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1 Introduction  

1.1 Myocardial infarction 

1.1.1 Definitions 
The pathological definition of myocardial infarction (MI) is myocardial cell death due to 

prolonged ischemia [1]. This ischemia is almost always caused by a sudden reduction in 

coronary blood flow because of atherosclerosis with superimposed thrombosis, with or 

without concomitant vasoconstriction [2]. MIs are classified by (1) size – microscopic (focal 

necrosis), small (<10% of the left ventricle), medium (10–30% of the left ventricle) or large 

(>30% of the left ventricle), (2) localization – anterior, lateral, inferior, posterior, septal or a 

combination thereof, and (3) phase – acute (6 h to 7 days), healing (7–28 days) and healed 

(>28 days). Clinicians additionally classify MIs according to electrocardiography (ECG) 

criteria to determine if there is ongoing ischemia (ST-segment elevation, ST-segment 

depression or T-wave abnormality in two contiguous leads) or established MI (abnormal Q 

wave in the frontal plane leads or in leads V4–V6 and/or a QR wave longer than 30 ms in 

leads V1–V3). However, not all patients who develop myocardial necrosis exhibit ECG 

changes either acutely or chronically. In such cases the MI might be too small to produce 

ECG changes, or the changes are hidden within QRS confounders such as a bundle-branch 

block, left ventricular hypertrophy, Wolff-Parkinson-White syndrome or previous MI [1]. In 

everyday clinical practice, MIs are categorized according to ECG findings into ST-segment 

elevation and non-ST-segment elevation in the acute phase and into Q-wave MI and non-Q-

wave MI in the subacute phase.  

Since 2000, the clinical definition of acute or recent MI, in Norway and other countries, 

has been primarily based on biochemical markers of myocardial necrosis (Fig. 1) [1;3]. 

However, a previous definition of acute MI prevailed when the patients were included in the 

present study (Fig. 1) [4].  
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Current definition of 
myocardial infarction (MI)

1) Typical rise and graduate fall (troponin) or more 
rapid raise and fall (CK-MB) of biochemical 
markers of myocardial necrosis with at least one of 
the following:

a) Ischemic symptoms;
b) Development of pathologic Q wave on the 

ECG;
c) ECG changes indicative of ischemia (ST 

segment elevation or depression); or
d) Coronary artery intervention (e.g., coronary 

angioplasty).

2) Pathological findings of an acute MI

Criteria for acute evolving, or recent MI
Either of the criteria satisfies the diagnosis or acute, 
evolving, or recent MI:

Definition of myocardial 
infarction per 1999

1) Retrosternal pain with radiation to neck, arms, or 
abdomen independent of respiration. Duration at 
least 20 minutes and no or just transient effect of 
nitroglycerine. 
Accompanying symptoms are:
Nausea, vomiting, cold sweat, anxiety, and 
dyspnoea or syncope/cardiac arrest.

2) ST segment elevation in one or more leads. 
Negative T wave development. After few hours 
up to 1 – 3 days development of Q waves with 
transmural infarction. New left (or right) bundle 
branch block together with typical clinical signs.

3) Creatinin kinase (CK) above 200 U/l for men and 
150 U/I for women. Creatinin kinase MB fraction 
(CK-MB) over10 μg/l.

Two out of three of the following criteria:

 

Figure 1 Current and previous clinical definitions of MI [1;3;4] 

 

 

1.1.2 Epidemiology 

Coronary artery disease (CAD) is a pandemic causing more than 7 million deaths each year, 

and thus is the most common cause of death worldwide [5]. While the number of deaths from 

CAD has declined in North America, Australia and many Western European countries over 

recent decades, there has been an analogously strong increase in death rates from CAD in 

many Eastern European countries. In addition, CAD is one of the most important causes of 

loss of future disability-free life as quantified by DALYs (disability-adjusted life years), and 

is in the same range as HIV infections, stroke and unipolar depressive disorders [6]. The 

World Health Organization (WHO) has estimated that CAD accounts for 10% of DALYs lost 

in low- and middle-income countries and 18% in high-income countries [5].  

The number of deaths from cardiovascular diseases (CVDs) and MI is declining in 

Norway. Statistics Norway reported that approximately 20,100 people died annually from 

CVDs during the period 1971–1975, accounting for 51% of the total number of deaths, with 

this figure declining to approximately 17,400 annually for the period 2001–2003, accounting 

for 40% of the total deaths [7]. From 1996 to 2003 the number of patients who died from 
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acute MI also declined in Norway, from 5,771 in 1996 to 4,763 in 2003, accounting for 13% 

and 11% of the total deaths, respectively [8;9].  

There are no reliable data on the incidence of MI in Norway. However, data from the 

Norwegian Patient Register, which records all hospital admissions, show that the number of 

admissions for acute MI declined by 18% between 1991 and 2000, from 14,457 to 11,892 

[10], whereas the number of admissions among patients 80 years or older increased. New 

diagnostic criteria for acute MI were established in Norway in 2000 (Fig. 1), which resulted 

in the total number of hospital admissions for acute MI increasing by 33% between 2000 and 

2002, to 15,829 [1;11].  

Several factors make it difficult to establish the true natural history of an acute MI, 

including the high frequency of silent infarction, the high frequency of acute coronary deaths 

outside hospital and the diverse methods used to diagnose the condition. Community studies 

have shown that the overall mortality rate of acute heart attacks is 30–50% within the first 

month, with about half of these deaths occurring during the first 2 hours [12;13]. This high 

rate of initial mortality has changed only slightly during recent decades [14], whereas there 

has been a profound fall in the case-fatality rate amongst those treated in hospital. In the 

1960s, the in-hospital mortality was about 25–30% [15]. In 1993, the in-hospital mortality 

was 18% in an unselected Norwegian MI population. In the present study, the in-hospital 

mortality of our patients recruited in 1999 from the same hospitals as in 1993 plus a few 

additional hospitals was 15% [16;17]. Two recent publications from the Worcester Heart 

Attack Study stated that while in-hospital deaths after MI decreased from 20% between 1975 

and 1978 to 12% in 2001, the 1-year crude case-fatality rate of patients discharged alive after 

MI increased from 14% between 1975 and 1978 to 20% in 2001 [18;19]. However, after 

adjusting for age, sex and cardiovascular comorbidity, the increase was not statistically 

significant [19].  

From 4% to 12% of the decline in CAD mortality rates has been attributed to the initial 

treatment of MI, while 23–46% of the decline being attributed to all medical and surgical 

therapies [20-23]. The WHO MONICA (Monitoring Trends and Determinants in 

Cardiovascular Disease) project monitored trends in CAD over 10 years in 21 countries. In 

MONICA populations in which CAD mortality decreased, reduction in coronary events were 

responsible for two-thirds of the decrease, with reduction in case fatalities accounting for the 

other third [13]. While mortality from CAD has declined, the number of hospital admissions 

has increased, which is mainly due to chronic manifestations of CAD producing a growing 

population of patients whose lives are affected by symptomatic CAD [24]. 
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1.1.3 Sequelae after MI 

MI patients are at risk of subsequently experiencing one or more sequelae such as malignant 

arrhythmias, reduced left ventricular function, angina pectoris and psychological reactions, 

particularly depression. Patients are at a high risk of sudden cardiac death due to malignant 

ventricular arrhythmias within 1–2 years of an MI [25]. Two patterns of fatal arrhythmias 

have been identified in patients with ischemic heart disease: (1) ventricular tachyarrhythmias 

triggered by acute myocardial ischemia in patients with or without preexisting myocardial 

scarring, and (2) ventricular tachyarrhythmias related to an anatomical substrate (usually 

scarring from a previous infarction) without active or clinically evident myocardial ischemia 

[26]. Epidemiological data suggest that 80% of fatal arrhythmias are caused by structural 

arterial abnormalities and their consequences [26].  

Reduced left ventricular function and overt heart failure (HF) due to the loss of viable 

myocardial tissue are common consequences of MI, but in some patients HF is caused by 

acute mitral regurgitation, arrhythmias, cardiac stunning or diastolic dysfunction of the left 

ventricle [27]. The presence of left ventricular dysfunction or HF indicates a graver 

prognosis, even when it presents only transiently [27]. A recent review found that 30–40% of 

acute-MI patients experience HF at some time following hospital admission for the MI [28]. 

This is in accordance with estimated numbers in a UK study [27]. In a study including all 

patients with MI in a community from 1979 to 1998, 41% of the patients without previous 

chronic HF experienced episodes with HF [29]. Among patients experiencing episodes of HF 

after their MI, 59% had their episodes within the first 30 days after the MI, 9% within the 

next 11 months, and 32% thereafter [29]. The median survival in patients who experienced 

episodes of HF was 4 years, and this did not improve for patients included during the last 

years of inclusion compared with patients included earlier, even after adjustment for baseline 

characteristics [29]. Also, the Worchester Heart Attack study found that the mortality rate 

was 50% higher in patients with known chronic HF and in those who had HF as a 

complication to the index MI [19]. On the other hand, in the Framingham study 5-year case 

fatality from HF independent of aetiology, decreased in both men and women from 70% and 

57 %  respectively in 1950 – 69 to  59% and 45% in 1990-99 [30].   

There is less information on the prevalence and incidence of left ventricular systolic 

dysfunction after MI without manifest HF. A French MI-register study revealed that 52% and 

46% of patients had a left ventricular ejection fraction (LVEF) of ≤50% within 5 days of an 
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MI in 1995 and 2000, respectively [28]. Screening data from clinical trials performed during 

1990–2002 showed that approximately one-third of MI patients had an LVEF of ≤40% 

during the first week after MI [28]. Left ventricular systolic dysfunction observed after an MI 

is one of the most important predictor of mortality following MI. The GISSI-2 (Gruppo 

Italiano per lo Studio della Sopravvivenza nell'Infarto Miocardico) study found that the 6-

month mortality was almost 10-fold higher in patients with an LVEF of <40% (60 out of 569 

patients died) than in patients with an LVEF of ≥50% (18 out of 1672 patients died) [31]. 

This difference had not changed since the prethrombolytic era, emphasizing the importance 

of interventions aimed at minimizing left ventricular damage [32].  

Whilst the LVEF is inversely correlated with the risk of developing HF after MI, there 

is evidence that left ventricular systolic dysfunction and the occurrence of HF are both 

independent predictors of mortality after MI. One study found that the 1-year all-cause 

mortality in patients with in-hospital HF after MI was 8% in patients with a normal LVEF, 

19% in patients with an intermediate LVEF and 26% in patients with a reduced LVEF, while 

the corresponding numbers for the same LVEFs were 3%, 6% and 12%, respectively, in 

patients without in-hospital HF after MI [33]. 

Chest pain or angina pectoris is the core symptom of CAD. The prevalence of angina 

pectoris in Western countries is estimated to be 2–4% in people aged 45–74 years, but these 

estimates are based largely on studies performed between 1970 and 1985 [34]. The GUSTO-I  

(Global Utilization of Streptokinase and t-PA for Occluded coronary arteries) trial found that 

the incidence of in-hospital post-infarction angina pectoris was 20% [35]. One study found 

that 56% of men and 63% of women had experienced chest pain during heavy physical 

exercise within 1 year of an MI, with 21% and 28% experiencing chest pain at rest [36]. In a 

follow-up study that applied the Rose angina questionnaire [37], 22% of patients reported 

angina and only 44% reported no chest pain within 4 years of an MI [37;38]. The patients in 

these two studies had their index MI 13 to 20 years ago [36-38]. The annual mortality rate in 

patients with stable angina pectoris has been estimated from clinical trials at 0.9–1.4% [34]. 

This is in accordance with registry data indicating an annual cardiac mortality rate of 1.5% in 

stable, medically treated patients with CAD [39]. However, the death rates were two- and 

fivefold higher in patients with one and more than one previous MI, respectively, than in 

those with no previous MI [39].  

Approximately 20% of patients experience major depression after MI, with another 

20% experiencing minor depression [40]. Two recent meta-analyses concluded that both the 

short- and long-term total mortality is higher in depressed patients with MI or CAD than in 
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non-depressed patients [41;42]. The mechanism underlying this increased mortality is 

unclear, but theories include both biological and behavioral mechanisms, such as 

cardiotoxicity of antidepressant drugs, more major cardiac risk factors, more severe coronary 

disease in depressed patients, reduced adherence to medical treatment, altered cardiac 

autonomic tone, greater platelet activation, inflammatory processes and an unhealthy 

lifestyle, including physical inactivity, unhealthy diet and smoking habits [43;44]. It is not 

known whether treating depression in patients with CAD will improve cardiovascular 

outcomes. However, treatment is important in order to relieve psychological, social and 

functional impairments [44].  

 

1.1.4 Interventions 

During the last 2–3 decades, several new medical and surgical interventions have increased 

survival and function in patients with MI. Beta blockers limit the infarct size, reduce life-

threatening arrhythmias and relieve pain in patients with acute MI [45]. A meta-analysis of 

82 trials showed that beta blockers did not reduce all-cause mortality within 6 weeks after an 

MI (odds ratio (OR)=0.96, 95% confidence interval (CI)=0.85–1.08) but did significantly 

reduce long-term all-cause mortality (OR=0.77, 95% CI=0.69–0.85) [46], with the effect 

being highest in patients older than 65 years [47].  

Platelets are important in the formation of the thrombus that is superimposed on the 

atherosclerotic plaque in an acute MI. Currently available antiplatelet drugs, such as 

acetylsalicylic acid and clopidogrel, interfere with certain steps in the activation process of 

platelets, including adhesion, release and/or aggregation, and thus prevent the formation of 

the thrombus [48]. A meta-analysis of patients with an acute MI showed that 1 month of 

antiplatelet therapy reduced the incidence of vascular events (MI, stroke or vascular death) by 

38 (standard error (SE)=5) (p<0.0001) per 1000 treated patients, and total mortality by 24 

(SE=4) (p<0.0001) per 1000 treated patients [49]. In patients with previous MI with a mean 

treatment duration of 2 years, the corresponding mean reductions were 36 (SE=5) (p<0.0001) 

per 1000 treated patients for all vascular events and 12 (SE=5) (p=0.02) per 1000 treated 

patients for total mortality [49].  

Thrombolytic therapy in acute MI aims at restoring coronary flow by recanalizing the 

thrombotic occlusions associated with the MI and thereby reducing the infarct size, 

improving in myocardial function and in the chances of survival. Thrombolytic therapy is 

indicated in MI patients with ST-segment elevation or newly developed left-bundle-branch 
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block (without contraindications) presenting within 12–18 hours of symptom onset [4]. A 

systematic review of the effect of thrombolytic treatment on mortality in nine trials, each of 

which included more than 1000 patients with suspected MI, revealed highly significant 

reductions in 5-week mortality of 30 per 1000 treated patients in patients presenting within 0–

6 hours after onset and of 20 per 1000 in patients presenting within 7–12 hours, and a 

statistically uncertain reduction of 10 per 1000 in those presenting at 13–18 hours after onset 

[50]. An analysis of the 10-year survival of the ISIS-2 (Second International Study of Infarct 

Survival) patients found that early survival advantages produced by thrombolytic therapy in 

acute MI were maintained for at last 10 years [51].  

Percutaneous coronary intervention (PCI) is the process of catheter mediated 

angioplasty, usually with a balloon, in a narrowed or occluded coronary blood vessel with or 

without the placement of a stent. Randomized clinical trials in MI patients with ST-segment 

elevation comparing timely preformed primary PCI (e.g. intervention in the culprit vessel 

within 12 h after the onset of symptoms) with thrombolysis have shown more effective 

restoration of patency, less reocclusion, improved residual left ventricular function and better 

clinical outcome [52]. In a meta-analysis of 23 randomized trials primary PCI was more 

effective than thrombolysis in preventing short time death (7% vs. 9%, p=0.0002) and non-

fatal reinfarction (3% vs. 7% p<0.0001) and the results persisted during long-term follow-up 

[53]. Routine coronary stent implantation in patients with acute myocardial infarction 

decreases the need for target-vessel revascularization but is not associated with significant 

reductions in death or reinfarction rates when compared with primary angioplasty [52]. Also 

in patients with non-ST-segment elevation acute coronary syndrome (ACS) early coronary 

angiography including PCI when possible and indicated is beneficial compared to selective 

performance of angiography based on clinical course [54]. A meta-analysis of the most 

contemporary trials has confirmed this showing a long-term benefit in terms of both death 

(RR (risk ratio) 0.75 CI 0.62–0.92) and new MI (RR 0.75 CI 0.62–0.91) [55]. 

Coronary artery bypass graft surgery (CABG) prevents death, irreversible myocardial 

damage and malignant arrhythmias, and relives angina symptoms. These benefits have been 

documented in patients with main left coronary artery stenosis, in patients with significant 

stenosis in the proximal part of the left anterior descending artery and one other segment of 

the other coronary artery domains and when one or more segment are affected in all three 

coronary artery domains [56-58]. 

Angiotensin-converting enzyme (ACE) inhibitors competitively block conversion of 

angiotensin-I into angiotensin-II and reduce the breakdown of bradykinin, producing 
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haemodynamic, neurohormonal, antiproliferative, natriuretic and antiatherogenic effects, 

many of which are important when treating patients with CAD and HF [59]. There have been 

two types of studies of ACE inhibitors in MI: (1) early-intervention trials, with initiation of 

ACE inhibitors within 24–36 hours after the MI, and (2) late-intervention trials, with 

initiation later than 48 hours after the MI.  

A meta-analysis including patients from the early-intervention studies revealed that the 

30-day mortality was lower for treated patients than placebos (7.1% vs. 7.6%) (p<0.004) 

equaling 5 lives saved per 1000 patients treated for 4–6 weeks [60]. This was due to a more 

pronounced effect in patients presenting with HF or anterior MI. Early treatment with ACE 

inhibitors also protected against non-fatal HF after the MI (14.6% vs. 15.2%) (p=0.01) [60].  

Late-intervention studies have included patients with a reduced LVEF or HF, who 

constitute a high-risk group. A meta-analysis of these studies with a mean follow-up of 2.6 

years revealed a reduction in mortality compared with placebos (23.4% vs. 29.1%), 

corresponding to 57 deaths prevented per 1000 patients treated for 2.5 years [61]. Secondary 

prevention after MI in patients without HF has also been studied. Two of the largest studies, 

HOPE (Heart Outcomes Prevention Study) and EUROPA  (European Trial on Reduction of 

Cardiac Events with Perindopril in stable Coronary Artery Disease), found that the primary 

end points (HOPE: death from cardiovascular causes, MI or stroke; EUROPA: cardiovascular 

mortality, MI or sudden death) were reduced by 38 per 1000 patients treated for 5 years in the 

HOPE study and by 50 per 1000 patients treated for 4.2 years in the EUROPA study [59].  

The 4S study (Scandinavian Simvastatin Survival Study) was the first to clearly 

demonstrate the benefits of statins after MI [62]. In the 4S study, the mortality was lower in 

patients treated with statins than in controls (8% vs. 12%), corresponding to 33 lives saved 

per 1000 patients treated for 5.4 years [62]. A recent meta-analysis showed that the effect of 

statins on major vascular events was proportional to the achieved reduction in LDL 

cholesterol [63]. The PROSPER (Prospective Study of Pravastatin in the Elderly at Risk) 

study also has shown the benefit of statins in the elderly [64]. In patients aged 70–82 years, 

the composite end point of coronary death, non-fatal MI and stroke was reduced in patients 

with known CVDs compared to controls (17% vs. 22%), corresponding to a reduction of 43 

events per 1000 patients treated [64]. 
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1.1.5 Outcomes in MI 
The ultimate and traditionally used measure of outcome in cardiovascular research is 

cardiovascular and total mortality. Composite end points such as mortality plus events or 

event-free survival have also been used, especially when a low mortality rate is expected. 

Events other than death can include both cardiac and cerebrovascular incidents, and 

sometimes also hospitalization due to deterioration of a chronic condition. The observed 

decrease in cardiovascular mortality and increase in admission rates for chronic conditions 

such as HF and CAD suggests that the longer survival of patients with heart diseases 

contributes to a growing population of patients at increased risk of subsequent cardiovascular 

complications [24]. This group of patients needs to be evaluated with outcome measures 

other than mortality alone in clinical trials, epidemiological research and other observational 

studies. Possible outcomes other than death include return to work, the New York Heart 

Association (NYHA) Functional Classification, chest pain on the Canadian Cardiovascular 

Society (CCS) Functional Classification, functional status, and measures of health status and 

quality of life [65;66]. The European Society of Cardiology has included maintenance and 

improvement of quality of life as treatment goals in their guidelines, both for patients with 

chronic HF and those with stable angina pectoris [34;67]. 

 

 

1.2 Health-related quality of life 

1.2.1 Concepts and definitions 

In 1948 the WHO defined health as “…a state of complete physical, mental and social well-

being, and not merely the absence of disease and infirmity” [68]. The concept of quality of 

life lacks a formally agreed definition, but it is clearly complex, abstract and 

multidimensional. Quality of life is distinct from (but related to) health, and many attempts to 

define quality of life have been based on the WHO definition of health [69;70]. The quality 

of life assessment group of the WHO defines quality of life as “the individual’s perception of 

their position in life in context of the culture and value system in which they live and in 

relation to their goals, expectations, standard, and concerns” [71]. Other published definitions 

include “…those aspects of life and human function considered essential for living fully” [72] 

and “…an individual’s satisfaction with life in domains he or she considers important” [73]. 

It is clear that quality of life means different things to different people, and has different 

meanings depending on the area of application. Some have argued that, at least in Western 
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countries, people intuitively understand the factors influencing quality of life, and thus no 

formal definition is needed [69]. 

Attempts to distinguish between quality of life in the more general sense (often referred 

to as the overall quality of life) and quality of life related to the requirements of clinical 

medicine and medical research have led to the introduction of the “health-related quality of 

life” (HRQoL) [69]. Several definitions of HRQoL have been proposed. A popular definition 

is that by Wenger and Furberg [74]: “Those attributes valued by patients, including: their 

resultant comfort or sense of well-being; the extent to which they are able to maintain 

reasonable physical, emotional, and intellectual function; and the degree to which they retain 

their ability to participate in valued activities within the family, in the workplace, and in the 

community.” A consensus conference in the early 1990s agreed upon the fundamental 

dimensions essential to HRQoL assessment [75]. As primary dimensions they suggested 

physical functioning, social functioning, psychological functioning, overall life 

satisfaction/well-being and perception of health status, with additional dimensions including 

intimacy, sexual functioning, sleep disturbance, pain and symptoms.  

The term health status refers to the level of wellness and illness, taking into account the 

presence of biological or physiological dysfunction, symptoms and functional impairment. 

Bergner distinguished between health status and quality of life [76], although health status is 

often used interchangeably with HRQoL [70]. 

 

1.2.2 Measures for assessing HRQoL 

One of the main interests in this field has been developing measurement instruments [77]. 

There are three principal types of HRQoL measures: generic, disease-specific and domain-

specific instruments [69;78]. Generic instruments are meant for general use, irrespective of 

the illness or condition of the patient, and often are also applicable to healthy people [69]. 

The advantage of generic instruments is that scores can be compared across different patient 

groups and with general-population norms. Generic instruments are supposed to cover the 

main dimensions of HRQoL and commonly include items that explicitly inquire about the 

overall quality of life [69].  

Disease-specific instruments cover all or most of the main dimensions of HRQoL whilst 

focusing on the issues of particular concern to patients with specific diseases or groups of 

diseases. The criteria used to assess outcomes vary between diseases. Disease-specific 
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HRQoL instruments are needed to ensure sensitivity to small but clinically significant 

changes in health status and to levels of disease severity [78].  

Domain-specific instruments are instruments that explore particular issues in greater 

depth without aiming to cover all the main dimensions of HRQoL [69;78], such as pain, 

depression, anxiety, fatigue and coping.  

 

1.2.3 Properties of HRQoL instruments 

Transferring an HRQoL instrument from one country to another with a different language 

and culture requires formal translation and adaptation, which can be accomplished in several 

ways. One recommended process is to first translate and back-translate the instrument 

according to an accepted procedure, and then test an agreed translation in the new 

environment [79;80]. This elaborate translation process aims to avoid introducing errors into 

the questionnaire or shifts in nuances that might affect the way patients respond to items, with 

the subsequent test designed to show that the translated version is equivalent to the original 

instrument.  

 

1.2.3.1 Reliability 

The reliability of a measurement instrument refers to the extent to which it yields the same 

result on repeated trials [81]. Reliability in HRQoL studies can be assessed in different ways. 

First, the test–retest reliability refers to the extent to which an instrument gives the same 

score when applied at different times, on the assumption that the quality of life of 

investigated individual has not changed in the intervening periods [81]. It is also used to refer 

to whether the measurement tool gives the same results when administered to two individuals 

with the same HRQoL. The test–retest design produces relevant information on instrument 

reliability when it is likely that the characteristics of the person being assessed have not 

changed. Conventionally, to minimize recall bias, reliability is assessed using a test and retest 

separated by up to 4 weeks.  

Second, the internal consistency reliability refers to the degree of homogeneity of items 

in an instrument or scale. This denotes the extent to which responses to the various 

components of the instrument correlate with one another or with a score on the instrument as 

a whole (either including or excluding the items in question). The presence of a strong 

correlation between these elements suggests that they are measuring the same or closely 
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related constructs in a reliable manner, whereas a weak correlation suggests that the construct 

is not being measured reliably and that there are sources of unexplained error in the 

measurement. Internal consistency reliability is most often quantified using Cronbach’s alpha 

[80-82].  

The minimal levels of reliability considered necessary vary with the specific 

application. As a general rule, reliabilities should be at least 0.80 for widely used scales [81], 

with the reliability and precision of the measurement increasing when the decision is more 

critical [79;80].  

 

1.2.3.2 Validity 

The validity of a measurement instrument does not refer to the instrument itself, but to 

whether particular interpretations of its scores are well-justified. It is only meaningful to 

consider the validity of a specified purpose or interpretation of the resulting scores. The 

inferences that may be made from the score for a given instrument vary with the situation in 

which it is applied, and hence the validity of each inference must be established [83].  

An overall assessment of the utility and limitations of a measurement instrument is 

gradually built up from cumulative evidence about interrelationships among the content of 

the instrument and definitions of the construct to be measured, and interrelationships among 

scores and results of other relevant measurements. Typically, this process involves 

comparisons of measurements made in cross-sectional and longitudinal studies, frequently 

before and after a certain intervention. 

Some authors have divided validity into three distinct categories, as listed below, while 

others have considered many different attributes, and the terminology is diverse [80]. 

Distinguishing between different types of validity is often not useful, and so validation can be 

considered a process of hypothesis testing without the traditional division into distinct types 

of validity [80]. However, the various types of validity all address the degree of confidence 

that can be placed on inferences drawn from scores obtained on scales [80].  

We now present a traditional typology of validity, content validity, construct validity and 

criterion-related validity, based on several previous reports [69;80;81]. Content validity is the 

extent to which the items in the instrument are linked by a plausible rationale to some 

particular conception of the construct being measured, such as the quality of life. This is 

normally based on the judgment of the developers, experts or users of the instrument.  
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Construct validity comprises several types of validity. Information on the internal 

statistical structure of an instrument is relevant to the interpretation of its scores. Other types 

of evidence sought include relationships of scores with other variables. Evidence supporting 

particular interpretations may come from findings of similar results (convergence) or 

dissimilar results (divergence), depending on the variables involved.  

For HRQoL instruments, it is frequently assumed that a more severe disease is, on 

average, associated with a lower quality of life. Similarly, it can be expected that a treatment 

that is already known to reduce the severity of a disease or its symptoms will be associated 

with an improved quality of life [83]. 

Hence, correlations between scores on an HRQoL instrument and variables representing 

other clinical indicators such as use of medication, reported chest pain or the LVEF might be 

examined. Alternatively, differences in HRQoL scores can be compared between treated and 

untreated subjects. It is expected that, on average, scores on the HRQoL instrument will be 

correlated with or show differences or changes in the expected direction in concert with 

clinical markers or disease severity and with other health status measures [83].  

Criterion-related validity represents evidence of validity by showing relationships 

between scores and criterion variables. Selecting a single criterion variable as a gold standard 

is difficult for quality of life instruments, due to the subjective nature of the construct. If the 

criterion variable exists at the same time as HRQoL is measured, the criterion validity is 

called concurrent validity. Predictive validity, on the other hand, refers to a future criterion 

[81]. Validating an instrument is an ongoing process since a single relationship is normally 

insufficient to conclusively establish the validity of a given interpretation. 

 

1.2.4 Theoretical models linking biochemical, physiological and clinical 

variables with HRQoL 

A conceptual model is needed as a foundation for the construct of HRQoL and to explain the 

relationships among these components [77]. A sound theoretical model would assist the 

selection of measures for use in clinical studies by allowing the critical evaluation of both the 

validity and usefulness of the instruments. A clear theory would also allow hypotheses about 

the relationship between patient characteristics, the intervention and the outcome to be tested, 

so as to detect possible confounding. A theoretical model would also facilitate the use of 

HRQoL measures as a primary outcome by allowing specific hypotheses to be made about 

which components of the model are expected to respond to interventions [77]. 
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Some work has already been done in this field. Wilson and Cleary have presented a 

theoretical framework linking HRQoL with clinical variables [70]. This model, presented in 

Fig. 2, suggests that health exists on a continuum with of increasing, social and psychological 

complexity. Each step in the model from symptom status is again affected by characteristics 

and environment of the individual patient.  
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Figure 1  Conceptual model relating HRQoL with other patient outcome measures. From Wilson and 
Cleary [70] 

 

 

 

For heart patients, biological and physiological variables include results from clinical 

examinations, including auscultation of the heart, laboratory results including serum markers 

of cardiac damage, echocardiographic parameters, other cardiac imaging techniques and 

ECG. Symptoms are the perceptions of patients of an abnormal physical, emotional or 

cognitive state [70]. Cardinal symptoms of heart disease include chest pain or discomfort, 

syncope, collapse, palpitation, dyspnoea, oedema, cough, haemoptysis and excess fatigue 



 

 15 

[84]. Emotional symptoms such as anxiety and depression are also often associated with 

cardiac diseases [36].  

Functional status is the ability of an individual to perform normal daily activities, fulfill 

usual roles, and maintain health and well-being [70;85]. The two most used functional scales 

in cardiovascular patients are the CCS Functional Classification, which assesses function in 

relation to chest pain, and the NYHA Functional Classification, which assesses function in 

relation to any symptom related to the cardiovascular system (e.g. fatigue, palpitation, 

dyspnoea or chest pain) [65;66]. Four commonly measured domains of functioning are 

physical, social, role and psychological [70].  

General health perceptions represent the integration of all the above-mentioned health 

concepts as well as others such as mental health, and they are by definition subjective ratings 

[70]. General health perceptions have been found to be strongly correlated with the use of 

general medical services, somatization and hypochondrias [70;86]. However, the concept has 

also been found to be a strong predictor of survival. One example is a study on 10-year 

survival in patients with MI, CABG surgery or PCI, which found that the score for subjective 

general health 1 year after the index event was the strongest predictor of death within 

10 years, with a risk ratio >3 when the score differed by 1 on a scale from 1 to 4, which is 

about twice that of any other dimensions of quality of life [87].  

Overall quality of life is assumed to represent a stable synthesis of a wide range of 

experiences and feelings that people have. As such it should be related to HRQoL and to 

other salient life circumstances, experiences and feelings [70]. However, the correlation 

between overall quality of life and objective life status is weaker than anticipated, which 

might be due to accommodation to illness, changes in internal standards or values, or to 

conceptualization of the overall quality of life catalyzed by a change in health state [88;89]. 

 

 

1.3 HRQoL after MI 

1.3.1 Assessment of HRQoL in patients with MI 

The most commonly generic instruments applied to patients with MI are the Sickness Impact 

Profile (SIP), the Nottingham Health Profile (NHP), and the Short Form 36 (SF-36) and its 

shorter versions the SF-12 and SF-8 [90-95]. An assessment of patients with CAD using the 

SIP, NHP and SF-36 concluded that the SF-36 was the most reliable, valid and sensitive 
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instrument for assessing the quality of life [96]. Both the SF-36 and SF-12 have shown high 

validity and reliability in patients with CAD [97;98]. The EuroQol (EQ-5D) index has also 

shown high validity and reliability in CAD patients, and is increasing in popularity [99-101].  

Some of the most commonly used disease-specific HRQoL instruments for MI, angina 

or HF in recent years have been the MacNew Quality of Life after Myocardial Infarction 

questionnaire (MacNew QLMI), the Seattle Angina Questionnaire (SAQ), the Minnesota 

Living with Heart Failure Questionnaire (MLHF) and the Kansas City Cardiomyopathy 

Questionnaire (KCCQ) [102-106]. All of these instruments have documented validity and 

reliability [106;107]. However, a direct comparison revealed that angina grades could be 

discriminated better with the MacNew QLMI questionnaire than with the SAQ, although the 

SAQ was more responsive to longitudinal changes over time [108]. Moreover, the KCCQ has 

been found to be more responsive to changes than the MLHF [106].  

 

1.3.2 Effect of MI on subsequent HRQoL 

A systematic review of the quality of life after MI concluded that HRQoL is minimally 

affected by an MI [109], although the authors stated that this might have been due to the 

measurement tools not being sensitive enough. Moreover, this result contrasts the findings in 

population-based studies [110-112]. One such study measured HRQoL in the same 

population over a 5-year interval, during which 62 of 10 618 subjects developed CAD (60% 

unstable angina or MI) [102]. The decline in HRQoL between the two measurements was 

significantly more pronounced in subjects who developed CAD than in 310 controls without 

CAD on four out of eight SF-36 scales. In another population-based study, 89 of 8 723 

patients developed MI, and measures of HRQoL using a specially designed instrument 

showed that premorbid HRQoL in patients who later developed MI was comparable to the 

age-adjusted population norms [112]. Three assessments of HRQoL during the 12 months 

immediately following the MI revealed a monotonic decrease in HRQoL. The changes were 

most pronounced for physical functioning, but statistically significant also for social 

functioning, role functioning, anxiety and depression symptoms. In a third study, patients 65 

years or older underwent repeated measurements of HRQoL [111]. Patients who had an MI 

between the measurements were more likely to experience a decline in HRQoL. Several 

studies also found that HRQoL scores still were lower from 1 to 5 years after the MI than 

general-population norms based on both the SF-36 and the NHP [38;113-115].  
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In a study comparing HRQoL between different patient groups, the SF-36 scores in 

patients with cardiovascular conditions were comparable to those in patients with cancer, 

endocrine diseases, visual impairments and chronic respiratory diseases, but not as bad as 

those in patients with gastrointestinal conditions, cerebrovascular/neurological conditions, 

renal diseases or musculoskeletal conditions [116]. When comparing between different 

cardiovascular diagnoses, the impairment in HRQoL was reportedly greater in patients with 

HF than in patients with other heart conditions such as angina pectoris and those with a 

history of MI [112;117].  

 

1.3.3 Determinants of HRQoL after MI 
A review of the quality of life after MI based on literature published between 1985 and 1999, 

which included 11 studies that assessed HRQoL from 4 months to 5 years after the index MI 

[109], found that the severity of MI-related symptoms, the age of the patient and the timing of 

HRQoL measurement after MI had the greatest effects on HRQoL after MI. Subsequent 

studies using the SF-36 or SF-12 have identified employment status, symptoms, 

manifestations of CAD other than MI, additional comorbidity, depression and baseline 

HRQoL as important determinants of later HRQoL [114;115;118-121].  

Whether sex is a determinant of HRQoL after MI remains debatable, given that several 

studies have demonstrated a sex difference in HRQoL after MI while others have not 

[36;114;115;118;119;121-130]. Also, one study found that social support was an important 

determinant for HRQoL in patients with angiographically verified CAD [131].  

The identified determinants vary between studies due to differences in patient selection, 

time interval between MI and the survey of HRQoL, the potential predictors included and the 

chosen measures of HRQoL.  
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2 Aims of the study 
The long-term course of MI has changed in recent decades, with a substantially increased 

survival leading to the need for additional outcome measures in patients with MI. HRQoL has 

proved useful for measuring the outcome after MI when following up patients with CAD. A 

better understanding of HRQoL in cardiac diseases is crucial, as is the need for adequate and 

well-functioning instruments to measure HRQoL in these diseases. 

The overall objective of the present study was to contribute to increased use of HRQoL 

measures in clinical practice and cardiologic research through cultural and language 

adaptation of instruments, assessment of their psychometric properties and improved 

understanding of HRQoL following MI. To achieve this overall objective, the study had the 

following secondary goals: 

 

1. To translate and adapt a short questionnaire for patients with impaired heart 

function for use in Norwegian patients. 

2. To assess the reliability and validity of this questionnaire in patients with 

prior MI. 

3. To assess the reliability and validity of a short angina pectoris-specific 

questionnaire in Norwegian patients with prior MI. 

4. To compare HRQoL in patients 2.5 years after MI with an age- and sex-

adjusted Norwegian general population. 

5. To compare HRQoL 2.5 year after MI between men and women. 

6. To identify determinants for HRQoL 2.5 years after an MI in men and 

women separately. 

7. To assess the association of the LVEF measured during hospitalization for 

the index MI with subsequent HRQoL.  
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3 Study design and methods 
This study was based on a prospective observational cohort study including a cross-sectional 

postal survey of patients with previous MI recruited to the INfarction and PHARMacotherapy 

(INPHARM) study.  

The official clinical diagnoses were accepted without reassessment or revision. We used 

the following definition of MI [4]: 

1. Retrosternal pain with radiation to neck, arms or abdomen, independent of 

respiration. Duration at least 20 minutes and no or just transient effect of 

nitroglycerine. Accompanying, symptoms are: nausea, vomiting, cold sweat, 

anxiety, and dyspnoea or syncope/cardiac arrest. 

2. ST segment elevation in one or more leads. Negative T-wave development. 

After few hours up to 1–3 days development of Q-waves with transmural 

infarction. New left (or right) bundle branch block together with typical clinical 

signs. 

3. Creatinin kinase above 200 U/l for men and over 150 U/l for women. Creatinin 

kinase MB fraction over 10 microg/l. 

 

 

3.1 Data collection 

3.1.1 The INPHARM study 
The INPHARM study included patients with a discharge diagnosis of acute MI, defined as 

codes I21 and I22 in the ICD-10 (The International Statistical Classification of Diseases and 

Related Health Problems, tenth version). The INPHARM study included consecutive patients 

discharged alive or dead from 16 hospitals during 3- to 6-month periods between August 

1999 and January 2000. Patients who were dead before admission to the casualty department 

or who died before receiving any medical treatment, and patients who had their infarct during 

hospitalization for other conditions, were not included in this study. The following hospitals 

participated in the INPHARM study: Aker University Hospital, Oslo; Akershus University 

Hospital, Lørenskog; Diakonhjemmet Hospital, Oslo; Haugesund Hospital, Haugesund; 

Innlandet Hospital, Elverum; Innlandet Hospital, Gjøvik; Innlandet Hospital, Hamar; 

Innlandet Hospital, Kongsvinger; Innlandet Hospital, Lillehammer; Innlandet Hospital, 
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Tynset; Levanger Hospital, Levanger; Lovisenberg Diakonale Hospital, Oslo; Nordland 

Central Hospital, Bodø; Ullevål University Hospital, Oslo; Vestfold Hospital, Tønsberg; and 

Ålesund Hospital, Ålesund. A total of 901 patients were included in the study.  

One or two local cardiologists recorded a structured data set from the patient medical 

records. The data set included information on the medical history, presenting features, drugs 

used before admission, smoking habits, the LVEF measured during hospitalization, treatment 

received during hospitalization and drugs used at discharge. Cardiovascular drugs used at 

discharge were classified into the following 11 classes: aspirin, beta-blockers, regular 

nitrates, diuretics, calcium antagonists, ACE inhibitors, warfarin, digitalis, statins, 

angiotensin-II receptor antagonists and ticlopidine/clopidogrel. The indications for use were 

classified as secondary prevention, hypertension, angina pectoris, HF or other. The LVEF 

was classified as >50%, 40–50% and <40%. The data are presented in Appendix I. A 

physician collected the data within 6 months of hospital discharge.  

 

3.1.2 The postal survey 

At a mean of 2.5 years (range 2.1–3.1 years) after the index MI, we mailed a questionnaire to 

patients who were alive (according to the hospital information system and the national 

population register of Statistics Norway). Questionnaires were sent to the patients from the 

hospitals where they were discharged, with a cover letter signed by the head of the cardiology 

unit of the hospital. After 4 weeks we sent a reminder to non-respondents.  

 

3.1.3 Formal requirements 

The physicians collected the INPHARM study data after discharge to avoid interference with 

patient treatment. The Norwegian Data Inspectorate approved the establishment of the 

INPHARM database and gave a concession for the data to be used for 10 years. The Regional 

Committee for Medical Research Ethics and the Norwegian Data Inspectorate also approved 

the postal survey (Appendix II). The patients agreed to participate in the survey by 

responding to the questionnaire. 

We entered no personal identifiers into the databases. However, each head physician at 

the participating hospitals kept a paper list that linked the serial number in the study with 

information that identified each person.  
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3.1.4 The questionnaire 

The questionnaire consisted of several sections. In addition to HRQoL instruments, we asked 

about work status, cardiovascular events after the index MI, smoking habits and current 

medication. The HRQoL instruments included in the questionnaire are described below. The 

questionnaire is detailed in Appendix III.  

 

3.1.4.1 SF-36 

The SF-36 is a generic 36-item health status questionnaire that reports HRQoL on the 

following eight scales: Physical functioning, Role functioning-physical, Bodily pain, General 

health, Vitality, Social functioning, Role functioning-emotional, and Mental health [92-94]. 

The raw scores on these scales are transformed to a score from 0 to 100, with a higher value 

indicating a better level of functioning. The eight SF-36 scales are weighted and aggregated 

to two summary scales: the Physical component summary (PCS) and the Mental component 

summary (MCS) [132]. The PCS and MCS scores are reported on a standardized scale for 

comparison with a general US population with a mean score of 50 and a standard deviation 

(SD) of 10 [132]. The SF-36 has been extensively validated and used in patients with CAD 

[38;92;96;97;133-135]. We used the Norwegian standard SF-36, version 1.2 [136]. 

 

3.1.4.2 EQ-5D Index 

The EQ-5D is a generic HRQoL instrument consisting of five items: mobility, self-care, usual 

activities, pain/discomfort and anxiety/depression. Each item is scored on 3-point scale: no 

problems (score of 1), moderate problems (2) and extreme problems (3). Responses to these 

items can be converted to a utility score, the EQ-5D Index, by applying time trade-off 

valuations obtained from the general population to each of the possible five-dimensional 

health state profiles. A score of 1.0 represents perfect health and 0 represents being dead 

(negative utilities are also possible, representing states perceived to be worse than being 

dead). We used a time trade-off tariff from a representative sample of the UK population 

[137]. The EQ-5D Index has high validity in post-MI patients [99;138;139]. 
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3.1.4.3 KCCQ 

The KCCQ is a 23-item questionnaire measuring HRQoL in patients with chronic HF 

regardless of aetiology [106]. Each item is scored on a 5-, 6- or 7-point scale [80]. The 

questionnaire assesses the following six domains of HRQoL: Physical limitation, Symptoms, 

Symptom stability, Social limitation, Self-efficacy and Quality of life. We calculated the 

score on each scale as the mean of the item scores, which was then transformed to a score 

from 0 to 100, with a higher score indicating a higher level of functioning. In addition, the 

KCCQ scales were aggregated into two summary scores: the Functional status summary 

score (the mean of the Physical limitation- and the Symptoms scale scores) and the Clinical 

summary score (the mean of the Physical limitation-, Symptoms-, Social limitation- and 

Quality of life scale scores) [106]. 

The culture and language of the KCCQ was adapted using a recommended procedure 

[79]. Two persons independently translated the questionnaire into Norwegian, with 

agreement on a consensus version reached after discussion with a third person. This version 

was then back-translated into English by a professional translator. Comparison of the back-

translated version with the original English version revealed only minor discrepancies which 

were rectified.  

 

3.1.4.4 SAQ 

The SAQ is a 19-item questionnaire measuring HRQoL in patients with CAD. The 

questionnaire assesses the following five domains of HRQoL: Physical limitation, Angina 

stability, Angina frequency, Treatment satisfaction, and Disease perception. Items are scored 

on 5- or 6-point scales. Each score on the five scales is calculated as the sum of item scores in 

the domain, which is then transformed to a score from 0 to 100 (with a higher score 

indicating a better level of function) by subtracting the lowest possible score, dividing by the 

range of the scale and multiplying by 100 [103]. The SAQ has been shown to be valid, 

reliable and sensitive [103;134;140]. It has been used to assess outcomes in clinical trials, 

predict events, measure quality of care and support patient management [141-145]. The 

questionnaire was translated using a recommended translation/back-translation process [79]. 
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3.2 Description of the material 
The material in the postal survey of the INPHARM study is presented in Fig. 3. One of the 

hospitals that participated in the INPHARM study, Innlandet Hospital, Tynset, did not 

participate in the postal survey. Three hundred and twenty-two patients died before the 

survey, and 15 patients were excluded for miscellaneous reasons. A total of 548 patients were 

eligible and were sent a questionnaire, of whom 408 (74%) responded. In the retest we 

mailed a second questionnaire to 100 respondents 4 weeks after receiving their first response. 

The response rate in the retest was 81%.  

 

 

 

 

Missing address, n = 8

Included in the postal survey, n = 548

Excluded for miscellaneous reasons, n = 7

Respondents, n = 408

INPHARM patients, n = 901

One hospital excluded, n = 16

Dead at the time of the postal survey, n = 322

Non-respondents, n = 140

 

Figure 3  Material of the INPHARM study and the postal survey 
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3.3 Statistical analysis 
We present descriptive statistics with mean and SD values or proportions, and for group 

comparisons we used t-tests, chi-square tests and Fischer’s exact tests as appropriate.  

Papers I and II describe how the test–retest reliability of the HRQoL scales in the 

KCCQ and the SAQ and summary scores of the KCCQ were determined using intraclass 

correlation coefficient (ICC) [79;146]. Test–retest analyses were performed using the scores 

of individual patient separated by a 4-week interval. We anticipated that the patients were in a 

stable phase and chose 4 weeks to minimize the recall of previous answers.  

We assessed construct validity in Papers I and II by assessing intercorrelations of 

corresponding scales and summary scores. Construct validity would be supported by the 

correlation between scales measuring related phenomena being higher than that between 

unrelated scales. We quantified the correlation coefficients using previous nomenclature on 

agreement statistics: substantial (0.61–0.81), moderate (0.41–0.60) and fair (0.21–0.40) 

[147]. 

We assessed criterion-related validity by investigating the capability of the scales and 

summary scores of the KCCQ and SAQ to differentiate between groups defined by a criterion 

with expected differences in HRQoL. We used criteria from the literature, and general 

knowledge about and availability of disease characteristics to define groups. Paper I describes 

the use of medication at discharge that was prescribed for HF, and the LVEF as a criterion for 

assessing the validity of the KCCQ scales and summary scores. Paper II uses concurrent 

long-acting nitroglycerine and sublingual nitroglycerine as proxies for moderate and severe 

angina, respectively, as criteria for assessing the validity of the SAQ scales. 

Papers III and IV use multiple linear regression to detect determinants of the two SF-36 

summary scales, and of the KCCQ clinical summary and EQ-5D index, respectively. Papers 

III and IV use method enter and forward stepwise multiple regression analysis, respectively.  

Paper III compare SF-36 scores in our sample of patients with previous MI with 

general-population norms [136]. To do this we computed new variables for each SF-36 scale 

for the individual patient, with these new variables being the difference between the observed 

score for each subject and the age- and sex-specific general-population norm. Comparisons 

with the general population were then performed using one-sample t-tests with Bonferroni 

corrections for multiple comparisons. 

We compared scores on the HRQoL scale between groups of patients using analysis of 

covariance whilst adjusting for background variables such as age, sex and education. 
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Adjusted scores were presented as estimated marginal means. We used SPSS (SPSS, 

Chicago, IL) statistical software for all statistical analysis.  
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4 Results and general discussion 

4.1 Summary of results 

4.1.1 Paper I 

Background: The Kansas City Cardiomyopathy Questionnaire (KCCQ) is a recently 

developed disease-specific instrument for measuring health-related quality of life in patients 

with chronic heart failure regardless of aetiology. 

Aim: To assess the reliability and validity of the KCCQ in patients with previous myocardial 

infarction. 

Methods and Results: In 754 patients with myocardial infarction discharged alive, we 

collected clinical data from the patients’ medical records. Two and a half years after the acute 

myocardial infarction, we mailed a self-administered questionnaire to the 548 patients still 

alive. The response rate was 74%. Internal consistency reliability, assessed with Cronbach’s 

α, ranged 0.66-0.95. Test-retest reliability, tested with an intraclass correlation coefficient, 

ranged 0.41-0.83. The pattern of association between similar and dissimilar scales of the 

KCCQ and SF-36 supported the convergent/divergent validity of the KCCQ. Four of the 

KCCQ scales and the two summary scores discriminated between patients with and without 

medication for heart failure, and between different levels of left ventricular ejection fraction 

supporting different groups validity. 

Conclusions: The Norwegian version of the KCCQ showed acceptable reliability and cross-

sectional validity, which support the use of this questionnaire to measure health-related 

quality of life after myocardial infarction. 

 

4.1.2 Paper II 

The aim of this study was to validate the Norwegian version of the Seattle Angina 

Questionnaire (SAQ), a self-administered 19-item questionnaire designed to assess health-

related quality of life in patients with chest pain or coronary artery disease. In 885 patients 

with prior myocardial infarction (MI), we abstracted clinical data from the patients’ medical 

records. Two to three years after the MI, we mailed a self-administered questionnaire 

including the SAQ, the Short Form 36 (SF-36), and questions about current medication, to 

the 548 patients still alive. The response rate was 74%. Internal consistency reliability of the 
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SAQ, assessed with Cronbach’s α, ranged 0.75–0.92. Test-retest reliability, tested with an 

intraclass correlation coefficient, ranged 0.29–0.84. The pattern of association between 

similar and dissimilar scales of the SAQ and SF-36 mainly supported the construct validity of 

the SAQ. Four of the five SAQ scales discriminated between patients with different 

medication regimens as a proxy for severity of angina pectoris. We conclude that the 

Norwegian version of the SAQ showed acceptable reliability and cross-sectional validity 

following MI, with properties in line with the original US version.  

 

4.1.3 Paper III 

Background: The role of sex differences in health-related quality of life (HRQoL) after 

myocardial infarction (MI) remains controversial.  

Methods: In total 408 Norwegian patients completed the Short Form 36 (SF-36) 

questionnaire 2.5 years after MI. We compared HRQoL between sexes and with national 

norms. Multiple linear regression analysis was used to explore the association of scores on 

the Physical (PCS) and Mental (MCS) component summary scales with clinical and 

sociodemographic variables.  

Results: Women scored lower than norms on the Physical functioning, Role functioning-

physical, General health, and Role functioning-emotional scales. Men scored higher on 

Bodily pain, and lower on the other 7 scales compared to norms. Women <70 years scored 

lower than men on 3 out of 8 scales and on PCS. Women ≥70 scored lower than men on 5 out 

of 8 scales and on PCS. Relative to sex- and age-specific norms, there were no sex-

differences in SF-36 scores. Age, time since the index MI, chronic obstructive pulmonary 

disease (COPD), previous MI, and stroke predicted PCS scores in women. Education, COPD, 

infarct localization, number of indications for cardiovascular medication at discharge, 

medication for heart failure, and subsequent MI predicted PCS scores in men. Smoking 

status, education, and Q-wave MI were determinants for MCS scores in men.  

Conclusion: Patients had impaired HRQoL compared to sex- and age-specific norms 2.5 

years after MI. Women had lower HRQoL scores than men, but relative to norms HRQoL 

was equally affected in both sexes. Men and women had different determinants of HRQoL. 
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4.1.4 Paper IV 

Background: The objective was to explore the relationship between left ventricular ejection 

fraction (LVEF) assessed during hospitalization for acute myocardial infarction (MI) and 

later health-related quality of life (HRQoL). 

Methods: We used multivariate linear regression to assess the relationship between LVEF 

and HRQoL in 256 MI patients who responded to the Kansas City Cardiomyopathy 

Questionnaire (KCCQ) and the EQ-5D 2.5 years after the index MI. 

Results: 167 patients had normal LVEF (>50%), 56 intermediate (40%–50%), and 33 

reduced (<40%). The mean (SD) KCCQ clinical summary score was 85 (18), 75 (22), and 68 

(21) (p<0.001) in the three groups, respectively, and the corresponding EQ-5D Index scores 

were 0.83 (0.18), 0.72 (0.27), and 0.76 (0.14) (p=0.005). In multivariate linear regression 

analysis age ≥70 years, known chronic obstructive pulmonary disease, subsequent MI, 

intermediate LVEF, and reduced LVEF were independent predictors of reduced KCCQ 

clinical summary score. Female sex, medication for angina pectoris at discharge, and 

intermediate LVEF were independent predictors of reduced EQ-5D Index score. 

Conclusions: LVEF measured during hospitalization for MI was a predictor for HRQoL 2.5 

years later. 

 
 

4.2 Methodological considerations  

4.2.1 Patients 

The patient sample in the INPHARM study can be regarded as representative of Norwegian 

MI patients, since consecutive MI patients were included, hospitals recruited patients over 

similar time periods and a wide range of hospitals (both teaching and non-teaching) in 

different geographic regions participated. Also, the 548 patients included in the postal survey 

were regarded representative of patients surviving 2–3 years after their MI.  

Table 2 in Paper I compares respondents and non-respondents in the survey. Non-

respondents were more likely to be female, and were older, had more cardiovascular 

diagnoses before the index MI and were discharged with less medication primary prescribed 

for secondary prevention and more medication prescribed for HF. Also, the LVEF tended to 

be lower in non-respondents. These results indicate that the CVD burden was higher for non-
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respondents than for respondents, which might have influenced the HRQoL scores, especially 

on scales assessing physical health.  

Our response rate of 74% is comparable to response rates of 74–89% in other studies 

[38;114;115;118;119;121;148]. The two studies with the highest response rates used the SF-

36 2 and 4 years after an index MI [38;115]. The youngest patients in our study scored higher 

and the older patients comparable to age-matched patients in the study that assessed HRQoL 

4 years after MI [38], and the scores of our patients were comparable to patients in the study 

on HRQoL 2 years after MI [115]. However, the latter study included only patients with a 

first MI [115].  

 

4.2.2 Design and data collection 

While the INPHARM study was a cross-sectional survey, the follow-up study was a 

prospective observational cohort study [149]. However, we only assessed HRQoL in the 

patients once. We do know the HRQoL of the patients at a mean of 2.5 years after the index 

MI, but we do not know their HRQoL prior to the MI. Therefore, we do not know the 

changes in HRQoL. To determine whether there is a causal relationship between 

determinants and HRQoL, such possible determinants should be related to changes in 

HRQoL between before and after the MI. The time lag between the clinical variables 

registered at the time of the MI and assessment of HRQoL has implications for the direction 

of an observed association. For example, a reduced HRQoL does not cause a reduced LVEF.  

When we planned the study, there were reports on HRQoL at 6 months, 1 year, 2 years, 

4 years and 5 years after an index MI, but no studies for the period between 2 and 4 years 

[36;38;118;120;122;127;148]. At 2 to 3 years after the MI we would expect the patients to be 

in a stable phase, and that most of the expected improvement after the MI was achieved.  

In the INPHARM study, local physicians collected clinical data, data on in-hospital 

treatment and medication at discharge, and the study thus involved several persons, most of 

who were cardiologists. All of the physicians had experience in handling heart patients and 

were familiar with the local medical records, routines and guidelines, which should have 

improved the completeness and reliability of the data. Information on the indication for drug 

use at discharge was also collected from the medical record, but this is not always clearly 

stated in a patient’s records. Many cardiovascular drugs have more than one indication for 

use. The main indication for use was sought, but identifying this retrospectively can be 

difficult and require interpretation by the individual clinician.  
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In the postal survey patients reported their medication use in the questionnaire. We did 

not compare this with drug lists in the hospital records. However, a recent study found good 

agreement between patient-reported medication use and information in their medical records 

[150].  

The hospital diagnosis of MI was accepted without reassessment or revision, and all 

hospitals used the same definition of acute MI [4]. The criteria for diagnosing MI were 

changed in 2000, shortly after the patients in our study had been diagnosed. The new MI 

definition has placed more emphasis on biochemical markers and less on clinical parameters 

and ECG, which has resulted in an increased incidence of small MIs, with some patients who 

had previously been diagnosed as unstable angina or angina pectoris now being diagnosed as 

MI. It is not obvious how this change in patient population has influenced HRQoL among MI 

patients. In a study on HRQoL in ACS that analyzed patients in 1998 and 1999 (and thus 

using the same definition for acute MI as in the present study), a discharge diagnosis of 

unstable angina was a predictor of a reduced SF-36 PCS score [151]. To my knowledge, no 

reports on intermediate- or long-term HRQoL after MI using the new diagnostic criteria have 

been published so far. 

 

4.2.3 HRQoL instruments 

There are disease-specific instruments such as the MacNew QLMI questionnaire that cover 

the major domains of HRQoL following MI without reporting HRQoL separately with regard 

to the most common heart-specific complications following MI; that is, chest pain or HF 

[102]. To improve the relevance of our study to clinical cardiology, we decided to use 

separate instruments for HF and angina pectoris, and chose instruments that included the 

symptom frequency and severity. Frequently MI also affects mental well-being. Therefore, to 

cover most of the effects of an MI on the health status, we also included an instrument 

assessing mental health status. We chose the Hospital Anxiety and Depression scale, which is 

a 14-item self-administered instrument assessing anxiety and depression in patients with 

somatic diseases [152]. This scale has been translated into Norwegian and used in patients 

with heart diseases [153-155]. The SF-36 was the first-choice generic instrument, since it is 

widely used, has high reliability and validity in patients with CAD, and reference values are 

available for a Norwegian general population [97;136]. The second generic instrument 

included in the questionnaire, the EQ-5D index, was attractive due both to its brevity and the 
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possibility of converting it into a utility score [137;139;156]. EQ-5D has also been found to 

be reliable and valid in patients with MI [99].  

The SAQ, KCCQ and SF-36 are all HRQoL instruments covering the most common 

domains of HRQoL. Combining these instruments in the same questionnaire provided 

detailed information on how angina pectoris, HF and general health affect HRQoL after MI, 

with the possibility to compare and analyze differences and variations. However, we do not 

know how repeated questions on the same subjects influence the responses, even though the 

patients were told to consider each item with regard to chest pain or HF, for example.  

 

4.2.4 Statistical considerations 

It has often been discussed whether to use parametric or non-parametric statistical methods 

when investigating quality of life. The individual item responses collected in assessments of 

HRQoL are most often ordinal or nominal data. Such item responses are often aggregated to 

scales, which are analyzed further with the assumption that the aggregates now have interval 

properties and are normally distributed. This can be an invalid assumption. Some of the non-

parametric methods are difficult to apply, and hence researchers often use standard 

parametric methods. This is also the case in other areas of research in medicine and 

psychology. A survey of 175 papers using ordinal data found that at least 75% of them used 

statistical methods that assumed a measurement scale with interval or ratio properties [157].  

How to specify models in multiple regression analysis and whether it is feasible to use 

automated models for variable selection also needs to be considered [158]. Paper III describes 

the manually building of multivariate models based on a-priori-determined criteria. Paper IV 

describes stepwise forward variable selection. In both instances variables were restricted in 

advance, based on findings in the literature and on their availability in our sample. 

 

4.2.5 Ethics 

Both the INPHARM study and the HRQoL postal survey were approved by the Regional 

Committee for Medical Research and the Norwegian Data Inspectorate. The data in the 

INPHARM study were collected after the patients were discharged. Therefore, none of the 

clinicians was aware of the study when patients were in hospital for their index MI. Thus, the 

INPHARM study did not interfere with in-hospital treatments of MI. However, the design of 

the study did not allow patients to exclude themselves from the cohort. 
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Patients were not aware of the HRQoL postal survey before they received an invitation 

to participate and orientation about the survey signed by the head of the cardiology section or 

department together with a supplementary letter from the researchers and the questionnaire. 

Therefore, the invitation to participate in the survey could have been an unpleasant reminder 

of what the patients might have regard as a closed book, especially for those without 

symptoms from their CAD and with normal physical function. However, the high response 

rate indicates that this approach was generally accepted. 

A few of the questionnaire items could have been regarded as offensive by some 

patients, such as item 15 in the KCCQ that asks about “intimate relationships with loved 

ones”. This or other items could have led to patients feeling that their privacy was violated, 

resulting in them not returning the completed questionnaire or not responding to that specific 

question. Indeed, only 28% of our respondents provided a valid response to this item. The 

rate of single-item non-response was 10–16% on three other items asking about working-, 

leisure- and social activities.  

 

 

4.3 Discussion of the main results 

4.3.1 Reliability and validity of the instruments 

As expected, the patients in our study scored substantially higher on all KCCQ scales, and 

had a relatively high ceiling effect (13–36%) on the different scales compared to patients with 

known HF [106]. Our patients also scored higher than patients with stable angina on four out 

of five scales of the SAQ [103;159]. One of the inclusion criteria in the study of angina 

pectoris by Spertus et al. was current prescription of nitroglycerine [103]. The scores on the 

SAQ scales of patients in that study were comparable to the scores of those patients in our 

study who reported that they used nitroglycerine (Table 5 in Paper II). Acceptability of the 

translated instruments among patients in our study was satisfactory, with >90% and 89–97% 

scorable multi-item scales for the KCCQ and SAQ, respectively. In our study the internal 

consistency reliability of the KCCQ scales equaled that of the original version of the KCCQ, 

with values of >0.70 on all scales except Self-efficacy. For the Norwegian translation of the 

SAQ, all the Cronbach’s α values were >0.80. The test–retest reliability as quantified by ICC 

for the KCCQ was >0.70 on all scales and summary scores except Symptom stability, Self-

efficacy, and Quality of life. The ICC was >0.70 on all scales of the SAQ except Angina 
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stability. It has been suggested that HRQoL instruments can be used for comparisons at the 

group and individual patient levels when the reliability is >0.70 and >0.95, respectively 

[79;160]. Acceptable reliability for comparisons at the group level were obtained when these 

criteria were applied to the Norwegian translations, the SAQ scales Physical limitation, 

Angina frequency, and Treatment satisfaction, and the KCCQ scales and summary scores 

Physical limitation, Symptoms, Social limitations, KCCQ Functional Status, and KCCQ 

Clinical Summary. However, none of the scales fulfilled the criteria for use at the individual 

level.  

The discriminatory capacity was higher for the KCCQ than for the generic SF-36 

instrument for all scales except the Symptom stability and Self-efficacy. However, the SF-36 

has a broader scope, and hence supplements the KCCQ. These results support the construct 

validity of both the KCCQ and SF-36 in patients with previous MI. The SF-36 has previously 

shown high validity in patients with CAD, but this has not been tested for the Norwegian 

translation [97]. The KCCQ was developed in patients with HF but is relevant to a substantial 

proportion of MI patients, and our results support its validity in unselected patients with 

previous MI. 

We assessed convergent/divergent validity, which is an aspect of construct validity, 

using a multitrait-multimethod matrix. For the KCCQ all predicted substantial correlations 

between KCCQ scales and summary scores and SF-36 scales were ≥0.56. The criterion for a 

substantial correlation is considered to be 0.60, and this was satisfied for 16 of the 20 

predicted correlations [147]. For the SAQ, 9 of the 13 predicted correlations were >0.54 and 

6 were >0.60. We used medication for HF at discharge and current antiangina medication as 

criteria for different group validity [161]. All scales and summary scores of the KCCQ except 

Symptom stability and Self-efficacy performed well, as did all SAQ scales except Angina 

stability, indicating high validity of the two instruments.  

Our cross-sectional study could not assess responsiveness. The KCCQ has been shown 

to have better responsiveness than the MLHF and to reflect clinical changes in HF patients 

better than the NYHA classification and 6-minute walk test [106;162]. However, the 

responsiveness of the KCCQ needs to be assessed also in patients with previous MI. The 

SAQ has been shown to be responsive in patients with CAD, but like the KCCQ needs to be 

tested separately in patients with MI [103;140]. 
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4.3.2 Comparisons with the general population and patients with other 

diseases 

The scores of our patients were significant lower than those of sex- and age-adjusted norms 

on all SF-36 scales except Bodily pain (Table 3 in Paper III) [136]. A difference in score of 5 

or more on the SF-36 scales from 0 to 100 is often regarded as clinically significant [133]. 

Applying this criterion conservatively, we found a clinically significant reduced score on the 

scales of Physical functioning, Role functioning–physical, General health and Role 

functioning–emotional. However, the scores exhibited only moderate differences between our 

patients and the general-population norms, being less than 10 on most scales. Still, given the 

high prevalence of previous-MI patients in the general population, a reduced HRQoL in MI 

patients represents a substantial societal health problem.  

The difference in score between previous-MI patients and norms was generally the 

same in both men and women, and in patients below and above 70 years. Our results are 

consistent with most studies finding that MI reduces HRQoL compared to norms, at least 

until 5 years after the index MI [38;113-116;163].  

The differences in SF-36 score between previous-MI patients and sex- and age-adjusted 

norms in our study were smaller than the differences reported by Brown et al. in MI patients 

younger than 65 years assessed 4 years after their index MI [38]. The patients in that study 

had experienced their index MI approximately 7 years before the patients in our study, and 

during which drug therapies improved and aggressive interventions became more common 

[17]. This might have contributed to the better results in our study.  

HRQoL scores in patients with cardiovascular conditions are reported to be comparable 

to those for other chronic conditions such as cancer and chronic respiratory diseases, but 

higher than those in patients with musculoskeletal, renal, gastrointestinal, cerebrovascular or 

neurological conditions [38;113-116;163].  

 

4.3.3 Determinants of HRQoL 

Different determinants and predictors of HRQoL following MI have been identified. The 

predictors have varied between studies depending on factors such as patient selection, the 

possible predictor variables included, the applied HRQoL instrument and the time interval 

between the index MI and HRQoL assessment.  
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In a systematic review on 11 studies published before 1999, Simpson and Pilote found 

that the most significant predictors of HRQoL after MI were the severity of persistent 

symptoms such as dyspnoea or chest pain, the patient’s age, and the timing of HRQoL 

measurements [109]. Two more recent studies by Beck et al. (on patients with MI) and 

Rumsfeld et al. (on patients with ACS) both concluded that non-cardiac factors were the most 

powerful predictors of subsequent HRQoL [118;151]. The latter study measured HRQoL 7 

months after the index hospitalization, and identified both previous CVD (e.g. prior CABG 

surgery and HF) and also non-CVDs such as depression, arthritis, COPD (chronic obstructive 

pulmonary disease), diabetes mellitus, previous peptic ulcer disease, reduced kidney function 

and stroke as predictors of HRQoL as measured by the SF-36 PCS or MCS [151]. They also 

identified revascularization – both during the index hospitalization and after discharge – as 

positive predictors of HRQoL. Beck et al. measured HRQoL both during hospitalization and 

after 1 year, with the baseline HRQoL used as an independent variable in the analysis of 

determinants for HRQoL [118]. In addition to baseline HRQoL, only age, sex and previous 

CABG surgery were associated with the PCS score at 1 year. The presence of depression at 

the time of the index MI was the only predictor of MCS other than the baseline score. 

Including baseline HRQoL in the analysis accounted for much of the comorbidity that 

otherwise might have been an important predictor. This latter study actually analyzed 

predictors of recovery after MI. The social network has also been identified as a predictor of 

the long-term MCS score [121].  

The design of our study was the same as that of Rumsfeld et al., with HRQoL measured 

once only, and thus HRQoL in our study might have been affected by previous health 

conditions, factors associated with the index MI, and subsequent events [151]. We applied 

separate analyses to men and women (Table 4 in Paper III), which indicated that the 

predictors among men were the total number of indications for cardiovascular drugs at 

discharge and medication for HF at discharge. The number of cardiovascular indications for 

treatment at discharge was influenced both by previous CAD and the index MI, which cannot 

be distinguished. In women, previous MI, previous stroke and COPD were all associated with 

a lower PCS score. 

Among men, there was a clinically and statistically significant association between 

localization of the index MI and long-term HRQoL [133]. To our knowledge no previous 

study has shown this association, possibly because none of them applied separate analyses to 

the two sexes. Alternatively, a separate underlying cause (e.g. undetected previous MIs) 

could explain both the difficulty of localizing the index MI and the reduced HRQoL. In men, 
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but not in women, subsequent MI was associated with a reduced PCS score. However, this 

might be related to reduced statistical power, as only 3% of the women in our study reported 

new MIs.  

In our study age was associated with HRQoL only in women (Table 4 in Paper III). 

This was somewhat surprising considering that in the Norwegian national norms there is an 

age-related decrease in score on the four SF-36 scales that is associated most strongly with 

physical health, with the decrease appearing in the sixth decade in men and in the seventh 

decade in women [136]. This age-dependent decrease in HRQoL in the general population 

might be attributable to ageing per se, due to decreased physical capacity, increased total 

burden of disease or reduced social support [131;164]. In addition, elderly subjects with MI 

have increased incidences of pre-MI CAD, reduced heart function, atrioventricular 

conduction disturbances, atrial fibrillation and diabetes mellitus, all of which might affect 

HRQoL. The age-dependent decrease in HRQoL in the general population indicates that not 

evaluating age as a determinant of HRQoL in patients with MI might lead to an 

overestimation of the effect of an MI in elderly patients or an underestimation of the effect in 

younger patients.  

 

4.3.4 Sex difference in HRQoL after MI 

We observed that the unadjusted HRQoL scores differed between men and women (with the 

lowest scores in women) on many of the SF-36 scales both for patients younger and older 

than 70 years (Table 2 in Paper III). There are at least three theoretical health-related 

explanations for a sex difference in HRQoL scores after MI [165]. First, they might be due to 

CAD being more severe in women than in men. Second, women might have more premorbid 

comorbidities or a lower functional level, with the observed differences thus being due to 

existing sex differences in the general population. Third, women might have poorer recovery 

after an MI compared to men, which is supported by one study finding that the recovery in 

the first year after an MI was worse in women than in men on several SF-36 scales [166]. A 

fourth, more methodological explanation of observed sex difference in HRQoL is that the 

employed HRQoL instrument favours aspects of HRQoL for which men generally have a 

higher functional level than women. For example an instrument which emphasizes physical 

function and symptoms would lead to this type of sex-difference. Men generally have higher 

physical function than women, and it has been suggested that men are socialized to ignore 

physical discomfort and thus are unaware of symptoms women feel keenly [167]. There is 
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research evidence supporting all of the health-related explanations. CAD is diagnosed later in 

women than in men, and therefore women have a longer period without treatment, which 

would result in a more severe status when the condition is finally diagnosed.  

When interpreting observed sex differences in SF-36 scores in patients, it must be noted 

that men in the general population score higher than women at the same age on most SF-36 

scales [133;136]. We accounted for this sex difference in general-population norms when 

comparing scores on SF-36 scales between male and female patients by computing new 

variables for each SF-36 scale defined as the difference between the observed score for each 

respondent and the age- and sex-specific general-population norm. Applying these new 

variables revealed no sex difference in scores on SF-36 scales in post-MI patients beyond the 

sex difference in the general population, and hence the sex differences in scores on SF-36 

scales in our study are likely to simply reflect differences in the general population.  

 

4.3.5 LVEF and HRQoL 

The LVEF is an important predictor of survival in patients with heart disease and is the most 

commonly used non-invasive measure of cardiac function [31;168;169]. The LVEF is a 

measure of left ventricular systolic function, with its value being an important indicator of the 

amount of heart muscle loss during an MI. However, other factors such as diastolic function, 

valvular heart disease, dyssynchronicity or arrhythmias can all impact on the overall function 

and physical capacity of the heart. More composite measures of a patient’s physical function, 

such as a 6-minute walk test, will be influenced by lung function, muscle strength and 

diseases affecting the locomotor system. Similarly, these conditions will also influence the 

NYHA classification. Further, physical functioning is only one of multiple domains 

contributing to the construct HRQoL. Therefore, the association between the LVEF and 

HRQoL is not obvious, and this explains why studies involving patients with previous MI 

both have and have not observed an association between the LVEF and HRQoL 

[115;117;119;170-177].  

In our study we identified a moderate but highly statistically significant association 

between the LVEF measured during hospitalization for the index MI and HRQoL about 2.5 

years later, after controlling for other variables (Table 3 in Paper IV). A moderate association 

between the LVEF and HRQoL would be expected from the conceptual model of Wilson and 

Cleary [70] that illustrates the presence of multiple links between physiological measures and 

HRQoL, and hence that HRQoL can be influenced by diverse factors.  
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4.3.6 Limitations  

In each of Papers I–IV we have reviewed the limitations of the analyses and the uncertainty 

of the study, including the response rates, the possibility of multiple indications for 

cardiovascular drug treatment at discharge, the use of different methods to assess the LVEF 

and problems with reliability when data were collected by multiple clinicians. Other 

limitations relate to the study design with HRQoL measured once only.  

The change in the diagnostic criteria for MI in Norway in 2000, lead to an increased 

number of MIs being diagnosed. The disease entity ACS – which comprises ST-segment 

elevation MI, non-ST-segment elevation MI and unstable angina – is increasingly used in 

clinical practice. Caution is required when generalizing results obtained in patients diagnosed 

according to the WHO definition to patients diagnosed with the new MI criteria or to patients 

with ACS.  
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5 Conclusions and future perspectives 

5.1 Conclusions 

 This study has validated the Norwegian translations of two heart-specific HRQoL 

instruments, which will facilitate the use of these instruments in Norwegian patients 

without a long documentation process. Our results also support the validity of the 

Norwegian translation of the SF-36 in patients with previous MI.  

 We have identified that HRQoL in both men and women is lower about 2.5 years after 

an MI than in age- and sex-matched Norwegian norms.  

 Given the existing difference in scores between men and women in the general 

population, HRQoL was equally affected after MI in the two sexes. This implies that 

caution is required when directly comparing HRQoL between the sexes. 

 We have presented and applied a statistical method for comparing SF-36 scores 

between groups of patients that takes into account general-population scores. 

 We have demonstrated that HRQoL about 2.5 years after an MI is more closely 

associated with features of the index MI in men than in women.  

 In patients with acute MI, heart function during hospitalization – as measured with the 

LVEF – showed a moderate but statistically significant association with long-term 

HRQoL.  

 

 

5.2 Future perspectives 

While the original SAQ and KCCQ have shown good results [103;106;140], the 

responsiveness of their Norwegian translations needs to be tested, such as in stable angina 

patients undergoing planned PCI and in HF rehabilitation clinics, respectively.  

To facilitate the use of HRQoL measures in clinical practice, it would be useful to have 

instruments that can be applied longitudinally to individual patients. HRQoL measures need 

to exhibit sufficient validity and reliability in individual patients before they can be used in 

clinical practice. Applying HRQoL regularly to individual patients will improve the accuracy 

of doctor–patient communications and thus could contribute to improved treatment. The 
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further development of instruments to achieve this should be a top priority of HRQoL 

research in patients with CAD.  

Whether future studies should use generic or disease-specific HRQoL instruments 

depends on the purpose of each study. When assessing the effect of an intervention it is 

feasible to use measures that are most sensitive to change, which frequently is a disease-

specific instrument. However, generic measures must be used if the purpose is to compare 

patients with different diseases or with the general population. Often a survey aims at both, 

and hence a common recommendation is to use both a generic and a disease-specific 

instrument.  

Wilson and Cleary have presented a general conceptual model linking clinical variables 

with HRQoL that takes into account characteristics of the individual and the environment 

[70]. This model can serve as a basis for testing the relationship between sets of clinical 

variables, measures of heart function and HRQoL in patients with CAD. Formally testing an 

a priori model in any appropriately designed study will improve the knowledge of how 

potential determinants of HRQoL relate to different aspects of HRQoL and quality of life, 

and also how the determinants are interrelated. A better understanding of the interrelation of 

possible predictors of HRQoL could lead to an increased awareness of potentially modifiable 

determinants, better tailored treatment and at the same time a more holistic care for patients 

with CAD.  

HRQoL has been found to be a predictor of survival in patients with heart disease 

[87;142;178;179]. A better understanding of the association between HRQoL and survival 

could contribute to improved treatment. For example, will treatments that improve HRQoL 

also improve survival?  

The new diagnostic criteria for MI have reduced the distinction between MI and 

unstable angina, and the term ACS is now more commonly used. A longitudinal cohort study 

comprising a broad spectrum of ACS patients and with the intention to measure both the 

short- and long-term HRQoL, together with death and hospital admissions, would be very 

useful for understanding all aspects of the course of ACS.  



 

 41 

References 
 1. Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial infarction redefined--a 

consensus document of The Joint European Society of Cardiology/American College of 
Cardiology Committee for the redefinition of myocardial infarction. J Am Coll Cardiol 
2000 Sep;36(3):959-69. 

 2. Davies MJ. The pathophysiology of acute coronary syndromes. Heart 2000 
Mar;83(3):361-6. 

 3. Otterstad JE, Platou ES, Mangschau A, Endresen K. Hjerteinfarkt Diagnostikk og 
behandling. Hjerteforum 15[Suppl. 3]. 2002.  

 4. Otterstad JE, Platou ES, Mangschau A. Hjerteinfarkt Diagnostikk og behandling. 
Hjerteforum 12. 1999.  

 5. Mackay J, Mensah GA. Atlas of Heart Diseases and Stroke. Geneva: World Health 
Organization; 2006. 

 6. Murray CJ. Quantifying the burden of disease: the technical basis for disability-adjusted 
life years. Bull World Health Organ 1994;72(3):429-45. 

 7. Statistisk Årbok 2005. http://www ssb no/aarbok/tab/tab-107 html 2005 [cited 2006 Jun 
30];Available from: URL: http://www.ssb.no/aarbok/tab/tab-107.html 

 8. Dødsfall etter kjønn, alder og underliggende dødsårsak. Hele landet. 1996. http://www 
ssb no/emner/03/01/10/dodsarsak/arkiv/tab-1999-09-30-11 html 2006 [cited 2006 Jun 
30];Available from: URL: http://www.ssb.no/emner/03/01/10/dodsarsak/arkiv/tab-
1999-09-30-11.html 

 9. Dødsfall etter kjønn, alder og underliggende dødsårsak. Hele landet. 2003. http://www 
ssb no/emner/03/01/10/dodsarsak/arkiv/tab-2005-03-30-11 html 2006 [cited 2006 Jun 
30];Available from: URL: http://www.ssb.no/emner/03/01/10/dodsarsak/arkiv/tab-
2005-03-30-11.html 

 10. Reikvam A, Hagen TP. Markedly changed age distribution among patients hospitalized 
for acute myocardial infarction. Scand Cardiovasc J 2002 Aug;36(4):221-4. 

 11. Hagen TP, Reikvam A. Marked increase of the number of myocardial infarctions 
following introduction of the new diagnostic criteria. Tidsskr Nor Laegeforen 2003 Nov 
6;123(21):3041-3. 

 12. Armstrong A, Duncan B, Oliver MF, Julian DG, Donald KW, Fulton M, et al. Natural 
history of acute coronary heart attacks. A community study. Br Heart J 1972 
Jan;34(1):67-80. 

 13. Tunstall-Pedoe H, Kuulasmaa K, Mahonen M, Tolonen H, Ruokokoski E, Amouyel P. 
Contribution of trends in survival and coronary-event rates to changes in coronary heart 
disease mortality: 10-year results from 37 WHO MONICA project populations. 
Monitoring trends and determinants in cardiovascular disease. Lancet 1999 May 
8;353(9164):1547-57. 



 

 42 

 14. Norris RM. Fatality outside hospital from acute coronary events in three British health 
districts, 1994-5. United Kingdom Heart Attack Study Collaborative Group. BMJ 1998 
Apr 4;316(7137):1065-70. 

 15. Norris RM, Caughey DE, Mercer CJ, Scott PJ. Prognosis after myocardial infarction. 
Six-year follow-up. Br Heart J 1974 Aug;36(8):786-90. 

 16. Reikvam A. Patient characteristics and mortality in acute myocardial infarction. Tidsskr 
Nor Laegeforen 1996;116:1668-70. 

 17. Reikvam A, Kvan E, Aursnes I. Use of cardiovascular drugs after acute myocardial 
infarction: a marked shift towards evidence-based drug therapy. Cardiovasc Drugs Ther 
2002 Sep;16(5):451-6. 

 18. Goldberg RJ, Spencer FA, Yarzebski J, Lessard D, Gore JM, Alpert JS, et al. A 25-year 
perspective into the changing landscape of patients hospitalized with acute myocardial 
infarction (the Worcester Heart Attack Study). Am J Cardiol 2004 Dec 1;94(11):1373-
8. 

 19. Botkin NF, Spencer FA, Goldberg RJ, Lessard D, Yarzebski J, Gore JM. Changing 
trends in the long-term prognosis of patients with acute myocardial infarction: a 
population-based perspective. Am Heart J 2006 Jan;151(1):199-205. 

 20. Capewell S, Morrison CE, McMurray JJ. Contribution of modern cardiovascular 
treatment and risk factor changes to the decline in coronary heart disease mortality in 
Scotland between 1975 and 1994. Heart 1999 Apr;81(4):380-6. 

 21. Capewell S, Beaglehole R, Seddon M, McMurray J. Explanation for the decline in 
coronary heart disease mortality rates in Auckland, New Zealand, between 1982 and 
1993. Circulation 2000 Sep 26;102(13):1511-6. 

 22. Unal B, Critchley JA, Capewell S. Explaining the decline in coronary heart disease 
mortality in England and Wales between 1981 and 2000. Circulation 2004 Mar 
9;109(9):1101-7. 

 23. Laatikainen T, Critchley J, Vartiainen E, Salomaa V, Ketonen M, Capewell S. 
Explaining the decline in coronary heart disease mortality in Finland between 1982 and 
1997. Am J Epidemiol 2005 Oct 15;162(8):764-73. 

 24. Reitsma JB, Dalstra JA, Bonsel GJ, van der Meulen JH, Koster RW, Gunning-Schepers 
LJ, et al. Cardiovascular disease in the Netherlands, 1975 to 1995: decline in mortality, 
but increasing numbers of patients with chronic conditions. Heart 1999 Jul;82(1):52-6. 

 25. Morganroth J, Bigger JT, Jr. Pharmacologic management of ventricular arrhythmias 
after the cardiac arrhythmia suppression trial. Am J Cardiol 1990 Jun 15;65(22):1497-
503. 

 26. Huikuri HV, Castellanos A, Myerburg RJ. Sudden death due to cardiac arrhythmias. N 
Engl J Med 2001 Nov 15;345(20):1473-82. 



 

 43 

 27. Cleland JG, Torabi A, Khan NK. Epidemiology and management of heart failure and 
left ventricular systolic dysfunction in the aftermath of a myocardial infarction. Heart 
2005 May;91 Suppl 2:ii7-13. 

 28. Weir RA, McMurray JJ, Velazquez EJ. Epidemiology of heart failure and left 
ventricular systolic dysfunction after acute myocardial infarction: prevalence, clinical 
characteristics, and prognostic importance. Am J Cardiol 2006 May 22;97(10A):13F-
25F. 

 29. Hellermann JP, Jacobsen SJ, Redfield MM, Reeder GS, Weston SA, Roger VL. Heart 
failure after myocardial infarction: clinical presentation and survival. Eur J Heart Fail 
2005 Jan;7(1):119-25. 

 30. Levy D, Kenchaiah S, Larson MG, Benjamin EJ, Kupka MJ, Ho KK, et al. Long-term 
trends in the incidence of and survival with heart failure. N Engl J Med 2002 Oct 
31;347(18):1397-402. 

 31. Volpi A, De VC, Franzosi MG, Geraci E, Maggioni AP, Mauri F, et al. Determinants of 
6-month mortality in survivors of myocardial infarction after thrombolysis. Results of 
the GISSI-2 data base. The Ad hoc Working Group of the Gruppo Italiano per lo Studio 
della Sopravvivenza nell'Infarto Miocardico (GISSI)-2 Data Base. Circulation 1993 
Aug;88(2):416-29. 

 32. Risk stratification and survival after myocardial infarction. N Engl J Med 1983 Aug 
11;309(6):331-6. 

 33. Nicod P, Gilpin E, Dittrich H, Chappuis F, Ahnve S, Engler R, et al. Influence on 
prognosis and morbidity of left ventricular ejection fraction with and without signs of 
left ventricular failure after acute myocardial infarction. Am J Cardiol 1988 Jun 
1;61(15):1165-71. 

 34. Fox K, Garcia MA, Ardissino D, Buszman P, Camici PG, Crea F, et al. Guidelines on 
the management of stable angina pectoris: executive summary: the Task Force on the 
Management of Stable Angina Pectoris of the European Society of Cardiology. Eur 
Heart J 2006 Jun;27(11):1341-81. 

 35. Betriu A, Califf RM, Bosch X, Guerci A, Stebbins AL, Barbagelata NA, et al. 
Recurrent ischemia after thrombolysis: importance of associated clinical findings. 
GUSTO-I Investigators. Global Utilization of Streptokinase and t-PA [tissue-
plasminogen activator] for Occluded Coronary Arteries. J Am Coll Cardiol 1998 
Jan;31(1):94-102. 

 36. Wiklund I, Herlitz J, Johansson S, Bengtson A, Karlson BW, Persson NG. Subjective 
symptoms and well-being differ in women and men after myocardial infarction. Eur 
Heart J 1993 Oct;14(10):1315-9. 

 37. Rose GA, Blackburn H. Cardiovascular Survey Methods. Geneva: WHO; 1968. 

 38. Brown N, Melville M, Gray D, Young T, Munro J, Skene AM, et al. Quality of life four 
years after acute myocardial infarction: short form 36 scores compared with a normal 
population. Heart 1999 Apr;81(4):352-8. 



 

 44 

 39. Brunelli C, Cristofani R, L'Abbate A. Long-term survival in medically treated patients 
with ischaemic heart disease and prognostic importance of clinical and 
electrocardiographic data (the Italian CNR Multicentre Prospective Study OD1). Eur 
Heart J 1989 Apr;10(4):292-303. 

 40. Schleifer SJ, ari-Hinson MM, Coyle DA, Slater WR, Kahn M, Gorlin R, et al. The 
nature and course of depression following myocardial infarction. Arch Intern Med 1989 
Aug;149(8):1785-9. 

 41. Barth J, Schumacher M, Herrmann-Lingen C. Depression as a risk factor for mortality 
in patients with coronary heart disease: a meta-analysis. Psychosom Med 2004 
Nov;66(6):802-13. 

 42. van Melle JP, de JP, Spijkerman TA, Tijssen JG, Ormel J, van Veldhuisen DJ, et al. 
Prognostic association of depression following myocardial infarction with mortality and 
cardiovascular events: a meta-analysis. Psychosom Med 2004 Nov;66(6):814-22. 

 43. Carney RM, Freedland KE, Miller GE, Jaffe AS. Depression as a risk factor for cardiac 
mortality and morbidity: a review of potential mechanisms. J Psychosom Res 2002 
Oct;53(4):897-902. 

 44. Whooley MA. Depression and cardiovascular disease: healing the broken-hearted. 
JAMA 2006 Jun 28;295(24):2874-81. 

 45. Lopez-Sendon J, Swedberg K, McMurray J, Tamargo J, Maggioni AP, Dargie H, et al. 
Expert consensus document on beta-adrenergic receptor blockers. Eur Heart J 2004 
Aug;25(15):1341-62. 

 46. Freemantle N, Cleland J, Young P, Mason J, Harrison J. beta Blockade after myocardial 
infarction: systematic review and meta regression analysis. BMJ 1999 Jun 
26;318(7200):1730-7. 

 47. Rich MW. Therapy for acute myocardial infarction. Clin Geriatr Med 1996 
Feb;12(1):141-68. 

 48. Patrono C, Bachmann F, Baigent C, Bode C, De CR, Charbonnier B, et al. Expert 
consensus document on the use of antiplatelet agents. The task force on the use of 
antiplatelet agents in patients with atherosclerotic cardiovascular disease of the 
European society of cardiology. Eur Heart J 2004 Jan;25(2):166-81. 

 49. 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. 

 50. Indications for fibrinolytic therapy in suspected acute myocardial infarction: 
collaborative overview of early mortality and major morbidity results from all 
randomised trials of more than 1000 patients. Fibrinolytic Therapy Trialists' (FTT) 
Collaborative Group [published erratum appears in Lancet 1994 Mar 
19;343(8899):742]. Lancet 1994;343(8893):311-22. 

 51. Baigent C, Collins R, Appleby P, Parish S, Sleight P, Peto R. ISIS-2: 10 year survival 
among patients with suspected acute myocardial infarction in randomised comparison 



 

 45 

of intravenous streptokinase, oral aspirin, both, or neither. The ISIS-2 (Second 
International Study of Infarct Survival) Collaborative Group. BMJ 1998 May 
2;316(7141):1337-43. 

 52. Van de Werf F, Ardissino D, Betriu A, Cokkinos DV, Falk E, Fox KA, et al. 
Management of acute myocardial infarction in patients presenting with ST-segment 
elevation. The Task Force on the Management of Acute Myocardial Infarction of the 
European Society of Cardiology. Eur Heart J 2003 Jan;24(1):28-66. 

 53. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic 
therapy for acute myocardial infarction: a quantitative review of 23 randomised trials. 
Lancet 2003 Jan 4;361(9351):13-20. 

 54. Bassand JP, Hamm CW, Ardissino D, Boersma E, Budaj A, Fernandez-Aviles F, et al. 
Guidelines for the diagnosis and treatment of non-ST-segment elevation acute coronary 
syndromes. Eur Heart J 2007 Jul;28(13):1598-660. 

 55. Hoenig MR, Doust JA, Aroney CN, Scott IA. Early invasive versus conservative 
strategies for unstable angina & non-ST-elevation myocardial infarction in the stent era. 
Cochrane Database Syst Rev 2006;3:CD004815. 

 56. Varnauskas E. Survival, myocardial infarction, and employment status in a prospective 
randomized study of coronary bypass surgery. Circulation 1985 Dec;72(6 Pt 2):V90-
101. 

 57. Coronary artery surgery study (CASS): a randomized trial of coronary artery bypass 
surgery. Quality of life in patients randomly assigned to treatment groups. Circulation 
1983 Nov;68(5):951-60. 

 58. Eleven-year survival in the Veterans Administration randomized trial of coronary 
bypass surgery for stable angina. The Veterans Administration Coronary Artery Bypass 
Surgery Cooperative Study Group. N Engl J Med 1984 Nov 22;311(21):1333-9. 

 59. Lopez-Sendon J, Swedberg K, McMurray J, Tamargo J, Maggioni AP, Dargie H, et al. 
Expert consensus document on angiotensin converting enzyme inhibitors in 
cardiovascular disease. The Task Force on ACE-inhibitors of the European Society of 
Cardiology. Eur Heart J 2004 Aug;25(16):1454-70. 

 60. Indications for ACE inhibitors in the early treatment of acute myocardial infarction: 
systematic overview of individual data from 100,000 patients in randomized trials. ACE 
Inhibitor Myocardial Infarction Collaborative Group. Circulation 1998 Jun 
9;97(22):2202-12. 

 61. Flather MD, Yusuf S, Kober L, Pfeffer M, Hall A, Murray G, et al. Long-term ACE-
inhibitor therapy in patients with heart failure or left-ventricular dysfunction: a 
systematic overview of data from individual patients. ACE-Inhibitor Myocardial 
Infarction Collaborative Group. Lancet 2000 May 6;355(9215):1575-81. 

 62. Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: 
the Scandinavian Simvastatin Survival Study (4S). Lancet 1994 Nov 
19;344(8934):1383-9. 



 

 46 

 63. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, et al. Efficacy 
and safety of cholesterol-lowering treatment: prospective meta-analysis of data from 
90,056 participants in 14 randomised trials of statins. Lancet 2005 Oct 
8;366(9493):1267-78. 

 64. Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, Cobbe SM, et al. 
Pravastatin in elderly individuals at risk of vascular disease (PROSPER): a randomised 
controlled trial. Lancet 2002 Nov 23;360(9346):1623-30. 

 65. Campeau L. Letter: Grading of angina pectoris. Circulation 1976 Sep;54(3):522-3. 

 66. The Criteria Committee of the New York Heart Association: Nomencalture and Criteria 
for Diagnosis. 9 ed. Boston: LIttle, Brown; 1994. 

 67. Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda M, et al. Guidelines 
for the diagnosis and treatment of chronic heart failure: executive summary (update 
2005): The Task Force for the Diagnosis and Treatment of Chronic Heart Failure of the 
European Society of Cardiology. Eur Heart J 2005 Jun;26(11):1115-40. 

 68. Constitution of the World Health Organization. World Health Organization. Handbook 
of basic documents. 5th ed. Geneva: Palais des Nationes; 1952. p. 3-20. 

 69. Fayers PM, Machin D. Quality of life, assessment, analysis and interpretation. 1st ed. 
Chichester: John Wiley & Sons,LTD; 2002. 

 70. Wilson IB, Cleary PD. Linking clinical variables with health-related quality of life. A 
conceptual model of patient outcomes. JAMA 1995 Jan 4;273(1):59-65. 

 71. The World Health Organization Quality of Life assessment (WHOQOL): position paper 
from the World Health Organization. Soc Sci Med 1995 Nov;41(10):1403-9. 

 72. Mor V. Cancer patients' quality of life over the disease course: lessons from the real 
world. J Chronic Dis 1987;40(6):535-44. 

 73. Oleson M. Subjectively perceived quality of life. Image J Nurs Sch 1990;22(3):187-90. 

 74. Wenger NK, Furberg CD. Cardiovascular disorders. In: Spilker B, editor. Quality of 
Life Assessment in Clinical Trials. 1 ed. New York: Raven Press; 1990. 

 75. Naughton MJ, Shumaker SA. The case for domains of function in quality of life 
assessment. Qual Life Res 2003;12 Suppl 1:73-80. 

 76. Bergner M. Quality of life, health status, and clinical research. Med Care 1989 
Mar;27(3 Suppl):S148-S156. 

 77. Wood-Dauphinee S. Assessing quality of life in clinical research: from where have we 
come and where are we going? J Clin Epidemiol 1999 Apr;52(4):355-63. 

 78. Bowling A. Measuring Disease: A Review of Disease-specific Qaulity of Life 
Measurement Scales. Buckingham, Philadelphia: Open University Press; 1995. 



 

 47 

 79. Perrin EB, Aaronson NK, Alonso J. Scientific Advisory Committee Instrument Review 
Criteria. Medical Outcomes Trust Bulletin 1995;3:I-IV. 

 80. Streiner DL, Norman GR. Health measurements scales - a practial guide to their 
development and use. 2 ed. Oxford: Oxford University Press; 1995. 

 81. Carmines EG, Zeller RA. Reliability and validity assessment. In: Lewis-Beck MS, 
editor. Basic Measurement. 1st ed. London: SAGE Publications/Toppan Publishing; 
1994. p. 1-46. 

 82. Cronbach LJ. Coefficient alpha and the internal structure of testes. Psychometrika 
1951;16:297-335. 

 83. ATS quality of life resource. Measurement properties. http://www atsqol 
org/sections/measurement-properties/index html 2007 [cited 2007 Apr 24];Available 
from: URL: http://www.atsqol.org/sections/measurement-properties/index.html 

 84. Braunwald E. The history. In: Braunwald E, editor. Heart Disease; A Textbook of 
Cardiovascular Medicine. 5th ed. Philadelphia: W.B. Saunders Company; 1997. p. 1-14. 

 85. Leidy NK. Functional status and the forward progress of merry-go-rounds: toward a 
coherent analytical framework. Nurs Res 1994 Jul;43(4):196-202. 

 86. Barsky AJ, Cleary PD, Klerman GL. Determinants of perceived health status of medical 
outpatients. Soc Sci Med 1992 May;34(10):1147-54. 

 87. Westin L, Nilstun T, Carlsson R, Erhardt L. Patients with ischemic heart disease: 
quality of life predicts long-term mortality. Scand Cardiovasc J 2005 Apr;39(1-2):50-4. 

 88. Sprangers MA, Schwartz CE. Integrating response shift into health-related quality of 
life research: a theoretical model. Soc Sci Med 1999 Jun;48(11):1507-15. 

 89. Schwartz CE, Sprangers MA. Methodological approaches for assessing response shift 
in longitudinal health-related quality-of-life research. Soc Sci Med 1999 
Jun;48(11):1531-48. 

 90. Bergner M, Bobbitt RA, Carter WB, Gilson BS. The Sickness Impact Profile: 
development and final revision of a health status measure. Med Care 1981;19(8):787-
805. 

 91. Hunt SM, McKenna SP, McEwen J, Williams J, Papp E. The Nottingham Health 
Profile: subjective health status and medical consultations. Soc Sci Med [A] 1981;15(3 
Pt 1):221-9. 

 92. McHorney CA, Ware JE, Jr., Lu JF, Sherbourne CD. The MOS 36-item Short-Form 
Health Survey (SF-36): III. Tests of data quality, scaling assumptions, and reliability 
across diverse patient groups. Med Care 1994;32(1):40-66. 

 93. McHorney CA, Ware JE, Jr., Raczek AE. The MOS 36-Item Short-Form Health Survey 
(SF-36): II. Psychometric and clinical tests of validity in measuring physical and mental 
health constructs. Med Care 1993;31(3):247-63. 



 

 48 

 94. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. 
Conceptual framework and item selection. Med Care 1992;30(6):473-83. 

 95. Bowling A. Measuring Health: A Review of Quality of Life Measurement Scales. 2nd 
ed. Buckingham, Philadelphia: Open University Press; 1997. 

 96. Dempster M, Donnelly M. Measuring the health related quality of life of people with 
ischaemic heart disease. Heart 2000 Jun;83(6):641-4. 

 97. Failde I, Ramos I. Validity and reliability of the SF-36 Health Survey Questionnaire in 
patients with coronary artery disease. J Clin Epidemiol 2000 Apr;53(4):359-65. 

 98. Müller-Nordhorn J, Roll S, Willich SN. Comparison of the short form (SF)-12 health 
status instrument with the SF-36 in patients with coronary heart disease. Heart 2004 
May;90(5):523-7. 

 99. Nowels D, McGloin J, Westfall JM, Holcomb S. Validation of the EQ-5D quality of life 
instrument in patients after myocardial infarction. Qual Life Res 2005 Feb;14(1):95-
105. 

100. Schweikert B, Hahmann H, Leidl R. Validation of the EuroQol questionnaire in cardiac 
rehabilitation. Heart 2006 Jan;92(1):62-7. 

101. Ellis JJ, Eagle KA, Kline-Rogers EM, Erickson SR. Validation of the EQ-5D in patients 
with a history of acute coronary syndrome. Curr Med Res Opin 2005 Aug;21(8):1209-
16. 

102. Valenti L, Lim L, Heller RF, Knapp J. An improved questionnaire for assessing quality 
of life after acute myocardial infarction. Qual Life Res 1996 Feb;5(1):151-61. 

103. Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Prodzinski J, McDonell M, et al. 
Development and evaluation of the Seattle Angina Questionnaire: a new functional 
status measure for coronary artery disease. J Am Coll Cardiol 1995 Feb;25(2):333-41. 

104. Spertus J. The Seattle Angina Questionnaire: A Review of the Instrument and its 
Applications. Quality of Life Newsletter 1997;(16):9-11. 

105. Rector TS, Kubo SH, Cohn JN. Patients' self-assessment of their congestive heart 
failure: Content, reliability, and validity of a new measure, The Minnesota Living with 
Heart Failure questionnaire. Heart Failure 1987;3:198-209. 

106. Green CP, Porter CB, Bresnahan DR, Spertus JA. Development and evaluation of the 
Kansas City Cardiomyopathy Questionnaire: a new health status measure for heart 
failure. J Am Coll Cardiol 2000 Apr;35(5):1245-55. 

107. Oldridge NB. Outcome assessment in cardiac rehabilitation. Health-related quality of 
life and economic evaluation. J Cardiopulm Rehabil 1997 May;17(3):179-94. 

108. Höfer S, Benzer W, Schussler G, von Steinbuchel N, Oldridge NB. Health-related 
quality of life in patients with coronary artery disease treated for angina: validity and 
reliability of German translations of two specific questionnaires. Qual Life Res 2003 
Mar;12(2):199-212. 



 

 49 

109. Simpson E, Pilote L. Quality of life after acute myocardial infarction: A systematic 
review. Canadian Journal of Cardiology 2003 Apr;19(5):507-11. 

110. Boini S, Briancon S, Guillemin F, Galan P, Hercberg S. Occurrence of coronary artery 
disease has an adverse impact on health-related quality of life: A longitudinal controlled 
study. Int J Cardiol 2006 Nov;113(2):215-22. 

111. Mendes dLC, Krumholz HM, Vaccarino V, Williams CS, Glass TA, Berkman LF, et al. 
A population-based perspective of changes in health-related quality of life after 
myocardial infarction in older men and women. J Clin Epidemiol 1998 Jul;51(7):609-
16. 

112. van Jaarsveld CH, Sanderman R, Miedema I, Ranchor AV, Kempen GI. Changes in 
health-related quality of life in older patients with acute myocardial infarction or 
congestive heart failure: a prospective study. J Am Geriatr Soc 2001 Aug;49(8):1052-8. 

113. Wiklund I, Herlitz J, Hjalmarson A. Quality of life five years after myocardial 
infarction. Eur Heart J 1989 May;10(5):464-72. 

114. Brink E, Grankvist G, Karlson BW, Hallberg LR. Health-related quality of life in 
women and men one year after acute myocardial infarction. Qual Life Res 2005 
Apr;14(3):749-57. 

115. Crilley JG, Farrer M. Impact of first myocardial infarction on self-perceived health 
status. Qjm-Monthly Journal of the Association of Physicians 2001 Jan;94(1):13-8. 

116. Sprangers MA, de Regt EB, Andries F, van Agt HM, Bijl RV, de Boer JB, et al. Which 
chronic conditions are associated with better or poorer quality of life? [In Process 
Citation]. J Clin Epidemiol 2000 Sep;53(9):895-907. 

117. Hobbs FD, Kenkre JE, Roalfe AK, Davis RC, Hare R, Davies MK. Impact of heart 
failure and left ventricular systolic dysfunction on quality of life. A cross-sectional 
study comparing common chronic cardiac and medical disorders and a representative 
adult population. Eur Heart J 2002 Dec;23(23):1867-76. 

118. Beck CA, Joseph L, Belisle P, Pilote L. Predictors of quality of life 6 months and 1 year 
after acute myocardial infarction. American Heart Journal 2001 Aug;142(2):271-9. 

119. McBurney CR, Eagle KA, Kline-Rogers EM, Cooper JV, Mani OCM, Smith DE, et al. 
Health-related quality of life in patients 7 months after a myocardial infarction: Factors 
affecting the short form-12. Pharmacotherapy 2002 Dec;22(12):1616-22. 

120. Bengtsson I, Hagman M, Wedel H. Age and angina as predictors of quality of life after 
myocardial infarction - A prospective comparative study. Scandinavian Cardiovascular 
Journal 2001 Sep;35(4):252-8. 

121. Emery CF, Frid DJ, Engebretson TO, Alonzo AA, Fish A, Ferketich AK, et al. Gender 
differences in quality of life among cardiac patients. Psychosom Med 2004 
Mar;66(2):190-7. 



 

 50 

122. Westin L, Carlsson R, Erhardt L, Cantor-Graae E, McNeil T. Differences in quality of 
life in men and women with ischemic heart disease. A prospective controlled study. 
Scand Cardiovasc J 1999;33(3):160-5. 

123. Mendes de Leon CF, Dilillo V, Czajkowski S, Norten J, Schaefer J, Catellier D, et al. 
Psychosocial characteristics after acute myocardial infarction: the ENRICHD pilot 
study. Enhancing Recovery in Coronary Heart Disease. J Cardiopulm Rehabil 2001 
Nov;21(6):353-62. 

124. Agewall S, Berglund M, Henareh L. Reduced quality of life after myocardial infarction 
in women compared with men. Clin Cardiol 2004 May;27(5):271-4. 

125. Shumaker SA, Brooks MM, Schron EB, Hale C, Kellen JC, Inkster M, et al. Gender 
differences in health-related quality of life among postmyocardial infarction patients: 
brief report. CAST Investigators. Cardiac Arrhythmia Suppression Trials. Womens 
Health 1997;3(1):53-60. 

126. Conn VS, Taylor SG, Abele PB. Myocardial infarction survivors: age and gender 
differences in physical health, psychosocial state and regimen adherence. J Adv Nurs 
1991 Sep;16(9):1026-34. 

127. Heller RF, Lim L, Valenti L, Knapp J. Predictors of quality of life after hospital 
admission for heart attack or angina. Int J Cardiol 1997 Apr 18;59(2):161-6. 

128. Wolinsky FD, Wyrwich KW, Gurney JG. Gender differences in the sequelae of 
hospitalization for acute myocardial infarction among older adults. J Am Geriatr Soc 
1999 Feb;47(2):151-8. 

129. Lane D, Carroll D, Ring C, Beevers DG, Lip GY. Mortality and quality of life 12 
months after myocardial infarction: effects of depression and anxiety. Psychosom Med 
2001 Mar;63(2):221-30. 

130. Raine RA, Black NA, Bowker TJ, Wood DA. Gender differences in the management 
and outcome of patients with acute coronary artery disease. J Epidemiol Community 
Health 2002 Oct;56(10):791-7. 

131. Bosworth HB, Siegler IC, Olsen MK, Brummett BH, Barefoot JC, Williams RB, et al. 
Social support and quality of life in patients with coronary artery disease. Qual Life Res 
2000;9(7):829-39. 

132. Ware J, Kosinski M, Keller SD. SF-36 Physical and Mental Health Summary Scales: A 
User's Manual. 2 ed. Boston, MA: The Health Institute, New England Medical Center; 
1994. 

133. Ware JEJr, Snow KK, Gandek B. SF-36 health survey. Manual and interpretation guide. 
Boston: The Health Institute, New England Medical Center; 1993. 

134. Dougherty CM, Dewhurst T, Nichol WP, Spertus J. Comparison of three quality of life 
instruments in stable angina pectoris: Seattle Angina Questionnaire, Short Form Health 
Survey (SF-36), and Quality of Life Index-Cardiac Version III. J Clin Epidemiol 1998 
Jul;51(7):569-75. 



 

 51 

135. Smith HJ, Taylor R, Mitchell A. A comparison of four quality of life instruments in 
cardiac patients: SF-36, QLI, QLMI, and SEIQoL. Heart 2000 Oct;84(4):390-4. 

136. Loge JH, Kaasa S. Short form 36 (SF-36) health survey: normative data from the 
general Norwegian population . Scand J Soc Med 1998;26:250-8. 

137. Dolan P. Modeling valuations for EuroQol health states. Med Care 1997 
Nov;35(11):1095-108. 

138. EuroQol--a new facility for the measurement of health-related quality of life. The 
EuroQol Group. Health Policy 1990 Dec;16(3):199-208. 

139. Brooks R. EuroQol: the current state of play. Health Policy 1996 Jul;37(1):53-72. 

140. Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Fihn SD. Monitoring the quality of 
life in patients with coronary artery disease. Am J Cardiol 1994 Dec 15;74(12):1240-4. 

141. Neil N, Ramsey SD, Cohen DJ, Every NR, Spertus JA, Weaver WD. Resource 
utilization, cost, and health status impacts of coronary stent versus "optimal" 
percutaneous coronary angioplasty: results from the OPUS-I trial. J Interv Cardiol 2002 
Aug;15(4):249-55. 

142. Spertus JA, Jones P, McDonell M, Fan V, Fihn SD. Health status predicts long-term 
outcome in outpatients with coronary disease. Circulation 2002 Jul 2;106(1):43-9. 

143. MacDonald P, Stadnyk K, Cossett J, Klassen G, Johnstone D, Rockwood K. Outcomes 
of coronary artery bypass surgery in elderly people. Can J Cardiol 1998 
Oct;14(10):1215-22. 

144. Ekre O, Norrsell H, Wahrborg P, Eliasson T, Mannheimer C. Temporary cessation of 
spinal cord stimulation in angina pectoris-effects on symptoms and evaluation of long-
term effect determinants. Coron Artery Dis 2003 Jun;14(4):323-7. 

145. Spertus JA, Dewhurst TA, Dougherty CM, Nichol P, McDonell M, Bliven B, et al. 
Benefits of an "angina clinic" for patients with coronary artery disease: a demonstration 
of health status measures as markers of health care quality. Am Heart J 2002 
Jan;143(1):145-50. 

146. Deyo RA, Diehr P, Patrick DL. Reproducibility and Responsiveness of Health Status 
Measures - Statistics and Strategies for Evaluation. Controlled Clinical Trial 
1991;12:S142-S158. 

147. Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics 1977 Mar;33(1):159-74. 

148. Bengtsson I, Hagman M, Wahrborg P, Wedel H. Lasting impact on health-related 
quality of life after a first myocardial infarction. Int J Cardiol 2004 Dec;97(3):509-16. 

149. Elwood MJ. Causal raltaionships in medicine - A practical system for critical appreical. 
Oxford: Oxford Medical Publications; 1992. 



 

 52 

150. Tisnado DM, Adams JL, Liu H, Damberg CL, Chen WP, Hu FA, et al. What is the 
concordance between the medical record and patient self-report as data sources for 
ambulatory care? Med Care 2006 Feb;44(2):132-40. 

151. Rumsfeld JS, Magid DJ, Plomondon ME, O'Brien MM, Spertus JA, Every NR, et al. 
Predictors of quality of life following acute coronary syndromes. Am J Cardiol 2001 
Oct 1;88(7):781-4. 

152. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr 
Scand 1983 Jun;67(6):361-70. 

153. Herrmann C, Brand-Driehorst S, Buss U, Ruger U. Effects of anxiety and depression on 
5-year mortality in 5,057 patients referred for exercise testing. J Psychosom Res 2000 
May;48(4-5):455-62. 

154. Radzewitz A, Miche E, Herrmann G, Nowak M, Montanus U, Adam U, et al. Exercise 
and muscle strength training and their effect on quality of life in patients with chronic 
heart failure. Eur J Heart Fail 2002 Oct;4(5):627-34. 

155. Elliott D. Comparison of three instruments for measuring patient anxiety in a coronary 
care unit. Intensive Crit Care Nurs 1993 Sep;9(3):195-200. 

156. The EuroQol Group. EuroQol--a new facility for the measurement of health-related 
quality of life. Health Policy 1990 Dec;16(3):199-208. 

157. Forrest M, Andersen B. Ordinal scale and statistics in medical research. Br Med J (Clin 
Res Ed) 1986 Feb 22;292(6519):537-8. 

158. Altman DG. Practical statistisc for medical research. 1st ed. London: Chapmann & 
Hall; 1991. 

159. Garratt AM, Hutchinson A, Russell I. The UK version of the Seattle Angina 
Questionnaire (SAQ-UK): reliability, validity and responsiveness. J Clin Epidemiol 
2001 Sep;54(9):907-15. 

160. Nunnally JC, Bernstein IH. Psychometric Theory. 3rd ed. New York, USA: McGraw-
Hill,Inc.; 1994. 

161. Spector PE. Summated Rating Scale Construction - An Introduction. In: Lewis-Beck 
MS, editor. Basic Measurement. First ed. London: SAGE Publications/Toppan 
Publishing; 1994. p. 229-300. 

162. Spertus J, Peterson E, Conard MW, Heidenreich PA, Krumholz HM, Jones P, et al. 
Monitoring clinical changes in patients with heart failure: a comparison of methods. Am 
Heart J 2005 Oct;150(4):707-15. 

163. Soto M, Failde I, Marquez S, Benitez E, Ramos I, Barba A, et al. Physical and mental 
component summaries score of the SF-36 in coronary patients. Qual Life Res 2005 
Apr;14(3):759-68. 

164. Manolio TA, Furberg CD. Age as a predictor of outcome: what role does it play?. Am J 
Med 1992;92(1):1-6. 



 

 53 

165. van Jaarsveld CH, Sanderman R, Ranchor AV, Ormel J, van Veldhuisen DJ, Kempen 
GI. Gender-specific changes in quality of life following cardiovascular disease: a 
prospective study. J Clin Epidemiol 2002 Nov;55(11):1105-12. 

166. Lacey EA, Walters SJ. Continuing inequality: gender and social class influences on self 
perceived health after a heart attack. J Epidemiol Community Health 2003 
Aug;57(8):622-7. 

167. Verbrugge LM. Sex differentials in health. Public Health Rep 1982 Sep;97(5):417-37. 

168. Clayton TC, Lubsen J, Pocock SJ, Voko Z, Kirwan BA, Fox KA, et al. Risk score for 
predicting death, myocardial infarction, and stroke in patients with stable angina, based 
on a large randomised trial cohort of patients. BMJ 2005 Oct 15;331(7521):869. 

169. Eichhorn EJ. Prognosis determination in heart failure. Am J Med 2001 May 7;110 
Suppl 7A:14S-36S. 

170. Fleischmann KE, Lee RT, Come PC, Goldman L, Kuntz KM, Johnson PA, et al. 
Clinical and echocardiographic correlates of health status in patients with acute chest 
pain. J Gen Intern Med 1997 Dec;12(12):751-6. 

171. Coyne KS, Lundergan CF, Boyle D, Greenhouse SW, Draoui YC, Walker P, et al. 
Relationship of infarct artery patency and left ventricular ejection fraction to health-
related quality of life after myocardial infarction: the GUSTO-I Angiographic Study 
experience. Circulation 2000 Sep 12;102(11):1245-51. 

172. Ecochard R, Colin C, Rabilloud M, de Gevigney G, Cao D, Ducreux C, et al. Indicators 
of myocardial dysfunction and quality of life, one year after acute infarction. Eur J 
Heart Fail 2001 Oct;3(5):561-8. 

173. Gorkin L, Follick MJ, Geltman E, Hamm P, Sollano J, Sylvia S, et al. Quality-Of-Life 
Among Patients Postmyocardial Infarction at Base-Line in the Survival and Ventricular 
Enlargement (Save) Trial. Quality of Life Research 1994 Apr;3(2):111-9. 

174. Gorkin L, Norvell NK, Rosen RC, Charles E, Shumaker SA, McIntyre KM, et al. 
Assessment of quality of life as observed from the baseline data of the Studies of Left 
Ventricular Dysfunction (SOLVD) trial quality-of-life substudy. Am J Cardiol 1993 
May 1;71(12):1069-73. 

175. Juenger J, Schellberg D, Kraemer S, Haunstetter A, Zugck C, Herzog W, et al. Health 
related quality of life in patients with congestive heart failure: comparison with other 
chronic diseases and relation to functional variables. Heart 2002 Mar;87(3):235-41. 

176. Ades PA, Savage PD, Tischler MD, Poehlman ET, Dee J, Niggel J. Determinants of 
disability in older coronary patients. American Heart Journal 2002 Jan;143(1):151-6. 

177. Clark DO, Tu W, Weiner M, Murray MD. Correlates of health-related quality of life 
among lower-income, urban adults with congestive heart failure. Heart Lung 2003 
Nov;32(6):391-401. 



 

 54 

178. Rumsfeld JS, MaWhinney S, McCarthy MJ, Shroyer AL, VillaNueva CB, O'Brien M, 
et al. Health-related quality of life as a predictor of mortality following coronary artery 
bypass graft surgery. JAMA 1999 Apr 14;281(14):1298-303. 

179. Soto GE, Jones P, Weintraub WS, Krumholz HM, Spertus JA. Prognostic value of 
health status in patients with heart failure after acute myocardial infarction. Circulation 
2004 Aug 3;110(5):546-51. 

 
 




