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ABSTRACT 

Background 

In patients with diabetes mellitus (DM) or chronic kidney disease (CKD), established 
cardiovascular disease (CVD) is associated with an increased risk of recurrent events 
and poor outcome. Ischemic stroke after an acute myocardial infarction (AMI) is a 
devastating event that carries high risks of decreased patient independence and death. 
Among patients with DM or CKD, the risk of an ischemic stroke within a year 
following an AMI is not known. Improved risk factor control is required to reduce the 
likelihood of CVD recurrence. Guidelines recommend target lipid profile and blood 
pressure values; however, data show that these targets are often not met. Therefore, 
there remains an urgent need for improved cardiovascular secondary preventive follow-
up. 

Aims 

The aims of the present studies were to define trends in the incidence and predictors of 
ischemic stroke after an AMI in patients with DM or CKD. Furthermore to assess 
whether secondary preventive follow-up with nurse-based telephone follow-up 
including medication titration after CVD improves risk factor values in patients with 
DM or CKD and to investigate if this method performs better than usual care to 
implement a new treatment guideline in diabetic patients. 

Methods 

To assess the risk of post-AMI ischemic stroke, patient data were obtained from the 
Swedish Register of Information and Knowledge about Swedish Heart Intensive Care 
Admissions (RIKS-HIA). In separate studies, we compared a total of 173 233 AMI 
patients with and without DM, and 118 434 AMI patients with and without CKD. 

Within the nurse-based age-independent intervention to limit evolution of disease 
(NAILED) trial, we investigated a nurse-based cardiovascular secondary preventive 
follow-up protocol. Patients with acute coronary syndrome, stroke, or transient 
ischemic attack were randomized to receive either nurse-based telephone follow-up 
(intervention) or usual care (control). Low-density lipoprotein (LDL-C) levels and 
blood pressure (BP) were measured at 1 month (baseline) and 12 months post-
discharge. Intervention patients with above-target baseline values received medication 
titration to achieve treatment goals, while the measurements for control patients were 
forwarded to their general practitioners for assessment. We calculated the changes in 
LDL-C level and BP between baseline and 12 months post-discharge, and compared 
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these changes between 225 intervention patients and 215 control patients with 
concurrent DM or CKD. During the course of the NAILED trial, new secondary 
preventive guidelines for DM patients were released, including a new LDL-C target 
value. To assess adherence to the new guidelines within the NAILED trial, we 
compared LDL-C levels in the 101 intervention patients and 100 control patients with 
DM. 

Results 

Ischemic stroke after AMI 
The rates of ischemic stroke within one-year after admission for an AMI decreased 
over time, from 7.1% in 1998–2000 to 4.7% in 2007–2008 among DM patients, and 
from 4.2% to 3.7% during the same time periods for non-diabetic patients. Lower 
stroke risk was associated with percutaneous coronary intervention (PCI) and initiation 
of secondary preventive treatments in-hospital.  

In-hospital ischemic stroke occurred in 2.3% of CKD patients and 1.2% of non-CKD 
patients, with no change in these incidences over time. The rates of one-year post-
discharge ischemic stroke decreased between 2003–2004 and 2009–2010 from 4.1% to 
2.5% among CKD patients, and from 2.0% to 1.3% among non-CKD patients. Lower 
rates of post-discharge stroke were associated with PCI and statins. 

Cardiovascular secondary preventive follow-up 
Among DM and CKD patients with above-target baseline values in the NAILED trial, 
the median LDL-C value at 12 months was 2.2 versus 3.0 mmol/L (p<0.001) and 
median systolic BP was 140 versus 145 mmHg (p=0.26) for intervention and control 
patients, respectively.  

Before the guideline change, 96% of the intervention and 70% of the control patients 
reached the target LDL-C value (p<0.001). After the guideline change, the 
corresponding respective proportions were 65% and 36% (p<0.001).  

Conclusion 

Ischemic stroke is a fairly common post-AMI complication among patients with DM 
and CKD. This risk of stroke has decreased during recent years, possibly due to the 
increased use of evidence-based therapies. Compared with usual care, cardiovascular 
secondary prevention including nurse-based telephone follow-up improved LDL-C 
values at 12 months after discharge in patients with DM or CVD, and led to more 
efficient implementation of new secondary preventive guidelines.   
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POPULÄRVETENSKAPLIG SAMMANFATTNING 

Varje år drabbas knappt 28 000 personer av hjärtinfarkt och 30 000 personer av stroke i 
Sverige och dessa sjukdomar hör till de vanligaste dödsorsakerna i landet. Vid en 
hjärtinfarkt bildas en blodpropp i ett av kärlen till hjärtat. Det blir helt eller delvis 
avbrott i blodflödet vilket ger syrebrist i hjärtmuskulaturen och sekundärt skadas eller 
dör hjärtmuskelcellerna. Vid ett stroke kan en blodpropp bildas i något av hjärnans kärl, 
varpå det blir syrebrist med vävnadsskada och celldöd. Ett stroke kan också bero på att 
en liten blodpropp bildas i ett av hjärtats hålrum eller i ett större blodkärl i kroppen, 
och sedan transporterats med blodflödet till hjärnan där den täpper till ett mindre 
blodkärl. Dessa varianter av stroke med ett stopp i ett blodkärl kallas gemensamt 
ischemisk stroke. Ett stroke kan även bero på att ett blodkärl brister, det blir ett så 
kallat blödningsstroke och sekundärt blir det syrebrist i vävnaden som försörjs av det 
brustna blodkärlet.  

Både hjärtinfarkt och stroke hänger samman med bakomliggande åderförkalkning. Det 
finns ett antal faktorer som bidrar till åderförkalkning och ökar risken för att drabbas av 
hjärtinfarkt och stroke, t.ex. rökning, högt blodtryck och höga blodfetter. Några 
sjukdomar som associeras med hjärtinfarkt och stroke är diabetes och nedsatt 
njurfunktion. I och med att vi idag lever längre och att övervikt blir allt vanligare så 
ökar antalet personer med diabetes eller nedsatt njurfunktion. Man har sett att personer 
med diabetes eller nedsatt njurfunktion har en sämre prognos efter hjärtinfarkt och 
stroke, med ökad risk för återinsjuknande och död.  

Ett återinsjuknande i ischemisk stroke efter en hjärtinfarkt är en allvarlig händelse med 
hög dödlighet. Det har hittills varit okänt hur stor denna risk är för patienter med 
diabetes eller nedsatt njurfunktion eller om de senaste årens förbättrade 
behandlingsmöjligheter har påverkat prognosen. För att studera detta har vi använt oss 
av RIKS-HIA, vilket är ett nationellt register där patienter som sjukhusvårdas för 
hjärtinfarkt i Sverige registreras. Vi såg att risken för ischemisk stroke inom ett år efter 
en hjärtinfarkt var högre för patienter med diabetes eller nedsatt njurfunktion jämfört 
med patienter som inte har dessa sjukdomar. Risken har minskat sedan början av 2000-
talet och denna riskminskning var större i gruppen med patienter som har diabetes eller 
nedsatt njurfunktion jämfört med övriga patienter. Vi kunde se att bättre 
akutbehandling med ballongvidgning av det tilltäppta blodkärlet i hjärtat och långsiktig 
riskfaktorbehandling hängde samman med bättre prognos.  

Man har sett i tidigare studier att den långsiktiga behandlingen av riskfaktorer såsom 
höga blodfetter och högt blodtryck efter hjärtinfarkt och stroke inte används fullt ut. I 
ett försök att förbättra detta bedrivs NAILED-studien på Östersunds sjukhus. Patienter 
med hjärtinfarkt eller stroke slumpas till sköterskeledd uppföljning via telefon 
(intervention) eller till rutinmässig uppföljning på hälsocentralen (kontroll). Patienternas 
blodfetter och blodtryck kontrolleras 1 månad efter att de har vårdats på sjukhus för 
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hjärtinfarkt eller stroke och sedan igen efter 12 månader. Om interventionspatienterna 
inte har önskade värden kontaktas en studieläkare som gör en justering av patientens 
läkemedel och sedan utförs provtagningen igen efter ca 4 veckor. Denna procedur 
upprepas till dess att patienten uppnår målvärden. Kontrollpatienternas värden 
vidarebefordras till deras hälsocentral där distriktsläkaren får sköta alla eventuella 
läkemedelsjusteringar. Vi har undersökt denna uppföljningsmetod hos patienter med 
diabetes eller nedsatt njurfunktion och såg då att interventionspatienterna efter 12 
månader hade bättre blodfetter än kontrollpatienterna och man kunde även se en 
tendens till att de hade bättre blodtryck. Således tycks det som att sköterskeledd 
uppföljning via telefon förbättrar riskfaktorer i förhållande till den vård som är rutin 
idag. För att bekräfta nyttan med denna telefonbaserade sköterskeledda uppföljning 
efter hjärtinfarkt eller stroke kommer det krävas ytterligare flera år av fortsatt 
uppföljning.  
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ABBREVIATIONS 

ACEI Angiotensin-converting enzyme inhibitors 

ACS  Acute coronary syndrome 

AF Atrial fibrillation 

AMI Acute myocardial infarction 

ARB Angiotensin receptor blockers 

ASA Acetylsalicylic acid 

BP Blood pressure 

CABG Coronary artery bypass grafting 

CCU Coronary care units 

CHOICE Choice of Health Options In prevention of Cardiovascular Events 

CI Confidence interval 

CKD Chronic kidney disease 

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration 

CT Computed tomography 

CVD Cardiovascular disease 

DBP Diastolic blood pressure 

DM Diabetes mellitus 

ECG Electrocardiography 

eGFR Estimated glomerular filtration rate 

ESRD End-stage renal disease 

EUROASPIRE European Action on Secondary Prevention by Intervention to Reduce Events 

Feb February 

GFR Glomerular filtration rate 

GP General practitioner 

GRACE Global Registry of Acute Coronary Events 

HDL-C  High-density lipoprotein cholesterol 

HF Heart failure 

HPS Heart Protection Study  

HR Hazard ratio 

IMPROVE-IT Improved Reduction of Outcomes: Vytorin Efficacy International Trial 

Jan January 

LDL-C Low-density lipoprotein cholesterol 

Mar March 

MRI Magnetic resonance imaging 

n Number of valid cases 
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NPR National Patient Register 

NSTEMI Non-ST elevation myocardial infarction 

PCI Percutaneous coronary intervention 

PREVENTION Preventing Recurrent Vascular Events and Neurological Worsening Through   

Intensive Organized Case-management 

RIKS-HIA Swedish Register of Information and Knowledge about Swedish Heart 

   Intensive Care Admissions 

SBP Systolic blood pressure 

SCAAR Swedish Coronary Angiography and Angioplasty Registry 

SEPHIA Secondary Prevention after Heart Intensive Care Admission 

SMCs Smooth muscle cells 

SPARCLE  Stroke Prevention by Aggressive Reduction in Cholesterol Levels  

STEMI ST elevation myocardial infarction 

SWEDEHEART Swedish Web-system for Enhancement and Development of Evidence-based 

  care in Heart disease Evaluated According to Recommended Therapies 

TIA Transient ischemic attack 

UA Unstable angina 
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INTRODUCTION 

Atherosclerotic cardiovascular disease 

Cardiovascular disease (CVD) encompasses multiple disorders of the heart and blood 
vessels—including acute coronary syndrome (ACS) and cerebrovascular disease, which 
are the most common manifestations of atherosclerosis. Numerous studies of 
atherosclerosis, in both animal models and humans, support the widely accepted notion 
that the pathophysiological mechanism is chronic inflammation of the vessel wall, 
promoted by risk factors such as smoking, hypertension, and dyslipidemia.[1, 2]  

Atherosclerosis development begins early in life and evolves gradually. It starts with 
accumulation of low-density lipoprotein cholesterol (LDL-C) particles in the intima 
layer of the arteries. Oxidation and glycation modify these lipoproteins, leading to local 
cytokine elaboration, including increased chemoattractant production and expression of 
adhesion molecules on the endothelium for monocytes and T-cells. Consequently, 
inflammatory cells enter the arterial wall, where monocytes transform into macrophages 
and engulf the modified LDL-C particles. At this point, there forms an atheroma 
precursor called a nascent atheroma or a fatty streak, which comprises lipid-engorged 
macrophages termed foam cells. The foam cells are a source of mediators promoting 
inflammation and smooth muscle cell (SMC) migration from the media layer to the 
intima of the vessel. The SMCs produce excess extracellular matrix, including the 
collagens and proteoglycans that constitute much of the atherosclerotic plaque volume. 
The SMCs are also stimulated to mineralize the plaque.  

Atherosclerotic plaques often grow both outwardly and inwardly, creating an arterial 
lumen stenosis. Progressive narrowing of the vessel lumen impairs blood flow and can 
lead to ischemic symptoms that appear under conditions of increased oxygen demand. 
However, a large proportion of acute CVDs occur due to the rupture of outwardly 
growing plaques, often in patients without previous symptoms of critical stenosis. 
Rupture-prone plaques are characterized by a lipid-rich necrotic core that is formed by 
cholesterol crystals left behind following the deaths of foam cells. These vulnerable 
plaques also possess a thin fibrous cap with decreased mechanical strength. This 
characteristic seems to be due to the loss of SMCs (and the associated impairments of 
healing and repair) combined with increased proteolytic activity mediated by the 
inflammatory response in atherosclerosis.[1-3]   

High-income countries have witnessed a decline in the age-standardized mortality rate 
due to atherosclerotic CVD.[4, 5] This reduction can largely be explained by improved 
medical treatment, along with decreases in some traditional atherosclerosis risk factors, 
such as smoking, blood pressure, and cholesterol levels.[6-8] Still, ischemic heart 
disease and stroke accounted for one-fourth of all deaths worldwide in 2012 according 
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to data from the World Health Organization’s Global Health Observatory, and remain 
the most common causes of hospital admission in Sweden.[9, 10]  

Acute coronary syndrome 

An ACS occurs when sudden impairment of blood flow in the coronary arteries leads 
to acute ischemia of the heart muscle. ACS is most commonly caused when a blood 
vessel becomes narrowed or occluded due to atherosclerotic plaque rupture and 
subsequent thrombus formation.[2] The term ACS encompasses unstable angina (UA) 
and acute myocardial infarction (AMI), which can be further classified as non-ST 
elevation myocardial infarction (NSTEMI) or ST elevation myocardial infarction 
(STEMI). These three ACS diagnoses can be considered a continuous scale of the same 
disease, with UA being the least acute form, and STEMI being the most acute form and 
demanding instant revascularization. 

The third universal definition of myocardial infarction states that AMI should be 
diagnosed when clinical symptoms of myocardial ischemia are present in combination 
with evidence of myocardial necrosis on biochemical, electrocardiographic, or imaging 
modalities.[11] An AMI is classified as a STEMI when echocardiography (ECG) shows 
ST-segment elevation in two or more contiguous leads, which persists for over 20 
minutes, along with elevated biomarkers. NSTEMI is diagnosed when biomarkers are 
elevated, indicating myocardial injury, but no ST-segment elevation is observed. UA is 
not considered an AMI, and is diagnosed in patients with ischemic chest pain showing 
neither ST-segment elevation nor elevated biomarkers. However, increased sensitivity 
of biochemical markers may lead to a decrease in the proportions of patients diagnosed 
with UA. For 2013, the National Board of Health and Welfare reports an AMI 
incidence of 397 per 100 000 inhabitants of Sweden aged 20 years or older.[12] 

Initial treatment of acute coronary syndrome 

The initial management of ACS patients has substantially changed over recent decades, 
leading to fewer complications and decreased case-fatality rates.  

It is currently recommended that patients presenting with a STEMI should receive 
revascularization therapy with primary percutaneous coronary intervention (PCI). If 
primary PCI is not possible within 120 minutes, fibrinolysis is recommended in the 
acute setting. Patients undergoing a primary PCI should receive dual antiplatelet 
therapy with acetylsalicylic acid (ASA) and a P2Y12 inhibitor, along with an 
anticoagulant such as bivalirudin or unfractionated heparin. As a bailout treatment, a 
glycoprotein IIb/IIIa blocker may also be administered. [13]  

For patients with NSTEMI and UA, initial management includes administration of 
loading doses of ASA and a P2Y12 inhibitor, along with an anticoagulant (preferably 



 

3 

fondaparinux). Patients with refractory angina, associated heart failure, ventricular 
arrhythmias, or hemodynamic instability are candidates for urgent revascularization. In 
less severe but still high-risk cases, coronary angiography to evaluate possible 
revascularization strategies—e.g., PCI or coronary artery bypass grafting (CABG)—
should be performed within one to three days depending on patient characteristics. 
Low-risk patients should be further evaluated before deciding whether a 
revascularization strategy is required and, if so, what strategy should be used.[14]  

Stroke and transient ischemic attack  

A stroke is a disturbance of blood supply to the brain that leads to acute neurological 
symptoms lasting for over 24 hours. In Sweden, the stroke incidence was 427 per 100 
000 adult inhabitants in 2013.[12] 

Approximately 85% of strokes are of the ischemic variety, which can have different 
origins. Atherosclerosis is the most common underlying pathophysiology. Ischemic 
stroke can result from the rupture of an atherosclerotic lesion located in a large 
intracranial artery, causing a local occlusion. In other cases, atherosclerotic plaques in 
more proximally situated vessels (e.g., the aorta or carotid arteries) may rupture, 
generating an embolus of thrombotic material that travels distally in the blood 
circulation and occludes more peripheral vessels. So-called lacunar strokes are caused 
by atherosclerosis of small arteries. Another kind of ischemic stroke is the 
cardioembolic stroke. Certain conditions can give rise to thrombus formation in the 
heart, frequently with atrial fibrillation, which can give rise to an embolus that affects 
peripheral circulation.  

The remaining 15% of all strokes are hemorrhagic strokes, which can be 
intraparenchymal or subarachnoidal. Intraparenchymal hemorrhage results from the 
rupture of a blood vessel that has been weakened, often by atherosclerosis. 
Subarachnoid hemorrhages are most commonly caused by a ruptured aneurysm, and 
will not be discussed further in this dissertation. 

A transient ischemic attack (TIA) is an episode of neurological dysfunction that lasts 
less than 24 hours, and that is caused by focal brain or retinal ischemia without acute 
infarction. It is estimated that 10 000 persons in Sweden experience a TIA each year. 
Among these patients, as many as 10% may develop a stroke within two days following 
their TIA.[15] 

Initial treatment of stroke 

In cases of suspected stroke, the initial management must progress rapidly, including 
diagnostic procedures and starting treatment. There is only a short time-window during 
which acute treatment can improve the long-term prognosis for patients with ischemic 
stroke. A computed tomography (CT) or magnetic resonance imaging (MRI) scan is 
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needed to differentiate between an ischemic and a hemorrhagic stroke. Many hospitals 
have developed local management programs providing a direct path from the 
ambulance to the CT or MRI scanning location, bypassing the emergency department 
and thus minimizing the time to treatment. Patients with no signs of bleeding upon 
imaging should receive fibrinolytic therapy if less than 4.5 hours have passed since 
symptom onset and there are no contraindications for such treatment.[16] 

One absolute contraindication for fibrinolytic therapy is a hemorrhagic stroke. The 
evidence guiding the management of patients with hemorrhagic stroke is inconsistent. 
Intensive and relatively fast (within an hour) lowering of blood pressure to a systolic 
target of <140 mmHg is safe, and may be superior to a target of <180 mmHg.[17] In 
cases of acute hemorrhagic stroke in patients on anticoagulation therapy, clinical 
observations and pharmacological data support the standard clinical practice of 
administering hemostatic drugs to prevent hematoma expansion. 

A TIA is a less acute condition. However, it is recommended that TIA patients undergo 
neuroimaging evaluation within 24 hours of symptom onset and that they receive the 
same secondary preventive treatments as patients with ischemic stroke. 

 

Relapse of cardiovascular disease and secondary 
prevention 

Although mortality due to atherosclerotic CVD has decreased over recent decades, 
patients who experience an ACS, stroke, or TIA remain at a high risk of vascular death 
or subsequent CVD.[15, 18-20] Data from the Global Registry of Acute Coronary 
Events (GRACE) show that among 19 122 ACS patients, a new myocardial infarction 
occurred within two years after discharge in 3.6% of STEMI patients, 5.6% of 
NSTEMI patients, and 3.9% of UA patients. The corresponding percentages of stroke 
within two years of discharge were 1.1%, 1.7%, and 1.0%; and the corresponding rates 
of all-cause mortality were 6.5%, 9.5%, and 4.9%, with approximately 65% of these 
deaths being from cardiovascular causes.[20] These data show that a subsequent CVD 
is not unusual, even when patients receive secondary preventive treatment. 

Ischemic stroke after an acute myocardial infarction 

Post-AMI ischemic stroke is a devastating event that carries large risks of decreased 
patient independence and mortality.[21-24] Witt et al[25] performed a meta-analysis of 
observational studies reporting ischemic stroke risk following myocardial infarction. 
They found ischemic stroke rates of 11.1 per 1000 myocardial infarctions during 
hospitalization for a myocardial infarction, 12.2 per 1000 myocardial infarctions within 
30 days, and 21.4 per 1000 myocardial infarctions within one year. The included studies 
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were published between 1978 and 2004. Eleven of the analyzed studies examined the 
in-hospital risk of ischemic stroke, three reported the 30-day risk, and only two studies 
reported the risk for 1 year after a myocardial infarction. Studies not included in this 
meta-analysis have reported in-hospital stroke incidences ranging from 0.9–1.4%[23, 
24], and cumulative incidences during the year after a myocardial infarction ranging 
from 1.5–2.8% in unselected populations.[19, 26] 

The studies published concerning post-AMI ischemic stroke are mostly performed 
several years ago, with selected or small patient populations. Given the dramatically 
changed acute and secondary preventive treatment for AMI it is of interest to 
investigate the risk of a post-AMI ischemic stroke over time in an unselected patient 
population. Furthermore, there exists no data of the risk of stroke after an AMI in the 
high-risk patients with diabetes mellitus (DM) and chronic kidney disease (CKD) (see 
sections “Diabetes mellitus and cardiovascular disease” and “Chronic kidney disease 
and cardiovascular disease”).  

Secondary prevention 

There are several evidence-based treatments available for CVD risk factor management, 
which can reduce the risk of a new cardiovascular event after ACS or stroke. Guidelines 
regarding atherosclerotic CVD generally suggest lifestyle counseling aimed at smoking 
cessation and alterations of dietary habits, pharmacological antithrombotic agents, and 
antihypertensive and lipid-lowering drugs. Naturally, the recommendations vary 
depending on the etiology of the ACS or stroke, and are individually adjusted in 
accordance with the patient’s comorbidities, age, etc.[27-29] Although it is difficult to 
determine the combined effect of these treatments in clinical trials, the estimates from 
secondary preventive clinical trials suggest a possible 80% cumulative risk reduction of 
major cardiovascular events.[30] Observational epidemiological studies provide a 
potentially more reliable way to study the joint effect of modern treatments. 

Antithrombotic treatment 

After an ACS, treatment should include 12 months of dual antiplatelet therapy with 
ASA and a P2Y12 inhibitor, followed by monotherapy with ASA, which reduces the risk 
of recurrent vascular events.[31-34] After an ischemic stroke or TIA of non-cardio-
embolic etiology, the recommended treatment includes a combination of ASA and 
dipyridamole or clopidogrel alone. Compared to clopidogrel, the combination of ASA 
and dipyridamole is associated with a slight increase of major bleeding and more 
adverse effects.[35] Patients with cardio-embolic ischemic stroke should be evaluated to 
determine whether they are suitable candidates for anti-coagulation treatment.[28]  
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Blood pressure 

It has long been known that blood pressure (BP) is a major risk factor for 
atherosclerotic CVD. Multiple randomized controlled trials prove that CVD incidence 
is reduced by antihypertensive drug treatment, both for primary and secondary 
prevention. Guidelines recommend a BP target of <140/90 mmHg for secondary 
prevention. Five major drug classes are used to lower BP: thiazides, beta blockers, 
angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers 
(ARB), and calcium channel blockers. Beta blockers appear to be more effective early 
after a myocardial infarction, and calcium channel blockers show a slight additional 
stroke preventive effect. However, the risk reduction seen with antihypertensive drug 
treatment seems to primarily be associated with the blood pressure lowering per se, and 
not with any specific drug.[36] 

Blood lipids 

Atherosclerosis, ACS, and ischemic stroke are associated with a blood lipid profile that 
includes high LDL-C and triglycerides, and low high-density lipoprotein cholesterol 
(HDL-C). Statins lower LDL-C, which reportedly decreases CVD risk in secondary 
prevention.[37] The Improved Reduction of Outcomes: Vytorin Efficacy International 
Trial (IMPROVE-IT) recently showed that addition of ezetimibe to simvastatin for 
patients with a recent ACS resulted in further reduction of LDL-C and lower risk of 
myocardial infarction and ischemic stroke.[38] European guidelines recommend an 
LDL-C level of <1.8 mmol/L for atherosclerotic CVD secondary prevention. 

There have been some setbacks related to statin therapy for secondary prevention after 
stroke. Guidelines recommend the use of statins in patients with ischemic stroke of 
presumed atherosclerotic origin.[28] However, the Stroke Prevention by Aggressive 
Reduction in Cholesterol Levels (SPARCLE) and Heart Protection Study (HPS) trials 
found that statin treatment was associated with an increased hemorrhagic stroke risk 
among patients with previous stroke.[39, 40] On the other hand, in a review and meta-
analysis of 23 randomized controlled trials, 19 observational studies, and an analysis 
consisting exclusively of cerebrovascular disease patients, Hackman et al[41] found no 
statistically significant increase in the risk of intracerebral hemorrhage associated with 
lower LDL-C levels and statin use. Thus, the evidence is inconclusive regarding 
whether to use statin treatment in patients with a previous hemorrhagic stroke and a 
concurrent risk of atherosclerotic disease. A physician must therefore make an 
individual decision based on each individual patient’s risk profile.  

Adherence to secondary preventive guidelines 

As discussed above, there are several evidence-based secondary preventive treatments 
available to reduce the risk of recurrent CVD. Although the recommendations are 
widespread via international and national guidelines and are largely regarded as 
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common knowledge among doctors, current data show that treatment goals are often 
not reached.[42-45] The European Action on Secondary Prevention by Intervention to 
Reduce Events (EUROASPIRE) IV survey examined patients with an ACS or who 
were revascularized with PCI or CABG at between six months and three years after the 
qualifying event. Approximately 80–90% of these patients were treated with a blood 
pressure-lowering drug and a statin. However, among those receiving treatment, only 
57% reached their target BP and 21% achieved target LDL-C levels.[44] 

Various organizational strategies have been evaluated for improving the secondary 
preventive care of CVD patients—including patient education, physician education, 
pre-booked doctor appointments, etc. Most investigated strategies have not effectively 
reduced risk factors for patients with ischemic heart disease, stroke, or TIA.[46, 47] In a 
systemic review examining telephone support interventions after coronary artery 
disease, Kotb et al[48] found that telephone support significant increased the odds of 
smoking cessation and reduction of systolic blood pressure. However, the trials 
included in this review varied with regard to patient selection criteria, mode of 
telephone intervention delivery, who carried out the intervention, and the follow-up 
duration. Thus, while the data support telephone-based secondary prevention, the 
optimal delivery of such telephone follow-up remains unclear. 

The Nurse-Based Age-Independent Intervention to Limit Evolution of Disease 
(NAILED) ACS and stroke risk factor trial was designed to improve secondary 
prevention after ACS, stroke, or TIA. This trial included all patients who were admitted 
to Östersund hospital with an ACS, stroke, or TIA, and who could communicate by 
telephone. Telephone follow-up was performed by specially trained nurses who 
contacted a study physician for prompt medication adjustment if risk factor target 
values were not reached. We hypothesized that, compared to usual care delivered in a 
primary care setting, the intervention protocol for delivering secondary preventive care 
would improve BP and LDL-C values among patients with a very high risk of a new 
cardiovascular event (i.e., those with DM or CKD).  

 

Diabetes mellitus and cardiovascular disease 

DM represents a group of diseases involving defective glucose metabolism that results 
in hyperglycemia. DM type 1 is characterized by an absolute deficit of insulin 
production. On the other hand, DM type 2 is characterized by an insufficient insulin 
response and a relative insulin deficit, and accounts for 85–90% of the diabetes burden 
in Sweden. The Swedish National Diabetes Register approximates that DM affects 4% 
of the Swedish population. Worldwide, DM is one of the most common non-
communicable diseases, and the global prevalence is predicted to further increase such 
that one in ten adults will have DM by year 2035.[49] 
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Compared to non-diabetics, patients with diabetes have an estimated two-fold excess 
risk of myocardial infarction and stroke.[50] DM is one of the important risk factors for 
ACS and ischemic stroke worldwide, and is among the most common comorbidities 
with CVD. Approximately one-fourth to one-third of patients with ACS or ischemic 
stroke also have DM.[51-54] Moreover, almost one-third of AMI patients may have 
undiagnosed diabetes at admission.[55] Compared to non-diabetic patients, those with 
DM have a worse prognosis following a cardiovascular event.[54, 56] However, it 
remains unclear whether DM is associated with an increased risk of ischemic stroke 
after an AMI. Among earlier studies, some show that DM is a significant risk factor for 
post-AMI stroke,[19, 26, 57-59] while others do not.[22-24, 60] No previous studies 
have examined the DM population separately. 

Pathophysiology 

DM and atherosclerotic disease share several risk factors, including dyslipidemia, 
hypertension, obesity, low physical activity, and increasing age. Although the 
mechanisms are not completely understood, several additional factors further 
contribute to the enhanced risk of atherosclerotic CVD and worse post-CVD 
prognosis among DM patients. Such factors include hyperglycemia-increased monocyte 
adhesion to endothelial cells; systemic inflammation with increased oxidative stress; 
abnormal lipid metabolism with increased triglycerides, decreased HDL-C, and 
increased atherogenic small dense LDL-C; and perturbed hemostasis, inducing a state 
of hypercoagulability with elevated clotting factors, inhibited fibrinolytic activity, and 
increased platelet reactivity.[61, 62]  

Acute and secondary preventive treatment 

In cases of DM, patients should be carefully followed-up with regard to modifiable risk 
factors, and there is a low threshold for initiating pharmacological treatments for 
primary CVD prevention. With regard to pharmacological secondary preventive 
treatment for ACS and stroke, the same treatment principles apply for patients with and 
without DM.[63-66] However, compared to those without DM, ACS patients with DM 
show more diffuse and extensive atherosclerotic disease and are therefore more 
commonly candidates for CABG. Several studies have confirmed the greater benefit of 
CABG compared with PCI among selected diabetic patients.[67, 68]  

Despite evidence for treatment efficacy in DM patients, several older studies report that 
diabetic subjects receive fewer guideline-recommended treatments.[54, 69, 70] It 
remains to be investigated whether this is the case in more recent years and, if so, 
whether it impacts the risk of post-AMI ischemic stroke in diabetic patients. It is also 
of interest to assess whether nurse-based telephone follow-up in accordance with the 
NAILED protocol increases the use of evidence-based secondary preventive 
treatments and, thereby, improves risk-factor control. 
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Chronic kidney disease and cardiovascular disease 

CKD involves the gradual progression of irreversible kidney damage. The National 
Kidney Foundation defines CKD as kidney damage for three months or more. Such 
damage can be evidenced by structural or functional pathological kidney abnormalities 
or markers of kidney damage—such as irregularities in the blood or urine composition, 
abnormal imaging findings, or a glomerular filtration rate (GFR) of <60 mL/min/1.73 
m2. CKD can be subclassified into five different stages (1–5) based on the GFR, with 
lower GFR associated with higher stage.  

The most common causes of CKD are diabetic nephropathy, hypertensive 
nephrosclerosis, glomerulonephritis, polycystic kidney disease, and interstitial nephritis. 
The progression to chronic stage is largely the same regardless of the initial etiology. In 
an injured kidney, the remaining healthy nephrons increase their activity, leading to 
overload and further nephron destruction. Insufficient exocrine capacity leads to 
electrolyte disturbances, acidosis, renal anemia, hypocalcemia, and hyperphosphatemia. 
Patients with CKD also commonly show decreased glucose tolerance and dyslipidemia 
with increased triglycerides.  

Estimations of CKD prevalence vary considerably among studies due to differences in 
definitions and study designs.[71] A Norwegian population-based study from the mid-
1990s found a 4.7% prevalence of CKD stage 3–5.[72] CKD prevalence in Sweden has 
not been reported.  

CKD is a very common comorbidity in patients with atherosclerotic CVD. A study of a 
population of Medicare beneficiaries of 65 years of age or older in the United States 
reported CKD in 30.2% of patients with ischemic heart disease and 35.2% of patients 
with stroke.[73] Impaired renal function is also of importance after CVD, since CKD 
patients have a worse prognosis.[74, 75] The heightened risk of CVD in CKD patients 
increases with decreasing GFR.[76] Impaired kidney function measured as decreased 
estimated glomerular filtration rate (eGFR) seems to be associated with all-cause stroke 
and ischemic stroke, but not specifically with hemorrhagic stroke.[77, 78] In a recent 
study with four population-based cohorts, Mahmoodi et al[79] found no association 
between decreasing eGFR and hemorrhagic stroke. However, their results showed that 
hemorrhagic stroke was associated with albuminuria as a marker of impaired kidney 
function. 

Few of the previous studies examining post-AMI stroke have investigated decreased 
renal function as a potential risk factor. Among the studies that do analyze renal 
function as a factor for post-AMI stroke, most have limitations, such as not separately 
analyzing ischemic and hemorrhagic stroke, studying selected patient populations, or 
using different and less reliable measures of kidney function.[19, 23, 24, 74] One recent 
study investigated the stroke risk after an AMI among patients with impaired renal 
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function and included a risk factor analysis.[80] However, this study only included 
patients revascularized with PCI. Moreover, the population included patients both with 
CKD and acute kidney disease, since the criteria for impaired renal function included 
an eGFR of <60 mL/min/1.73 m2 or contrast-induced nephropathy defined as 
elevated serum creatinine within 48 h after contrast exposure. Hence, there remains a 
need for reliable data indicating the risk of post-AMI ischemic stroke in a CKD 
population. 

Pathophysiology 

Traditional atherosclerosis risk factors, such as hypertension and DM, both contribute 
to and increase with reduced renal function. However, even after adjustments for 
traditional risk factors, decreased eGFR and albuminuria (as a marker of renal 
impairment) remain independent predictors of CVD. Our present knowledge of the 
complex pathophysiological mechanism linking CKD and CVD is far from complete. 
The suggested contributing mechanisms include endothelial dysfunction, an 
atherogenic lipid profile with errant HDL-C and excessive LDL-C oxidation, and renin-
angiotensin system activation that stimulates production of superoxide and 
inflammatory cytokines. The increased systemic inflammation seen in CKD may also 
be related to increased production of inflammatory mediators, which has been 
attributed to higher oxidative stress, and to the accumulation of modified proteins and 
toxins that are cleared with normal kidney function. Moreover, renal anemia can 
contribute to multiple adverse outcomes, partly due to decreased oxygen delivery and 
utilization.[3, 81] 

Acute and secondary preventive treatment 

Although impaired renal function is very common in CVD, patients with CKD are 
underrepresented in randomized control trials. It is likely that the limited available 
knowledge, combined with fear of further worsening kidney function and adverse 
hemorrhagic events, makes physicians less prone to treat CKD patients using therapies 
that are considered standard for patients without CKD.[82] 

Data indicate that ASA is beneficial in dialysis-treated patients, but it remains unclear 
whether addition of further antiplatelet treatment has favorable effects after ACS in 
patients with CKD.[31, 83, 84] Among patients with non-end-stage CKD, ticagrelor 
reportedly shows superior efficacy in reducing secondary vascular events compared to 
clopidogrel.[85] 

There also exists some uncertainty surrounding whether PCI is advisable in patients 
with decreased renal function, since they are susceptible to contrast-induced 
nephropathy. A meta-analysis of randomized trials found non-significant reduction of 
risks for all-cause mortality and nonfatal myocardial infarction following PCI in CKD 
patients with a NSTEMI or UA. [86] Observational data from the Swedish Web-system 
for Enhancement and Development of Evidence-based care in Heart disease Evaluated 
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According to Recommended Therapies (SWEDEHEART) showed that PCI treatment 
decreased 1-year mortality among patients with mild to moderate CKD. On the other 
hand, among patients with eGFR of <30 or who received dialysis there was a non-
significant effect, and the data indicated a non-significant increase of 1-year mortality 
when patients with end-stage renal disease (ESRD) were treated with revascularization 
with PCI.[87] Thrombolysis appears to have the same effect in patients with and 
without decreased renal function.[88] In two small studies of thrombolysis administered 
in the setting of ischemic stroke, renal impairment was not found to be a risk factor for 
subsequent intracranial hemorrhage.[89, 90]  

All CKD patients are recommended to take antihypertensive drugs, both as a CVD-
preventive treatment and to slow the advancing renal impairment. First-line treatment 
is with ACEI or ARB, which inhibit the renin-angiotensin-aldosterone system and thus 
decreases both blood pressure and albuminuria. A meta-analysis examining statin use in 
patients with CKD found that statins reduced all-cause mortality, cardiovascular 
mortality, myocardial infarction, and stroke in pre-dialysis CKD patients, without 
increasing adverse events. However, statin treatment had no effect on patients receiving 
dialysis.[91]  

In summary, only limited evidence is available to guide decision-making in patients with 
CKD, and the importance of CKD in CVD has only recently started to attract more 
attention. Therefore, it remains to be investigated whether emerging evidence has 
changed the care of patients with CKD, and whether this has impacted ischemic stroke 
occurrence after an AMI. Moreover, due to the complexity of treatment for CKD 
patients, it is of interest to investigate how CVD secondary prevention in these patients 
is managed in a primary care setting, and whether it is possible to optimize risk-factor 
control with nurse-based telephone follow-up. 
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AIMS 

The overall aims of this thesis were to investigate the risk of ischemic stroke after an 
acute myocardial infarction, and to evaluate a new method of secondary prevention 
after CVD in patients with concurrent diabetes mellitus or chronic kidney disease. The 
aims of specific studies were as follows:  

To investigate the in-hospital and one-year cumulative incidences of ischemic stroke 
after an AMI in patients with DM or CKD. (Studies I and II) 

To identify any trends over time regarding the cumulative incidence of ischemic stroke 
after an AMI in patients with DM or CKD. (Studies I and II) 

To investigate factors associated with increased or decreased risk of ischemic stroke 
after an AMI in patients with DM or CKD. (Studies I and II) 

To investigate whether a new method of nurse-based secondary preventive follow-up 
by telephone performs better than usual care with regard to implementing new 
treatment guidelines among diabetic patients. (Study III) 

To evaluate the effectiveness of a new method of nurse-based secondary preventive 
follow-up by telephone in terms of improving blood lipid levels and blood pressure in 
patients with DM or CKD. (Study IV) 
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METHODS 

Patient data 

For Studies I and II, patient data were obtained from the Swedish Register of 
Information and Knowledge about Swedish Heart Intensive Care Admissions (RIKS-
HIA). Data regarding patients with AMI were then amalgamated with the National 
Patient Register (NPR) to identify ischemic stroke occurrences during the 
hospitalization and within 1 year after discharge for the AMI.  

Studies III and IV included eligible patients from the Nurse-Based Age-Independent 
Intervention to Limit Evolution of Disease (NAILED) trial, and data were obtained 
through this study.  

The Swedish Register of Information and Knowledge about 
Swedish Heart Intensive Care Admissions (RIKS-HIA) 

In 1991, several Swedish hospitals began registering patients admitted to the coronary 
care unit (CCU) in RIKS-HIA. By 1995, 21 hospitals were reporting data to RIKS-HIA, 
and the database became a national quality register for acute cardiac care. Subsequently, 
the register’s coverage rapidly increased to include 58 of the 81 Swedish hospitals with a 
CCU in 1998. Since 2008, all Swedish hospitals with a CCU have reported to RIKS-
HIA, with almost 100% coverage for ACS patients admitted to the CCU. However, 
some patients with a myocardial infarction are admitted to units other than the CCU. 
Comparison with the National Patient Register (NPR) shows that the RIKS-HIA 
includes 92% of patients below the age of 80 years with a myocardial infarction, and 
69% of the patients 80 years old or older with a myocardial infarction.[92, 93] Since 
2009, RIKS-HIA has been a part of SWEDEHEART, along with three other national 
quality registers: the Swedish Coronary Angiography and Angioplasty Registry 
(SCAAR), the Swedish Heart Surgery Registry, and the Secondary Prevention after 
Heart Intensive Care Admission (SEPHIA) registry.  

In SWEDEHEART, patient data are reported on case record forms that include over 
100 variables, including baseline characteristics, ECG changes, biochemical markers, in-
hospital course, interventions, and discharge medications. All patients whose data are 
included in SWEDEHEART were informed of their participation and given the chance 
to request exclusion from the registry. Annually, a monitor visits approximately 20 
randomly selected hospitals and compares the data entered into SWEDEHEART with 
that in patient records to ensure the database’s accuracy. In 2007, they found 96.1% 
conformity between the examined RIKS-HIA data and the patient records.[92] The 
AMI criteria are standardized and identical for all participating hospitals in RIKS-HIA. 
From 1998 to 2001, the World Health Organization definition was used.[94] Since late 
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2001, the criteria of the European Society of Cardiology/American College of 
Cardiology/American Heart Association consensus documents have been adopted.[95, 
96] 

National Patient Register 

Since 1987, the NPR has included admission and discharge dates, and diagnoses at 
discharge for all hospital stays in Sweden. In Studies I and II, ischemic stroke was 
identified using the cerebral infarction codes from the International Classification of 
Diseases 9th Revision (433 and 434) and 10th Revision (I63 and I64). Since 2000, there 
has been only a low frequency of missing primary diagnoses in the NPR (0.5–0.9% in 
somatic care). A diagnosis of stroke or TIA in NPR has a positive predictive value of 
98.6%. Validation studies report that 84.2-98.0% of stroke events are identified through 
NPR.[97] 

Nurse-Based Age-Independent Intervention to Limit Evolution of 
Disease (NAILED) 

The NAILED ACS and stroke risk factor trial is an ongoing, open, population-based, 
randomized controlled trial that aims to improve secondary prevention after ACS, 
stroke, and TIA through nurse-based telephone follow-up of modifiable risk factors.  

Study nurses identified all patients hospitalized at Östersund hospital with a diagnosis 
of stroke or TIA between January 1, 2010 and December 31, 2013; and all of those 
with a diagnosis of myocardial infarction or UA between January 1, 2010 and 
December 31, 2014. Östersund Hospital is the only hospital in Jämtland County, and 
has a rural catchment area with approximately 125 000 inhabitants. Patients were 
considered eligible if they were residents of Jämtland County and possessed the 
physical and mental capacity to communicate by telephone. Patients were excluded if 
they suffered from deafness, aphasia, dementia, or severe (often terminal) diseases; and 
if they were participating in another ongoing trial. All eligible patients received 
information about the study and were asked to sign a written informed consent. Those 
who agreed to participate were randomized to intervention or control in a 1:1 ratio. The 
random allocation sequence was computer generated in blocks of four and stratified for 
sex, as well as stratified for myocardial infarction or UA among ACS patients, and for 
degree of disability (modified Rankin Scale <3 or ≥3) among patients with stroke or 
TIA. 

Baseline data—including prevalence of cardiovascular risk factors, prior cardiovascular 
events, and comorbidities—were collected by in-hospital patient interviews, and data 
were further supplemented by medical record review. At 1 month after discharge, 
baseline measurements of blood lipids and BP were performed by a healthcare 
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professional at the patient’s closest healthcare facility, and the results were reported to 
the study team. Shortly after receiving these baseline measurements, a study nurse 
contacted participants in both study groups by telephone and interviewed them about 
their well-being and adherence to medical treatment.  

In the control group, the lipid profile and BP values were forwarded directly to the 
patient’s general practitioner (GP), without further action from the study team. In 
Jämtland, the GP provides secondary preventive management. Thus, the patients in the 
control group can be regarded as receiving usual care. 

For patients in the intervention group, the telephone follow-up included lifestyle 
counseling. If the patient had not reached target LDL-C levels and/or BP, their 
pharmacological treatment was assessed and titrated by a study physician. Tests were 
repeated within approximately four weeks. If necessary, medication was further titrated 
until reaching target values or until no further changes were considered appropriate.  

At 12 months after discharge from hospitalization for the index event, follow-up blood 
lipid and BP measurements were performed in both the control and intervention 
groups. For patients in the intervention group, who had not reached target LDL-C 
levels and/or BP the follow-up included medication titration. Thereafter, yearly follow-
up examinations were planned. 

The risk factor target values were set in compliance with local guidelines, thus enabling 
comparison between the NAILED method and usual care. The target BP value is 
<140/<90 mmHg. At the start of the study, the target value for LDL-C level was <2.5 
mmol/L for all included patients. On March 31, 2013, the local guidelines changed 
such that the target LDL-C level for diabetics is now <1.8 mmol/L. !

 

Study design 

Study I 

Study I aimed to investigate ischemic stroke risk during the year following an AMI 
among patients with concurrent DM, and to examine trends over time regarding the 
cumulative incidence of ischemic stroke. We also wanted to analyze factors potentially 
associated with post-AMI ischemic stroke. 

From RIKS-HIA, we obtained patient data from between January 1, 1998 and 
December 31, 2008. If a patient was admitted multiple times for myocardial infarction, 
only the first event was included in the analyses. During the study period, a total of 173 
233 patients were registered. There were no criteria for exclusion. A patient was 
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categorized as diabetic if their records included a previous diagnosis of DM. A CKD 
diagnosis was defined as a prior registered diagnosis of CKD.  

To study changes over time, the entire study length was divided into four separate 
periods: January 1998 to December 2000, January 2001 to December 2003, January 
2004 to December 2006, and January 2007 to December 2008.   

Study II 

Study II aimed to investigate the ischemic stroke risk during an initial hospitalization 
for AMI, and within the year following AMI, among patients with concurrent CKD. 
We also aimed to examine trends over time regarding the cumulative incidence and the 
potential risk factors for post-AMI ischemic stroke.  

From RIKS-HIA, we obtained patient data from between January 1, 2003 and 
December 31, 2010. Before 2003, a very low proportion of patients registered in RIKS-
HIA had a recorded creatinine value; therefore, we chose not to include patient data 
from earlier years. A total of 126 822 patients were registered with a first AMI during 
the study period. Of these, 118 434 (93.4%) had a recorded in-hospital creatinine value 
and were thus included in our analysis. When entering data into RIKS-HIA, physicians 
are instructed to enter the in-hospital creatinine value that best reflects the patient’s 
underlying renal function.  

As recommended by recent guidelines,[98] the eGFR was calculated using the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equations, 
assuming that patients were Caucasian:[99] 

144 × (SCr/0.7)–0.329 × 0.993age for females with serum creatinine ≤62 µmol/L  

144 × (SCr/0.7)–1.209 × 0.993age for females with serum creatinine >62 µmol/L  

141 × (SCr/0.9)–0.411 × 0.993age for males with serum creatinine ≤80 µmol/L 

144 × (SCr/0.9)–1.209 × 0.993age for males with serum creatinine >80 µmol/L  

The presence of CKD was defined as an eGFR of <60 mL/min/1.73 m2 or receiving 
treatment with dialysis. For further classification, we used the National Kidney 
Foundation’s five defined stages of CKD.[100]  

To study changes over time, the entire study length was divided into four separate 
periods: January 2003 to December 2004, January 2005 to December 2006, January 
2007 to December 2008, and January 2009 to December 2010. 

Study III 

Study III aimed to investigate the implementation of new cardiovascular guidelines, 
with comparison between routine primary care and the NAILED follow-up design. 
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On February 14, 2013, new local guidelines were released for patients with DM, 
including a new target LDL-C value for patients with DM and established CVD. The 
LDL-C target value was lowered from <2.5 mmol/L to <1.8 mmol/L, in accordance 
with recommendations of the European Society of Cardiology.[27] Information about 
the guideline change was distributed to all GPs via a joint e-mail group that is used to 
disseminate information concerning primary health care in Jämtland. On March 24, 
2013, the same new LDL-C target value was adopted within the NAILED trial. The 
altered target value within the NAILED study did not require any additional follow-up; 
the follow-up schedule specified by the study protocol remained unchanged.   

This analysis included all diabetic patients in the NAILED trial who had a telephone 
follow-up before February 14, 2013 (1 month or 1, 2, or 3 years after the initial 
hospitalization) and another follow-up call between March 31, 2013 and June 15, 2014. 
We chose to study the implementation of the new target after March 31, 2013 to give 
the study nurses a chance to receive the new information. The end date of follow-up 
was set as June 15, 2014, to ensure that all patients had one follow-up and that any 
necessary medication titrations had been completed. 

Baseline characteristics were those most recently reported before February 14, 2013. 
Patients were considered to have DM if they received glucose-lowering medication or 
dietary treatment at the follow-up after March 31, 2013. If a patient reached an LDL-C 
level of <1.8 mmol/L at follow-up after March 31, 2013, that LDL-C value was 
reported as the end-point LDL-C. For patients in the intervention group who did not 
achieve the target LDL-C value, the value reached after medication titration was 
reported as the end-point LDL-C value.  

Patient records were scrutinized for patients in the control group who did not reach the 
target value at their first follow-up after March 31, 2013. Such records were examined 
to determine whether the GP took notice of the elevated LDL-C value and, if so, 
whether their medication was titrated. In Jämtland, standard care for diabetic patients 
includes a yearly visit to their GP. Local guidelines state that this annual visit should 
include risk factor control and intervention regarding established risk factors for CVD. 
This includes laboratory measurements of serum levels of glucose and lipids, and 
clinical examination including BP measurement. If no patient record was found that 
mentioned the LDL-C value within 1 month after the NAILED control, we used the 
LDL-C value recorded at the first yearly diabetes control after March 31, 2013. If the 
GP titrated any medication, the post-titration LDL-C value was used. If we found no 
patient record regarding LDL-C values, and no yearly diabetes control had been 
performed before the end date for the present study (June 15, 2014), the LDL-C value 
at the NAILED trial follow-up was reported (n=8).  

The primary outcomes were the proportion of patients who reached LDL-C target 
values, before and after the guideline change, in the intervention and control groups, as 
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well as the between-group difference in achieved target values within the year after the 
guideline change. Secondary outcomes included the numerical differences in LDL-C 
values within the groups and the between-group differences.  

Study IV 

Study IV aimed to investigate the effects of the NAILED follow-up method on LDL-C 
and BP values at 12 months after an ACS, stroke, or TIA within a high-risk patient 
population with DM or CKD. 

The analysis included patients with DM or CKD, who were admitted between January 
1, 2010 and June 30, 2013, and who received a 12-month follow-up call. Patients were 
considered to have DM if they received glucose-lowering medication or dietary 
treatment at discharge from their initial hospitalization. During hospitalization, a 
creatinine value was registered and an eGFR was calculated using the CKD-EPI 
creatinine equations as reported above in the Study design for Study II. An eGFR of 
<60 mL/min/1.73 m2 was considered to indicate the presence of CKD.[100] 

The primary outcomes were the recorded differences in LDL-C and systolic blood 
pressure (SBP) between intervention and control groups at the 12-month follow-up, 
before any medication titration was performed in response to these follow-up values. 
Secondary outcomes included the differences in diastolic blood pressure (DBP), the 
within-group changes of risk factor values and the proportions of reached target values 
between the groups. Exploratory data analyses, with between-group comparison of risk 
factor values and proportions of patients achieving target values, were performed 
separately for patients with DM and CKD. 

 

Ethics 

The SWEDEHEART registry and its merging with NPR were approved by the 
National Board of Health and Welfare, the Swedish Data Inspection Board, and the 
Local Ethics Committee at Uppsala University. The NAILED trial was approved by 
the Regional Ethics Committee at Umeå University. 

 

Statistics 

All demographic data, clinical characteristics, treatments, and outcomes are presented 
as medians and percentiles for continuous variables, and as percentages for categorical 
variables. To assess between-group differences, the Mann–Whitney U-test was used for 
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continuous variables, and the Pearson’s χ2 test for categorical variables, unless 
otherwise specified. A p-value of <0.05 was considered to indicate a significant 
difference, with the exception of in Study IV, where the p-value was adjusted for 
multiple comparisons. Statistical analyses were performed using SPSS 20.0 software, 
unless otherwise specified. 

Study I  

Kaplan–Meier curves were constructed for ischemic stroke occurrences during the four 
time periods, and were compared between groups using the log-rank test. A Cox 
proportional hazards model was used to assess univariate and multivariate predictors of 
risk for ischemic stroke within one year after admission. The variables from the Cox 
univariate analyses were included in the multivariate analyses, regardless of statistical 
significance. For cases with missing data, the multiple imputation technique was used to 
impute data. Patients who died during hospitalization were excluded from analyses that 
included variables regarding treatment at discharge. The multiple imputation and 
estimation of the multivariable model were performed using R software, with the 
Hmisc and rms packages. 

Study II 

To identify variables associated with ischemic stroke development during 
hospitalization for AMI, we performed a manual backward stepwise multiple logistic 
regression that included baseline characteristics and previously established ischemic 
stroke predictors. Kaplan-Meier curves were constructed for ischemic stroke 
occurrences within one year after discharge during the four time periods, and for 
patients in the five different stages of renal function. The log-rank test was used for 
between-group comparisons. We also analyzed the changes in stroke risk over time in 
the CKD versus the non-CKD group. For this analysis, proportions were tested using 
normal approximation. Univariate and multivariate predictors of ischemic stroke risk 
within one year after discharge were assessed using the Cox proportional hazards 
model. The variables from the Cox univariate analyses were included in the multivariate 
analyses, regardless of statistical significance, excluding variables with >10% of the data 
missing (body mass index, systolic blood pressure, diastolic blood pressure, cholesterol, 
LDL-C, and glucose levels). In the final model, a manual backward stepwise elimination 
was performed to identify independent predictors of post-discharge ischemic stroke. 
Missing data were handled using a complete-case approach, in which subjects with 
missing values were excluded from the model. Patients with ischemic stroke during 
hospitalization for AMI, and those who died during hospitalization, were excluded 
from the analysis of discharge therapies, the Kaplan-Meier curves, and the Cox analysis.  
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Study III 

The Wilcoxon signed-rank test was used to analyze the change in LDL-C before and 
after the target change. 

Study IV 

To evaluate the effects of the intervention, we analyzed risk factor values and the 
proportion of achieved target values at 12 months separately among patients who did 
and did not meet risk factor target values at baseline. Within-group changes from 
baseline to the 12-month follow-up were analyzed using the Wilcoxon signed-rank test. 
Subjects with missing values were excluded from the analysis. Since multiple 
comparisons were performed within each group, the Bonferroni technique was used to 
adjust the alpha value. After adjustment, an alpha value of 0.01 was considered 
significant with regard to the risk factor value analyses.  
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RESULTS 

Study I 

Between 1998 and 2008, 173 233 AMI patients were included in RIKS-HIA, among 
whom 33 503 (19%) were previously diagnosed with DM. Table 1 shows the baseline 
patient characteristics. Table 2 shows the in-hospital treatment and prescription 
patterns at discharge over time among patients with and without diabetes. 

Table 1. Baseline characteristics of patients with and without diabetes mellitus (DM) 

 
No DM 

n=139 730 
DM 

n=33 503 

Age in years 73 (62–81) 74 (65–80) 

Female sex 36.0 39.8 

Habitual smoker 24.0 17.5 

Hypertension 35.6 54.8 

CKD 1.6 4.8 

Prior myocardial infarction 14.1 22.9 

Prior congestive HF 9.8 21.0 

Prior ischemic stroke 7.2 13.7 

Prior peripheral artery disease 4.6 10.2 

STEMI 37.1 28.6 

AF during hospitalization 6.3 6.9 
Clinical signs of HF during 
hospitalization 32.7 45.7 

Data are presented as median and interquartile range for continuous variables, and as percentages for 
categorical variables.  
n, number of valid cases; CKD, chronic kidney disease; HF, heart failure; STEMI, ST elevation myocardial 
infarction; AF, atrial fibrillation. 
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Table 2. Treatment during hospitalization and at discharge, stratified by time-period and for 
patients with and without diabetes mellitus (DM) 

 1998–2000 2001–2003 2004–2006 2007–2008 

 No DM DM No DM DM No DM DM No DM DM 

Revascularization during hospitalization, % 

PCI 19.7 15.0 30.7 23.8 46.5 38.6 53.8 45.1 

Thrombolysis 29.7 20.8 21.3 14.8 7.9 5.9 2.5 1.9 

CABG 1.1 1.1 1.7 1.7 2.7 2.8 2.2 3.1 

Medication at discharge, % 

ASA 86.1 83.6 85.5 83.2 90.6 88.3 92.7 91.4 

P2Y12 inhibitor 6.9 5.2 33.5 29.2 64.8 56.9 75.8 68.6 

Beta blocker 81.5 79.0 85.5 85.1 87.5 88.2 89.1 89.7 

Calcium antagonist 13.4 18.6 12.3 18.5 11.4 19.1 12.2 22.2 

ACEI 38.1 54.0 45.3 62.5 50.2 57.8 56.5 60.2 

ARB x x x x 8.4 17.1 10.8 21.5 

Diuretic 39.3 60.1 36.3 58.2 33.3 54.8 29.2 50.4 

Statin 40.0 38.3 59.7 58.8 74.3 73.7 83.0 81.8 

PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ASA, acetylsalicylic acid; 
ACEI, angiotensin-converting enzyme inhibitor; and ARB, angiotensin receptor blocker 

A total of 1848 patients with DM (5.5%) suffered an ischemic stroke within one year 
after admission for AMI. Ischemic stroke occurred during the initial hospitalization for 
an AMI in 2.5% of DM patients in 1998–2000, and in 1.9% of DM patients in 2007–
2008. The corresponding rates among non-DM patients were 1.5% for both time-
periods. Ischemic stroke rates within one year after admission for AMI decreased 
substantially over time, from 7.1% in 1998–2000 to 4.7% in 2007–2008 among DM 
patients, and from 4.2% to 3.7% in the corresponding time-periods among non-DM 
patients (Figure 1). This risk reduction over the time-periods was significantly greater 
among patients with DM compared to those without DM (p<0.01). Figure 2 shows the 
predictors of post-AMI ischemic stroke among DM patients in the multivariate 
analyses. 
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Figure 1. Cumulative occurrence of ischemic stroke within one year after admission for acute 
myocardial infarction among patients with diabetes mellitus (A) and without diabetes mellitus (B) 

 
All stroke occurrences during the initial hospital stay were coded as having occurred at the beginning of 
follow-up; thus, the Kaplan–Meier curves start at day 0. 

 

Figure 2. Multivariable Cox regression analysis of predictors of ischemic stroke within one year 
after acute myocardial infarction in patients with diabetes mellitus 

 
HR, hazard ratio; CI, confidence interval; STEMI, ST-elevation myocardial infarction; AF, atrial fibrillation; 
PCI, percutaneous coronary intervention; and ASA, acetylsalicylic acid. 

  

8

7

6

5

4

3

2

1

0

8

7

6

5

4

3

2

1

0

A B

0,5 1 1,5 2 2,5

Age

Prior ischemic stroke

STEMI

AF during hospitalization 

PCI during hospitalization

ASA at discharge

P2Y12 inhibitor at discharge

Statin at discharge

HR   95% CI       p-value

1.02

2.57

1.22

1.29

0.67

0.80

0.85

0.88

1.01–1.02

2.32–2.85

1.09–1.38

1.10–1.51

0.59–0.77

0.71–0.90

0.76–0.97

0.79–0.96

<0.001

<0.001

0.001

0.002

<0.001

<0.001

0.01

0.03

0.5 1.5 2.5



 

24 

Study II 

Of the 118 434 patients who experienced an index AMI between 2003 and 2010, 40 
679 (34.3%) were classified as having CKD, and 588 (1.4%) of these patients were 
receiving dialysis. Table 3 shows their baseline characteristics stratified by CKD stage. 
Table 4 shows the in-hospital and discharge treatments over time among patients with 
and without CKD. 

Ischemic stroke occurred during hospitalization for an AMI in 923 patients with CKD 
(2.3%) and 901 patients without CKD (1.2%) (p<0.001). The in-hospital ischemic 
stroke incidence did not change during the study period. Figure 3 shows the significant 
results from the multiple logistic regression analyses for predictors of in-hospital 
ischemic stroke among CKD patients. 

Table 3. Baseline characteristics stratified by estimated glomerular filtration rate (eGFR) 

 

eGFR 
≥90 

n=24 271 

eGFR 
60–89  

n=53 484 

eGFR 
30–59 

n=33 104 

eGFR 
15–29 

n=5740 

eGFR 
<15/dialysis 

n=1835 

Age in years 59 (52–65) 72 (64–79) 80 (74–85) 83 (77–87) 77 (67–83) 

Female sex 24.8 33.8 46.9 50.5 39.9 

Habitual smoker 44.1 21.3 13.0 11.5 15.4 

Diabetes mellitus 16.8 17.1 24.3 34.1 42.1 

Hypertension 11.0 18.3 31.5 43.6 60.5 

STEMI 39.3 33.2 26.9 22.6 20.5 

Atrial fibrillation 6.5 16.1 28.9 35.1 33.0 

Prior myocardial 
infarction 5.5 10.1 18.8 25.9 23.1 

Prior congestive HF 2.0 5.9 18.4 34.5 31.0 

Prior ischemic stroke 2.9 6.5 12.9 17.1 16.9 

Prior peripheral artery 
disease 2.1 3.9 7.9 13.5 18.8 

Data are presented as median and interquartile range for continuous variables, and as percentages for 
categorical variables.  
n, number of valid cases; STEMI, ST elevation myocardial infarction; HF, heart failure.  
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Table 4. Treatment during hospitalization and at discharge, stratified by time-period and for 
patients with and without chronic kidney disease (CKD) 

 2003–2004 2005–2006 2007–2008 2009–2010 

 No 
CKD CKD No 

CKD CKD No 
CKD CKD No 

CKD CKD 

In-hospital; STEMI patients, % 

PCI 57.7 32.4 78.4 53.3 84.4 62.5 89.8 69.9 

Thrombolysis 37.5 34.6 13.6 15.2 6.5 6.0 6.1 5.6 

Glycoprotein IIb/IIIa inhibitor 34.6 18.7 57.6 35.9 57.3 36.1 38.6 25.0 

In-hospital; NSTEMI patients, % 

Anticoagulant* 80.3 70.5 85.7 78.0 86.2 78.0 83.4 76.7 

PCI 36.3 13.2 47.2 21.1 51.5 22.8 55.5 28.8 

Glycoprotein IIb/IIIa inhibitor 14.3 5.3 18.4 7.2 13.6 5.2 7.9 3.4 

Medication at discharge, % 

ASA 90.5 83.5 93.4 86.3 94.5 87.9 95.1 89.1 

P2Y12 inhibitor 60.2 36.5 74.8 53.3 81.0 59.9 84.7 69.0 

Warfarin 5.4 9.4 4.7 8.2 5.0 9.5 5.4 10.6 

Beta blocker 88.9 83.5 89.4 84.7 90.4 86.9 90.3 87.5 

ACEI/ARB 53.6 54.0 62.0 61.8 71.0 65.8 76.4 70.4 

Calcium antagonist 10.8 16.2 11.5 17.0 11.8 20.4 13.1 21.9 

Diuretic 25.1 59.5 25.5 60.8 22.9 58.9 21.0 55.5 

Statin 77.3 53.3 83.8 61.8 88.8 69.4 91.1 73.9 

* Unfractionated heparin, low-molecular-weight heparin, or fondaparinux.  
STEMI, ST elevation myocardial infarction; PCI, percutaneous coronary intervention; NSTEMI, non-ST 
elevation myocardial infarction; ASA, acetylsalicylic acid; ACEI, angiotensin-converting enzyme inhibitor; 
ARB, angiotensin receptor blocker. 

During the first year after discharge from the hospital for an AMI, ischemic stroke 
occurred in 1275 CKD patients (3.1%) and 1313 non-CKD patients (1.7%) (p<0.001). 
The stroke incidence significantly decreased over time among patients with CKD, from 
4.1% in 2003–2004 to 2.5% in 2009–2010 (Figure 4). Among patients without CKD, 
the post-discharge ischemic stroke rate decreased from 2.0% to 1.3%. The decrease 
observed among CKD patients was significantly greater than that among non-CKD 
patients (p<0.006). Figure 5 shows the significant predictors in the multivariate analyses 
for post-AMI ischemic stroke among CKD patients. 
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Figure 3. Multiple logistic regression analysis of predictors for ischemic stroke during 
hospitalization for acute myocardial infarction among patients with chronic kidney disease 

 
* HF during hospitalization was defined as the occurrence of pulmonary rales or treatment with intravenous 
diuretics during hospitalization.  
HR, hazard ratio; CI, confidence interval; STEMI, ST-elevation myocardial infarction; AF, atrial fibrillation; 
HF, heart failure; PCI, percutaneous coronary intervention. 

Figure 4. Cumulative occurrence of ischemic stroke within one year after discharge for acute 
myocardial infarction in patients with chronic kidney disease (A) and patients without chronic 
kidney disease (B) 

 

Figure 5. Multivariable Cox regression analysis of predictors for ischemic stroke within one year 
after acute myocardial infarction in patients with chronic kidney disease  

HR, hazard ratio; CI, confidence interval; STEMI, ST-elevation myocardial infarction; AF, atrial fibrillation; 
PCI, percutaneous coronary intervention. 
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Study III 

Within the NAILED trial, 201 ACS, stroke, or TIA patients with DM (101 intervention 
and 100 control patients) received at least one follow-up call before February 14, 2013, 
and one follow-up after March 31, 2013 (Figure 6 and Table 5). 

Figure 6. Patient flow diagram 
 

 
* When necessary, medication was titrated until achieving target value or until no further changes were 
considered reasonable.  
Jan, January; Feb, February; n, number of cases; Mar, March; DM, diabetes mellitus; LDL-C, low-density 
lipoprotein cholesterol. 
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Table 5. Baseline characteristics 

 
Intervention 

n=101 
Control  
n=100 

Age in years 72 (66–80) 73 (66–79) 

Female sex 27.7 30.0 

Smoking 4.0 6.0 

Prior cardiovascular disease* 38.6 42.0 

HbA1c, mmol/mol 58 (50–70) 57 (51–65) 

Weight, kilograms 85 (75–97) 86 (76–97) 

Waist, centimeters 103 (95–111) 105 (96–112) 

Systolic blood pressure, mmHg 128 (120–133) 134 (124–145) 

Diastolic blood pressure, mmHg 70 (65–80) 76 (70–82) 

Cholesterol, mmol/L 3.7 (3.4–4.0) 4.1 (3.6–4.6) 

LDL-C, mmol/L 1.9 (1.5–2.0) 2.1 (1.6–2.5) 

HDL-C, mmol/L 1.20 (0.98–1.39) 1.18 (0.97–1.48) 

Triglycerides, mmol/L 1.4 (1.0–1.9) 1.5 (1.2–2.2) 

Study, ACS† 64.4 47.0 

No lipid lowering treatment 9.9 12.0 

Simvastatin 47.5 54.0 

Atorvastatin 36.6 32.0 

Other lipid lowering strategy‡ 5.9 1.0 

Data are presented as median and interquartile range for continuous variables and as percentages for 
categorical variables.  
* Previous myocardial infarction, angina pectoris, stroke, or peripheral artery disease.  
† Patient included in the study due to ACS or stroke/TIA.  
‡ Rosuvastatin, combination of rosuvastatin and ezetimibe or gemfibrozil.  
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ACS, acute 
coronary syndrome. 

Prior to the target change (i.e., when the target LDL-C was still <2.5 mmol/L), the 
median LDL-C value was 1.9 mmol/L in the intervention group and 2.1 mmol/L in 
the control group (p<0.001). Following the change of the target LDL-C value to <1.8 
mmol/L, the median values were 1.7 mmol/L in the intervention group and 2.0 
mmol/L in the control group (p<0.001). After the change of guidelines, LDL-C values 
decreased significantly in the intervention group (p=0.03), but not in the control group 
(p=0.77). After the change of guidelines, at least one medication titration was received 
by 39.6% of patients in the intervention group, and by 9.0% of control patients 
(p<0.001). Atorvastatin was the drug most commonly used in the intervention group 
(received by 56.4% of the intervention patients after the guideline change), while 
simvastatin was most common in the control group (given to 51.0% of control patients 
after the guidline change). 
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Figure 7 shows the proportions of patients that reached the target value before and 
after the guideline change. Figure 8 presents the reasons given for why 35 intervention 
patients and 64 control patients did not reach target values. 

Figure 7. Proportion of patients that achieved the target LDL-C value before and after 
the guideline change 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* The target value at the time of investigation.  
LDL-C, low-density lipoprotein cholesterol. 

 

Figure 8. Reported reasons for not reaching the target LDL-C value 

 
* No reason was reported for not performing any intervention 
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Study IV 

Among the 1511 patients included in the NAILED trial between January 2010 and June 
2013, 435 patients were diagnosed with DM and/or CKD, had a 12-month follow-up, 
and were thus were included in this analysis (Figure 9 and Table 6).  

Figure 9. Patient flow diagram 

  
 
* The target LDL-C value was <2.5 mmol/L until March 31, 2013, when local guidelines for diabetic patients 
changed this target to <1.8 mmol/L. 
†Medication was titrated until reaching target values or until no further changes were considered appropriate.  
n, number of cases; DM, diabetes mellitus; CKD, chronic kidney disease; LDL-C, low-density lipoprotein 
cholesterol; BP, blood pressure. 
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Table 6. In-hospital patient characteristics 

 
Intervention 

n=225 
Control  
n=215 

Age in years 75 (67–82) 75 (67–80) 

Female sex, n (%) 86 (38.2) 75 (34.9) 

Smoking, n (%) 25 (11.1) 23 (10.7) 

BMI 27.9 (24.7–31.0) 27.2 (24.6–30.2) 

Diabetes mellitus, n (%) 139 (61.8) 128 (59.5) 

Chronic kidney disease, n (%) 121 (53.8) 123 (57.2) 

Prior disease, n (%)   
Coronary artery disease 52 (23.1) 57 (26.5) 

Stroke/TIA 52 (23.1) 44 (20.5) 

Peripheral artery disease 8 (3.6) 9 (4.2) 

Qualifying event, n (%)   
Unstable angina 7 (3.1) 9 (4.2) 

NSTEMI 82 (36.4) 70 (32.6) 

STEMI 30 (13.3) 24 (11.2) 

TIA 35 (15.6) 42 (19.5) 

Ischemic stroke 68 (30.2) 66 (30.7) 

Hemorrhagic stroke 3 (1.3) 4 (1.9) 

Treatment at admission, n (%)  
Antihypertensive drug (≥1) 183 (81.3) 188 (87.4) 

Lipid-lowering drug 92 (40.9) 113 (52.6) 

Treatment at discharge, n (%)  
Antihypertensive drug (≥1) 211 (93.8) 199 (92.6) 

Lipid-lowering drug 185 (82.2) 180 (83.7) 

Data are presented as median and interquartile range for continuous variables.  
n, number of cases; BMI, body mass index; TIA, transient ischemic attack; NSTEMI, non-ST elevation 
myocardial infarction; STEMI, ST elevation myocardial infarction. 

Among patients not meeting target values, the baseline median values for LDL-C, SBP, 
and DBP were similar between the intervention and control groups (Table 7). At the 
12-month follow-up, the intervention group showed significantly lower LDL-C levels 
and a non-significant trend towards lower SBP values compared to the control group 
(Table 7).  

The proportions of patients who had achieved target values at baseline did not 
significantly differ between groups, with target LDL-C levels met by 60.8% of 
intervention and 62.7% of control patients, and target SBP achieved by 60.3% of 
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intervention and 55.8% of control patients. Figure 10 shows the proportions of patients 
who had reached target value at the 12-month follow-up stratified by whether the 
patients had reached or were above target values at baseline. 

Table 7. Risk factor values for patients with above-target values at baseline 

 
Intervention Control p-value 

LDL-C ≥2.5/1.8† baseline, n 87 78  

LDL-C baseline 2.9 (2.6–3.5) 2.9 (2.7–3.7) 0.74 

LDL-C 12 months 2.2 (1.8–3.0)*** 3.0 (2.4–3.4)** <0.001 

SBP ≥140 baseline, n 89 95  
SBP baseline 150 (142–160) 150 (140–160) 0.97 

SBP 12 months 140 (129–155)*** 145 (130–158)*** 0.26 

DBP ≥90 baseline, n 25 26  
DBP baseline 90 (90–95) 90 (90–96) 0.71 

DBP 12 months 80 (75–86)*** 80 (75–91)*** 0.48 

Data are presented as median and interquartile range for continuous variables.  
** p≤0.01, *** p≤0.001, indicating a significant change of median values within each group between baseline 
and 12 months.  
† The target LDL-C value was <2.5 mmol/L until 31 March, 2013, when local guidelines for diabetic patients 
changed this target to <1.8 mmol/L.  
LDL-C, low-density lipoprotein cholesterol (mmol/L); n, number of cases; SBP, systolic blood pressure 
(mmHg); DBP, diastolic blood pressure (mmHg). 

Figure 10. Proportion of patients who reached target values at 12 months 

 
Proportion of patients who reached target values at 12 months, stratified by whether the patients had reached 
or were above target values at baseline.  
*The target LDL-C value was <2.5 mmol/L until 31 March 2013, when local guidelines for diabetic patients 
changed this target to <1.8 mmol/L.  
LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure. 
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At baseline, the proportion of patients who met all target values (LDL-C, SBP, and 
DBP) did not significantly differ between the groups (34.2% of the intervention versus 
35.1% of the control group). After medication titration, 83.8% of the patients in the 
intervention group reached all target values. At the 12-month follow-up, all target 
values were met by 40.0% of the intervention patients and 28.2% of the control 
patients (p=0.01).  

Finally, we repeated the analyses separately for patients with DM and CKD.  Among 
the DM patients whose baseline LDL-C levels were above target, at the 12-month 
follow-up, target LDL-C levels were met by 43.5% of the intervention group, 
compared to 26.5% in the control group (p=0.12). For DM patients with above-target 
baseline SBP values, at the 12-month follow-up, target SBP was reached by 42.1% of 
the intervention group, compared to 36.8% of the control group (p=0.57). Among 
CKD patients with above-target baseline LDL-C, 60.4% of the intervention group 
reached target LDL-C levels at 12 months, compared to 14.3% of the control patients 
(p<0.001). Of the CKD patients with above-target baseline SBP, at the 12-month 
follow-up, 59.6% or intervention patients reached target SBP, compared to 35.2% of 
the control patients (p=0.01).  
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DISCUSSION 

Patient population 

For the studies in this thesis, we applied as few exclusion criteria as possible when 
selecting the patient populations. Studies performed in unselected patient populations 
are required to produce an accurate picture of the patients suffering from a 
cardiovascular event, and of the patient management in clinical practice. 

Studies I and II included all patients whose first AMI was registered in RIKS-HIA 
during the studied time-period. Study II had the additional criteria that the patients had 
to have a registered creatinine value. RIKS-HIA provides a great means to study 
unselected patient populations, and its inclusion of over 100 000 individual patients 
presents a unique opportunity for subgroup analyses of specific patient populations—
such as patients with diabetes or decreased kidney function. One indication of the 
relatively unselected patient populations in Studies I and II is that the median ages were 
over 70 years. In contrast, clinical trials investigating ACS or stroke treatments often 
include populations with a mean or median age of below 65 years old. Moreover, 
RIKS-HIA included nearly 100% coverage of the CCU admissions during the studied 
time-period.[92] Thus, our data from Studies I and II provide a fairly reliable 
assessment of the post-AMI ischemic stroke incidence. However, the incidence may 
have been higher if our study had included all hospitalized AMI patients, since older 
patients and those with more comorbidities (i.e., those who most likely have the highest 
risk of stroke) are probably less prioritized to CCU department admission compared 
with younger and healthier individuals.  

Previous trials evaluating telephone support as a part of cardiovascular secondary 
preventive care have included relatively young patients, or have recruited patients from 
cardiac rehabilitation programs.[101-104] Such selected patient populations do not 
represent the general population hospitalized for a cardiovascular event and the 
selection makes it difficult to generalize the results to predict the effects that the studied 
interventions would have in real-life practice. The method tested in the NAILED trial 
was designed to be broadly implementable in clinical practice and, therefore, few 
exclusion criteria were used. Patients were only excluded if they were unable to 
communicate by telephone, had severe terminal disease, or were enrolled in a 
concurrent trial. The fact that the study population was more representative of general 
cardiovascular patients makes our results more applicable in real-life practice. 
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Utilization of evidence-based treatments 

Acute myocardial infarction 
Our results indicated that high-risk patients with DM or CKD received fewer evidence-
based treatments in the acute setting of an AMI, and at post-AMI discharge, compared 
to non-DM or non-CKD patients. DM patients were less likely to be revascularized 
with PCI, and less commonly received ASA, P2Y12 inhibitors, and statins at discharge—
even though these treatments were associated with reduced risk of post-AMI ischemic 
stroke among diabetic patients. Less usage of evidence-based treatments in DM 
patients has been reported previously.[70] Data from the Euro Heart Survey on 
Diabetes suggest that the underutilization of evidence-based treatments among DM 
patients can be largely explained by baseline characteristics.[105] We did not examine 
the reason for the underutilization observed in Study I; thus, we can only speculate on 
why this occurred. As suggested in the Euro Heart Survey on Diabetes, one possible 
reason may be baseline characteristics and comorbidities, including a higher prevalence 
of renal insufficiency in DM patients compared to non-DM patients. Study II revealed 
a wide and continuous gap between CKD and non-CKD patients regarding the use of 
interventional and pharmacological treatments. This was probably largely due to the 
shortage of available evidence from clinical trials indicating how to treat patients with 
decreased kidney function, especially in the more severe stages of CKD.[106]  

Cardiovascular secondary prevention 
In Studies I and II, the patients with DM or CKD received fewer treatments during 
hospitalization and at discharge compared to non-DM and non-CKD patients. One 
might speculate that this pattern of treatment underutilization in DM and CKD 
patients continues during the first year after discharge from the hospital, leading to 
higher risk factor values and consequently increased risk of future events. In Study IV, 
we investigated the proportion of patients reaching risk factor target values at 12 
months after a cardiovascular event, which provides a more reliable estimate of patient 
risk profiles than just looking at prescribed medications. Our results showed that a 
suboptimal proportion of patients with DM and CKD reached the target risk factor 
values in the usual care setting following an ACS, stroke, or TIA. Among the patients 
with DM and CKD who had above-target baseline LDL-C or BP, by the 12-month 
follow-up, only 21% had reached the target LDL-C and 37% reached the target BP. 
These results indicate that risk factor control in these high-risk patients is not better 
than in the general CVD population.  

Previously available data indicate poor rates of reached target risk factor levels among 
patients with CVD. The EUROASPIRE IV investigation included 7998 patients with 
coronary artery disease in 24 European countries, and showed that 84% of these 
patients had LDL-C values of ≥1.8 mmol/L and 43% had BP of ≥140/90 mmHg. 
Among the 359 Swedish patients included in the EUROASPIRE IV analyses, the 
corresponding percentages were 81% and 38%, respectively.[44] SWEDEHEART data 
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from patients of less than 75 years of age show that at 12–14 months post-AMI, the 
rates of target value achievement were 46% for LDL-C and 70% for SBP.[93] Among 
patients with ischemic stroke registered during 2014 in the Swedish quality register 
Riksstroke, 71% received a statin at discharge from hospital and 78% received a blood 
pressure-lowering medication. However, no follow-up data regarding risk factor target 
achievement are presented. Alvarez-Sabin et al[42] reported high usage of 
antihypertensive drugs or statins among Spanish primary care patients with a previous 
ischemic stroke or coronary artery disease; however, less than 30% of these patients 
showed risk factor values within target, and the lowest proportions of goal achievement 
were among patients with a previous ischemic stroke. 

Exploratory separate analyses of DM and CKD patients suggested that, in usual care, 
the management of DM patients seems to be better than the management of CKD 
patients. Among CKD patients in the control group who showed above-target baseline 
LDL-C and SBP values, at the 12-month follow-up, only 14% reached target LDL-C 
and 35% reached target BP (Study IV). On the other hand, among the CKD patients 
with above-target baseline values in the intervention group, a significantly larger 
proportion (60%) reached target LDL-C and SBP values at 12 months. The proportion 
of patients reaching target values in the CKD intervention group was higher than that 
in the combined DM plus CKD intervention group, indicating that the poor figures 
observed in CKD control patients were not due to unmanageable risk factors or 
contraindication for pharmacological treatment in these patients.  

One possible explanation for the low figures noted in the CKD control group, is that 
GPs do not intensify pharmacological treatments in these patients due to concerns 
regarding adverse effects in patients with decreased kidney function. Nonetheless, the 
low proportion of patients reaching target BP values in the control group in the 
NAILED trial is somewhat surprising, since aggressive BP treatment is a main strategy 
for slowing kidney damage progression. Moreover, a meta-analysis investigating statin 
treatment in CKD patients found that statins had beneficial effects on all-cause 
mortality, cardiovascular mortality, major cardiovascular events, myocardial infarction, 
and stroke among CKD patients not receiving dialysis, without increased adverse 
effects.[91] The NAILED trial did not include patients with terminal disease, and thus 
none of the analyzed patients had end-stage renal disease or were receiving dialysis 
treatment, leaving it unclear why 86% of the control CKD patients who were above 
target LDL-C levels at baseline were still above target at 12 months. 

The smaller difference between intervention and control patients with DM with regard 
to the proportion patients who reached target values at 12 months may be explained by 
the careful monitoring of patients with DM within the Swedish health care system. In 
Jämtland County, it is recommended that diabetic patients make a yearly visit to the GP 
and a yearly visit to a nurse, with assessment of blood glucose values, diabetes-
associated problems (e.g., blood lipids and BP), and evaluation of medications. Thus, 



 

37 

DM patients receive superior risk factor monitoring compared to the general ACS, 
stroke, and TIA population. However, despite the enhanced follow-up of DM patients, 
Study III revealed that a substantial proportion (64%) of the control patients with DM 
in the NAILED study did not achieve the new target LDL-C levels introduced in 2013. 
Furthermore, in over three-quarters of these cases, the patient records included no 
explanation for the missed target values. Possible causes could include lack of time, lack 
of patient adherence to medication, or that the GP missed the updated guideline 
recommendation due to the abundance of other guidelines.[107] It is notable that 
several primary care facilities in Jämtland County have had a shortage of GPs and have 
employed a large proportion of temporary relay doctors. This has likely led to less 
persistent care than in a healthcare system with good physician coverage. However, 
reliance on a large proportion of relay doctors is common in most parts of Sweden, and 
thus the results of Studies III and IV are probably fairly generalizable to other counties 
facing these problems.[108] 

 

Post-AMI ischemic stroke 

Post-AMI ischemic stroke risk and trends over time 
After experiencing an AMI, a patient is at increased risk of ischemic stroke. Prior 
studies have not clarified whether this risk is further enhanced among patients with 
concurrent DM or CKD. As such patients have an overall higher risk of CVD, it would 
be reasonable to believe that they carry an increased risk of post-AMI ischemic stroke. 
However, prior studies investigating post-AMI risk of ischemic stroke have reported 
inconsistent results concerning whether these comorbidities are associated with 
increased risk.[19, 22-24, 26, 57-60, 74, 80] Moreover, many such previous studies were 
performed before the use of the modern treatments available today, were performed in 
selected patient populations, and assessed kidney function using a variety of techniques. 
The studies in this thesis were performed in a large unselected CCU patient population, 
and our results showed that DM and CKD patients carry an increased risk of ischemic 
stroke during hospitalization and during the year following an AMI, compared to non-
DM and non-CKD patients. 

Over the first decade of the twenty-first century, the risk of ischemic stroke during the 
year following an AMI has declined. This may be explained by a combination of 
factors. Acute and secondary preventive treatments have improved, with increased 
usage of PCI, ASA, P2Y12 inhibitors, and statins. Additionally, these years have seen 
decreased occurrence of established risk factors for stroke, such as STEMI, atrial 
fibrillation, and heart failure, as well as general improvement of modifiable risk factors. 

The larger reduction of post-AMI ischemic stroke presently reported in DM and CKD 
patients compared to non-DM and non-CKD patients is likely explained by several 
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factors. Patients with DM and CKD may have benefited more from increased usage of 
evidence-based treatments during the studied time-period, since these patients more 
often have disseminated and more severe atherosclerosis. In 2008, Anselmino et al[109] 
reported that, among patients with coronary artery disease, those with DM showed 
greater benefits from the use of evidence-based treatments compared to non-diabetic 
patients. Another factor that may contribute to the larger risk reduction seen among 
DM and CKD patients could be the time-point at which diabetes or CKD patients 
receive medical attention. With the global diabetes epidemic and increased focus on the 
hazards of both DM and CKD, physicians might have been more observant of glucose 
intolerance and signs of renal insufficiency during the later parts of the studied time-
period. This could have led to the initiation of preventive treatments at earlier disease 
stages, leading to a healthier DM and CKD population.  

With the exception of patients with DM, the patient groups investigated in Studies I 
and II did not show decreased risk of in-hospital ischemic stroke during the study 
period, despite the introduction of more effective antithrombotic treatments in the 
acute setting of an AMI. These results are in line with the results from GRACE, which 
showed that stroke risk during the initial hospitalization for ACS did not decrease 
between 2000 and 2005, even as decreases were observed for other outcomes, such as 
in-hospital death and recurrent myocardial infarction.[110] DM patients reportedly 
show more pronounced platelet reactivity after an ACS than non-DM patients, while 
no such difference has been observed between CKD and non-CKD patients.[111, 112] 
It is possible that this increased platelet reactivity in DM patients conferred a larger 
benefit from the increased use of P2Y12 inhibitors (primarily clopidogrel) during the 
study period.  

Predictors of post-AMI ischemic stroke 
Risk factor analyses for ischemic stroke within one year following an AMI revealed that 
previously established risk factors for ischemic stroke (e.g., previous ischemic stroke, 
STEMI, and atrial fibrillation) were also associated with post-AMI ischemic stroke 
among patients with DM or CKD. PCI during hospitalization and receiving statins at 
discharge were associated with reduced risk in both DM and CKD patients.  

Based on the limited trial data available and the sometimes uncertain results, it can be 
difficult to decide whether to use PCI in patients with CKD. A meta-analysis of clinical 
trials shows that PCI is associated with non-significant risk reductions for mortality and 
myocardial infarction; registry data suggest that PCI is associated with lower rates of in-
hospital and 30-day mortality; and SWEDEHEART data show beneficial effects of PCI 
among patients with mild to moderate CKD but not with severe CKD.[86, 87, 113] 
Study II of the present thesis contributes information towards addressing the still 
unanswered question of whether to revascularize CKD patients with PCI. PCI in CKD 
patients seems to have a beneficial effect in terms of reducing the risk of ischemic 
stroke. Further investigations, particularly randomized controlled trials, are needed to 



 

39 

determine the optimal management of CKD patients in the acute setting of an ACS. 
Moreover, defining CKD based on an eGFR of <60 mL/min/1.73 m2 leads to the 
inclusion of a diverse group of patients. In future studies, it would be desirable to 
subdivide the patient populations based on different CKD stages to assess whether the 
hazards of PCI becomes greater than the advantages at a particular CKD stage 

As mentioned earlier, statins seems to have positive effects in pre-dialysis patients.[91] 
The results of Study II expand the previous knowledge, including the finding of 
reduced post-AMI ischemic stroke risk in CKD patients in patients with statin 
treatment. Thus, it is disadvantageous that only 74% of the patients with CKD in Study 
II received statin treatment at discharge during the most recent studied time-period 
(2009–2010). 

Mechanisms 
The exact mechanism behind the increased risk of post-AMI ischemic stroke is 
presently unknown. One theory is that a large anterior transmural infarction with 
motion abnormalities can lead to thrombi formation in the left ventricle. To reduce the 
risk of embolic events, guidelines recommend that anticoagulant therapy should be 
considered for patients with large anterior STEMI, or in cases with evidence of left 
ventricular thrombi.[13] However, left ventricular thrombi formation alone cannot 
explain the dramatically increased stroke risk early after an AMI, and other mechanisms 
remain to be identified. Early anticoagulation administration reduces the risk of 
thrombus formation, but has not been proven to reduce the risk of embolic events in 
the acute setting of an AMI.[114] In Study II, we found no association between initial 
treatment with anticoagulants and reduced risk of post-AMI ischemic stroke among 
CKD or non-CKD patients. Furthermore, thrombus formation occurs almost 
exclusively after an anterior STEMI. Although our results have shown that STEMI was 
a factor related to increased ischemic stroke risk, many of these STEMI were of non-
anterior location. Moreover, although the STEMI frequency was lower in DM and 
CKD patients compared to non-DM and non-CKD patients, DM and CKD patients 
still showed an increased risk of post-AMI ischemic stroke. Udell et al.[26] found no 
evidence of increased ischemic stroke risk after a myocardial infarction with an anterior 
wall location compared to other locations.  

We believe that the increased risk of early post-AMI ischemic stroke may partly result 
from increased platelet reactivity. Inflammation is associated with enhanced platelet 
reactivity, which might explain some of the increased ischemic stroke risk for patients 
with DM or CKD compared to non-DM or non-CKD patients, as well as the observed 
preventive effect of statins. Moreover, the preventive effect seen with PCI could be due 
in part to the reduced size of the damaged myocardium, which would correspond to 
reduced inflammation and platelet reactivity. Additionally, a reduced damaged 
myocardium size would be associated with reduced risk of atrial fibrillation and heart 
failure, both of which are associated with an increased risk of ischemic stroke.  
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Nurse-based, telephone follow-up after CVD 

To our knowledge, no previous trials have investigated a multifactorial intervention to 
improve modifiable risk factors and risk factor control after a cardiovascular event in a 
population of patients with DM or CKD. Our results indicated that nurse-based 
secondary preventive telephone follow-up, including physician-directed medication 
titration to reach recommended risk factor levels, leads to improved LDL-C values at 
12 months after an ACS, stroke, or TIA among patients with DM or CKD. Previous 
studies have indicated that cardiovascular secondary preventative care is suboptimal, 
with high proportions of uncontrolled risk factors in clinical practice. Thus, there is a 
demand for new methods of delivering and improving secondary preventive care. 
Previous evaluations of several methods—including patient education, physician 
education, and pre-booked doctor appointments—have generally shown only minor or 
no improvement of modifiable risk factors. This has also been true for organizational 
strategies, including telephone follow-up, despite the use of frequent or comprehensive 
follow-up programs.[101, 103, 104, 115, 116] For example, in the Choice of Health 
Options In prevention of Cardiovascular Events (CHOICE) trial, ACS patients 
received an initial hour-long consultation followed by multiple telephone calls over a 
three-month period, during which patients were encouraged to participate in decision-
making regarding their secondary preventive treatment. This follow-up program led to 
a mean LDL-C reduction of 0.4 mmol/L.[103] In the NAILED trial, the median LDL-
C value at 12 months for DM and CKD patients with above-target values at baseline 
was 0.8 mmol/L lower in the intervention group compared to the control group 
(p<0.001). In Study IV, we also saw a non-significant median SBP reduction of 5 
mmHg with nurse-based telephone follow-up compared to usual care. The non-
significance of this result may be due to a lack of analysis power, as the study sample 
was calculated to detect a difference of 8 mmHg in mean SBP (two-tailed alpha, 0.05; 
power, 80%).   

There are many possible explanations for why improvement with the NAILED 
intervention compared to usual care was greater with regard to LDL-C than SBP. One 
possibility is that the GPs, who are responsible for managing a wide diversity of 
conditions, could have mixed up the different target LDL-C values used in different 
patient populations and different risk groups. In contrast to LDL-C, SBP has an 
established target value of <140 mmHg regardless of patient population. Additionally, 
some patients monitor their blood pressure at home, making them more aware of 
elevated values and thus more likely to contact their GP for a BP-related intervention. 
It is also notable that there are considerably more first-line options for pharmacological 
BP-lowering treatment (thiazides, beta blockers, ACEI, ARB, and calcium channel 
blockers) than first-line choices to decrease blood lipids.[27] It might be easier for a GP 
to motivate a patient with adverse effects from one kind of BP-lowering drug to try a 
completely different kind of BP-lowering drug, than to convince a patient to try 
another kind of statin. However, studies show that a majority of patients who stop their 
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statin treatment due to adverse effects can later resume statin treatment.[117] The 
NAILED trial intervention group received medication titration with a new blood lipid 
measurement and a follow-up call approximately every four weeks until target values 
were reached, which may have been better than usual care in terms of coping with 
potential adverse effects and convincing patients to take the maximum tolerated statin 
dose. This could explain the very few cases in which adverse effects were reported as 
the reason for not reaching the recommended target LDL-C value in the intervention 
group in Study III. The low number of reported adverse effects in the control group 
could have been because patients had previously reported adverse effects caused by 
lipid-lowering treatments but, this was not mentioned in the medical records reviewed 
within the study framework. 

Study III demonstrated that, compared to usual care, nurse-based telephone follow-up 
led to more efficient implementation of a new target LDL-C value for patients with 
DM. During the year following the guideline change, the new target LDL-C value was 
met by 65% of the patients in the intervention group compared to 36% in the control 
group. The main reason given for failing to reach the target value in the intervention 
group was that full-dose treatment (atorvastatin 80 mg or rosuvastatin 40 mg, with or 
without ezetimibe 10 mg) was insufficient, and thereby the failure to reach target values 
is not associated with the NAILED trial methodology. To our knowledge, no previous 
studies have compared different organizational methods to implement a new secondary 
preventive guideline. Nonetheless, efficient implementation of new clinical 
recommendations is of great interest with regard to providing patients with the best 
possible care.  

Key methodological features 
We believe that the NAILED method has several advantages compared to previously 
evaluated organizational strategies, including the prompt medication titration and new 
testing within four weeks in cases with elevated blood lipids and/or BP. In contrast, 
several of the previously examined telephone follow-up methods have mainly 
comprised counseling and risk factor education.[102, 104, 116] Overall, data do not 
show benefits of education in addition to usual care after an ischemic heart disease 
event or stroke.[46, 47] In the Preventing Recurrent Vascular Events and Neurological 
Worsening Through Intensive Organized Case-management (PREVENTION) trial, 
among patients with minor ischemic stroke or TIA, greater proportions of patients 
achieved their target LDL-C and SBP values when they had access to pharmacists with 
authority to make medication changes compared to the patients in the active control 
group.[118] These findings are in line with the results of a meta-analysis investigating 
the effects of different quality improvement strategies on HbA1c levels among patients 
with type 2 DM. Their data showed that interventions involving case managers who 
could adjust medications were the most useful method for improving HbA1c 
values.[119] 
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Another advantage of the NAILED method is that patients living in rural areas far 
from the hospital can obtain healthcare advice from a specialist in the field, without 
traveling to the hospital. Furthermore, it appears to be possible to implement this 
method in an aged patient population since the median age was 72 years in Study III 
and 75 years in Study IV. This is of great importance since the majority of CVD 
patients are aged. 

A key component in the success of a new strategy to deliver secondary preventive care 
is that the method is easy to implement throughout the healthcare organization. The 
NAILED trial method would likely be fairly easy to implement in the present 
healthcare system, requiring only limited additional resources to arrange a yearly check-
up of risk factors at each patient’s nearest healthcare facility and a telephone call. In 
contrast, previous trials, which have shown minor improvements of modifiable risk 
factors, have used complex methods, for example the pervious briefly described 
CHOICE method or the method used by Mittag et al.[102, 103] The method used by 
Mittag et al involved a monthly telephone follow-up, which requires greater resources 
and is probably not feasible to continue for the life-long secondary preventive follow-
up needed in patients with established CVD. Further studies are needed to determine 
whether the NAILED method is cost-effective.  

An important aspect of the NAILED method is that the follow-up is intended to be 
continued for a long term, stretching over several years, and hopefully inhibiting an 
increase in risk factor values over time. Study IV revealed that approximately 30% of 
the patients whose risk factors met target values at baseline (i.e., who did not receive 
medical titration) had above-target risk factor values at 12 months. In 
SWEDEHEART, the proportion of patients with target LDL-C values decreases 
between 6–10 weeks and 12–14 months after the myocardial infarction.[93] 
Intervention patients in the CHOICE trial showed improved mean LDL-C and SBP at 
the 12-month follow-up compared to patients managed with usual care, and this 
improvement was still present at 4 years of follow-up.[120] However, compared to the 
12-month mean LDL-C and SBP values, there was an apparent trend of increasing risk 
factor values in the intervention group at 4 years of follow-up. Moreover, the difference 
in 12-month LDL-C and SBP values between the intervention and usual care patients 
was reduced or no longer significant at 4 years of follow-up.[120] This indicates that a 
brief initial intervention after ACS may not be sufficient to encourage long-term 
reduction of risk factors values. Results from the NAILED trial with a longer follow-up 
after continued yearly intervention will be of great interest. Another issue of central 
importance, which was not investigated in the studies of this thesis, is whether the 
greater risk factor reduction seen in the intervention compared to in control patients 
will lead to fewer clinical events. Future studies will evaluate whether the NAILED 
method of delivering secondary preventive care can efficiently reduce recurrent 
cardiovascular events compared to usual care. 
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Limitations 

When analyzing registry data, it is impossible for an individual researcher to check the 
quality of the recorded data, as this is dependent on the accuracy of the person who 
entered it. Although this is a limitation in Studies I and II, the overall quality of RIKS-
HIA is controlled routinely and has shown a high degree of accuracy[92]  

The coverage of CCU admissions in RIKS-HIA was nearly 100% during the years 
investigated in Studies I and II. However, the coverage of patients with myocardial 
infarction who are not admitted to the CCU is less certain. In recent years, RIKS-HIA 
has recommended that all patients hospitalized with a myocardial infarction be listed in 
the registry, regardless of whether they are admitted to a CCU. The SWEDEHEART 
2014 annual report demonstrated a wide variation (63–98%) in patient coverage 
between hospitals in RIKS-HIA. While overall coverage was fairly good for myocardial 
infarction patients under the age of 80 years, coverage was substantially lower (below 
30%) in some hospitals with regard to patients aged 80 years or older.[93] This age bias 
was probably present during the years investigated in Studies I and II. 

In Studies II and IV, CKD was defined according to an estimate from a single 
creatinine value. In contrast, the recommended definition of CKD requires two 
measurements taken three months apart. Another potential limitation is that we could 
not guarantee that the registered creatinine value had reached steady state and was thus 
representative of the patient’s kidney function.  

Studies III and IV included both ischemic and hemorrhagic strokes in the analyses of 
LDL-C values. However, clinical trials have not shown advantages of statin treatment 
following a hemorrhagic stroke. The European Stroke Organization guidelines 
regarding the treatment of patients with intracranial hemorrhage do not mention 
statins, while the American guidelines state that there is insufficient data to recommend 
restrictions on statin use.[17, 29] Based on these guidelines, the NAILED study does 
not routinely manage increased LDL-C values for patients included in the study due to 
hemorrhagic stroke. One might argue that these patients should also be excluded from 
the LDL-C analyzes in Studies III and IV. However, the European Society of 
Cardiology preventive guidelines state that statins should be avoided following a 
hemorrhagic stroke unless there is evidence of atherosclerotic disease.[27] We assumed 
that the DM and CKD patients included in Study III and IV most likely had 
atherosclerosis, and we therefore did not exclude these patients from the analyses. 
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Implications 

The present thesis has shown that within an unselected CCU population of AMI 
patients, about one-fifth and one-third had concurrent DM and CKD, respectively. 
Moreover, these patients showed an increased risk of suffering an ischemic stroke 
during the year following an AMI. Patients with DM or CKD received fewer evidence-
based treatments in the acute setting and at discharge compared to patients without 
these comorbidities, particularly concerning patients with CKD. Determining the 
optimal management of patients with AMI and concurrent CKD will require further 
randomized control trials in which these patients are included and also subdivided into 
different stages of kidney disease. Data from such studies could enable the 
development of specific guidelines for this large group of patients. 

Even according to current guidelines, we have found that secondary prevention after 
CVD is suboptimally managed within usual care. In this thesis, we have evaluated a new 
method to deliver secondary preventive care using nurse-based telephone follow-up. 
Compared to usual care, this novel protocol was found to be more efficient in means of 
implementing a new LDL-C target for diabetic patients, and also resulted in greater 
improvement of LDL-C values at 12 months after discharge for an ACS, stroke, or TIA 
among patients with concurrent DM or CKD. To determine whether this method is 
effective in the long-term, future studies will evaluate the nurse-based telephone follow-
up method and assess the proportions of patients meeting target values at several years 
after the initial cardiovascular event. Furthermore, it remains of interest to investigate 
whether any observed risk factor improvements will lead to a decline in recurrent 
cardiovascular events. 
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Conclusions 

• Patients with DM or CKD have an increased risk of ischemic stroke after an AMI 
compared to non-DM or non-CKD patients. 

 
• The risk of ischemic stroke occurring within one year after an AMI has decreased 

over the first decade of the twenty-first century. This risk reduction was larger 
among patients with DM or CKD than among non-DM or non-CKD patients.  

 
• Patients with DM or CKD received less evidence-based treatments following an 

AMI than patients without these comorbidities.  
 

• Older age, previous stroke, AF and STEMI were factors associated with increased 
risk of post-AMI ischemic stroke among patients with DM or CKD. PCI and 
initiation of secondary preventive treatments in-hospital were associated with 
lower risk of post-AMI ischemic stroke. 

 
• Compared to usual care, cardiovascular secondary prevention with nurse-based 

telephone follow-up led to more efficient implementation of new secondary 
preventive guidelines regarding LDL-C levels for diabetic patients.  

 
• Compared to usual care, nurse-based telephone follow-up resulted in more 

efficient reduction of above-target LDL-C levels by the 12-month follow-up after 
an ACS, stroke, or TIA among patients with concurrent DM or CKD. There was 
also a trend towards greater improvement of systolic blood pressure with nurse-
based telephone follow-up compared to usual care.  

 

 



 

46 

ACKNOWLEDGEMENTS 

Summarizing my doctoral studies, it has been a fantastic time and I do not believe that 
my research journey ends here. I would like to give a special thanks to:  

Associate professor Thomas Mooe, my supervisor and guide in the fantastic world of 
sciences for your commitment, patience and incredible 24/7 e-mail availability, always 
with a good answer on a scientific question. 

Doctor Fredrik Björklund, my co-supervisor for support and calming advice in 
stressful situations. 

The NAILED-trial research nurses for your enthusiasm and helpfulness when I try 
to find my way through thousands of pages of patient data. 

Anna-Lotta Irewall, co-author and fellow PhD-student, for sharing the challenges 
being a PhD-student and for our interesting statistical and ethical discussions. 

Lars Söderström, for your excellent statistical knowledge and guidance. 

All at Unit of Research, Education and Development, Östersund Hospital, Region 
Jämtland Härjedalen for your promotion of a scientific environment and support.   

My parents Anne-Li and Ulf, for always standing up for me and for encouraging me to 
go my own way. My brother Ebbe who taught me that I have to be prepared to fight 
to reach my goals.  

Viktor, my fiancé, for your countless reviews of my work, patience and love through 
long nights spent at the computer and skipped vacations.  

 

 



 

47 

REFERENCES 

1. Libby P. Inflammation in atherosclerosis. Arterioscler Thromb Vasc Biol. 2012 Sep; 
32(9):2045-51. 
2. Falk E, Nakano M, Bentzon JF, Finn AV, Virmani R. Update on acute coronary 
syndromes: the pathologists' view. Eur Heart J. 2013 Mar; 34(10):719-28. 
3. Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald's Heart Disease: A Textbook 
of Cardiovascular Medicine, Single Volume, 10th Edition. 
4. Mortality GBD, Causes of Death C. Global, regional, and national age-sex specific 
all-cause and cause-specific mortality for 240 causes of death, 1990-2013: a systematic 
analysis for the Global Burden of Disease Study 2013. Lancet. 2015 Jan 10; 
385(9963):117-71. 
5. Nichols M, Townsend N, Scarborough P, Rayner M. Cardiovascular disease in 
Europe 2014: epidemiological update. Eur Heart J. 2014 Nov 7; 35(42):2950-9. 
6. Bjorck L, Rosengren A, Bennett K, Lappas G, Capewell S. Modelling the decreasing 
coronary heart disease mortality in Sweden between 1986 and 2002. Eur Heart J. 2009 
May; 30(9):1046-56. 
7. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, et al. 
Explaining the decrease in U.S. deaths from coronary disease, 1980-2000. N Engl J 
Med. 2007 Jun 7; 356(23):2388-98. 
8. Lackland DT, Roccella EJ, Deutsch AF, Fornage M, George MG, Howard G, et al. 
Factors influencing the decline in stroke mortality: a statement from the American 
Heart Association/American Stroke Association. Stroke. 2014 Jan; 45(1):315-53. 
9. World Health Organization, Golbal Health Observatory Data; 
http://apps.who.int/gho/data/node.main.CODWORLD?lang=en. 
10. Sjukdomar i slutenvård 1988-2013 
http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/19533/2014-9-
34.pdf. 
11. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al. 
Third universal definition of myocardial infarction. Eur Heart J. 2012 Oct; 33(20):2551-
67. 
12. Socialstyrelsens statistikdatabas 
http://www.socialstyrelsen.se/statistik/statistikdatabas/. 
13. Task Force on the management of STseamiotESoC, Steg PG, James SK, Atar D, 
Badano LP, Blomstrom-Lundqvist C, et al. ESC Guidelines for the management of 
acute myocardial infarction in patients presenting with ST-segment elevation. Eur 
Heart J. 2012 Oct; 33(20):2569-619. 
14. Roffi M, Patrono C, Collet JP, 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: Task Force for the Management of 
Acute Coronary Syndromes in Patients Presenting without Persistent ST-Segment 
Elevation of the European Society of Cardiology (ESC). Eur Heart J. 2015 Aug 29. 
15. Wu CM, McLaughlin K, Lorenzetti DL, Hill MD, Manns BJ, Ghali WA. Early risk 
of stroke after transient ischemic attack: a systematic review and meta-analysis. Arch 
Intern Med. 2007 Dec 10; 167(22):2417-22. 



 

48 

16. Jauch EC, Saver JL, Adams HP, Jr., Bruno A, Connors JJ, Demaerschalk BM, et al. 
Guidelines for the early management of patients with acute ischemic stroke: a guideline 
for healthcare professionals from the American Heart Association/American Stroke 
Association. Stroke. 2013 Mar; 44(3):870-947. 
17. Steiner T, Al-Shahi Salman R, Beer R, Christensen H, Cordonnier C, Csiba L, et al. 
European Stroke Organisation (ESO) guidelines for the management of spontaneous 
intracerebral hemorrhage. Int J Stroke. 2014 Oct; 9(7):840-55. 
18. Dhamoon MS, Tai W, Boden-Albala B, Rundek T, Paik MC, Sacco RL, et al. Risk 
of myocardial infarction or vascular death after first ischemic stroke: the Northern 
Manhattan Study. Stroke. 2007 Jun; 38(6):1752-8. 
19. Kaplan RC, Heckbert SR, Furberg CD, Psaty BM. Predictors of subsequent 
coronary events, stroke, and death among survivors of first hospitalized myocardial 
infarction. J Clin Epidemiol. 2002 Jul; 55(7):654-64. 
20. Alnasser SM, Huang W, Gore JM, Steg PG, Eagle KA, Anderson FA, Jr., et al. Late 
Consequences of Acute Coronary Syndromes: Global Registry of Acute Coronary 
Events (GRACE) Follow-up. Am J Med. 2015 Jul; 128(7):766-75. 
21. Mooe T, Olofsson BO, Stegmayr B, Eriksson P. Ischemic stroke. Impact of a 
recent myocardial infarction. Stroke. 1999 May; 30(5):997-1001. 
22. Wienbergen H, Schiele R, Gitt AK, Schneider S, Heer T, Gottwik M, et al. 
Incidence, risk factors, and clinical outcome of stroke after acute myocardial infarction 
in clinical practice. MIR and MITRA Study Groups. Myocardial Infarction Registry. 
Maximal Individual Therapy in Acute Myocardial Infarction. Am J Cardiol. 2001 Mar 
15; 87(6):782-5, A8. 
23. Saczynski JS, Spencer FA, Gore JM, Gurwitz JH, Yarzebski J, Lessard D, et al. 
Twenty-year trends in the incidence of stroke complicating acute myocardial infarction: 
Worcester Heart Attack Study. Arch Intern Med. 2008 Oct 27; 168(19):2104-10. 
24. Budaj A, Flasinska K, Gore JM, Anderson FA, Jr., Dabbous OH, Spencer FA, et al. 
Magnitude of and risk factors for in-hospital and postdischarge stroke in patients with 
acute coronary syndromes: findings from a Global Registry of Acute Coronary Events. 
Circulation. 2005 Jun 21; 111(24):3242-7. 
25. Witt BJ, Ballman KV, Brown RD, Jr., Meverden RA, Jacobsen SJ, Roger VL. The 
incidence of stroke after myocardial infarction: a meta-analysis. Am J Med. 2006 Apr; 
119(4):354 e1-9. 
26. Udell JA, Wang JT, Gladstone DJ, Tu JV. Anticoagulation after anterior myocardial 
infarction and the risk of stroke. PLoS One. 2010; 5(8):e12150. 
27. Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, et al. 
European Guidelines on cardiovascular disease prevention in clinical practice (version 
2012). The Fifth Joint Task Force of the European Society of Cardiology and Other 
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by 
representatives of nine societies and by invited experts). Eur Heart J. 2012 Jul; 
33(13):1635-701. 
28. Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, Ezekowitz MD, 
et al. Guidelines for the prevention of stroke in patients with stroke and transient 
ischemic attack: a guideline for healthcare professionals from the American Heart 
Association/American Stroke Association. Stroke. 2014 Jul; 45(7):2160-236. 



 

49 

29. Morgenstern LB, Hemphill JC, 3rd, Anderson C, Becker K, Broderick JP, Connolly 
ES, Jr., et al. Guidelines for the management of spontaneous intracerebral hemorrhage: 
a guideline for healthcare professionals from the American Heart 
Association/American Stroke Association. Stroke. 2010 Sep; 41(9):2108-29. 
30. Hackam DG, Spence JD. Combining multiple approaches for the secondary 
prevention of vascular events after stroke: a quantitative modeling study. Stroke. 2007 
Jun; 38(6):1881-5. 
31. Antithrombotic Trialists C. Collaborative meta-analysis of randomised trials of 
antiplatelet therapy for prevention of death, myocardial infarction, and stroke in high 
risk patients. BMJ. 2002 Jan 12; 324(7329):71-86. 
32. Chen ZM, Jiang LX, Chen YP, Xie JX, Pan HC, Peto R, et al. Addition of 
clopidogrel to aspirin in 45,852 patients with acute myocardial infarction: randomised 
placebo-controlled trial. Lancet. 2005 Nov 5; 366(9497):1607-21. 
33. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, et al. 
Ticagrelor versus clopidogrel in patients with acute coronary syndromes. N Engl J Med. 
2009 Sep 10; 361(11):1045-57. 
34. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, et 
al. Prasugrel versus clopidogrel in patients with acute coronary syndromes. N Engl J 
Med. 2007 Nov 15; 357(20):2001-15. 
35. Sacco RL, Diener HC, Yusuf S, Cotton D, Ounpuu S, Lawton WA, et al. Aspirin 
and extended-release dipyridamole versus clopidogrel for recurrent stroke. N Engl J 
Med. 2008 Sep 18; 359(12):1238-51. 
36. 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. BMJ. 2009; 
338:b1665. 
37. Cholesterol Treatment Trialists C, Baigent C, Blackwell L, Emberson J, Holland 
LE, Reith C, et al. Efficacy and safety of more intensive lowering of LDL cholesterol: a 
meta-analysis of data from 170,000 participants in 26 randomised trials. Lancet. 2010 
Nov 13; 376(9753):1670-81. 
38. Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, Theroux P, et al. 
Ezetimibe Added to Statin Therapy after Acute Coronary Syndromes. N Engl J Med. 
2015 Jun 18; 372(25):2387-97. 
39. Amarenco P, Bogousslavsky J, Callahan A, 3rd, Goldstein LB, Hennerici M, 
Rudolph AE, et al. High-dose atorvastatin after stroke or transient ischemic attack. N 
Engl J Med. 2006 Aug 10; 355(6):549-59. 
40. Collins R, Armitage J, Parish S, Sleight P, Peto R, Heart Protection Study 
Collaborative G. Effects of cholesterol-lowering with simvastatin on stroke and other 
major vascular events in 20536 people with cerebrovascular disease or other high-risk 
conditions. Lancet. 2004 Mar 6; 363(9411):757-67. 
41. Hackam DG, Woodward M, Newby LK, Bhatt DL, Shao M, Smith EE, et al. 
Statins and intracerebral hemorrhage: collaborative systematic review and meta-analysis. 
Circulation. 2011 Nov 15; 124(20):2233-42. 
42. Alvarez-Sabin J, Quintana M, Hernandez-Presa MA, Alvarez C, Chaves J, Ribo M. 
Therapeutic interventions and success in risk factor control for secondary prevention 
of stroke. J Stroke Cerebrovasc Dis. 2009 Nov-Dec; 18(6):460-5. 



 

50 

43. Bhatt DL, Steg PG, Ohman EM, Hirsch AT, Ikeda Y, Mas JL, et al. International 
prevalence, recognition, and treatment of cardiovascular risk factors in outpatients with 
atherothrombosis. JAMA. 2006 Jan 11; 295(2):180-9. 
44. Kotseva K, Wood D, De Bacquer D, De Backer G, Ryden 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. 
Eur J Prev Cardiol. 2015 Feb 16. 
45. Saposnik G, Goodman SG, Leiter LA, Yan RT, Fitchett DH, Bayer NH, et al. 
Applying the evidence: do patients with stroke, coronary artery disease, or both achieve 
similar treatment goals? Stroke. 2009 Apr; 40(4):1417-24. 
46. Buckley BS, Byrne MC, Smith SM. Service organisation for the secondary 
prevention of ischaemic heart disease in primary care. Cochrane Database Syst Rev. 
2010; (3):CD006772. 
47. Lager KE, Mistri AK, Khunti K, Haunton VJ, Sett AK, Wilson AD. Interventions 
for improving modifiable risk factor control in the secondary prevention of stroke. 
Cochrane Database Syst Rev. 2014; 5:CD009103. 
48. 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. 
49. IDF Diabetes Atlas, 6th edn. Brussels, Belgium: International Diabetes Federation, 
2013. 
50. Emerging Risk Factors C, Sarwar N, Gao P, Seshasai SR, Gobin R, Kaptoge S, et al. 
Diabetes mellitus, fasting blood glucose concentration, and risk of vascular disease: a 
collaborative meta-analysis of 102 prospective studies. Lancet. 2010 Jun 26; 
375(9733):2215-22. 
51. Yusuf S, Hawken S, Ounpuu 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. Lancet. 2004 Sep 11-17; 
364(9438):937-52. 
52. Hong KS, Yegiaian S, Lee M, Lee J, Saver JL. Declining stroke and vascular event 
recurrence rates in secondary prevention trials over the past 50 years and consequences 
for current trial design. Circulation. 2011 May 17; 123(19):2111-9. 
53. O'Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P, et al. Risk 
factors for ischaemic and intracerebral haemorrhagic stroke in 22 countries (the 
INTERSTROKE study): a case-control study. Lancet. 2010 Jul 10; 376(9735):112-23. 
54. Franklin K, Goldberg RJ, Spencer F, Klein W, Budaj A, Brieger D, et al. 
Implications of diabetes in patients with acute coronary syndromes. The Global 
Registry of Acute Coronary Events. Arch Intern Med. 2004 Jul 12; 164(13):1457-63. 
55. Norhammar A, Tenerz A, Nilsson G, Hamsten A, Efendic S, Ryden L, et al. 
Glucose metabolism in patients with acute myocardial infarction and no previous 
diagnosis of diabetes mellitus: a prospective study. Lancet. 2002 Jun 22; 
359(9324):2140-4. 
56. Donahoe SM, Stewart GC, McCabe CH, Mohanavelu S, Murphy SA, Cannon CP, 
et al. Diabetes and mortality following acute coronary syndromes. JAMA. 2007 Aug 15; 
298(7):765-75. 



 

51 

57. Herlitz J, Holm J, Peterson M, Karlson BW, Evander MH, Erhardt L. Factors 
associated with development of stroke long-term after myocardial infarction: 
experiences from the LoWASA trial. J Intern Med. 2005 Feb; 257(2):201-7. 
58. Sampson UK, Pfeffer MA, McMurray JJ, Lokhnygina Y, White HD, Solomon SD. 
Predictors of stroke in high-risk patients after acute myocardial infarction: insights from 
the VALIANT Trial. Eur Heart J. 2007 Mar; 28(6):685-91. 
59. Witt BJ, Brown RD, Jr., Jacobsen SJ, Weston SA, Yawn BP, Roger VL. A 
community-based study of stroke incidence after myocardial infarction. Ann Intern 
Med. 2005 Dec 6; 143(11):785-92. 
60. Albaker O, Zubaid M, Alsheikh-Ali AA, Rashed W, Alanbaei M, Almahmeed W, et 
al. Early stroke following acute myocardial infarction: incidence, predictors and 
outcome in six Middle-Eastern countries. Cerebrovasc Dis. 2011; 32(5):471-82. 
61. Orasanu G, Plutzky J. The pathologic continuum of diabetic vascular disease. J Am 
Coll Cardiol. 2009 Feb 3; 53(5 Suppl):S35-42. 
62. Laakso M. Cardiovascular disease in type 2 diabetes from population to man to 
mechanisms: the Kelly West Award Lecture 2008. Diabetes Care. 2010 Feb; 33(2):442-
9. 
63. Turnbull F, Neal B, Algert C, Chalmers J, Chapman N, Cutler J, et al. Effects of 
different blood pressure-lowering regimens on major cardiovascular events in 
individuals with and without diabetes mellitus: results of prospectively designed 
overviews of randomized trials. Arch Intern Med. 2005 Jun 27; 165(12):1410-9. 
64. Cholesterol Treatment Trialists C, Kearney PM, Blackwell L, Collins R, Keech A, 
Simes J, et al. Efficacy of cholesterol-lowering therapy in 18,686 people with diabetes in 
14 randomised trials of statins: a meta-analysis. Lancet. 2008 Jan 12; 371(9607):117-25. 
65. Wiviott SD, Braunwald E, Angiolillo DJ, Meisel S, Dalby AJ, Verheugt FW, et al. 
Greater clinical benefit of more intensive oral antiplatelet therapy with prasugrel in 
patients with diabetes mellitus in the trial to assess improvement in therapeutic 
outcomes by optimizing platelet inhibition with prasugrel-Thrombolysis in Myocardial 
Infarction 38. Circulation. 2008 Oct 14; 118(16):1626-36. 
66. James S, Angiolillo DJ, Cornel JH, Erlinge D, Husted S, Kontny F, et al. Ticagrelor 
vs. clopidogrel in patients with acute coronary syndromes and diabetes: a substudy 
from the PLATelet inhibition and patient Outcomes (PLATO) trial. Eur Heart J. 2010 
Dec; 31(24):3006-16. 
67. Farkouh ME, Domanski M, Sleeper LA, Siami FS, Dangas G, Mack M, et al. 
Strategies for multivessel revascularization in patients with diabetes. N Engl J Med. 
2012 Dec 20; 367(25):2375-84. 
68. Hlatky MA, Boothroyd DB, Bravata DM, Boersma E, Booth J, Brooks MM, et al. 
Coronary artery bypass surgery compared with percutaneous coronary interventions for 
multivessel disease: a collaborative analysis of individual patient data from ten 
randomised trials. Lancet. 2009 Apr 4; 373(9670):1190-7. 
69. Hasin T, Hochadel M, Gitt AK, Behar S, Bueno H, Hasin Y. Comparison of 
treatment and outcome of acute coronary syndrome in patients with versus patients 
without diabetes mellitus. Am J Cardiol. 2009 Mar 15; 103(6):772-8. 
70. Norhammar A, Lindback J, Ryden L, Wallentin L, Stenestrand U. Improved but still 
high short- and long-term mortality rates after myocardial infarction in patients with 
diabetes mellitus: a time-trend report from the Swedish Register of Information and 



 

52 

Knowledge about Swedish Heart Intensive Care Admission. Heart. 2007 Dec; 
93(12):1577-83. 
71. McCullough K, Sharma P, Ali T, Khan I, Smith WC, MacLeod A, et al. Measuring 
the population burden of chronic kidney disease: a systematic literature review of the 
estimated prevalence of impaired kidney function. Nephrol Dial Transplant. 2012 May; 
27(5):1812-21. 
72. Hallan SI, Dahl K, Oien CM, Grootendorst DC, Aasberg A, Holmen J, et al. 
Screening strategies for chronic kidney disease in the general population: follow-up of 
cross sectional health survey. BMJ. 2006 Nov 18; 333(7577):1047. 
73. Arnett DK, Goodman RA, Halperin JL, Anderson JL, Parekh AK, Zoghbi WA. 
AHA/ACC/HHS strategies to enhance application of clinical practice guidelines in 
patients with cardiovascular disease and comorbid conditions: from the American 
Heart Association, American College of Cardiology, and US Department of Health and 
Human Services. Circulation. 2014 Oct 28; 130(18):1662-7. 
74. Anavekar NS, McMurray JJ, Velazquez EJ, Solomon SD, Kober L, Rouleau JL, et 
al. Relation between renal dysfunction and cardiovascular outcomes after myocardial 
infarction. N Engl J Med. 2004 Sep 23; 351(13):1285-95. 
75. Weiner DE, Tighiouart H, Stark PC, Amin MG, MacLeod B, Griffith JL, et al. 
Kidney disease as a risk factor for recurrent cardiovascular disease and mortality. Am J 
Kidney Dis. 2004 Aug; 44(2):198-206. 
76. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and 
the risks of death, cardiovascular events, and hospitalization. N Engl J Med. 2004 Sep 
23; 351(13):1296-305. 
77. Holzmann MJ, Aastveit A, Hammar N, Jungner I, Walldius G, Holme I. Renal 
dysfunction increases the risk of ischemic and hemorrhagic stroke in the general 
population. Ann Med. 2012 Sep; 44(6):607-15. 
78. Lee M, Saver JL, Chang KH, Liao HW, Chang SC, Ovbiagele B. Low glomerular 
filtration rate and risk of stroke: meta-analysis. BMJ. 2010; 341:c4249. 
79. Mahmoodi BK, Yatsuya H, Matsushita K, Sang Y, Gottesman RF, Astor BC, et al. 
Association of kidney disease measures with ischemic versus hemorrhagic strokes: 
pooled analyses of 4 prospective community-based cohorts. Stroke. 2014 Jul; 
45(7):1925-31. 
80. Podolecki T, Lenarczyk R, Kowalczyk J, Swiatkowski A, Chodor P, Pruszkowska-
Skrzep P, et al. The incidence and risk factors of stroke in patients with acute 
myocardial infarction treated invasively and concomitant impaired renal function. 
Cardiol J. 2013; 20(6):672-8. 
81. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ, Mann 
JF, et al. Chronic kidney disease and cardiovascular risk: epidemiology, mechanisms, 
and prevention. Lancet. 2013 May 30; Published online May 31, 2013. 
82. Fox CS, Muntner P, Chen AY, Alexander KP, Roe MT, Cannon CP, et al. Use of 
evidence-based therapies in short-term outcomes of ST-segment elevation myocardial 
infarction and non-ST-segment elevation myocardial infarction in patients with chronic 
kidney disease: a report from the National Cardiovascular Data Acute Coronary 
Treatment and Intervention Outcomes Network registry. Circulation. 2010 Jan 26; 
121(3):357-65. 



 

53 

83. Berger AK, Duval S, Krumholz HM. Aspirin, beta-blocker, and angiotensin-
converting enzyme inhibitor therapy in patients with end-stage renal disease and an 
acute myocardial infarction. J Am Coll Cardiol. 2003 Jul 16; 42(2):201-8. 
84. Palmer SC, Di Micco L, Razavian M, Craig JC, Perkovic V, Pellegrini F, et al. 
Effects of antiplatelet therapy on mortality and cardiovascular and bleeding outcomes 
in persons with chronic kidney disease: a systematic review and meta-analysis. Annals 
of internal medicine. 2012 Mar 20; 156(6):445-59. 
85. James S, Budaj A, Aylward P, Buck KK, Cannon CP, Cornel JH, et al. Ticagrelor 
versus clopidogrel in acute coronary syndromes in relation to renal function: results 
from the Platelet Inhibition and Patient Outcomes (PLATO) trial. Circulation. 2010 
Sep 14; 122(11):1056-67. 
86. Charytan DM, Wallentin L, Lagerqvist B, Spacek R, De Winter RJ, Stern NM, et al. 
Early angiography in patients with chronic kidney disease: a collaborative systematic 
review. Clin J Am Soc Nephrol. 2009 Jun; 4(6):1032-43. 
87. Szummer K, Lundman P, Jacobson SH, Schon S, Lindback J, Stenestrand U, et al. 
Influence of renal function on the effects of early revascularization in non-ST-elevation 
myocardial infarction: data from the Swedish Web-System for Enhancement and 
Development of Evidence-Based Care in Heart Disease Evaluated According to 
Recommended Therapies (SWEDEHEART). Circulation. 2009 Sep 8; 120(10):851-8. 
88. Gibson CM, Pinto DS, Murphy SA, Morrow DA, Hobbach HP, Wiviott SD, et al. 
Association of creatinine and creatinine clearance on presentation in acute myocardial 
infarction with subsequent mortality. J Am Coll Cardiol. 2003 Nov 5; 42(9):1535-43. 
89. Marti-Fabregas J, Bravo Y, Cocho D, Marti-Vilalta JL, Diaz-Manera J, San Roman 
L, et al. Frequency and predictors of symptomatic intracerebral hemorrhage in patients 
with ischemic stroke treated with recombinant tissue plasminogen activator outside 
clinical trials. Cerebrovasc Dis. 2007; 23(2-3):85-90. 
90. Agrawal V, Rai B, Fellows J, McCullough PA. In-hospital outcomes with 
thrombolytic therapy in patients with renal dysfunction presenting with acute ischaemic 
stroke. Nephrol Dial Transplant. 2010 Apr; 25(4):1150-7. 
91. Palmer SC, Craig JC, Navaneethan SD, Tonelli M, Pellegrini F, Strippoli GF. 
Benefits and harms of statin therapy for persons with chronic kidney disease: a 
systematic review and meta-analysis. Ann Intern Med. 2012 Aug 21; 157(4):263-75. 
92. 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 Oct; 96(20):1617-21. 
93. SWEDEHEART Annual report 2014. 
94. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas AM, Pajak A. 
Myocardial infarction and coronary deaths in the World Health Organization 
MONICA Project. Registration procedures, event rates, and case-fatality rates in 38 
populations from 21 countries in four continents. Circulation. 1994 Jul; 90(1):583-612. 
95. Myocardial infarction redefined--a consensus document of The Joint European 
Society of Cardiology/American College of Cardiology Committee for the redefinition 
of myocardial infarction. Eur Heart J. 2000 Sep; 21(18):1502-13. 



 

54 

96. Thygesen K, Alpert JS, White HD, Joint ESCAAHAWHFTFftRoMI, Jaffe AS, 
Apple FS, et al. Universal definition of myocardial infarction. Circulation. 2007 Nov 27; 
116(22):2634-53. 
97. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et al. 
External review and validation of the Swedish national inpatient register. BMC Public 
Health. 2011; 11:450. 
98. Stevens PE, Levin A, Kidney Disease: Improving Global Outcomes Chronic 
Kidney Disease Guideline Development Work Group M. Evaluation and management 
of chronic kidney disease: synopsis of the kidney disease: improving global outcomes 
2012 clinical practice guideline. Ann Intern Med. 2013 Jun 4; 158(11):825-30. 
99. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, 3rd, Feldman HI, et al. 
A new equation to estimate glomerular filtration rate. Ann Intern Med. 2009 May 5; 
150(9):604-12. 
100. National Kidney F. K/DOQI clinical practice guidelines for chronic kidney 
disease: evaluation, classification, and stratification. Am J Kidney Dis. 2002 Feb; 39(2 
Suppl 1):S1-266. 
101. Lear SA, Ignaszewski A, Linden W, Brozic A, Kiess M, Spinelli JJ, et al. The 
Extensive Lifestyle Management Intervention (ELMI) following cardiac rehabilitation 
trial. Eur Heart J. 2003 Nov; 24(21):1920-7. 
102. Mittag O, China C, Hoberg E, Juers E, Kolenda KD, Richardt G, et al. Outcomes 
of cardiac rehabilitation with versus without a follow-up intervention rendered by 
telephone (Luebeck follow-up trial): overall and gender-specific effects. Int J Rehabil 
Res. 2006 Dec; 29(4):295-302. 
103. 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 Mar; 95(6):468-75. 
104. Vale MJ, Jelinek MV, Best JD, Dart AM, Grigg LE, Hare DL, et al. Coaching 
patients On Achieving Cardiovascular Health (COACH): a multicenter randomized 
trial in patients with coronary heart disease. Arch Intern Med. 2003 Dec 8-22; 
163(22):2775-83. 
105. Anselmino M, Bartnik M, Malmberg K, Ryden L, Euro Heart Survey I. 
Management of coronary artery disease in patients with and without diabetes mellitus. 
Acute management reasonable but secondary prevention unacceptably poor: a report 
from the Euro Heart Survey on Diabetes and the Heart. Eur J Cardiovasc Prev Rehabil. 
2007 Feb; 14(1):28-36. 
106. Coca SG, Krumholz HM, Garg AX, Parikh CR. Underrepresentation of renal 
disease in randomized controlled trials of cardiovascular disease. JAMA. 2006 Sep 20; 
296(11):1377-84. 
107. Hibble A, Kanka D, Pencheon D, Pooles F. Guidelines in general practice: the 
new Tower of Babel? BMJ. 1998 Sep 26; 317(7162):862-3. 
108. Läkarförbundets undersökning av primärvårdens läkarbemanning. Öppna 
jämförelser mellan landsting och driftsformer av primärvårdens försörjning av 
specialistläkare 2012. 
109. Anselmino M, Malmberg K, Ohrvik J, Ryden L. Evidence-based medication and 
revascularization: powerful tools in the management of patients with diabetes and 



 

55 

coronary artery disease: a report from the Euro Heart Survey on diabetes and the heart. 
Eur J Cardiovasc Prev Rehabil. 2008 Apr; 15(2):216-23. 
110. Fox KA, Steg PG, Eagle KA, Goodman SG, Anderson FA, Jr., Granger CB, et al. 
Decline in rates of death and heart failure in acute coronary syndromes, 1999-2006. 
JAMA. 2007 May 2; 297(17):1892-900. 
111. Karlsson F, Modica A, Mooe T. Dynamics of platelet activation in diabetic and 
non-diabetic subjects during the course of an acute myocardial infarction. Thrombosis 
research. 2007; 121(2):269-73. 
112. Karlsson F, Modica A, Mooe T. Association of level of kidney function and 
platelet aggregation in acute myocardial infarction. Am J Kidney Dis. 2009 Aug; 
54(2):262-9. 
113. Goldenberg I, Subirana I, Boyko V, Vila J, Elosua R, Permanyer-Miralda G, et al. 
Relation between renal function and outcomes in patients with non-ST-segment 
elevation acute coronary syndrome: real-world data from the European Public Health 
Outcome Research and Indicators Collection Project. Arch Intern Med. 2010 May 24; 
170(10):888-95. 
114. Mooe T. Risk, mechanisms and prevention of stroke after an acute myocardial 
infarction. Expert Rev Neurother. 2002 Mar; 2(2):177-86. 
115. Kerry SM, Markus HS, Khong TK, Cloud GC, Tulloch J, Coster D, et al. Home 
blood pressure monitoring with nurse-led telephone support among patients with 
hypertension and a history of stroke: a community-based randomized controlled trial. 
CMAJ. 2013 Jan 8; 185(1):23-31. 
116. Ma Y, Ockene IS, Rosal MC, Merriam PA, Ockene JK, Gandhi PJ. Randomized 
Trial of a Pharmacist-Delivered Intervention for Improving Lipid-Lowering Medication 
Adherence among Patients with Coronary Heart Disease. Cholesterol. 2010; 
2010:383281. 
117. Mampuya WM, Frid D, Rocco M, Huang J, Brennan DM, Hazen SL, et al. 
Treatment strategies in patients with statin intolerance: the Cleveland Clinic experience. 
Am Heart J. 2013 Sep; 166(3):597-603. 
118. McAlister FA, Majumdar SR, Padwal RS, Fradette M, Thompson A, Buck B, et al. 
Case management for blood pressure and lipid level control after minor stroke: 
PREVENTION randomized controlled trial. CMAJ. 2014 May 13; 186(8):577-84. 
119. Shojania KG, Ranji SR, McDonald KM, Grimshaw JM, Sundaram V, Rushakoff 
RJ, et al. Effects of quality improvement strategies for type 2 diabetes on glycemic 
control: a meta-regression analysis. JAMA. 2006 Jul 26; 296(4):427-40. 
120. 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. Eur J Cardiovasc Prev Rehabil. 2011 Apr; 18(2):278-86. 

 


