication at discharge showed that for the late cohort, 
significantly more patients were treated with oral anticoagulants (11.6% vs. 9%; 
p=0.01). In the early cohort, significantly more patients were treated with 
aspirin, beta-blockers, and diuretics compared with the late cohort.  

Incidence of ischemic stroke 
In paper I, among the 47,674 patients in total, 1203 cases of ischemic stroke 
occurred. Using Kaplan–Meier analysis, the cumulative incidence estimates of 
ischemic stroke after one year were 2.8% in the early cohort in contrast to 2.4% 
in the late cohort (p=0.001, log-rank test), for a relative risk reduction of 14.3% 
(Figure 3).  

In paper II, Kaplan–Meier analysis was used likewise to estimate cumulative 
incidence of ischemic stroke in AMI patients with previous ischemic stroke. 
Among 3275 patients, 311 ischemic strokes were recorded during the study 
period. Incidence estimates at the one-year mark were 12.1% for the early cohort 
vs. a significantly lower estimate in the late cohort of 8.6% (p<0.01, log-rank 
test) (Figure 4). 
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Figure 3 Ischemic stroke rates between the early and late cohorts (Paper I) 
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Figure 4 Ischemic stroke rates between the early and late cohorts in patients 
with previous ischemic stroke 

 

Incidence of intracranial bleeding and gastrointestinal bleeding 
For this dissertation, additional analyses were made. Via Kaplan–Meier 
estimates, the incidence of intracranial bleeding and gastrointestinal bleeding at 
one year post-infarction was also assessed for all patients in papers I and II. In 
paper I, the rates of intracranial bleeding were 0.4% in the early cohort vs. 0.5% 
in the late cohort, which was not a statistically significant difference. 
Corresponding numbers for gastrointestinal bleeding were 1.7% in the early 
cohort vs. 2.1% in the late cohort, which was statistically significant (p=0.012). 
In paper II, the rates of intracranial bleeding among all participants were 1.2% 
in the early cohort vs. 1.5% in the late cohort, which was not a significant 
difference. Gastrointestinal bleeding incidence was 2.3% in the early cohort and 
3% in the late cohort, which also was not a statistically significant difference. 
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Risk factors for ischemic stroke 

Uni- and multivariable Cox regression analysis was used to find predictors of 
ischemic stroke in both papers I and II.  

Table 6 Final multivariable Cox regression analysis and predictors of ischemic 
stroke (Paper I) 

Variable HR (95% CI) P 

Age 65–74 years 1.65 (1.34–2.03)       <0.001 

Age ≥75 years 2.18 (1.78–2.68)       <0.001 

STEMI 1.27 (1.11–1.46)       <0.001 

Diabetes 1.23 (1.07–1.41)         <0.01 

Hypertension 1.17 (1.02–1.35)           0.03 

Atrial fibrillation 1.92 (1.68–2.2)       <0.001 

Heart failure during 

hospitalisation 

1.29 (1.27–1.48)      <0.001 

PCI during 

hospitalisation 

0.72 (0.63–0.83)       <0.001 

CABG during 

hospitalisation 

1.93 (1.28–2.9)         <0.01 

Previous ischemic 

stroke 

3.12 (2.7–3.62)       <0.001 

Previous 

haemorrhagic stroke 

1.54 (1.07–2.21)          0.02 

Statins at discharge 0.8 (0.67–0.94)          0.01 

eGFR 0.996 (0.993–0.999)          0.01 

Belonging to the late 

cohort 

0.87 (0.77–0.99)          0.03 
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Table 7 Final multivariable Cox regression analysis and predictors of ischemic 
stroke in paper II 

Variable HR (95% CI) P 

Atrial fibrillation 1.39 (1.1–1.77) <0.01 
PCI during hospitalisation 0.73 (0.58–0.91) <0.01 

Belonging to the late cohort 0.74 (0.59–0.93) <0.01 
 

For paper I, in the final multivariable Cox regression analysis (Table 6) older 
age, hypertension, diabetes, STEMI, previous stroke (both ischemic and 
haemorrhagic), signs of heart failure during hospitalisation, and atrial 
fibrillation were associated with an increased risk of ischemic stroke. Lower 
risks were associated with treatment with PCI, statins at discharge, higher 
estimated glomerular filtration rate (eGFR), and membership in the late cohort. 
Previous ischemic stroke was the most important predictor (HR, 3.12; p<0.001). 

In paper II, the final multivariable Cox regression model (Table 7) showed that 
atrial fibrillation predicted a higher risk of ischemic stroke with an HR of 1.39 
(p<0.01). PCI during hospitalisation and membership of the late cohort 
predicted lower risk of ischemic stroke with HRs of 0.73 and 0.74, respectively 
(p<0.01 for both). 

Sub-analyses in paper I 
In a direct comparison between patients discharged with clopidogrel and 
patients treated with ticagrelor, all but one of the variables differed significantly 
between the two groups. The exception was thrombolysis during hospitalisation 
(Table 8). 
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Table 8 Baseline characteristics within the late cohort in patients discharged 
with clopidogrel vs. discharged with ticagrelor 

 

Variable Discharged with 

clopidogrel 

(n=11,597) 

Discharged with 

ticagrelor (n=12,632) 

P 

Age (mean) 72.9  66.7 <0.001 

Female sex% 38.4 29.5 <0.001 

Smoking% 18 26.1 <0.001 

Diabetes% 24.5 20.3 <0.001 

STEMI% 26.4 46.8 <0.001 

Hypertension% 60.2 49.4 <0.001 

Atrial fibrillation% 20.4 8.4 <0.001 

Heart failure during 

hospitalisation% 

22.8 15.3 <0.001 

Previous MI% 10.1 4.7 <0.001 

Previous ischemic 

stroke% 

9.4 4.4 <0.001 

Previous haemorrhagic 

stroke% 

1.7 1.1 <0.001 

Previous dialysis% 0.8 0.3 <0.001 

Previous PAD% 6.5 3.4 <0.001 

Thrombolysis during 

hospitalisation% 

1.3 1.1 0.21 

PCI during 

hospitalisation% 

61.9 87.7 <0.001 

CABG during 

hospitalisation% 

1.7 1.2 <0.01 

eGFR (mean) 70.5 78.53 <0.001 
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Overall patients treated with ticagrelor had fewer comorbidities, were younger, 
presented more often with STEMI, and were treated with PCI to a greater extent 
than patients treated with clopidogrel.  

In a multivariable Cox regression analysis made within the late cohort, 
including the variable ticagrelor at discharge, the latter variable was associated 
with a significantly lower risk of ischemic stroke (HR, 0.77; p<0.01). 

Further sub-analyses consisting of a subdivision of the late cohort were used to 
analyse any difference in rates of ischemic stroke incidence occurring as use of 
ticagrelor increased. The early cohort and the first third of the late cohort 
(34.6% use of ticagrelor) were compared, as was the early cohort with the last 
two thirds of the late cohort. The overall use of ticagrelor rose to 61.1% in the 
latter two thirds of the late cohort. The responding incidence rates via Kaplan-
Meier analysis were 2.8% in the early cohort vs. 2.5% in the first third of the late 
cohort, and 2.3% in the last two thirds of the late cohort.  

A matched analysis was also performed in paper I in which patients were 
matched on the risk factors that had the most impact in the multivariable Cox 
regression analysis, namely age, previous ischemic stroke, CABG during 
hospitalisation, and atrial fibrillation. A total of 25,262 patients were matched, 
and a diagnosis of ischemic stroke was found in 455 patients, with a relative risk 
reduction of 35% for ischemic stroke in the late cohort, using Kaplan–Meier 
analysis. 

Prescription patterns 
To assess the treatment length of clopidogrel or ticagrelor, a variable was 
created using data based on number of dispensions from the Swedish 
Prescribed Drug register. The variable for treatment length in paper I showed 
that there were more dispensed prescriptions overall in the late cohort vs. the 
early cohort, suggesting longer treatment duration. In the early cohort, 44.6% of 
patients had four or more dispensed prescriptions, which we considered to 
represent treatment for at least one year. In the late cohort 50.4% of patients 
treated with clopidogrel had four or more dispensed prescriptions, and 
corresponding numbers for patients treated with ticagrelor was 72.3%. In paper 
II, fewer patients had a long treatment duration (four or more dispensed 
prescriptions), with a corresponding proportion in the early cohort of 38.2%. In 
the late cohort, 42.2% of clopidogrel-treated patients and 57.9% of ticagrelor-
treated patients had at least four dispensions. For both papers, the variable did 
not reach significance in Cox regression analysis as a predictor. 
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Differences in outcomes based upon sex 
Outcomes were also assessed in papers I and II via Kaplan–Meier estimates of 
ischemic stroke, intracranial bleeding, and gastrointestinal bleeding, grouped by 
sex. 

In paper I, among male participants, the rate of ischemic stroke at one year was 
2.6% in the early cohort vs. 2% in the late cohort (p<0.001). Rates of 
intracranial bleeding were 0.4% in the early cohort vs. 0.5% in the late cohort, 
with rates of gastrointestinal bleeding of 1.6% vs. 2%, respectively. The 
differences for intracranial bleeding and gastrointestinal bleeding were non-
significant. Among female participants, rates for ischemic stroke were 3.2% vs. 
3.2%, rates for intracranial bleeding were 0.3% vs. 0.4%, and rates for 
gastrointestinal bleeding were 1.7% vs. 2.2%. All differences were statistically 
non-significant. 

In paper II, rates of ischemic stroke among male participants were 11.9% in the 
early cohort vs. 7% in the late cohort (p=0.078). Rates of intracranial bleeding 
were 1.6% vs. 1.4%, respectively, and gastrointestinal bleeding rates were 2.1% 
vs. 3.3%, respectively. These differences also were non-significant. Female 
participants had a significant difference between cohorts in regard to ischemic 
stroke, with rates of 12.3% in the early vs. 9.2%, in the late cohort (p=0.023). 
The rates of intracranial bleeding were 0.8% vs. 1.3% in early vs. late cohorts, 
and for gastrointestinal bleeding, they were respectively 2.8% vs. 2.4%. These 
differences were non-significant. 

Results, papers III and IV 

Study population and baseline characteristics in paper III 

In paper III, the inclusion period was between 1 January 2010 and the 31 
December 2013. A total of 961 patients were hospitalised for ACS and assessed 
for eligibility. Apart from 54 patients who died in the hospital, of the remaining 
907 patients, 661 (72.9%) were included, 146 (16.1%) were excluded, and 100 
(11%) patients were eligible but declined participation (Figure 5). 
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Figure 5 Proportion of included and non-participating patients in paper III 

 

According to the values in Table 9, several baseline characteristics differed 
significantly among the three subgroups. Based on univariable comparisons 
between included and excluded patients, a clear trend was seen, with  excluded 
patients being significantly older and with a larger proportion of patients with 
previous ischemic heart disease, congestive heart failure, stroke, peripheral 
artery disease, atrial fibrillation, hypertension, and diabetes. The excluded 
group also contained significantly more women, patients had decreased kidney 
function, and fewer had education above compulsory school level.  

Comparisons were also made between included patients and patients who 
declined participation. Patients who declined participation had characteristics 
similar to those of excluded patients, including older age, a larger proportion of 
women and patients with low education, and a higher proportion of patients 
with modified Rankin scale (mRS) >3. In regard to risk factors, the declining 
group had higher proportion of patients with atrial fibrillation, previous stroke, 
and congestive heart failure. There were no statistically significant differences 
between excluded and declining patients except in regard to the number of 
patients with mRS >3. Smoking was somewhat more prevalent among included 
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patients, compared to both the excluded and declining patients, but the 
difference did not reach significance. 

Table 9 Baseline characteristics in paper III 

Variable Included 
(n=661) 

Excluded 
(n=146) 

Declined 
(n=100) 

p 
(i/e) 

p 
(i/d) 

p 
(e/d) 

Basic characteristics 
Female sex % 31.5 45.2 53* s s ns 
Mean age (y) 69.2 76.3 77.3 s s ns 
Mean BMI 27.3 25.8 26.4 s  ns ns 
mRS >3 (%) 1.1 22.6 8 s s s 
Mean eGFR 78.4 68.9 70.4 s s ns 
Basic 
education 
only% 

52.2 67.8 77 s  s  ns 

Heredity 
(first 
degree)% 

27.3 21.5 21.5 ns ns ns 

Comorbidities (%) 
Previous 
ischemic 
heart 
disease% 

23.6 34.9 34 s s ns 

NSTEMI% 63.5 68.5 69 ns ns ns 
STEMI% 27.5 28.8 25 ns ns ns 
Previous 
stroke% 

7.3 17.8 15 s s  ns 

PAD% 2.3 5.5 5 s ns ns 
Congestive 
heart 
failure% 

3.5 13.7 10 s s  ns 

Smoking% 62.6 57 57 ns ns  ns 
Atrial 
fibrillation% 

14.8 29.4 26 s  s ns 

Hyperlipidae
mia% 

96.1 96.5 80* ns ns ns 

Hypertension
% 

53.6 65.1 67 s  s  ns 

Diabetes% 20.4 30.8 28 s  ns ns 
Table 9. P values for comparison between groups. i = included, e = excluded, d = declining. 
Smoking defined as current or previous. Hyperlipidaemia defined as treatment-initiated or 
untreated total cholesterol >4.5 mmol/L or untreated LDL-C <2.5 mmol/L – missing data in up to 
25.6% of cases for the variable. * Data presented differ from published data. In published data, a 
miscalculated percentage of male participation for declined patients was presented, as were 
miscalculated data regarding hyperlipidaemia. s = significant, ns = non-significant 
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Predictors of declining participation and exclusion 

Multivariable analysis via logistic regression was made to find predictors of non-
participation among eligible patients and to find predictors of exclusion. Tables 
10 and 11 display predictors of declining participation and exclusion, 
respectively. 

For eligible patients, female sex, mRS score >3, low education, and age 85 years 
or older was shown to predict the decision to decline participation. 

In the second model, congestive heart failure, age 85 years or older, and mRS 
score >3 predicted exclusion from the study. 

Table 10 Predictors of declining participation 

Variable OR 95% CI 
Female sex 1.68 (1.05–2.71) 
Age 65–75 0.95 (0.48–1.9) 
Age 75–85 1.03 (0.51–2.1) 
Age >85 3.51 (1.73–7.12) 
mRS >3 3.6 (1.11–11.68) 
Basic education 
only 

2.62 (1.47–4.68) 

 

Table 11 Predictors of exclusion 

Variable OR 95% CI 
Female sex 1.23 (0.81–1.89) 
Age 65–75 0.97 (0.55–1.72) 
Age 75–85 1.38 (0.78–2.43) 
Age >85 3.11 (1.68–5.75) 
mRS >3 20.33 (8.53–48.44) 
Congestive heart 
failure 

2.46 (1.18–5.1) 
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Mortality data 

Mortality data were assessed for included, excluded, and declining patients 
during the first year after discharge. A total of 88 patients died (9.7%), including 
43 patients in the included group, 29 in the excluded group, and 16 in the group 
that declined participation. The corresponding mortality percentages were 6.5%, 
19.9%, and 16%, respectively. There was a significant difference between the 
included patients and the excluded and declining patients, but no significant 
difference between excluded and declining patients. 

Study population and baseline characteristics in paper IV 
The study population in paper IV was recruited during an inclusion period from 
1 January 2010 to 31 December 2014, and consisted of 962 randomised patients 
who completed the one-month assessment. A total of 391 out of 476 patients 
(82.1%) in the control group and 406 of 486 patients (83.5%) in the 
intervention group were available for analysis at the 36-month mark. During the 
time from randomisation to the follow-up at 36 months, 53 patients in the 
control group had died, 10 patients had withdrawn from the study, 11 could not 
continue or were deemed unreachable, 10 had moved, and 1 patient had missing 
data. For the intervention group, 42 patients died, 14 chose to withdraw from 
the study, 12 were unable to continue or could not be reached, 5 had moved, and 
8 patients were participating in drug trials (Figure 6). 
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Figure 6 Flowchart of study participants in paper IV 

 

 

Baseline characteristics for patients available for the 36-month evaluation are 
shown in Table 12. There were no significant (ns) differences for any baseline 
variables 
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Table 12 Baseline characteristics of the randomised study population at 36 
months 

 

 

Medication 

Medication use was assessed for both groups at the 36-month follow-up (Table 
13). Calcium channel blocker use was significantly more prevalent in the 
intervention group (35.7% vs. 28.6%; p=0.03). The use of anticoagulants, ARBs, 
and diuretics was numerically more common in the intervention group; 
however, the difference did not reach statistical significance. The use of statins 
was comparable between groups, but statins were grouped together regardless 
of dose and type. 

 

 

 Control (n=391) Intervention (n=406) P 

Mean age at inclusion, 
years (SD) 

68.4 (10.9) 67.3 (10.7) ns 

Female sex% 29.7 27.6 ns 
Smokers (current and ex, 
%) 

60.4 63.5 ns 

Qualifying event 
 UA% 11.3 8.6 ns 

 NSTEMI% 58.8 60.6 ns 
 STEMI% 29.9 30.8 ns 

Medical history 
Diabetes% 17.9 18.7 ns 
Atrial fibrillation% 10.2 12.1 ns 

Heart failure% 0.8 1.7 ns 
MI% 16.4 14.5 ns 

Stroke or transient 
ischemic attack% 

5.6 6.2 ns 
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Table 13 Medication use at the 36-month follow-up 

 Control (n=391) 
 

Intervention 
(n=406) 

 

P 

Statins% 86.9 90 0.16 
Diuretics% 32.2 38.7 0.06 
Beta-blockers% 88.7 86.6 0.38 
ACEIs% 47.4 44.4 0.39 
ARBs% 29.4 35.6 0.06 
Calcium channel 
blocker% 

28.6 35.7 0.03 

Aspirin% 83.5 78.9 0.1 
Antiplatelet 
drug% 

8 8.2 0.92 

Anticoagulants% 9.8 13.9 0.07 
 

Risk factors at 36 months 
The primary outcome was LDL-C at 36 months of follow-up. Other outcomes 
were adjusted mean SBP and DBP as well as the proportion of patients reaching 
treatment target levels at 36 months.  

The mean adjusted LDL-C was 2.42 mmol/L (95% CI 2.3–2.54) in the control 
group and 2.14 mmol/L (95% CI 2.01–2.26) in the intervention group. There 
was a significant difference in LDL-C of 0.28 mmol/L (95% CI 0.135–0.42; 
p<0.001). 

The adjusted mean SBP was 133.5 (95% CI 131.6–135.5) in the control group 
and 129.4 (95% CI 127.4–131.3) in the intervention group. The difference was 
significant, with lower values in the intervention group (by 4.1 mmHg; 95% CI 
1.87–6.52; p<0.001). 

The adjusted mean DBP was 78.6 mmHg (95% CI 77.3–79.89) in the control 
group and 75.7 mmHg (95% CI 74.4–76.9) in the intervention group. The 
difference was significant, with a lower mean DBP by 2.9 mmHg (95% CI 1.46–
4.45; p<0.001) in the intervention group. 
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Time trends 
Changes between one-month mean values and 36-month mean values were 
assessed using paired samples t-test within the control and intervention groups, 
respectively. For the control group, non-adjusted means for SBP, DBP, and 
LDL-C increased by 1.22 mmHg, 1.18 mmHg, and 0.21 mmol/L, respectively; 
however, only the change in LDL-C was statistically significant. The 
corresponding values for the intervention group were a significant decrease in 
SBP by 2.2 mmHg and a non-significant decrease in DBP by 1.13 mmHg. 
Regarding LDL-C, the mean 0.017 mmol/L decrease was not significant. 
However median value for LDL-C decreased by 0.2 mmol/L, from 2.1 mmol/L 
at baseline to 1.9 mmol/L at the 36-month mark.  

Adjusted means were also calculated for all planned follow-ups during the 
course of the study and following the end of titration in applicable cases. The 
trend data are shown in Figure 7A–C and Table 14 and show a clear difference 
between the intervention and control group. Titrations display a profound but 
not permanent lowering of the mean values. 

Figure 7. Trends over time for adjusted mean (A) SBP, (B) DBP, and (C) LDL-
C
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Table 14 Tabulated trends over time for adjusted mean SBP, DBP, and LDL-C  

 Control Intervention 

SBP 

1 month 133 132.2 

1 month titrated N/A 126 

12 months 133.8 131.6 

12 months titrated N/A 126 

24 months 132.7 130.5 

24 months titrated N/A 124.9 

36 months 133.5 129.4 

DBP 

1 month 76.5 76.1 

1 month titrated N/A 73.1 

12 months 77.4 75.4 

12 months titrated N/A 73 

24 months 78.2 76.3 

24 months titrated N/A 73.3 

36 months 78.6 75.7 

LDL-C 

1 month 2.22 2.22 

1 month titrated N/A 1.9 

12 months 2.39 2.2 

12 months titrated N/A 1.9 

24 months 2.38 2.1 

24 months titrated N/A 1.89 

36 months 2.42 2.14 

N/A, not applicable 
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Proportion of patients reaching treatment target levels after 36 
months of follow-up 
Achievement of risk factor target levels was assessed after 36 months of follow-
up. The proportion of patients in the intervention and control groups who were 
within target levels is visualised in Figure 8. Patients in the intervention group 
were able to reach set target levels in significantly higher proportions than 
patients in the control group (p<0.001 for all comparisons). 

Figure 8 Proportion of patients reaching target levels 

 

Differences between male and female participants 
Further analyses were performed in regard to differences between male and 
female participants in the NAILED-ACS trial. 

Differences in regard to medication use at 36 months were assessed for male 
and female participants in the intervention and control groups. Table 15 shows 
medication use at 36 months for the intervention group based on male or female 
sex, and Table 16 shows the corresponding use in the control group. 
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Table 15 Medication use at 36 months in the intervention group for male and 
female participants 

Medication use at 
36 months in 
percent 
(Intervention) 

Male (n=294) Female (n=112) Significance 
(p<0.05) 

Statins% 91.7 85.6 0.07 
Diuretics% 34.7 49.1 0.01 
Beta-blockers% 87.3 84.8 0.52 
ACEIs% 47.9 35.1 0.02 
ARBs% 34.8 37.5 0.62 
Calcium channel 
blockers% 

34 40.2 0.25 

ASA% 81.7 71.4 0.02 
Antiplatelets% 7.2 10.7 0.25 
Anticoagulants% 12.8 17 0.28 
 
Table 16 Medication use at 36 months in the control group for male and female 
participants 

Medication use at 
36 months in 
percent (control) 

Male (n=275) Female (n=116) Significance 
(p<0.05) 

Statins% 88.2 83.6 0.22 
Diuretics% 27.2 44 0.001 
Beta-blockers% 89.3 87.1 0.52 
ACEIs% 53.7 32.8 <0.001 
ARB% 25.7 37.9 0.02 
Calcium channel 
blockers% 

26.1 34.5 0.01 

ASA% 86.3 76.7 0.02 
Antiplatelets% 7 10.3 0.27 
Anticoagulants% 9.6 10.3 0.81 
 
Regarding medication use at 36 months of follow-up, in the intervention group, 
there was a significantly higher use of diuretics by female participants (49.1% vs. 
34.7%), whereas use of ACEIs was significantly lower, at 35.1% among females 
and 47.9% among male participants. In the control group, a similar pattern was 
seen with higher use of diuretics and lower use of ACEIs among female 
participants. ARB use was significantly higher among female participants in the 
control group (32.8% vs. 25.7% among males), a pattern that was not seen in the 
intervention group. For both groups the proportion of female participants with 
ASA was significantly lower when compared to male participants. 
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Unadjusted means for LDL-C, SBP, and DBP at 36 months were also assessed 
for male and female participants, respectively (Table 17). 

Table 17 Unadjusted means at 36 months for male and female participants 

Unadjusted 
means at 36 
months (male sex) 

Intervention 
(n=294) 

Control 
(n=275) 

Significance 
(p<0.05) 

LDL-C 2.07 2.34 <0.001 
SBP 127.9 132.9 <0.001 
DBP 76.6 79.8 <0.001 
Unadjusted 
means at 36 
months (female 
sex) 

(n=112) (n=116)  

LDL-C 2.23 2.46 0.16 
SBP 130.9 132.8 0.4 
DBP 74.4 76.7 0.13 
 

In regard to unadjusted means, there were significant differences in LDL-C, 
SBP, and DBP with lower values for male participants in the intervention group. 
For female participants, there were numerically lower values on LDL-C, SBP, 
and DBP, but there were no significant differences. 

Achievement of treatment target levels between male and female participants 
was also assessed in the intervention and control groups (Table 18). 

Table 18 Achievement of treatment target levels between male and female 
participants in the intervention and control groups 

Target level 
achievement at 36 
months in percent 
(Intervention) 

Male (n=294) Female (n=112) Significance 
(p<0.05) 

LDL-C% 66.5 62.6 0.94 
SBP% 80.3 70.5 0.04 
DBP% 90.8 91.1 0.46 
Target level 
achievement at 36 
months in percent 
(control) 

(n=275) (n=116)  

LDL-C% 53.4 52.7 0.9 
SBP% 63.9 61.7 0.69 
DBP% 78.5 87.8 0.03 
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There were some significant differences in achievement of treatment target 
levels between male and female participants. In the intervention group, there 
was a significant difference for SBP, and a larger proportion of men achieved 
target levels (80.3% vs. 70.5% among women). In the control group, there was a 
significant difference in regard to DBP, in which a greater proportion of women 
achieve the treatment target level vs. men (87.8% vs. 78.5%). 
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Discussion 

Study populations and generalisability 
Randomised controlled trials (RCTs) are the gold standard for evaluating cause 
and effect, but results of RCTs might be limited by low external validity(94, 95). 
Populations in RCTs are in general younger and have fewer comorbidities when 
compared to the general disease population(96, 97). Participants in RCTs also 
have better outcomes and lower mortality than a general reference disease 
population(98, 99). An ideal patient population in an RCT should be 
representative of the general disease population in terms of risk, prognosis, 
comorbidities, and age. Large-scale observational studies can be used in 
conjunction with RCTs to further assess the effect of an intervention or 
treatment in a more representative population. The large national registers 
available in Sweden and other countries present valuable opportunities for this 
kind of analysis. Recently, the emergence of registry-based RCTs have provided 
valuable information and knowledge by essentially fusing the controlled nature 
of the RCT with the large-scale population metrics found in national 
registers(100). The scope of registry-based RCTs is outside the nature of this 
dissertation but deserves recognition. In this dissertation, study populations 
were obtained via the SWEDEHEART register and also via the randomised 
NAILED-ACS trial.  

In papers I and II, the study population is based on the RIKS-HIA register, 
which is part of SWEDEHEART. The register is well-known, validated, and 
contains AMI patients treated at coronary care units(87). According to the 2014 
annual report, coverage was >96% in patients younger than 80 and 69% for 
patients over age 80 years(101). In paper I, median age was 70, and the 
proportion of women was slightly above 33%. In paper II, in which patient 
selection was based on the additional criterion of previous ischemic stroke, the 
median age was 78, and the proportion of women increased slightly. This 
pattern can be seen as a contrast to the populations of most CVD RCTs. In a 
review of the evolution of age and female representation in randomised 
controlled cardiovascular trials, age and female representation had increased 
slightly, but averaging only 62.6 years of age, and 28.6% of the trial population 
consisted of women(102). In a review based on registered trials between 2010 
and 2017, in regard to ACS trials, the proportion of female participation was 
26.9%(103). In regard to the study population in paper II, the 3275 patients 
represented less than 7% of the more general AMI population in paper I. This 
highly selected patient population represents seldom-studied subjects, and 
there are no comparable groups of this size, limiting comparisons. 
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The included participants of the NAILED-ACS trial presented in the feasibility 
study (paper III) had an average age of 69.2 years, with 31.5% of patients being 
women. In the feasibility study, the proportion of patients who could be 
included was assessed, as was the proportion of excluded and patients declining 
participation. A vast majority of patients were able to be included. Considering 
that one of the main reasons for exclusion was participation in another trial, 
disregarding those patients, a further proportion of patients could be included. 
However, the proportions of women among declining and excluded patients 
were higher (45.2% and 53%). Being female also predicted non-participation. 
Based on the baseline characteristics of the NAILED-ACS population available 
for 36-month assessment (paper IV), the proportion of women was slightly 
lower (28.6%). 

Overall, the included patient populations in this dissertation in papers I, III, and 
IV consist of relatively unselected AMI or ACS patients and represent patients 
typically encountered in a clinical setting who might benefit from secondary 
prevention. However, the proportion of women who declined participation or 
were excluded from the NAILED-ACS trial was markedly higher than the 
proportion of included patients. Further studies and actions are needed to target 
this population. In regard to overall lower level of female participation, it has 
been hypothesised that women have a lower willingness to participate in 
cardiovascular trials(104). Likewise, lower levels of participation have also been 
hypothesised to stem from a number of different reasons, among them concerns 
about risk(105). Factors that can influence non-participation could be either 
trial related (such as long trial duration) or patient-specific (inconvenience, 
transportation issues, fear of risk etc)(106). 

Ischemic stroke risk after introduction of ticagrelor (papers I and II) 
The PLATO trial demonstrated the overall superiority of DAPT with ticagrelor in 
addition to aspirin over the combination of clopidogrel and aspirin(37). The 
primary endpoint was a composite of death from vascular causes, MI, or stroke 
and occurred in 9.8% of patients receiving ticagrelor vs. 11.7% of patients 
receiving clopidogrel. In regard to the incidence of ischemic stroke, the PLATO 
trial failed to show a difference (1.1% vs. 1.1%). When compared to the real-
world ACS population obtained via RIKS-HIA, the study population in PLATO 
was overall younger (PLATO = 62 years, paper I = 70 years, and paper II = 78 
years), had a lower prevalence of previous ischemic stroke, did not include 
patients in need of oral anticoagulants (e.g., with atrial fibrillation), and was 
thus at lower risk for ischemic stroke following ACS. 

The assessment of risk for ischemic stroke in a larger and more representative 
study population with AMI in paper I (n=47,674) revealed that since the 



 

 51 

introduction of ticagrelor in Sweden, the incidence of ischemic stroke following 
MI was lower (2.4% vs. 2.8%) at the one-year mark in the late cohort (52.1% use 
of ticagrelor) compared to the early cohort with 100% use of clopidogrel. With 
increasing adoption of ticagrelor over clopidogrel, the incidence continued to 
decrease in sub-analyses performed on data from the late cohort. The incidence 
rate of ischemic stroke was estimated at 2.5% for patients admitted during the 
first third of the late period (34.6% use of ticagrelor), and 2.3% for patients 
admitted in the latter two thirds of the late period (61.1% use of ticagrelor). The 
more potent platelet inhibition exhibited by ticagrelor likely also contributed to 
the statistically significant increase in incidence of gastrointestinal bleeding 
found in the late cohort (2.1%) as compared to the early cohort (1.7%).  

Major predictors for ischemic stroke were found to be advanced age and 
previous ischemic stroke with HRs of 1.65 (p<0.001) for patients ages 65 and 74 
years, and 2.18 for patients age 75 or above (p<0.001). The HR for previous 
ischemic stroke was 3.12 (p<0.001). Other significant predictors of increased 
risk for ischemic stroke were STEMI, diabetes, hypertension, atrial fibrillation, 
and signs of heart failure during hospitalisation, decreasing eGFR, CABG during 
hospitalisation, and previous haemorrhagic stroke. Use of statins, PCI during 
hospitalisation, and belonging to the late cohort were associated with reduced 
risk of ischemic stroke. The lower age and lower prevalence of previous ischemic 
stroke in the patient population in PLATO offers an explanation for the overall 
higher incidence rates reported in paper I.  

The study population in paper II (n=3275) had a greater risk of ischemic stroke 
at baseline compared to the population in paper I. Median age in both the early 
and late cohorts was 78 years, slightly over a quarter had atrial fibrillation, 
approximately 36% had diabetes, and only around half were treated with PCI 
following MI. Hypertension was found in over four fifths of the study 
population. Thus, the patients with previous ischemic stroke were overall much 
older than the population in paper I and had higher levels of comorbidities 
associated with increased risk of ischemic stroke. Patients were treated to a 
lesser extent with PCI, which showed an association with decreased risk of 
ischemic stroke, with HRs of 0.72 in paper I and 0.73 in paper II. The incidence 
rate of ischemic stroke at one year was 12.1% in the early cohort vs. 8.6% in the 
late cohort. The markedly increased incidence rates as compared to the study 
population in paper I demonstrate the vulnerability of the population.  

The effect of ticagrelor on ischemic stroke has been studied in a number of trials 
under different settings, and we currently lack evidence regarding efficacy. In 
the Acute Stroke or Transient Ischemic Attack Treated with Aspirin or 
Ticagrelor and Patient Outcomes (SOCRATES) trial, in which ticagrelor was 
compared to aspirin, the main composite endpoint of stroke, MI, or death did 
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not reach significance. A secondary endpoint of ischemic stroke did, however 
(5.8% vs. 6.7; p=0.046)(107). Because of the hierarchical testing plan, with the 
main endpoint not reaching significance, this result was also deemed 
insignificant. In PEGASUS TIMI 54 (i.e., Prevention of Cardiovascular Events in 
Patients with Prior Heart Attack Using Ticagrelor Compared to Placebo on a 
Background of Aspirin-Thrombolysis in Myocardial Infarction 54), use of 
ticagrelor reduced events but not significantly in regard to ischemic stroke when 
compared to placebo after 3 years (1.65% vs. 1.28%; p=0.06)(108). In sub-
studies, evidence demonstrated reduced rates of ischemic stroke in patients 
receiving ticagrelor. In an exploratory analysis of SOCRATES in patients with 
ipsilateral extra- or intracranial stenosis, the recurrence rate of ischemic stroke 
was lowered from 8.5% in patients treated with aspirin to 6.4% in patients 
treated with ticagrelor (p=0.02)(109). Likewise, in a sub-study in PEGASUS, 
incidence of overall stroke was assessed in patients who received ticagrelor 60 
mg twice daily. The risk was significantly lower (HR 0.75; p=0.034), and the 
reduction was mainly driven by a reduction in ischemic stroke(110). Thus, more 
potent treatment for the prevention of ischemic stroke might hold some merit. 

Since the introduction of ticagrelor and resulting change in preferred treatment, 
the significantly decreased incidence rate could be attributed to a multitude of 
potential causes, such as overall better management of AMI. Ticagrelor in itself 
might also have an effect of its own, but because of the observational nature of 
the studies, we can draw no such conclusion. Studies have suggested that 
ticagrelor might have pleiotropic effects that reduce thrombosis, such as via 
endothelial tissue factor suppression(111). The effect of ticagrelor on endothelial 
function has been debated, with many heterogeneous study designs(112). A 
long-term follow-up of REDUCE-MVI (i.e., Evaluation of microvascular injury 
in Revascularized Patients with ST-Segment-Elevation Myocardial Infarction 
Treated with Ticagrelor Versus Prasugrel) was recently published. The trial 
demonstrated that in patients presenting with STEMI, treatment with ticagrelor 
resulted in increased platelet inhibition and improved endothelial function over 
time in comparison to patients treated with prasugrel(113). Taken together, 
these findings show that the lower incidence seen in regard to ischemic stroke in 
papers I and II since the introduction of ticagrelor might be associated not only 
with increased platelet inhibition but also with improved endothelial function 
and reduction of thrombosis. 

Mechanism of ischemic stroke following MI 
 

There is neither consensus nor description of a precise mechanism that explains 
the cause of ischemic stroke following AMI. Embolism via left ventricular 
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thrombus has often been cited as a major cause of ischemic stroke. A large 
proportion of ischemic strokes following MI are caused by non-anterior MI, 
which is in contrast to the fact that most left ventricular thrombus formation is 
caused by anterior STEMI(114). Another study showed that the rate of ischemic 
stroke was increased in patients with diabetes mellitus even though a lower 
proportion of patients presented with STEMI than among patients without 
diabetes mellitus(115). It is thus plausible that ischemic stroke following MI in 
part can be attributed to an increase in systemic inflammation(116) and 
increased platelet reactivity(117) rather than solely left ventricular embolism.  

Time trends for ischemic stroke 
 

Overall stroke incidence has been steadily declining over the years(118, 119) 
although incidence of stroke in younger patients seems to be increasing(120, 
121). The overall lower reported incidence of stroke has been linked to a 
reduction in risk factors. In a Norwegian study, changes in cardiovascular risk 
factors such as reduced SBP and less smoking accounted for 56% of the reported 
decrease in ischemic stroke incidence(122). Although overall stroke has declined 
over the years, information is lacking regarding recent time trends of ischemic 
stroke post MI. The one-year incidence of ischemic stroke following AMI 
decreased in Sweden from 4.5% during 1998–2000 to 3.8% in 2007–
2008(123). Likely, this decrease can be attributed to better management of 
AMI. It is plausible that incidence of ischemic stroke post MI has continued to 
decrease, but no current large-scale studies correspond to the years studied in 
papers I and II. 

Differences in outcomes based upon sex 
 

Female sex has been shown to be a predictor of ischemic stroke following 
MI(33, 123, 124). Although female sex did not statistically emerge as a predictor 
of ischemic stroke in papers I and II, the incidence rates of ischemic stroke were 
higher among female participants. In paper I, incidence among female 
participants was 3.2% in both the early and late cohorts, in contrast to 2.6% and 
2%, respectively, for male participants. In paper II, the incidences were 12.3% 
and 9.2% for female participants, in comparison to 11.9% and 7% for the early 
vs. late cohorts, respectively, among male participants. Incidence rates for 
intracranial bleeding and gastrointestinal bleeding were comparable for male 
and female participants in both papers I and II. In paper I, the significant 
reduction in ischemic stroke incidence seen in the late cohort seemed to have 
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been driven by the significant reduction in stroke incidence among men. This 
pattern is in contrast to the findings from paper II, in which the reduction in 
ischemic stroke emerged as significant among female participants. Because 
overall stroke incidence is more prevalent among women and with increasing 
age, the higher proportion of women in paper II likely in part explains this 
finding(125). 

Study methodology in regard to papers I and II 
 

The methodology used in papers I and II was chosen to avoid overt selection 
bias. A direct comparison between patients discharged with clopidogrel vs. 
patients discharged with ticagrelor in regard to incidence of ischemic stroke 
would be misleading because the baseline characteristics and overall risk factor 
profile would have been significantly different for most variables, as seen in 
table 8. The methodology we opted for instead enabled study of the impact of 
treatment change on a larger population scale. By comparing all patients treated 
with clopidogrel to a cohort with continuous increasing adoption of ticagrelor 
over clopidogrel, we were able essentially to avoid overt selection bias. Because 
of the observational nature of the studies, we can draw no causal conclusions. 
Several sensitivity analyses were made in paper I in regard to increased use of 
ticagrelor or use of ticagrelor as a variable in itself, which both implied an 
association with decreased risk, as did the results of a matching analysis, further 
suggesting a potential effect. The increased use of PCI and overall better 
management during the later time period likely also contributed to the lower 
incidence rates. PCI is associated with an increased risk of procedure-related 
stroke but has been linked to an overall decrease in ischemic stroke risk post 
MI(123, 126). In a large retrospective observational study of Finnish MI 
patients, use of PCI predicted lower risk of ischemic stroke(127). This might be 
due to a selection bias, however it is plausible that PCI following MI can limit 
the extent of myocardial injury, but the exact mechanisms are unknown.  
Reduction of injury extent might for example reduce the risk of atrial fibrillation 
and heart failure, which are known risk factors for ischemic stroke. Further 
studies are warranted in regard to the effect of PCI on the risk of ischemic stroke 
post MI. 

The NAILED-ACS Trial: Improving risk factor control in ACS 
patients (papers III and IV) 
Secondary prevention is fundamental in reducing recurrent events and 
complications, but access to cardiac rehabilitation or other kinds of secondary 
preventive programs is not universal, even when available(71, 128, 129), and 
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these programs are often underused(130, 131). Surveys such as EUROASPIRE 
have found that many patients fail to reach set treatment target levels(64). 
Others have demonstrated that many patients are not treated according to 
guideline recommendations(132), and nor do they receive sufficient support in 
regard to lifestyle changes(133). With the NAILED-ACS trial, the aim was to 
create a simple intervention, accessible to a large proportion of patients with the 
aim of reducing risk factor burden in regard to blood pressure and LDL-C. 
Intervention patients also received counselling on lifestyle factors, but these 
factors were not analysed in the present papers. 

Implementation and feasibility of the NAILED ACS-trial  
 

The study in paper III assessed the feasibility of the NAILED-ACS trial. Out of 
all screened ACS patients (n=907), 72.9% could be included and randomised. 
Non-participating patients were classified as either excluded (16.1%) or 
declining (11%) (eligible but declined participation). In regard to the study 
population (n=1452) in paper IV that had a longer inclusion period, the 
proportion of patients who were included and randomised decreased slightly to 
69.8% (n=1013). This decrease can be compared to other trials and 
interventions targeting ACS population. In the nurse-coordinated RESPONSE 
trial, in which ACS patients were randomised to a nurse-coordinated prevention 
program or to usual care, only 45% of assessed patients could be included and 
randomised(80). EUROACTION was also a nurse-based secondary prevention 
study with both an ACS cohort and a high-risk CVD cohort. In the ACS cohort, 
exclusion criteria were age below 50 or above 80 years, dementia and/or severe 
physical disability and severe heart failure. Of all eligible patients in 
EUROACTION, only 54% participated in the study(79). In the CHOICE trial, 
only 17.4% of ACS patients were able to be included and randomised(82). Of 
824 ACS patients screened for eligibility, 378 patients were excluded (45.9%), 
237 patients declined participation (28.8%), and a further 7.9% were considered 
as ineligible for already attending cardiac rehabilitation. Numbers like these 
suggest that the NAILED-ACS trial could include a comparatively larger number 
of patients. In addition to a large proportion of included patients, the 
intervention was tolerable and the dropout rate was minor, as seen in paper IV 
(Figure 6). In the intervention group, from randomisation and up to the 36-
month follow-up, 14 patients withdrew their participation (2.9%), as did 10 
patients in the control group (2.1%). In addition, 12 patients in the intervention 
group were unable to continue or were not reachable, as were 11 in control 
group. 
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Effect of the NAILED-ACS intervention 
 

Two profoundly important risk factors for both the initial development of CVD 
and secondary prevention are BP and LDL-C. By lowering BP(48, 49, 134) and 
LDL-C(53, 54, 135), an explicit reduction in cardiovascular outcomes has been 
demonstrated in a large number of studies. There is currently no gold standard 
in regard to the optimal provision of secondary prevention risk factor control 
following ACS, and novel ideas and interventions have been sought. In the 
NAILED-ACS trial, we demonstrated that a large proportion of eligible patients 
could be included. For participants, the intervention was shown to be superior 
to usual care, and a larger proportion of patients could reach guideline-
recommended treatment target levels. BP and LDL-C were adjusted for the 
randomisation variables of sex and type of ACS, and adjusted means showed a 
difference of 4.1 mmHg in SBP between the intervention and control groups, 2.9 
mmHg in DBP, and 0.28 mmol/L in LDL-C, with lower values in the 
intervention group.  

Time trends of BP and LDL-C 
 

Because many secondary prevention interventions lack a long-term perspective, 
the NAILED-ACS trial was designed to enable continuous follow-up with 
scheduled assessments annually, or in case of medical titration in the 
intervention group, more often. The significant difference between the 
intervention and the control groups in regard to BP seem to have been driven in 
part by a worsening in the control group and by smaller improvements in the 
intervention group (Figure 7 A–C). The time trend analysis based on paired 
samples t-test demonstrated numerical increases in SBP, DBP, and LDL-C in 
the control group, with numerical decreases in all parameters in the 
intervention group. However, the only significant differences between one 
month and 36 months were in SBP in the intervention group and LDL-C in the 
control group. In the intervention group, there was no significant difference in 
regard to mean LDL-C, but median values between one month and 36 months 
differed in the intervention group by 0.2 mmol/L. (2.1 mmol/L vs. 1.9 mmol/L). 
Means were somewhat skewed, with high outliers for LDL-C (results not 
presented in paper IV). Although there were no significant differences overall 
within groups, there was a significant difference between groups at 36 months 
of follow-up. The results presented in paper IV demonstrate that although the 
intervention did not result in a continuous reduction of BP and LDL-C, a 
reduced risk factor burden was maintained throughout the study period. In 
addition, following titration, mean values for BP and LDL-C were markedly 
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decreased (Table 14 and Figure 7A–C). The effect of the titration declined over 
time, with values closer to baseline at each annual assessment. Still, the 
reductions associated with titrations likely for the whole intervention group 
conferred a reduction in overall cardiovascular risk, given the reduced area 
under the curve.  

Proportion of patients within treatment target levels at the end of the study at 
36 months 
 

As demonstrated in Figure 8, the proportion of patients achieving set target 
levels was higher in the intervention group, with 77.6% of intervention patients 
attaining target levels for SBP, 90.9% doing so for DBP, and 65.6% achieving 
LDL-C targets. Corresponding numbers for the control group were 62.9% for 
SBP, 80.8% for DBP, and 53.1% for LDL-C. In the recent EUROASPIRE V-
survey(64), which included more than 8000 CAD patients from around Europe, 
58% achieved SBP <140/90, and 29% achieved target levels for LDL-C (<1.8 
mmol/L). Thus, when considering the effect of the intervention, one has to 
consider the fact that the control group was well-treated when compared to a 
general CAD population in Europe. 

Difficulties in lowering LDL-C 
 

Although patients in the intervention group received medical titration when 
LDL-C was outside set treatment target levels, one third still did not reach set 
target values. The target levels changed during the course of the study, from an 
initial LDL-C target of <2.5 mmol/L, followed by a later LDL-C target of <1.8 
mmol/L. Statins (and to a lesser extent ezetimibe and PCSK9 inhibitors) are 
widely used and are effective in lowering cholesterol and LDL-C. Despite being 
prescribed to most patients, adherence can be lacking. In data from 
EUROASPIRE V, 84% of surveyed patients reported using lipid-lowering drugs 
after 6 months or more(64). However, in a meta-analysis of statin treatment, 
adherence rates of 49% were found in observational studies and 90.3% in 
controlled trials(136). In a related paper on statin adherence for the NAILED-
ACS cohort, with a mean follow-up time of 3.8 years, 90% of patients in the 
intervention group were adherent to statin treatment, and 85% were adherent in 
the control group(137). Statin use is associated with adverse effects and has 
been the subject of much controversy, which likely can affect statin non-
adherence(138). Sub-optimal adherence is not the sole explanation for why 
LDL-C did not decrease more. Some patients reported good adherence and were 
on maximum statin treatment including ezetimibe at the time, yet still had LDL-



 

 58 

C above target values. Sometimes there was a lack of titration even though an 
increase in medication was possible and with LDL-C values outside of treatment 
target range. Reasons for lack of titration were documented and in some cases 
were not the result of patient request but instead were due to increased liver 
enzymes or borderline LDL-C values and advanced age. The results of paper IV 
demonstrate that despite a clear known treatment target goal and with a clear 
objective to intervene and titrate, not all patients will be able to achieve target 
levels. Considering the lower target values for LDL-C that recent guidelines 
recommend(57), achieving LDL-C below <1.4 or <1.0 mmol/L will prove to be 
challenging(139).  

Clinical relevance 
 

At the end of the study, after 36 months of follow-up, there were significant 
differences in regard to BP and LDL-C, although they were numerically small. 
The lower values in the intervention group for SBP (4.1 mmHg), DBP (2.9 
mmHg), and LDL-C (0.28 mmol/L) and overall higher proportion of patients 
achieving target levels likely conferred an overall risk reduction. In regard to the 
reduction in SBP, a large meta-analysis on BP lowering found that a reduction 
in SBP by 10 mmHg was associated with a 22% reduction in coronary heart 
disease(140). In a systemic review and meta-analysis of 312,175 patients from 
49 trials, the relative risk for major vascular events (composite of cardiovascular 
death, MI, ACS, coronary revascularisation, or stroke) was decreased for every 
0.77 per 1 mmol/L of LDL-C(135). In the meta-analysis by the Cholesterol 
Treatment Trialist Collaboration from 2010, each 1 mmol/L decrease in LDL-C 
was associated with a 22% reduction in the risk of major vascular events(53). 
These reductions were not limited to younger patients but extended to older 
patients, as well(141). In the end, the lower means as well as the reduced area 
under the curve likely results in a clinically relevant reduction of risk. We have 
not analysed mortality in depth in this dissertation or the studies presented 
within. Based on the flowchart presented in paper IV, fewer deaths were 
observed in the intervention group (43) compared to the control group (53). The 
corresponding percentage of deaths from randomisation to the 36-month 
follow-up was 8.6% vs. 11.1%. Mortality and clinical endpoint assessment are 
outside the scope of this thesis but will be analysed and reported in a future 
study. 
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Differences between female and male participants in regard to medication, 
unadjusted means, and achievement of treatment target levels after 36 months 
of follow-up 
 

The proportion of female participants at the 36-month follow-up was 29.7% in 
the control group and 27.6% in the intervention group. Sex differences have 
been previously described in regard to secondary prevention of CVD and lower 
use of indicated medications(142, 143). In the NAILED-ACS trial, male 
participants had higher target level achievement than female participants in 
regard to SBP in the intervention group that received medical titration. This 
pattern was not seen in the control group. Unadjusted means in regard to LDL-
C and BP were also lower among intervened male participants compared to 
controls. Among female participants, intervened patients had numerically lower 
unadjusted means, but the differences were not statistically significant. The 
prevalence of systolic hypertension is higher among post-menopausal women 
than men(144), but DBP does not increase with age in the same way(145). 
However, it is unlikely that the BP differences found among female and male 
participants can solely be blamed on biology. As noted earlier, there is medical 
underuse among women, a phenomenon that is also seen in the NAILED-ACS 
trial. There were numerical differences in regard to statin usage, although not 
statistically significant, and there was a numerical difference in unadjusted 
mean LDL-C at 36 months between male and female participants, irrespective 
of being in the intervention or control group. In regard to BP medication, female 
participants in both groups had statistically lower use of ACEIs while having 
increased use of diuretics. The differences in medication likely partly explain the 
differences observed. The reason why diuretic use was increased in the female 
participants and use of guideline-recommended ACEIs was lower is unknown 
and warrants further investigation. The use of ASA was also lower for both 
groups among female participants, whereas use of anticoagulants and 
antiplatelet drugs was higher, although not reaching statistical significance. The 
results among the female participants in the NAILED-ACS trial are in line with 
previously reported studies. Clearly, there is room for improvement regarding 
female patients in the provision and management of cardiovascular secondary 
prevention. 

Methodological considerations and study limitations in general 
For the correct interpretation of results, caution needs to be taken with the 
obtained data and subsequent analyses. No modality is flawless, and the use of 
large-scale registers and databases, while powerful, have certain weakness and 
limitations that need to be acknowledged and considered.  
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False information in registers and databases 
Although the use of a large-scale national register is a powerful tool for 
observational, demographic, and epidemiological analysis, there are several 
important factors to consider. For whom is the register representative? Who is 
included/excluded? In essence, what is the external validity of the register? In 
the SWEDEHEART register, not all patients presenting with MI are included. 
Patients hospitalised in a different ward or suffering an infarction elsewhere, 
such as in a retirement home, might never be admitted to the coronary care unit 
and thus would not have been included(146). In 2014, the median coverage for 
patients younger than 80 years was 92%, and for older patients, it was 
69%(101). Regarding registers, there is always a theoretical risk of false 
information being registered, either by data input error or simply by not 
knowing how to input information into the register correctly. Diagnosis via the 
national inpatient register is currently done via ICD-10 and is based on hospital 
records, and mistakes can be made in the classification of disease. In large-scale 
registers, it is not possible for a sole scientist to verify or double-check every 
variable with original hospital records and/or lab- or radiological data. In the 
NAILED-ACS trial, data were recorded on pre-printed and specific forms at 
each assessment and then transferred to a digital file. Although the scope of the 
NAILED-ACS trial was far smaller than a nationwide register and a small circle 
of persons recorded the information, information was still sometimes 
erroneously recorded. Examples include the height of a person being registered 
as weight, blood lipid values entered under the wrong label (high-density 
lipoprotein cholesterol instead of LDL-C), or medications being erroneously 
recorded. Even though the database was reviewed and apparent outliers 
corrected, one cannot rule out that some errors might remain. It is not possible 
to rule out that there might be confounders not considered in the material used, 
which could have affected the results. 

Measurement errors 
The possibility of measurement errors must be considered when dealing with 
registered data such as BP readings and lab values. When using data from 
registers or databases, it is not possible to confirm recorded measurements. 
Before each assessment, participants in both the intervention group and control 
group received written instructions to bring to their health care provider. The 
instructions contained information about what blood samples to take and a 
standardised procedure for BP measurement. Blood sample testing was also 
done at the patient’s closest health care provider, and all samples were analysed 
at the central lab at the county hospital. LDL-C values were not calculated 
directly but rather via Friedewald’s formula(147). In case of markedly high 
triglycerides, the formula cannot be used for LDL-C calculation, and in those 
cases (n=12), the value of LDL-C was recorded as missing data. For both the 
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data obtained via SWEDEHEART and for the data from the NAILED-ACS trial, 
measurement errors were considered to be random in nature and randomly 
distributed among the different study groups, not affecting the overall results 
and conclusions. 

Missing data 
When using large registers or large databases, some missing data is inevitable. 
In some cases, the missing information results from mistakes in recording the 
data, and in some cases, it results from the nature of the register or patient for 
which data are incomplete at baseline. Sometimes missing data can be 
attributed to incomplete collection of follow-up data (in the NAILED-ACS trial, 
some patients moved or were unable to continue or could not be reached for a 
scheduled follow-up). Missing data can affect analyses, and the results might get 
skewed. In papers I and II, which were mainly based on data from the 
SWEDEHEART register, the amount of missing values was deemed to be 
negligible. One exception was the variable created for treatment length, in which 
patients switching between clopidogrel and ticagrelor were coded as missing 
data for statistical reasons. The variable did not reach significance in the Cox 
regression analysis, which could be because of a certain amount of missing data 
in the variable. In the NAILED-ACS trial data, missing data were kept to a 
minimum and for the most part could be attributed to patients moving, being 
unable to be reached, or having too high triglycerides for accurate LDL-C 
assessment. One way to handle missing data is via imputation, which can be 
done in a number of ways. However, imputation requires invented values and 
affect analysis. Most missing data in the papers were minor and likely 
introduced little bias, and we opted not to use a complete case-analysis or 
imputation but accepted the overall small numbers of missing data. 

Survival analysis and competing risk 
Kaplan–Meier survival analysis is commonly used in studies to assess the 
incidence of an event, such as ischemic stroke in paper I and II. However, to 
adequately interpret the results requires consideration of the inherit limitations 
of the statistical method. In survival analysis, the presumption is that study 
participants have proportional hazards in regard to the event studied and an 
equal survival probability. A key concept in regard to survival analysis is 
censoring, which refers to a continuous removal of participants no longer under 
observation. If a participant is censored because of an event such as death, 
which will prevent the studied event (stroke in this case) from happening, that 
situation constitutes a competing risk. As such, when calculating or estimating 
incidence rates via survival analysis such as Kaplan–Meier curves, the rate will 
also depend on the rate of censoring, often in the form of death. If two cohorts 



 

 62 

have severely different risk profiles in regard to mortality or competing risks, 
then comparisons become difficult to interpret. One way to assess the 
assumption of proportional hazard is via Schoenfeld residuals, which was 
assessed in regard to the study population in paper II. Given the limitations 
associated with the method and considering the widespread use of the method 
despite these limitations, we believe the methodology to be acceptable.  

The NAILED-ACS study design 
The open study design did not allow for blinding, even though blinding is 
preferable in RCTs. Participants and study staff were aware of the allocation. 
The participants’ electronic records were tagged with an information symbol 
regarding study participation. We refer to patients in the control group as 
receiving usual care, but they were asked annually to have their BP and blood 
lipids measured. Although regular measurements and follow-up are highly 
recommended for all patients with ACS, this is not done routinely in clinical 
practice in the primary care setting in our county. Arranging for regular check-
ups is the responsibility of the patient in most cases, with the exception of 
regular diabetes controls. Because of the nature of the study, one cannot rule out 
that the regular measurements made within the control group could have 
influenced the GP’s treatment decisions. Likewise, we cannot rule out that being 
observed through the annual assessments resulted in a change in behaviour. In 
the light of this, one could argue that the control group does not represent what 
would be considered usual care. However, because the study design likely 
increased awareness within the control group, any resulting action by a GP 
would likely lead to an underestimation of the effect of the intervention.  

Ethical considerations (for all included papers) 
All studies included in this dissertation had ethics approval. 

The patient population obtained via SWEDEHEART is automatically included 
during hospitalisation at a coronary care unit. Patients are not asked directly if 
they want to participate but are able to opt out and have their information 
removed upon request. With personal identification numbers, crosslinking 
between other registers is possible, and good quality observational studies are 
doable. However, it can be debated if automatic inclusion is ethical because the 
participants do not give explicit consent per se. It is arguable that the potential 
benefits of large-scale studies that the register enables by far surpass any 
potential harm to the patient that could stem from inclusion. The personal 
identification numbers are routinely removed from the registers before data are 
delivered, and as such, the risk of identification is minimised. Because the large-
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scale register studies are observational, no real harm is likely to befall any 
participant. 

For the NAILED-ACS trial, the active nature of the trial had more direct and 
distinct ethical considerations. In paper III, the feasibility was assessed, and 
baseline data for included, excluded, and declining patients were collected and 
presented. There was approval from the ethics committee regarding the 
collection and analysis of baseline data from all patients, including those 
declining further participation in the randomised trial. Although approval was 
granted, it is arguable that a patient declining participation but still having their 
data presented violates a fundamental ethical principle. On the other hand, one 
could also argue that the benefit of identifying predictors of declining 
participation is greater than any potential harm. Before inclusion and 
randomisation, all patients gave written informed consent. During the course of 
the study, situations could arise because of the unblinded design of the trial. 
Control patients had their BP and LDL-C collected according to protocol, but 
there was to be no intervention by study nurses in the control group. If a control 
patient had severe and potentially life-threatening hypertension, no direct 
medical intervention by study physicians was done. However, control patients 
would in some cases be advised to contact their physician (rather than just 
having their measurements forwarded). In severe cases, the study nurse would 
contact their patient’s primary care provider and make sure that they would 
take care of the problem. Examples include new onset atrial fibrillation and 
diabetes. This problem is not exclusive to the NAILED-ACS trial. Similar 
situations arise by nature via an unblinded intervention design and essentially 
come down to the question of when it is unethical not to intervene with a patient 
in the control group. 

Implications for future research and clinical practice 
In papers I and II, lower rates of ischemic stroke following MI were observed 
after the introduction of ticagrelor in clinical practice. These studies are 
observational in nature, and no causal relationship can be established. Because 
DAPT with aspirin and ticagrelor is the primary antiplatelet regimen following 
MI, the results do not affect clinical practice. However, the results suggest that 
older patients with previous ischemic stroke and essentially at profoundly high 
risk might benefit from a more potent antiplatelet treatment, with which 
comparatively markedly lower rates of ischemic stroke were observed, with no 
significant increase in intracranial bleeding. This group of patients is seldom 
studied and often excluded in trials, but these results imply that further 
research is warranted.  
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In regard to the NAILED-ACS trial, the results of the long-term nurse-led 
telephone-based secondary prevention intervention prove not only that the 
intervention feasible for a large part of the ACS population but also that it is 
successful in controlling risk factors and led to a higher proportion of patients 
reaching guideline-mandated treatment target levels as compared to usual care. 
In regard to future research, the results of the NAILED-ACS trial show that 
long-term interventions are possible and effective. An improved, modern, 
updated version might, when added to telephone calls, use app-based solutions, 
text messages, and/or video consultations with study nurses. The overall design 
of the NAILED-ACS trial could well be integrated into clinical practice, at least 
in developed nations in a similar setting, for diabetic follow-up in primary care.  
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Conclusions 

 

• The introduction of ticagrelor and improved management of AMI were 
associated with lower rates of ischemic stroke in a relatively unselected 
AMI population. 
 

• In an AMI population with previous ischemic stroke, the introduction of 
ticagrelor was associated with lower rates of recurrent ischemic stroke, 
without an increase in intracranial bleeding. 
 

• Nurse-led and telephone-based follow-up after ACS is feasible, and a 
large proportion of an unselected ACS population can participate. 
 

• A low level of education, older age, decreased functional status, and 
multiple co-morbidities are associated with both non-participation and 
increased mortality. 
 

• In patients participating in a nurse-led telephone-based follow-up after 
ACS, mean BP and LDL-C are lower than among patients receiving 
usual care. A larger proportion of patients can reach guideline-
recommended treatment target levels. 

 



 

 66 

Acknowledgements 
During this journey, there are many people to whom I am grateful and more 
than can be named here, but some special thanks go out to the following. 

All the patients who participated in these studies. Without them, all of this 
would have been impossible. 

The study nurses in the NAILED-ACS trial, for their hard work and 
dedication.  

The FoU-unit of Region Jämtland-Härjedalen, for creating and 
advocating for an academic and scientific setting in the region. 

My main supervisor, Professor Thomas Mooe, for all the help and inspiration 
throughout the years, for being always available to answer any one of my 
countless questions, and for providing me with this opportunity. 

My co-supervisor Dr Fredrik Björklund, for helping me when in need and 
providing much needed input. 

Lars Söderström, for all your help with all things statistical. 

My research colleagues who have provided me with support and guidance. 
Thank you Daniel Huber, Anders Ulvenstam, Anna-Lotta Irewall, Anna 
Graipe and Joachim Ögren. 

To my friend Marcus, for your excellent math and Excel skills. 

My parents Mikael and Ann-Britt, for your support and encouragement and 
for laying the groundwork for my inquisitive nature. Thank you Nicklas, my 
brother, for cheering me on. 

To my love, who has been with me every step of the way during this journey. 
Thank you, Nastaran, for always being there for me and for your never-ending 
encouragement, understanding, and love. 



 

 67 

References 
1. Kumar A, Cannon CP. Acute coronary syndromes: diagnosis and 
management, part I. Mayo Clinic proceedings. 2009;84(10):917-38. 
2. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow 
DA, et al. Fourth universal definition of myocardial infarction (2018). European 
Heart Journal. 2018:ehy462-ehy. 
3. Thygesen K, Alpert JS, White HD, Jaffe AS, Apple FS, Galvani M, 
et al. Universal definition of myocardial infarction. European Heart Journal. 
2007;28(20):2525. 
4. Aho K, Harmsen P, Hatano S, Marquardsen J, Smirnov VE, 
Strasser T. Cerebrovascular disease in the community: results of a WHO 
collaborative study. Bull World Health Organ. 1980;58(1):113-30. 
5. Sacco Ralph L, Kasner Scott E, Broderick Joseph P, Caplan Louis 
R, Connors JJ, Culebras A, et al. An Updated Definition of Stroke for the 21st 
Century. Stroke. 2013;44(7):2064-89. 
6. Coupland AP, Thapar A, Qureshi MI, Jenkins H, Davies AH. The 
definition of stroke. Journal of the Royal Society of Medicine. 2017;110(1):9-12. 
7. Hong YM. Atherosclerotic cardiovascular disease beginning in 
childhood. Korean Circ J. 2010;40(1):1-9. 
8. Bergheanu SC, Bodde MC, Jukema JW. Pathophysiology and 
treatment of atherosclerosis : Current view and future perspective on 
lipoprotein modification treatment. Neth Heart J. 2017;25(4):231-42. 
9. Insull W, Jr. The Pathology of Atherosclerosis: Plaque 
Development and Plaque Responses to Medical Treatment. The American 
Journal of Medicine. 2009;122(1):S3-S14. 
10. Davies MJ, Thomas A. Thrombosis and Acute Coronary-Artery 
Lesions in Sudden Cardiac Ischemic Death. New England Journal of Medicine. 
1984;310(18):1137-40. 
11. Crea F, Libby P. Acute Coronary Syndromes: The Way Forward 
From Mechanisms to Precision Treatment. Circulation. 2017;136(12):1155-66. 
12. Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon 
DL, et al. Classification of subtype of acute ischemic stroke. Definitions for use 
in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke 
Treatment. Stroke. 1993;24(1):35-41. 
13. Banerjee C, Chimowitz MI. Stroke Caused by Atherosclerosis of 
the Major Intracranial Arteries. Circ Res. 2017;120(3):502-13. 
14. Flaherty ML, Kissela B, Khoury JC, Alwell K, Moomaw CJ, Woo 
D, et al. Carotid artery stenosis as a cause of stroke. Neuroepidemiology. 
2013;40(1):36-41. 
15. Kamel H, Healey JS. Cardioembolic Stroke. Circ Res. 
2017;120(3):514-26. 
16. Li Q, Yang Y, Reis C, Tao T, Li W, Li X, et al. Cerebral Small 
Vessel Disease. Cell Transplant. 2018;27(12):1711-22. 
17. Pantoni L. Cerebral small vessel disease: from pathogenesis and 
clinical characteristics to therapeutic challenges. The Lancet Neurology. 
2010;9(7):689-701. 



 

 68 

18. Collaborators GBDCoD. Global, regional, and national age-sex-
specific mortality for 282 causes of death in 195 countries and territories, 1980-
2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet 
(London, England). 2018;392(10159):1736-88. 
19. Townsend N, Wilson L, Bhatnagar P, Wickramasinghe K, Rayner 
M, Nichols M. Cardiovascular disease in Europe: epidemiological update 2016. 
European Heart Journal. 2016;37(42):3232-45. 
20. Mensah George A, Wei Gina S, Sorlie Paul D, Fine Lawrence J, 
Rosenberg Y, Kaufmann Peter G, et al. Decline in Cardiovascular Mortality. Circ 
Res. 2017;120(2):366-80. 
21. Lloyd-Sherlock P, Beard J, Minicuci N, Ebrahim S, Chatterji S. 
Hypertension among older adults in low- and middle-income countries: 
prevalence, awareness and control. International Journal of Epidemiology. 
2014;43(1):116-28. 
22. Wirtz VJ, Kaplan WA, Kwan GF, Laing RO. Access to 
Medications for Cardiovascular Diseases in Low- and Middle-Income Countries. 
Circulation. 2016;133(21):2076-85. 
23. Joshi R, Jan S, Wu Y, MacMahon S. Global Inequalities in Access 
to Cardiovascular Health Care: Our Greatest Challenge. Journal of the American 
College of Cardiology. 2008;52(23):1817-25. 
24. Bovet P, Paccaud F. Cardiovascular Disease and the Changing 
Face of Global Public Health: A Focus on Low and Middle Income Countries. 
Public Health Reviews. 2011;33(2):397-415. 
25. Bowry ADK, Lewey J, Dugani SB, Choudhry NK. The Burden of 
Cardiovascular Disease in Low- and Middle-Income Countries: Epidemiology 
and Management. Canadian Journal of Cardiology. 2015;31(9):1151-9. 
26. D’Agostino Ralph B, Vasan Ramachandran S, Pencina Michael J, 
Wolf Philip A, Cobain M, Massaro Joseph M, et al. General Cardiovascular Risk 
Profile for Use in Primary Care. Circulation. 2008;117(6):743-53. 
27. Yusuf S, Hawken S, Ôunpuu S, Dans T, Avezum A, Lanas F, et al. 
Effect of potentially modifiable risk factors associated with myocardial 
infarction in 52 countries (the INTERHEART study): case-control study. The 
Lancet. 2004;364(9438):937-52. 
28. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, 
Bueno H, et al. 2017 ESC Guidelines for the management of acute myocardial 
infarction in patients presenting with ST-segment elevation: The Task Force for 
the management of acute myocardial infarction in patients presenting with ST-
segment elevation of the European Society of Cardiology (ESC). European Heart 
Journal. 2017;39(2):119-77. 
29. Roffi M, Patrono C, Collet J-P, Mueller C, Valgimigli M, 
Andreotti F, et al. 2015 ESC Guidelines for the management of acute coronary 
syndromes in patients presenting without persistent ST-segment elevation. 
European Heart Journal. 2016;37(3):267-315. 
30. Dégano IR, Salomaa V, Veronesi G, Ferriéres J, Kirchberger I, 
Laks T, et al. Twenty-five-year trends in myocardial infarction attack and 
mortality rates, and case-fatality, in six European populations. Heart. 
2015;101(17):1413. 



 

 69 

31. Neumann JT, Goßling A, Sörensen NA, Blankenberg S, 
Magnussen C, Westermann D. Temporal trends in incidence and outcome of 
acute coronary syndrome. Clinical Research in Cardiology. 2020. 
32. Jernberg T, Hasvold P, Henriksson M, Hjelm H, Thuresson M, 
Janzon M. Cardiovascular risk in post-myocardial infarction patients: 
nationwide real world data demonstrate the importance of a long-term 
perspective. European Heart Journal. 2015;36(19):1163-70. 
33. Witt BJ, Brown JRD, Jacobsen SJ, Weston SA, Yawn BP, Roger 
VL. A Community-Based Study of Stroke Incidence after Myocardial Infarction. 
Annals of Internal Medicine. 2005;143(11):785-92. 
34. Dutta M, Hanna E, Das P, Steinhubl SR. Incidence and 
Prevention of Ischemic Stroke following Myocardial Infarction: Review of 
Current Literature. Cerebrovascular Diseases. 2006;22(5-6):331-9. 
35. Brammås A, Jakobsson S, Ulvenstam A, Mooe T. Mortality After 
Ischemic Stroke in Patients With Acute Myocardial Infarction: Predictors and 
Trends Over Time in Sweden. Stroke. 2013;44(11):3050-5. 
36. Witt BJ, Ballman KV, Brown Jr RD, Meverden RA, Jacobsen SJ, 
Roger VL. The Incidence of Stroke after Myocardial Infarction: A Meta-Analysis. 
The American Journal of Medicine. 2006;119(4):354.e1-.e9. 
37. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, 
Held C, et al. Ticagrelor versus Clopidogrel in Patients with Acute Coronary 
Syndromes. New England Journal of Medicine. 2009;361(11):1045-57. 
38. Szummer K, Wallentin L, Lindhagen L, Alfredsson J, Erlinge D, 
Held C, et al. Relations between implementation of new treatments and 
improved outcomes in patients with non-ST-elevation myocardial infarction 
during the last 20 years: experiences from SWEDEHEART registry 1995 to 
2014. European Heart Journal. 2018;39(42):3766-76. 
39. Szummer K, Wallentin L, Lindhagen L, Alfredsson J, Erlinge D, 
Held C, et al. Improved outcomes in patients with ST-elevation myocardial 
infarction during the last 20 years are related to implementation of evidence-
based treatments: experiences from the SWEDEHEART registry 1995-2014. 
European heart journal. 2017;38(41):3056-65. 
40. Valgimigli M, Bueno H, Byrne RA, Collet J-P, Costa F, Jeppsson 
A, et al. 2017 ESC focused update on dual antiplatelet therapy in coronary artery 
disease developed in collaboration with EACTS: The Task Force for dual 
antiplatelet therapy in coronary artery disease of the European Society of 
Cardiology (ESC) and of the European Association for Cardio-Thoracic Surgery 
(EACTS). European Heart Journal. 2017;39(3):213-60. 
41. Kjeldsen SE. Hypertension and cardiovascular risk: General 
aspects. Pharmacological Research. 2018;129:95-9. 
42. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-
specific relevance of usual blood pressure to vascular mortality. The Lancet. 
2003;361(9366):1391-2. 
43. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds 
K, et al. Global Disparities of Hypertension Prevalence and Control. Circulation. 
2016;134(6):441-50. 
44. Oza R, Garcellano M. Nonpharmacologic management of 
hypertension: what works? American family physician. 2015;91(11):772-6. 



 

 70 

45. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, 
Burnier M, et al. 2018 ESC/ESH Guidelines for the management of arterial 
hypertension: The Task Force for the management of arterial hypertension of 
the European Society of Cardiology (ESC) and the European Society of 
Hypertension (ESH). European Heart Journal. 2018;39(33):3021-104. 
46. Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, 
Dumitrascu D, et al. Treatment of Hypertension in Patients 80 Years of Age or 
Older. New England Journal of Medicine. 2008;358(18):1887-98. 
47. Group SR, Wright JT, Jr., Williamson JD, Whelton PK, Snyder 
JK, Sink KM, et al. A Randomized Trial of Intensive versus Standard Blood-
Pressure Control. The New England journal of medicine. 2015;373(22):2103-16. 
48. Brunström M, Carlberg B. Association of Blood Pressure 
Lowering With Mortality and Cardiovascular Disease Across Blood Pressure 
Levels: A Systematic Review and Meta-analysis. JAMA internal medicine. 
2018;178(1):28-36. 
49. Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, 
Emberson J, et al. Blood pressure lowering for prevention of cardiovascular 
disease and death: a systematic review and meta-analysis. The Lancet. 
2016;387(10022):957-67. 
50. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, 
Bruckert E, et al. Low-density lipoproteins cause atherosclerotic cardiovascular 
disease. 1. Evidence from genetic, epidemiologic, and clinical studies. A 
consensus statement from the European Atherosclerosis Society Consensus 
Panel. European heart journal. 2017;38(32):2459-72. 
51. Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, 
Theroux P, et al. Ezetimibe Added to Statin Therapy after Acute Coronary 
Syndromes. New England Journal of Medicine. 2015;372(25):2387-97. 
52. Lepor NE, Kereiakes DJ. The PCSK9 Inhibitors: A Novel 
Therapeutic Target Enters Clinical Practice. Am Health Drug Benefits. 
2015;8(9):483-9. 
53. Cholesterol Treatment Trialists C. Efficacy and safety of more 
intensive lowering of LDL cholesterol: a meta-analysis of data from 
170&#x2008;000 participants in 26 randomised trials. The Lancet. 
2010;376(9753):1670-81. 
54. Mills EJ, Wu P, Chong G, Ghement I, Singh S, Akl EA, et al. 
Efficacy and safety of statin treatment for cardiovascular disease: a network 
meta-analysis of 170 255 patients from 76 randomized trials. QJM: An 
International Journal of Medicine. 2010;104(2):109-24. 
55. Bandyopadhyay D, Qureshi A, Ghosh S, Ashish K, Heise LR, 
Hajra A, et al. Safety and Efficacy of Extremely Low LDL-Cholesterol Levels and 
Its Prospects in Hyperlipidemia Management. J Lipids. 2018;2018:8598054-. 
56. Robinson JG, Rosenson RS, Farnier M, Chaudhari U, Sasiela WJ, 
Merlet L, et al. Safety of Very Low Low-Density Lipoprotein Cholesterol Levels 
With Alirocumab: Pooled Data From Randomized Trials. Journal of the 
American College of Cardiology. 2017;69(5):471-82. 
57. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, 
Badimon L, et al. 2019 ESC/EAS Guidelines for the management of 
dyslipidaemias: lipid modification to reduce cardiovascular risk: The Task Force 
for the management of dyslipidaemias of the European Society of Cardiology 



 

 71 

(ESC) and European Atherosclerosis Society (EAS). European Heart Journal. 
2019;41(1):111-88. 
58. Korman MJ, Retterstøl K, Kristiansen IS, Wisløff T. Are PCSK9 
Inhibitors Cost Effective? PharmacoEconomics. 2018;36(9):1031-41. 
59. Chow Clara K, Jolly S, Rao-Melacini P, Fox Keith AA, Anand 
Sonia S, Yusuf S. Association of Diet, Exercise, and Smoking Modification With 
Risk of Early Cardiovascular Events After Acute Coronary Syndromes. 
Circulation. 2010;121(6):750-8. 
60. Anderson L, Oldridge N, Thompson DR, Zwisler AD, Rees K, 
Martin N, et al. Exercise-Based Cardiac Rehabilitation for Coronary Heart 
Disease: Cochrane Systematic Review and Meta-Analysis. J Am Coll Cardiol. 
2016;67(1):1-12. 
61. Clark AM, Hartling L, Vandermeer B, McAlister FA. Meta-
analysis: secondary prevention programs for patients with coronary artery 
disease. Ann Intern Med. 2005;143(9):659-72. 
62. Fidan D, Unal B, Critchley J, Capewell S. Economic analysis of 
treatments reducing coronary heart disease mortality in England and Wales, 
2000–2010. QJM: An International Journal of Medicine. 2007;100(5):277-89. 
63. Shields GE, Wells A, Doherty P, Heagerty A, Buck D, Davies LM. 
Cost-effectiveness of cardiac rehabilitation: a systematic review. Heart. 
2018;104(17):1403. 
64. Kotseva K, De Backer G, De Bacquer D, Rydén L, Hoes A, 
Grobbee D, et al. Lifestyle and impact on cardiovascular risk factor control in 
coronary patients across 27 countries: Results from the European Society of 
Cardiology ESC-EORP EUROASPIRE V registry. European Journal of 
Preventive Cardiology. 2019;26(8):824-35. 
65. Kotseva K, Wood D, De Bacquer D, De Backer G, Rydén L, 
Jennings C, et al. EUROASPIRE IV: A European Society of Cardiology survey on 
the lifestyle, risk factor and therapeutic management of coronary patients from 
24 European countries. European Journal of Preventive Cardiology. 
2016;23(6):636-48. 
66. Vedin O, Hagström E, Stewart R, Brown R, Krug-Gourley S, 
Davies R, et al. Secondary prevention and risk factor target achievement in a 
global, high-risk population with established coronary heart disease: baseline 
results from the STABILITY study. European Journal of Preventive Cardiology. 
2012;20(4):678-85. 
67. Geller JC, Cassens S, Brosz M, Keil U, Bernarding J, Kropf S, et 
al. Achievement of guideline-defined treatment goals in primary care: the 
German Coronary Risk Management (CoRiMa) study. European Heart Journal. 
2007;28(24):3051-8. 
68. Mendis S, Abegunde D, Yusuf S, Ebrahim S, Shaper G, Ghannem 
H, et al. WHO study on Prevention of REcurrences of Myocardial Infarction and 
StrokE (WHO-PREMISE). Bull World Health Organ. 2005;83(11):820-9. 
69. Yusuf S, Islam S, Chow CK, Rangarajan S, Dagenais G, Diaz R, et 
al. Use of secondary prevention drugs for cardiovascular disease in the 
community in high-income, middle-income, and low-income countries (the 
PURE Study): a prospective epidemiological survey. The Lancet. 
2011;378(9798):1231-43. 



 

 72 

70. Piepoli MF, Corrà U, Dendale P, Frederix I, Prescott E, Schmid 
JP, et al. Challenges in secondary prevention after acute myocardial infarction: 
A call for action. European Journal of Preventive Cardiology. 2016;23(18):1994-
2006. 
71. Turk-Adawi K, Supervia M, Lopez-Jimenez F, Pesah E, Ding R, 
Britto RR, et al. Cardiac Rehabilitation Availability and Density around the 
Globe. EClinicalMedicine. 2019;13:31-45. 
72. Murphy A, Palafox B, O'Donnell O, Stuckler D, Perel P, AlHabib 
KF, et al. Inequalities in the use of secondary prevention of cardiovascular 
disease by socioeconomic status: evidence from the PURE observational study. 
The Lancet Global Health. 2018;6(3):e292-e301. 
73. Mathews R, Wang TY, Honeycutt E, Henry TD, Zettler M, Chang 
M, et al. Persistence with secondary prevention medications after acute 
myocardial infarction: Insights from the TRANSLATE-ACS study. American 
Heart Journal. 2015;170(1):62-9. 
74. Dibao-Dina C, Angoulvant D, Lebeau J-P, Peurois J-E, Abdallah 
El Hirtsi K, Lehr-Drylewicz A-M. Patients’ adherence to optimal therapeutic, 
lifestyle and risk factors recommendations after myocardial infarction: Six years 
follow-up in primary care. PLoS ONE. 2018;13(9):e0202986. 
75. Shah ND, Dunlay SM, Ting HH, Montori VM, Thomas RJ, Wagie 
AE, et al. Long-term Medication Adherence after Myocardial Infarction: 
Experience of a Community. The American Journal of Medicine. 
2009;122(10):961.e7-.e13. 
76. Webster R, Heeley E. Perceptions of risk: understanding 
cardiovascular disease. Risk Manag Healthc Policy. 2010;3:49-60. 
77. Okonofua Eni C, Simpson Kit N, Jesri A, Rehman Shakaib U, 
Durkalski Valerie L, Egan Brent M. Therapeutic Inertia Is an Impediment to 
Achieving the Healthy People 2010 Blood Pressure Control Goals. 
Hypertension. 2006;47(3):345-51. 
78. Dixon DL, Sharma G, Sandesara PB, Yang E, Braun LT, Mensah 
GA, et al. Therapeutic Inertia in Cardiovascular Disease Prevention: Time to 
Move the Bar. Journal of the American College of Cardiology. 2019;74(13):1728-
31. 
79. Wood DA, Kotseva K, Connolly S, Jennings C, Mead A, Jones J, 
et al. Nurse-coordinated multidisciplinary, family-based cardiovascular disease 
prevention programme (EUROACTION) for patients with coronary heart 
disease and asymptomatic individuals at high risk of cardiovascular disease: a 
paired, cluster-randomised controlled trial. The Lancet. 2008;371(9629):1999-
2012. 
80. Jorstad HT, von Birgelen C, Alings AMW, Liem A, van Dantzig 
JM, Jaarsma W, et al. Effect of a nurse-coordinated prevention programme on 
cardiovascular risk after an acute coronary syndrome: main results of the 
RESPONSE randomised trial. Heart. 2013;99(19):1421. 
81. Giannuzzi P, Temporelli PL, Marchioli R, Maggioni AP, 
Balestroni G, Ceci V, et al. Global Secondary Prevention Strategies to Limit 
Event Recurrence After Myocardial Infarction: Results of the GOSPEL Study, a 
Multicenter, Randomized Controlled Trial From the Italian Cardiac 
Rehabilitation Network. Archives of Internal Medicine. 2008;168(20):2194-
204. 



 

 73 

82. Redfern J, Briffa T, Ellis E, Freedman SB. Choice of secondary 
prevention improves risk factors after acute coronary syndrome: 1-year follow-
up of the CHOICE (Choice of Health Options In prevention of Cardiovascular 
Events) randomised controlled trial. Heart. 2009;95(6):468. 
83. Neubeck L, Freedman SB, Briffa T, Bauman A, Redfern J. Four-
year follow-up of the Choice of Health Options In prevention of Cardiovascular 
Events randomized controlled trial. European Journal of Cardiovascular 
Prevention & Rehabilitation. 2011;18(2):278-86. 
84. Kotb A, Hsieh S, Wells GA. The Effect of Telephone Support 
Interventions on Coronary Artery Disease (CAD) Patient Outcomes during 
Cardiac Rehabilitation: A Systematic Review and Meta-Analysis. PLoS ONE. 
2014;9(5):e96581. 
85. Neubeck L, Redfern J, Fernandez R, Briffa T, Bauman A, 
Freedman S. Telehealth interventions for the secondary prevention of coronary 
heart disease: a systematic review. Eur J Cardiovasc Prev Rehabil. 
2009;16(3):281 - 9. 
86. Huang K, Liu W, He D, Huang B, Xiao D, Peng Y, et al. 
Telehealth interventions versus center-based cardiac rehabilitation of coronary 
artery disease: A systematic review and meta-analysis. Eur J Prev Cardiol. 
2015;22(8):959-71. 
87. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, 
Jeppsson A, et al. The Swedish Web-system for Enhancement and Development 
of Evidence-based care in Heart disease Evaluated According to Recommended 
Therapies (SWEDEHEART). Heart. 2010;96(20):1617-21. 
88. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Jeong-Lim 
K, Reuterwall C, et al. External review and validation of the Swedish national 
inpatient register. BMC Public Health. 2011;11(1):450-65. 
89. Köster M, Asplund K, Johansson Å, Stegmayr B. Refinement of 
Swedish administrative registers to monitor stroke events on the national level. 
Neuroepidemiology. 2013;40(4):240-6. 
90. Brooke HL, Talbäck M, Hörnblad J, Johansson LA, Ludvigsson 
JF, Druid H, et al. The Swedish cause of death register. Eur J Epidemiol. 
2017;32(9):765-73. 
91. Johansson LA, Björkenstam C, Westerling R. Unexplained 
differences between hospital and mortality data indicated mistakes in death 
certification: an investigation of 1,094 deaths in Sweden during 1995. J Clin 
Epidemiol. 2009;62(11):1202-9. 
92. Wettermark B, Hammar N, Fored CM, Leimanis A, Otterblad 
Olausson P, Bergman U, et al. The new Swedish Prescribed Drug Register--
opportunities for pharmacoepidemiological research and experience from the 
first six months. Pharmacoepidemiol Drug Saf. 2007;16(7):726-35. 
93. Mooe T, Björklund F, Graipe A, Huber D, Jakobsson S, Kajermo 
U, et al. The Nurse-Based Age Independent Intervention to Limit Evolution of 
Disease After Acute Coronary Syndrome (NAILED ACS) Risk Factor Trial: 
Protocol for a Randomized Controlled Trial. JMIR Res Protoc. 2014;3(3):e42. 
94. Rothwell PM. External validity of randomised controlled trials: 
“To whom do the results of this trial apply?”. The Lancet. 2005;365(9453):82-
93. 



 

 74 

95. Kennedy-Martin T, Curtis S, Faries D, Robinson S, Johnston J. A 
literature review on the representativeness of randomized controlled trial 
samples and implications for the external validity of trial results. Trials. 
2015;16(1):495. 
96. Saunders C, Byrne CD, Guthrie B, Lindsay RS, McKnight JA, 
Philip S, et al. External validity of randomized controlled trials of glycaemic 
control and vascular disease: how representative are participants? Diabetic 
Medicine. 2013;30(3):300-8. 
97. Maasland L, van Oostenbrugge Robert J, Franke Cees F, Scholte 
op Reimer Wilma JM, Koudstaal Peter J, Dippel Diederik WJ. Patients Enrolled 
in Large Randomized Clinical Trials of Antiplatelet Treatment for Prevention 
After Transient Ischemic Attack or Ischemic Stroke Are Not Representative of 
Patients in Clinical Practice. Stroke. 2009;40(8):2662-8. 
98. Bosch X, Delgado V, Verbal F, Bórquez E, Loma-Osorio P, Díez-
Aja S, et al. Causes of ineligibility in randomized controlled trials and long-term 
mortality in patients with non-ST-segment elevation acute coronary syndromes. 
International Journal of Cardiology. 2008;124(1):86-91. 
99. Bahit MC, Cannon CP, Antman EM, Murphy SA, Gibson CM, 
McCabe CH, et al. Direct comparison of characteristics, treatment, and 
outcomes of patients enrolled versus patients not enrolled in a clinical trial at 
centers participating in the TIMI 9 Trial and TIMI 9 Registry. American Heart 
Journal. 2003;145(1):109-17. 
100. James S, Rao SV, Granger CB. Registry-based randomized 
clinical trials—a new clinical trial paradigm. Nature Reviews Cardiology. 
2015;12(5):312-6. 
101. Jernberg T, Held C, Rydberg E. Swedeheart annual report 2014 - 
RIKS HIA. Online at 
http://www.ucr.uu.se/swedeheart/index.php/dokument-
sh/arsrapporter; 2015. 
102. Nguyen QD, Peters E, Wassef A, Desmarais P, Rémillard-
Labrosse D, Tremblay-Gravel M. Evolution of Age and Female Representation 
in the Most-Cited Randomized Controlled Trials of Cardiology of the Last 20 
Years. Circulation Cardiovascular quality and outcomes. 2018;11(6):e004713. 
103. Jin X, Chandramouli C, Allocco B, Gong E, Lam Carolyn SP, Yan 
Lijing L. Women’s Participation in Cardiovascular Clinical Trials From 2010 to 
2017. Circulation. 2020;141(7):540-8. 
104. Ding EL, Powe NR, Manson JE, Sherber NS, Braunstein JB. Sex 
Differences in Perceived Risks, Distrust, and Willingness to Participate in 
Clinical Trials: A Randomized Study of Cardiovascular Prevention Trials. 
Archives of Internal Medicine. 2007;167(9):905-12. 
105. Scott PE, Unger EF, Jenkins MR, Southworth MR, McDowell T-
Y, Geller RJ, et al. Participation of Women in Clinical Trials Supporting 
FDA Approval of Cardiovascular Drugs. Journal of the American College of 
Cardiology. 2018;71(18):1960-9. 
106. Martin SS, Ou F-S, Newby LK, Sutton V, Adams P, Felker GM, et 
al. Patient- and Trial-Specific Barriers to Participation in Cardiovascular 
Randomized Clinical Trials. Journal of the American College of Cardiology. 
2013;61(7):762-9. 



 

 75 

107. Johnston SC, Amarenco P, Albers GW, Denison H, Easton JD, 
Evans SR, et al. Ticagrelor versus Aspirin in Acute Stroke or Transient Ischemic 
Attack. New England Journal of Medicine. 2016;375(1):35-43. 
108. Bonaca MP, Bhatt DL, Cohen M, Steg PG, Storey RF, Jensen EC, 
et al. Long-Term Use of Ticagrelor in Patients with Prior Myocardial Infarction. 
New England Journal of Medicine. 2015;372(19):1791-800. 
109. Amarenco P, Albers GW, Denison H, Easton JD, Evans SR, Held 
P, et al. Efficacy and safety of ticagrelor versus aspirin in acute stroke or 
transient ischaemic attack of atherosclerotic origin: a subgroup analysis of 
SOCRATES, a randomised, double-blind, controlled trial. The Lancet 
Neurology. 2017;16(4):301-10. 
110. Bonaca M, Md MPH, Goto S, Bhatt D, Md MPH, Steg P, et al. 
Prevention of Stroke with Ticagrelor in Patients with Prior Myocardial 
Infarction: Insights from PEGASUS-TIMI 54 (Prevention of Cardiovascular 
Events in Patients With Prior Heart Attack Using Ticagrelor Compared to 
Placebo on a Background of Aspirin-Thrombolysis in Myocardial Infarction 54). 
Circulation. 2016;134(12):861-71. 
111. Reiner MF, Akhmedov A, Stivala S, Keller S, Gaul DS, Bonetti 
NR, et al. Ticagrelor, but not clopidogrel, reduces arterial thrombosis via 
endothelial tissue factor suppression. Cardiovascular Research. 2016;113(1):61-
9. 
112. Moulias A, Xanthopoulou I, Alexopoulos D. Does Ticagrelor 
Improve Endothelial Function? Journal of Cardiovascular Pharmacology and 
Therapeutics. 2018;24(1):11-7. 
113. van der Hoeven Nina W, Janssens Gladys N, Everaars H, Nap A, 
Lemkes Jorrit S, de Waard Guus A, et al. Platelet Inhibition, Endothelial 
Function, and Clinical Outcome in Patients Presenting With ST-Segment–
Elevation Myocardial Infarction Randomized to Ticagrelor Versus Prasugrel 
Maintenance Therapy: Long-Term Follow-Up of the REDUCE-MVI Trial. 
Journal of the American Heart Association. 2020;9(5):e014411. 
114. Mooe T. Risk, mechanisms and prevention of stroke after an 
acute myocardial infarction. Expert Review of Neurotherapeutics. 
2002;2(2):177-86. 
115. Jakobsson S, Bergström L, Björklund F, Jernberg T, Söderström 
L, Mooe T. Risk of Ischemic Stroke After an Acute Myocardial Infarction in 
Patients With Diabetes Mellitus. Circulation: Cardiovascular Quality and 
Outcomes. 2014;7(1):95-101. 
116. Joshi NV, Toor I, Shah ASV, Carruthers K, Vesey AT, Alam SR, et 
al. Systemic Atherosclerotic Inflammation Following Acute Myocardial 
Infarction: Myocardial Infarction Begets Myocardial Infarction. Journal of the 
American Heart Association. 2015;4(9). 
117. Karlsson F, Modica A, Mooe T. Association of Level of Kidney 
Function and Platelet Aggregation in Acute Myocardial Infarction. American 
Journal of Kidney Diseases. 2009;54(2):262-9. 
118. Rothwell PM, Coull AJ, Giles MF, Howard SC, Silver LE, Bull 
LM, et al. Change in stroke incidence, mortality, case-fatality, severity, and risk 
factors in Oxfordshire, UK from 1981 to 2004 (Oxford Vascular Study). The 
Lancet. 2004;363(9425):1925-33. 



 

 76 

119. Carandang R, Seshadri S, Beiser A, Kelly-Hayes M, Kase CS, 
Kannel WB, et al. Trends in Incidence, Lifetime Risk, Severity, and 30-Day 
Mortality of Stroke Over the Past 50 Years. JAMA. 2006;296(24):2939-46. 
120. Ramirez L, Kim-Tenser MA, Sanossian N, Cen S, Wen G, He S, et 
al. Trends in Acute Ischemic Stroke Hospitalizations in the United States. 
Journal of the American Heart Association. 2016;5(5):e003233. 
121. Tibæk M, Dehlendorff C, Jørgensen HS, Forchhammer HB, 
Johnsen SP, Kammersgaard LP. Increasing Incidence of Hospitalization for 
Stroke and Transient Ischemic Attack in Young Adults: A Registry-Based Study. 
Journal of the American Heart Association. 2016;5(5):e003158. 
122. Vangen-Lønne Anne M, Wilsgaard T, Johnsen Stein H, Løchen 
M-L, Njølstad I, Mathiesen Ellisiv B. Declining Incidence of Ischemic Stroke. 
Stroke. 2017;48(3):544-50. 
123. Ulvenstam A, Kajermo U, Modica A, Jernberg T, Soderstrom L, 
Mooe T. Incidence, trends, and predictors of ischemic stroke 1 year after an 
acute myocardial infarction. Stroke. 2014;45(11):3263 - 8. 
124. Hachet O, Guenancia C, Stamboul K, Daubail B, Richard C, Béjot 
Y, et al. Frequency and Predictors of Stroke After Acute Myocardial Infarction: 
Specific Aspects of In-Hospital and Postdischarge Events. Stroke. 
2014;45(12):3514-20. 
125. Girijala RL, Sohrabji F, Bush RL. Sex differences in stroke: 
Review of current knowledge and evidence. Vascular medicine (London, 
England). 2017;22(2):135-45. 
126. Jakobsson S, Graipe A, Huber D, Björklund F, Mooe T. The Risk 
of Ischemic Stroke after an Acute Myocardial Infarction in Patients with 
Decreased Renal Function. Cerebrovascular Diseases. 2014;37(6):460-9. 
127. Kytö V, Prami T, Khanfir H, Hasvold P, Reissell E, Airaksinen J. 
Usage of PCI and long-term cardiovascular risk in post-myocardial infarction 
patients: a nationwide registry cohort study from Finland. BMC Cardiovascular 
Disorders. 2019;19(1):123. 
128. Al-Sharifi F, Winther Frederiksen H, Knold Rossau H, Norredam 
M, Zwisler A-D. Access to cardiac rehabilitation and the role of language 
barriers in the provision of cardiac rehabilitation to migrants. BMC health 
services research. 2019;19(1):223-. 
129. Grace SL, Turk-Adawi K, Santiago de Araújo Pio C, Alter DA. 
Ensuring Cardiac Rehabilitation Access for the Majority of Those in Need: A 
Call to Action for Canada. Canadian Journal of Cardiology. 2016;32(10):S358-
S64. 
130. de Vries H, Kemps HM, van Engen-Verheul MM, Kraaijenhagen 
RA, Peek N. Cardiac rehabilitation and survival in a large representative 
community cohort of Dutch patients. Eur Heart J. 2015;36(24):1519-28. 
131. Balady Gary J, Ades Philip A, Bittner Vera A, Franklin Barry A, 
Gordon Neil F, Thomas Randal J, et al. Referral, Enrollment, and Delivery of 
Cardiac Rehabilitation/Secondary Prevention Programs at Clinical Centers and 
Beyond. Circulation. 2011;124(25):2951-60. 
132. Hoorn CJGM, Crijns HJGM, Dierick-van Daele ATM, Dekker 
LRC. Review on Factors Influencing Physician Guideline Adherence in 
Cardiology. Cardiology in Review. 2019;27(2). 



 

 77 

133. Condon C, McCarthy G. Lifestyle Changes Following Acute 
Myocardial Infarction: Patients Perspectives. European Journal of 
Cardiovascular Nursing. 2006;5(1):37-44. 
134. Bundy JD, Li C, Stuchlik P, Bu X, Kelly TN, Mills KT, et al. 
Systolic Blood Pressure Reduction and Risk of Cardiovascular Disease and 
Mortality: A Systematic Review and Network Meta-analysis. JAMA Cardiology. 
2017;2(7):775-81. 
135. Silverman MG, Ference BA, Im K, Wiviott SD, Giugliano RP, 
Grundy SM, et al. Association Between Lowering LDL-C and Cardiovascular 
Risk Reduction Among Different Therapeutic Interventions: A Systematic 
Review and Meta-analysis. JAMA. 2016;316(12):1289-97. 
136. Lemstra M, Blackburn D, Crawley A, Fung R. Proportion and 
Risk Indicators of Nonadherence to Statin Therapy: A Meta-analysis. Canadian 
Journal of Cardiology. 2012;28(5):574-80. 
137. Daniel H, Christian W, Robin H, Lars S, Thomas M. Statin 
treatment after acute coronary syndrome: Adherence and reasons for non-
adherence in a randomized controlled intervention trial. Sci Rep. 
2019;9(1):12079-. 
138. Tobert JA, Newman CB. The nocebo effect in the context of statin 
intolerance. Journal of Clinical Lipidology. 2016;10(4):739-47. 
139. Munkhaugen J, Sverre E, Peersen K, Kristiansen O, Gjertsen E, 
Gullestad L, et al. Is the novel LDL-cholesterol goal <1.4 mmol/L achievable 
without a PCSK9 inhibitor in a chronic coronary population from clinical 
practice? European Journal of Preventive Cardiology. 
2020:2047487320923187. 
140. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering 
drugs in the prevention of cardiovascular disease: meta-analysis of 147 
randomised trials in the context of expectations from prospective 
epidemiological studies. The BMJ. 2009;338:b1665. 
141. Armitage J, Baigent C, Barnes E, Betteridge DJ, Blackwell L, 
Blazing M, et al. Efficacy and safety of statin therapy in older people: a meta-
analysis of individual participant data from 28 randomised controlled trials. The 
Lancet. 2019;393(10170):407-15. 
142. Hyun K, Negrone A, Redfern J, Atkins E, Chow C, Kilian J, et al. 
Gender Difference in Secondary Prevention of Cardiovascular Disease and 
Outcomes Following the Survival of Acute Coronary Syndrome. Heart, Lung and 
Circulation. 2020. 
143. Jørgensen CH, Gislason GH, Ahlehoff O, Andersson C, Torp-
Pedersen C, Hansen PR. Use of secondary prevention pharmacotherapy after 
first myocardial infarction in patients with diabetes mellitus. BMC Cardiovasc 
Disord. 2014;14:4. 
144. Reckelhoff Jane F. Gender Differences in the Regulation of Blood 
Pressure. Hypertension. 2001;37(5):1199-208. 
145. Safar ME, Smulyan H. Hypertension in women. American 
Journal of Hypertension. 2004;17(1):82-7. 
146. Herlitz J, Dellborg M, Karlsson T, Evander MH, Berger A, 
Luepker R. Epidemiology of acute myocardial infarction with the emphasis on 
patients who did not reach the coronary care unit and non-AMI admissions. 
International Journal of Cardiology. 2008;128(3):342-9. 



 

 78 

147. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the 
Concentration of Low-Density Lipoprotein Cholesterol in Plasma, Without Use 
of the Preparative Ultracentrifuge. Clinical Chemistry. 1972;18(6):499-502.  


