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ABSTRACT

BACKGROUND: Ischaemic heart disease (IHD) is common in heart failure (HF) and 
is often considered to infer a worse prognosis. Following treatment improvements and 
the increased survival in both IHD and HF, patients are generally older and increasingly 
multimorbid. The current impact of IHD on mortality in HF and on short-term response 
to initiated treatment in HF with reduced ejection fraction (HFrEF) is uncertain. Dilated 
cardiomyopathy (DCM) is one of the most important causes of non-ischaemic HFrEF. 
Even so, contemporary data on outcomes and prognostic factors are scarce.
AIMS: To evaluate the impact of IHD on mortality in HF over time and on short-term 
response to initiated treatment in HFrEF. To study the in uence of duration on outcomes 
and comorbid burden in DCM, with further analyses of temporal changes and prognostic 
factors.
METHODS AND RESULTS: Swedish Heart Failure Registry data were analyzed in the 
three  rst studies. In the fi rst study, we evaluated the impact of IHD on mortality in 31,000 
patients with non-valvular HF during 2000–2012. We found that IHD was associated with 
higher mortality in the whole cohort, in all age groups, in both men and women, in both 
HF duration < 6 and ≥ 6 months, and in all groups of left ventricular ejection fraction 
(LVEF) < 50%. IHD was associated with increased risk during the entire study period. 
In the second study, we studied the characteristics, comorbid burden and outcomes in 
3,700 patients with DCM. All outcomes were more frequent in long-standing HF (≥ 6 
months) than in recent-onset HF. Irrespective of HF duration, the risk factors for mortal-
ity, heart transplantation and HF hospitalizations were: older age, lower blood pressure, 
lower functional capacity, lower LVEF, left bundle branch block and diabetes. Male sex 
was adverse in recent-onset HF only, whereas renal dysfunction, atrial  brillation and 
loop diuretic use were adverse only in long-standing HF. The age-adjusted number of 
comorbidities increased with increasing HF duration. In the third study, we studied the 
temporal changes in the clinical characteristics, outcomes and prognostic factors in 7,900 
patients with DCM during 2003–2015. Over time, the mean age and the proportion of 
women increased, LVEF improved, and the patients were less symptomatic. The preva-
lence of prognostically adverse comorbidities was stable. The risk for one-year mortality 
and hospitalizations diminished gradually during the study period. In the fourth study, we 
assessed the response to initiated treatment in 317 patients with new-onset HFrEF of isch-
aemic- and non-ischaemic aetiology hospitalized at the Sahlgrenska University Hospital 
during 2016–2019. Patients with non-ischaemic aetiology showed a better response over 
a 28-week follow-up, evaluated with a clinical composite outcome. Re-hospitalizations 
were half as frequent, and a higher proportion showed improvement in LVEF and a de-
crease in natriuretic peptides.
CONCLUSIONS: Despite improvements in the treatment of HF and IHD, the latter still 
entails higher mortality in a broad spectrum of patients with HF and subnormal LVEF. In 
new-onset HFrEF, the treatment response is better in patients with non-ischaemic- than 
with ischaemic aetiology. In DCM, longer HF duration is associated with increased co-
morbidity and worse prognosis. Most known adverse prognostic factors are similar in 
patients with recent-onset and long-standing HF. During 2003–2015, the overall survival 
gradually improved, although the changes in the cohort composition and the adverse prog-
nostic factors were small.
KEYWORDS: Heart failure, systolic; Ischemic Heart Disease; Cardiomyopathy, dilated; 
Prognosis; Mortality; Risk factors
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SAMMANFATTNING PÅ SVENSKA

Bakgrund

Hjärtsvikt är en folksjukdom. Ungefär var tionde person över 75 års ålder drabbas och 
bland de äldre är hjärtsvikt den vanligaste orsaken till sjukhusvård. Kärlsjukdom är 
överlag vanligt hos personer med hjärtsvikt och den vanligaste orsaken till hjärtsvikt 
med nedsatt pumpfunktion. Till följd av framgångsrik behandling av kärlsjukdom och 
hjärtsvikt har överlevnaden successivt ökat. Hjärtsviktspatienter är därmed generellt 
allt äldre och mer ofta drabbade av andra sjukdomar vilket kan ha förändrat betydel-
sen av enskilda faktorer, så som kärlsjukdom. Dilaterad kardiomyopati är en annan 
vanlig orsak till nedsatt pumpfunktion men kunskapen om påverkande faktorer och 
betydelsen av sjukdomsduration för samsjuklighet och prognos är bristfällig.

Målsättning

Att undersöka i vilken grad kärlsjukdom påverkar överlevnad vid hjärtsvikt, och för-
bättring efter inledd behandling vid hjärtsvikt med nedsatt pumpfunktion. Att studera 
betydelsen av sjukdomsduration och påverkande faktorer vid dilaterad kardiomyopati.

Metoder och resultat

De tre första studierna baserades på det svenska hjärtsviktsregistret RiksSvikt. I den 
första studien studerades 31 000 patienter med hjärtsvikt utan klaffsjukdom. Vi fann 
att samtidig kärlsjukdom medförde ökad risk för död hos patienter med nedsatt pump-
funktion, i alla åldersgrupper, likartat för män och kvinnor och oberoende av sjuk-
domsduration. Risken var därtill ökad under hela den studerade perioden 2000–2012. 
I den andra studien studerades 3 700 patienter med dilaterad kardiomyopati. Vi fann 
att patienter med längre sjukdomsduration (≥ 6 månader) hade högre samsjuklighet 
också när man tagit hänsyn till ålder, samt ökad risk för död och sjukhusvård. Högre 
ålder, lägre blodtryck, lägre funktionsgrad, sämre pumpfunktion, vänstersidigt skän-
kelblock och diabetes medförde ökad risk för död, hjärttransplantation eller sjukhus-
vård oavsett sjukdomsduration. Endast hos de med kort sjukdomsduration var manligt 
kön ogynnsamt, medan förmaks immer och nedsatt njurfunktion var ogynnsamt hos 
de med längre. I den tredje studien analyserades förändring av bakgrundsvariabler, 
betydelsefulla faktorer och utfall hos 7 900 patienter med dilaterad kardiomyopati 
under 2003–2015. Över tid noterades en viss ökning av medelåldern och andelen 
kvinnor. Pumpfunktionen och patienternas övergripande funktion förbättrades något. 
Andelen patienter med högt blodtryck ökade men förekomsten av de  esta samti-
diga sjukdomar var oförändrade. Förändring av faktorer av betydelse för prognos var 
diskret, men årlig förbättrad överlevnad noterades. I den fjärde studien undersöktes 
förloppet efter påbörjad behandling hos 317 patienter sjukhusvårdade på Sahlgrenska 
Universitetssjukhuset för nyupptäckt hjärtsvikt med nedsatt pumpfunktion. Vi fann 
att patienter med bakomliggande kärlsjukdom överlag svarade sämre på behandling, 
baserat bland annat på dubblerad förekomst av återkommande sjukhusvård, mindre 
frekvent återhämtning av pumpfunktion och hjärtsviktsrelaterade blodprover under 
28 veckors uppföljningstid.
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Sammanfattning

Trots framgångsrik behandling medförde kärlsjukdom vid hjärtsvikt fortsatt ökad risk 
för död hos patienter med någon grad av nedsatt pumpfunktion, hos unga liksom hos 
äldre och likartat för män och kvinnor. Vid nyupptäckt hjärtsvikt med nedsatt pump-
funktion förbättrades inte heller patienter med bakomliggande kärlsjukdom i samma 
utsträckning som patienter med hjärtsvikt av andra skäl, med betydelsefulla följder re-
dan under det första halvåret. Vid dilaterad kardiomyopati var samsjukligheten högre 
och prognosen sämre för de med längre sjukdomsduration. Överlevnaden förbättrades 
under perioden 2003–2015. De försämrande faktorerna var överlag kända och endast 
små förändringar av bakgrundsvariabler noterades över tid.  
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INTRODUCTION

Defi nition of heart failure

“Heart failure is […] a clinical syndrome consisting of cardinal symptoms (e.g. breath-
lessness, ankle swelling, and fatigue) that may be accompanied by signs (e.g. elevated 
jugular venous pressure, pulmonary crackles, and peripheral oedema). It is due to a 
structural and/or functional abnormality of the heart that results in elevated intracar-
diac pressures and/or inadequate cardiac output at rest and/or during exercise”.
   - European Society of Cardiology, 2021.1

“Heart failure is a clinical syndrome with symptoms and or signs caused by a struc-
tural and/or functional cardiac abnormality and corroborated by elevated natriuretic 
peptide levels and or objective evidence of pulmonary or systemic congestion.”
   - Universal De nition and Classi cation of Heart Failure, 2021.2

Epidemiology of heart failure

The reported incidence of heart failure (HF) varies substantially. The overall inci-
dence in Europe and North America is approximately 0.2–0.3%, higher for men than 
for women and higher with increasing age.3 In the Region Västra Götaland, Sweden, 
our group has demonstrated a yearly incidence of approximately 0.5%, increasing 
dramatically with age to 7.0% and 5.7% among men and women ≥ 85 years of age, re-
spectively. During 2008–2017 the incidence decreased yearly by 3%, consistent with 
reports of a decreasing incidence in developed countries over the last two decades.3-7 
The prevalence of established HF is approximately 1–3% in Sweden and the west-
ern world.3, 8-10 Data from South America and Africa are scarce but many developing 
countries are in the midst of a rapid epidemiological transition from diseases related to 
infections and nutritional de ciencies to chronic diseases such as cardiovascular (CV) 
disease and HF. The prevalence increases with age, affecting approximately 10% of 
persons 75 years or older.11 Due to reduced HF-related mortality and an ageing and in-
creasing population, the prevalence of HF in the USA is expected to increase by 23% 
from 2012 to 2030, resulting in an expected 46% increase in the number of people 
living with HF.12 Prospective population-based cohort studies have appreciated the 
lifetime risk for developing HF in the middle-aged and elderly to be approximately 
20–30%, similar in men and women.11, 13

Heart failure classifi cation

HF is a complex multifaceted syndrome. Common classi cations are based on left 
ventricular ejection fraction (LVEF; describing the proportion of the left ventricular 
volume ejected in each stroke), HF stage, symptom severity and aetiology.

Heart failure classifi cation by left ventricular ejection fraction
Historically, HF was termed congestive, describing the notable signs of  uid reten-
tion. Following the  ndings of increased mortality for HF patients with LVEF < 45%,14 
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INTRODUCTION
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most studies as from the 1990s restricted inclusion to patients with systolic impair-
ment. In patients with more or less preserved systolic function as measured by LVEF, 
ventricular relaxation (diastolic function) was noticeably impaired, and the dichoto-
mization in systolic and diastolic HF has been used for many years. Systolic- and 
diastolic dysfunction are, however, not uncoupled. Patients with systolic HF display 
evidence of diastolic dysfunction, and various measures of systolic function are ab-
normal in patients with diastolic HF, which has led to the current LVEF-based termi-
nology. LVEF is most commonly assessed by two-dimensional echocardiography, the 
normal range being 52–72% in men and 54–75% in women.15

Over the years, the LVEF-based de nition has been subjected to changes. The former 
systolic HF approximated the current HF with reduced ejection fraction (HFrEF), 
whereas the terminology for patients with no or mild LVEF reduction has varied. In 
2016, European HF guidelines introduced the term HF with mid-range LVEF (HFm-
rEF, LVEF 40–49%) in recognition of the relative lack of data regarding this group 
of patients.16 Acknowledging the better prognosis for patients whose LVEF increased 
with treatment,17-19 American guidelines include HF with improved LVEF (HFim-
pEF), describing patients with HFrEF improving to LVEF >40%.20 Although previ-
ously recognized by the European Society of Cardiology, HFimpEF was not men-
tioned in the 2021 European guidelines presenting the current classi cation: HFrEF 
(LVEF ≤ 40%), HF with mildly reduced LVEF (HFmrEF; LVEF 41–49%) and HF 
with preserved EF (HFpEF; LVEF ≥ 50%).1

As patients with HFpEF do not exhibit LVEF reduction, evidence of structural or 
functional abnormalities (diastolic dysfunction or increased levels of natriuretic pep-
tides [NPs]) is required for a diagnosis. NPs are released from the cardiac myocytes 
following muscle stretch and stimuli by neurohormones and cytokines. By proteoly-
sis, the inactive propeptide is cleaved into an inactive amino-terminal part and the 
active NP which reduces myocardial  brosis and increases vasodilatation, myocardial 
relaxation and diuresis. B-type NP (BNP) is the NP of the main focus in the clinical 
context of HF, but due to short circulating half-life, the more stable amino-termi-
nal pro B-type NP (NT-proBNP), is preferably used. A low plasma concentration of 
NT-proBNP <125 pg/mL for ambulatory patients or <300 pg/mL in the acute setting 
makes a diagnosis of HF unlikely.1, 21

Heart failure classifi cation by stage
To emphasize the importance of risk factor intervention and the progressive nature of 
HF, the American College of Cardiology/American Heart Association classi es HF 
by stage, where modi able risk factors and structural heart disease constitute the early 
stages preceding clinical HF.20

Stage A     At risk for HF but without symptoms, structural heart disease or elevated 
cardiac biomarkers of stretch or injury.

Stage B     Pre-HF. No symptoms or signs of HF but evidence of either 1) structural 
heart disease, 2) evidence for increased  lling pressures, or 3) risk factors 
and increased levels of B-type natriuretic peptides or persistently elevated 
cardiac troponin.
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Stage C    Symptomatic HF. Structural heart disease with current or previous HF symp-
toms.

Stage D    Advanced HF. Marked HF symptoms that interfere with daily life. Recur-
rent hospitalizations despite attempts to optimize guideline-directed medical 
therapy (GDMT).

Heart failure classifi cation by symptoms and functional capacity
The New York Heart Association (NYHA) classi cation is a four-graded scale based 
on symptoms and functional capacity limitation. The NYHA classi cation was pre-
sented in 192122 and is still widely used in daily clinical practice and studies.

Class I      No limitation of physical activity. Ordinary physical activity does not cause 
undue breathlessness, fatigue, or palpitations.

Class II     Slight limitation of physical activity. Comfortable at rest, but ordinary 
physical activity results in undue breathlessness, fatigue, or palpitations.

Class III    Marked limitation of physical activity. Comfortable at rest, but less than 
ordinary activity results undue breathlessness, fatigue, or palpitations.

Class IV    Unable to carry on any physical activity without discomfort. Symptoms 
at rest can be present. If any physical activity is undertaken, discomfort is 
increased.

Heart failure classifi cation by aetiology
In HF, there is signi cant heterogeneity regarding aetiology, and many cases are likely 
multifactorial. The division into ischaemic- and non-ischaemic HF is frequent in daily 
clinical practice and studies.

Ischaemic heart failure
Ischaemic heart disease (IHD) is the result of coronary artery disease (CAD) reducing 
coronary perfusion, leading to myocardial hypoxia (ischaemia) and necrosis, either 
progressively or by an abrupt  ow reduction with subsequent myocardial infarction. 
IHD is the cause of more than 60% of HFrEF cases.23, 24

Non-ischaemic heart failure
The most common causes of non-ischaemic HF are hypertension, valvular heart dis-
ease and cardiomyopathies23.

Hypertension
Hypertension is a common condition worldwide, with an overall prevalence of around 
30–45% in adults and > 60% in people > 60 years of age.25 A systolic blood pressure 
≥ 160 mmHg or a diastolic blood pressure ≥ 100 mmHg increases the long-term risk 
of developing HF by at least two-fold compared to normotension.13 Chronic hyperten-
sion involves both pressure and volume overload, resulting in either concentric- or 
eccentric LV hypertrophy, which is associated with the development of HFpEF and 
HFrEF, respectively.26
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Valvular heart disease
Stenotic aortic valvular disease increases left ventricular afterload and typically in-
duces HFpEF, but may in late stages present as HFrEF. Contrary to aortic stenosis, 
aortic regurgitation or mitral regurgitation results in LV volume overload eventually 
resulting in LV dilatation and HFrEF. Although patients with valvular HF need medi-
cation for symptom relief, long-term treatment requires invasive procedures.1 Patients 
with signi cant valvular disease are excluded from the studies of this thesis.

Dilated cardiomyopathy
According to the 2008 position statement from the European society of cardiol-
ogy working group on myocardial and pericardial diseases, dilated cardiomyopathy 
(DCM) is de ned by the presence of LV dilatation and systolic dysfunction in the 
absence of abnormal loading conditions (e.g. hypertension and valve disease) or CAD 
suf cient to cause global systolic impairment.27 The present de nition is thus less 
precise than the 2000 de nition specifying a stenosis of > 50% in a major coronary 
artery and LVEF ≥ 45% criteria for exclusion.28 The prevalence of DCM is frequently 
described as 36.5 in 100,000 (≈ 1 in 2,700) originally reported in an American study 
from 1975–1984;29 however, different methods of estimating the true prevalence of 
DCM indicate much higher prevalence, up to 1 in 250–400.30 DCM is one of the ma-
jor non-ischaemic causes of HFrEF, the proportion of DCM ranging from 12–44% 
in HFrEF trials.31-35 Many different conditions may lead to DCM and the term is a 
phenotypic description more than a speci c disease. Genetic disorders, arrhythmias, 
toxic therapeutic or recreational drugs, in ammation due to infection or systemic dis-
eases and several other less common conditions may all cause the hypokinetic state. 
Excessive intake of alcohol has been a proposed contributing factor in up to 40% 
of patients.36 It is unclear why some, but not all, patients in any of these situations 
develop DCM. The prevalence of genetic variants associated with DCM is increased 
in patients with peripartum cardiomyopathy, alcohol-induced cardiomyopathy and 
DCM attributed to previous chemotherapy, suggesting an underlying cardiac suscep-
tibility.37-39 Without an identi ed trigger, the condition is labelled idiopathic. Genetic 
forms account for approximately 40% of cases30 but the frequency of familial disease 
varies considerably between studies, in part due to incomplete penetrance. A meta-
analysis of studies most often evaluating cardiac phenotype found that 23% of the pa-
tients with idiopathic DCM (I-DCM) had hereditary disease.40 More than 60 identi ed 
genes are implicated in the development of DCM.41 Compared with ischaemic heart 
disease, DCM affects younger patients and is the most common cause of HF leading 
to heart transplantation (heart Tx).42

Treatment for heart failure with reduced ejection fraction

In HFrEF, biological compensatory mechanisms are activated for the restoration of 
cardiac output, but the long-term effects of the sustained up-regulated neuro-hormonal 
state are detrimental. Angiotensin-converting enzyme inhibitors (ACEI), angiotensin 
receptor blockers (ARB), beta-blockers and mineralocorticoid receptor antagonists 
(MRA) are all agents counteracting different aspects of the up-regulated systems, re-
ducing morbidity and mortality.32, 34, 43-48 By combining an ARB with the neprilysin 
inhibitor sacubitril (angiotensin receptor-neprilysin inhibitor, ARNI), inhibition of the 
up-regulated renin-angiotensin system is upheld while countering the effects of the 
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neuro-hormonal overactivation by reducing the turnover of natriuretic peptides. ARNI 
reduces morbidity and mortality and is recommended instead of ACEI in medically 
optimized but still symptomatic patients, but is safe to use in ACEI naïve patients 
and may be considered as  rst-line treatment.1, 49 Sodium-glucose co-transporter 2 
(SGLT2) inhibitors reduce CV death and worsening HF and are recommended in all 
patients with HFrEF since 2021.50, 51 For patients still symptomatic despite otherwise 
optimized treatment, ivabradine should be considered for patients with sinus rhythm 
and resting heart rate > 70 beats per minute,52, 53 and the guanylate cyclase stimulator 
vericiguat may be considered to reduce CV mortality/HF hospitalization.54 The myo-
sin activator omecamtiv mecarbil has been shown to reduce the risk for CV mortal-
ity/worsening HF in HFrEF,55 but is yet to be approved for treatment. Furthermore, 
device treatment is indicated in symptomatic patients with persistently reduced LVEF 
< 35% despite optimized medical treatment; chronic resynchronization therapy (CRT) 
in patients with electrocardiographic wide QRS and branch blocks,56 and implantable 
converter-de brillators (ICD) for the prevention of sudden cardiac death (SCD).1

Trials of beta-blockers44, ACEI43, MRA47, 48, ARNI35 and SGLT2 inhibitors50 have 
shown bene cial effects of morbidity/mortality in both ischaemic- and non-ischaemic 
HFrEF and/or DCM, and the recommended pharmacological treatment in chronic 
HFrEF does not vary with aetiology.

The treatment recommendations for HFrEF changed during the study periods of this 
thesis.16, 57-59 The cornerstones for all patients were ACEI (ARB in case of ACEI-intol-
erance) and beta-blockers. MRA was initially advocated for patients in NYHA class 
III–IV but is recommended for all patients since 2012. Ivabradine is recommended 
since 2012 and ARNI since 2016. The recommendation for the use of diuretics to 
reduce signs and symptoms of congestion has been constant.

Prognosis of heart failure

The survival in HF has improved over the last 50 years. A systematic review of sur-
vival in ambulatory HF patients report that the  ve-year survival increased from 29% 
in 1970–1979 to 60% in 2000–2009.60 The prognosis is however worse in patients 
in need of in-hospital care,61 and the overall  ve-year mortality is approximately 
50%, equal to or higher than that of common malignancies like breast-, prostate- and 
colorectal cancer.60, 62 Besides the continuously high mortality, the morbidity in HF is 
considerable. HF is the most common cause of hospitalization in patients over the age 
of 65 years.63 All-cause re-hospitalization is frequent, similar for HFrEF and HFpEF. 
Approximately 20% are re-admitted within 1 month and 60–65% within 1 year, with 
the majority of re-admissions occurring within the  rst three months of discharge 
after HF hospitalization.64-66 To date, no pharmacological treatment has demonstrated 
overall mortality reduction in HFpEF, and the noted increase in overall survival in 
HF is most likely the result of improved treatment of HFrEF, in which IHD is the 
major underlying cause. The prognosis in DCM has likewise improved remarkably. 
Acknowledging variability in patient inclusion, studies from the 1960s and the 1970s 
reported median survival of less than 2–3 years,67, 68 compared to one-year mortality 
event rates as low as 1–3% for patients with I-DCM in recent years.69, 70 Long-term 
studies of I-DCM have shown lower mortality and less severe phenotypes in recent 
years, despite overall older cohorts, possibly secondary to improved treatment, more 
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extensive diagnostic work-up and earlier diagnosis.69, 70 It remains uncertain if this 
holds true for DCM in general. Along with improved survival in DCM, the risk for 
patients to develop comorbidities increases which in turn could affect prognosis. Pa-
tients with DCM are also in general older than patients with I-DCM and the impact 
of comorbidity on outcome in patients with DCM in a wider sense is inadequately 
studied.

Prognostic factors

The variables used for HF classi cation provide prognostic information. During a 
long period of time, the studies were mainly focused on HFrEF, but alongside the in-
creased understanding of the high prevalence, morbidity and mortality also in HFpEF, 
the number of studies has increased in the last two decades. Compared with HFrEF, 
patients with HFpEF are overall characterized by higher age, a higher proportion of 
women, lower prevalence of CAD and higher prevalence of valvular heart disease, 
atrial  brillation (AF) and hypertension.71-73 Mortality in HFpEF is half to two-thirds 
compared to HFrEF.74, 75 Higher BNP and NT-proBNP predicts mortality.76, 77 Mor-
tality varies in patients of the same NYHA class and there is a substantial overlap 
with regard to biomarkers, measures of quality of life and functional testing.78 The 
relationship between symptoms and prognosis is not linear but severe symptoms are 
associated with poorer prognosis.77 The mortality is higher in men than women, both 
in HFrEF and HFpEF.79, 80

In UK, the number of comorbidities in patients with HF increased by 60% between 
2002 and 2014.5 Increasing number of comorbidities has been associated with mor-
tality in acute decompensated HFrEF,81 and the relative importance of non-cardiac 
comorbidities has increased alongside the decreasing proportions of CV death and 
cardiac death in HFrEF trials over the last decades.82 A model based on the Angioten-
sin–Neprilysin Inhibition versus Enalapril in Heart Failure trial (PARADIGM-HF),49 
showed that higher age (> 60 years), NYHA class III/IV, diabetes, HF duration > 1 
year, male sex, peripheral arterial disease, lower LVEF (< 40%), prior myocardial 
infarction, lower systolic blood pressure (< 120 mmHg), and lower body mass index 
(< 30 kg/m2) predict mortality in HFrEF.77

Impact of ischaemic heart disease on prognosis in heart failure
After an acute myocardial infarction, patients are at increased risk for recurrent car-
diovascular events and the risk is additionally increased for patients with HF.83-85 The 
impact of IHD on mortality in patients with HFrEF has, however, been studied in dif-
ferent settings with inconsistent results. Observational studies have shown either sim-
ilar86-89 or increased72, 90, 91 mortality with con icting results in studies of hospitalized 
cohorts. Studies from the 1980–1990s, taking the extent of CAD into account, reported 
similar mortality for patients with non-ischaemic HFrEF compared with patients with 
limited CAD,92 but also that increasing severity of CAD associated with increased 
mortality, emphasizing the adverse impact of IHD in HFrEF.93 A meta-analysis of 
randomized controlled trials (RCTs) studying CRT showed that IHD associated with 
increased all-cause mortality;56 however, post-hoc analyses of pharmaceutical RCTs 
in patients treated with ACEI/ARB, beta-blockers and MRA are inconsistent. In The 
Ef cacy of Vasopressin Antagonism in Heart Failure Outcome Study With Tolvap-
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tan trial (EVEREST), CAD did not associate with CV mortality after multivariable 
adjustments.94 In PARADIGM-HF, investigator reported ischaemic aetiology did not 
associate with multivariable-adjusted higher hazard of either all-cause mortality, CV 
mortality or HF hospitalization compared to hypertensive aetiology or I-DCM;35 how-
ever, an analysis of pooled data from PARADIGM-HF and the Aliskiren, Enalapril, or 
Aliskiren and Enalapril in Heart Failure trial,95 showed that all-cause mortality rates 
were higher in ischaemic aetiology than in non-ischaemic aetiology among men, but 
not among women.79 In HFpEF there are likewise discrepancies as many observa-
tional studies72, 80, 87-91 report no impact of IHD on mortality, in contrast to RCT.96

There are possible reasons for the disparate results. The de nition of IHD in studies 
varies, from clinical IHD as judged by a reporting physician, to the requirement of 
coronary angiographies. Varying availability and accessibility of coronary revascu-
larization in different regions and periods of time may affect patient selection and 
complicate comparisons. Cohort composition differences between trials and observa-
tional studies are frequent. Elderly patients are more vulnerable than the younger for 
reasons like age-related decrease in renal function, altered drug pharmacokinetics and 
pharmacodynamics increasing the risk for toxicity and signi cant drug interactions.97, 

98 Multimorbidity is common among elderly HF patients. More than 60% of American 
elderly Medicare bene ciaries with HF have at least  ve chronic medical conditions 
and polypharmacy is associated with multiple adverse outcomes.99, 100 The exclusion 
of many elderly is evident considering the mean age of patients being approximately 
60–65 years in many large HFrEF trials,31, 32, 34, 44, 45, 49, 50, 101 particularly affecting the 
generally older cohort with ischaemic aetiology. Women are on average  ve to ten 
years older than men at the time of the  rst myocardial infarction or percutaneous 
coronary intervention (PCI).102, 103 Older age and age-related higher comorbidity may 
in part explain both the under-representation of women in RCTs,104 and the reported 
sex-associated variations in prognostic in uence of IHD in HF trials.79 In similarity to 
many other trials, patients with hypotension and severely reduced renal function were 
excluded in PARADIGM-HF and patients with previous unacceptable side-effects of 
ACEI/ARB were excluded. Moreover, all patients were required to complete a pre-
trial phase with Enalapril and ARNI treatment before enrolment, from which those 
with ischaemic aetiology more frequently dropped out, additionally increasing selec-
tion bias.105 The proportion of elderly and women are even higher in HFpEF, most 
likely explaining the discrepancies between randomized and observational studies.

In the past decades we have also observed a gradual decline of both the incidence 
and mortality in myocardial infarctions due to a continuous development of effective 
medical treatment and invasive procedures,106-108 which may have changed the out-
come also for patients with ischaemic HF.
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RATIONALITY FOR THIS THESIS

Several circumstances serve as rational for further investigation of the in uence of 
IHD in HF. First, IHD is highly prevalent in HF irrespective of LVEF, and the most 
common cause of HFrEF. Second, the results from previous studies of the impact of 
IHD on mortality in patients with HF are con icting. Third, it is unclear whether the 
substantial progress made in the treatment of IHD, alongside the continuous changes 
in demographics, clinical characteristics and comorbidities in the HF population, has 
improved the prognosis for patients with HF. Fourth, observational studies are fre-
quently presented years after data collection and several frequently cited observa-
tional studies include cohorts from the 1990s and early 2000s. Due to the increasing 
survival seen in the last decades, older age and increasing multi morbidity may have 
changed the prognostic in uence of IHD in a more contemporary real-world cohort.

Previous reports of the in uence of baseline variables and comorbidities in I-DCM 
and DCM are con icting, possibly due to differences in inclusion- and exclusion cri-
teria, rather small cohorts, or patient inclusion over many decades making compari-
sons with more contemporary cohorts dif cult. The overall increase in comorbidity 
alongside the increased longevity in DCM may have changed the prognostic impact 
of comorbidities over time. Data on prognosis and prognostic factors in contemporary 
Swedish patients with DCM are scarce and the low mortality reported for I-DCM is 
not transferable to DCM in general.

The pathophysiology differs with HF aetiology. Differences in early treatment re-
sponse may be of importance for the demonstrated differences in long-time prognosis. 
The in uence of aetiology on early improvement after initiation of GDMT is inad-
equately studied.

21

AIMS

-    To study the impact of IHD on mortality in a contemporary HF cohort with respect 
to LVEF, sex, age and HF duration. To study if the mortality for patients with HF 
and IHD signi cantly decreased compared to patients with non-ischaemic HF dur-
ing the years 2000–2012 (Paper I).

-    To study the effect of HF duration on comorbid burden and prognosis, and further 
the prognostic impact of baseline characteristics and comorbidities, in a contempo-
rary DCM cohort (Paper II).

-    To investigate changes in baseline characteristics, outcomes and the prognostic 
impact of baseline characteristics in DCM during the years 2003–2015 (Paper III).

-    To investigate if patients with new-onset non-ischaemic HFrEF respond better to 
initiated GDMT than patients with ischaemic HFrEF, and to assess the degree of 
investigation for ischaemic aetiology (Paper IV).
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PATIENTS AND METHODS

Data sources

Data for Paper I–III were extracted from the Swedish Heart Failure Registry (Swe-
deHF; www.swedehf.se), a register of patients with an established diagnosis of HF 
based on clinical assessment.109 The register, managed by the Uppsala Clinical Re-
search Center, was formally established in 2003 but includes data from 2000 by ret-
rospective registration. Around 80 variables are recorded at hospital discharge or at 
outpatient visits and additional patient related information is acquired by linkage to 
other registers. The Swedish National Patient Register (NPR) provides data of health 
care episode dates and comorbidities for both in-hospital and outpatient non-primary 
care. The NPR and the Swedish cause of death register,110 which provide data on time 
and cause of death, are maintained by the Swedish National Board of Health and Wel-
fare (www.socialstyrelsen.se). 

The Longitudinal integrated database for health insurance and labour market studies, 
managed by Statistics Sweden (www.scb.se), provides socio-economic data. More 
than 90% of patients in SwedeHF are registered in specialized care and approximately 
60–65% during in-hospital care. The number of reporting health care givers increases, 
from 45 reporting hospitals in 2007 to 64 out of 75 Swedish hospitals in 2019. Regis-
tration in SwedeHF has increased linearly and more than 110,000 individual patients 
were registered at the end of 2021. The method of reporting the coverage of SwedeHF, 
i.e. the proportion of patients also registered with HF in the NPR, has varied over 
the years. The overall coverage is low (approximately 14–15% for incident HF and 
20–25% for prevalent HF in 2008–2016), but higher for hospitalized patients (54% 
for patients with a recorded echocardiographic examination registered by centres re-
porting ≥ 10 patients in 2014).  An updated SwedeHF dataset were analyzed in Paper
II-III vs Paper I.

Data for Paper IV were extracted from a research database including all adult patients 
hospitalized and discharged with a primary International Classi cation of Diseases 
(tenth revision) code I42 (cardiomyopathy) or I50 (HF), at the Sahlgrenska University 
Hospital, Gothenburg, Sweden, between 1 January 2016 and 31 December 2019. All 
data were originally obtained from medical records and administrative systems.

Paper I

Study population
All 51,060 patients registered in SwedeHF from 11 May 2000 to 31 December 2012 
were eligible for inclusion. IHD was de ned by reported IHD, angina, previous myo-
cardial infarction, or a previous performed PCI or coronary artery bypass graft surgery 
(CABG). After exclusion‚ 17,778 patients were categorized as HF with IHD (IHD) 
and 13,168 patients as HF without IHD (nonIHD) (Figure 1).
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Figure 1. Patient exclusion fl ow chart.
SwedeHF, Swedish Heart Failure Registry; IHD, ischaemic heart disease; LVEF, left 
ventricular ejection fraction; Non-IHD, non-ischaemic heart disease.

Outcomes
The outcome was all-cause mortality, occurring until end of follow-up, 31 December 
2012. Comparisons were made for IHD vs non-IHD in the whole cohort, and in sub-
groups strati ed for sex, age group (< 60, 60 to < 70, 70 to < 80, and ≥ 80 years), LVEF 
group (< 30, 30 to < 40, 40 to < 50, and ≥ 50%), HF duration (< 6 and ≥ 6 months), and 
index calendar period (2000–2004, 2005–2006, 2007–2008, 2009–2010, and 2011–
2012, with the  rst 4 years merged because of low numbers).

Statistics
For baseline variable comparisons we used Mann-Whitney U test for continuous vari-
ables, Fisher’s Exact test for dichotomous variables, Mantel-Haenszel χ2 trend test for 
ordered categorical variables and χ2 test for non-ordered categorical variables. Mor-
tality over calendar periods were standardized for the distribution of age and sex for 
the  rst period, 2000–2004. The effect of IHD on mortality between calendar periods 
was analyzed with Cox regression. The unadjusted cumulative mortality was esti-
mated with survival analysis. Cox regression was used for analysis of time to death. 
Variables for adjusted analyses were chosen on the basis of presumed importance. 
Missing categorical variables were treated as a separate unknown category. Missing 
continuous variables (7.8%) were not imputed. The proportional hazards assumption 
was assessed by an interaction analysis between the IHD group and log (time).
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Paper II

Study population
All 76,250 patients registered in SwedeHF between 1 January 2003 and 31 December 
2016 were eligible for inclusion. After exclusion, 2,019 patients with DCM-duration 
< 6 months (recent-onset DCM; RODCM) and 1,714 patients with DCM duration ≥ 6 
months (long-standing DCM; LDCM) were included for analysis (Figure 2). 

Outcomes
The outcome measures were; all-cause-, CV-, and non-CV death; heart Tx; all-cause 
death or heart Tx; all-cause-, CV-, and HF hospitalizations; and a combined outcome 
of all-cause death, heart Tx and HF hospitalization. Outcomes were analyzed until end 
of follow-up, 31 December 2016. The in uence of DCM duration on comorbidity, and 
predictors for the combined outcome were analyzed.

Statistics
For baseline variable comparisons we used Mann-Whitney U test for continuous vari-
ables, Fisher’s Exact test for dichotomous variables, Mantel-Haenszel χ2 trend test 

Figure 2. Patient exclusion fl ow chart.
SwedeHF, Swedish Heart Failure Registry; DCM, dilated cardiomyopathy; LVEF, left ventricular ejec-
tion fraction; m, months.
Note. Adapted from Silverdal J, Sjöland H, Pivodic A, Dahlström U, Fu M, Bollano E. Prognostic differences in 
long-standing vs. recent-onset dilated cardiomyopathy. ESC Heart Fail. 2022;9(2):1294-303. Doi.org/10.1002/
ehf2.13816. © 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the Euro-
pean Society of Cardiology.
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for ordered categorical variables and χ2 test for non-ordered categorical variables. 
For analyses of trends of age and number of comorbidities for different categories of 
DCM duration, we used the Jonckheere-Terpstra test and multivariable linear regres-
sion for the age-adjusted analysis. Multivariable-adjusted Cox regression was used 
for of time-to-event analyses and a propensity score-matched analysis was performed 
as sensitivity analysis for all-cause death and the combined outcome. Cox regression 
was used for predictor analyses. 

Paper III

Study population
All patients registered in SwedeHF between 1 January 2003 and 31 December 2015 
(n = 69,537) were eligible for inclusion. The SwedeHF database was the same as in 
Paper II, but the inclusion was restricted to the end of 2015 in order to enable one-year 
outcomes in all patients. After exclusion, 7,873 patients were included for analysis 
(Figure 3). Patients were divided in three calendar periods; 2003–2007, 2008–2011 
and 2012–2015. To compensate the lower registration in SwedeHF during the  rst 
years, the  rst study period was longer.

Figure 3. Patient exclusion fl ow chart.
SwedeHF, Swedish Heart Failure Registry; DCM, dilated cardiomyopathy

Outcomes
The outcome measures were: death, heart Tx, CV hospitalization, HF hospitalization 
and all-cause hospitalization, all within one year of registration in SwedeHF, and a 
composite outcome including all these endpoints. Predictors for the combined out-
come were analyzed, presented by calendar period.
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Statistics
For baseline variable comparisons we used; the Jonckheere-Terpstra test for continu-
ous variables, taking the time period order into account; Mantel-Haenszel χ2 trend 
test for dichotomous variables, testing linearity between time periods, and for ordered 
categorical variables; and χ2 test for non-ordered categorical variables. Poisson re-
gression were used for event rates analyses. Cox regression were used for predictor 
analyses, including interaction between predictors and calendar period. Categorical 
variables with > 1% missing data (NYHA 17.6%, LVEF 5.8%, device treatment 1.4%) 
were handled as unknown category.

Paper IV

Study population
Data were extracted from the above described register of patients hospitalized at the 
Sahlgrenska University Hospital. For analyses, we included all 364 patients with 
recent-onset non-valvular HFrEF who subsequently received follow-up at hospital-
based out-patient HF units at Sahlgrenska University Hospital or Angered Hospital 
for GDMT titration. Recent-onset was de ned by no previous medical record of HF 
or systolic dysfunction at any previous imaging. HFrEF was de ned by LVEF < 40% 
at  rst evaluation. 

Patients  rst hospitalized without LVEF evaluation were included if a subsequent 
investigation within 6 months established HFrEF. Patients diagnosed in an out-patient 
setting were included if they were hospitalized for HF within 6 months of estab-
lished HFrEF and if no GDMT was initiated before hospitalization. Patients lacking 
evidence-based bene t of GDMT were not included, i.e. patients with haemodialysis, 
amyloidosis, and transient systolic dysfunction. 

Ischaemic aetiology (IHF) was de ned by CAD suf ciently explaining systolic dys-
function. When lacking angiography data, patients with a history of previous myocar-
dial infarction, PCI or CABG were classi ed as IHF. Patients were also classi ed as 
IHF if a later investigation during the full study period revealed signs of a previous 
myocardial infarction or CAD of explanatory extent. Non-ischaemic aetiology (non-
IHF) was de ned by non-ful lled IHF-criteria, after coronary investigation. In cases 
with neither previous history of IHD, nor performed investigation, the aetiology was 
classi ed as unknown.

Outcomes
The primary outcome measure was a hierarchical clinical composite score classifying 
patients as worsened, improved or unchanged, based on the occurrence of hard (death, 
heart Tx or HF hospitalization) and/or soft outcomes (changes in LVEF, NYHA and 
NT-proBNP). Patients were  rst evaluated for deterioration, then for improvement. 
Patients neither worsened, nor improved, were classi ed as unchanged, as long as soft 
outcome variables were recorded during the 28-week follow-up (Table 1). Predictors 
for composite worsening and improvement, and the frequency of decisions for coro-
nary investigation at the time of established HFrEF were analyzed.
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Table 1. Classifi cation of response to treatment

Statistics
For continuous variables we used Student t-test for two-group comparisons. For di-
chotomous variables we used Fisher’s Exact test for tests between two groups and 
χ2 test for tests of all groups. For the overall outcome analyses for three-group com-
parisons, we used χ2 test. For two groups comparisons, we used the Mantel-Haenszel 
χ2 trend test for overall analyses and Fisher’s exact test for dichotomous outcomes. 
Kruskal-Wallis test was used for analyses of time to soft outcomes. Logistic regres-
sion was used for predictor analyses.

Software

In Paper I–III, the statistical analyses were performed, and artworks created, using 
SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). In Paper IV, the 
statistical analyses were performed using SPSS Statistics for Macintosh, version 28.0 
(IBM Corp., Armonk, NY, USA).

Ethical considerations

All studies were conducted in accordance with the 1964 Declaration of Helsinki and 
its later amendments,111 and approved by ethics committees. All studies are observa-
tional and no patient was exposed to any activity outside ordinary medical care.

Paper I–III: ethical approval was granted by a multi-site ethics committee, diary num-
bers: 2012/285-31, 2013/392-32, 2017/510–32. Written informed consent is not re-
quired for registration in SwedeHF, but patients are informed of registration and are 
allowed to opt out. To avoid risk for identi cation, all analyses were carried out on 
pseudonymized data reducing the risk for individual patient data exposure.

Paper IV: ethical approval was granted by the regional ethics committee in Gothen-
burg, diary numbers: 2013/709-13, 2017/T539-17 with additional amendment 2021-
01644.

Clinical composite outcome
Worsened Improved Unchanged

Hard outcome Any None None
Death, heart Tx or
HF hospitalization

LVEF change 10 unit decrease 10 unit increase Minor change
NYHA change 1 point increase 1 point decrease Minor change
NT proBNP change 30% increase 30% decrease Minor change
Heart Tx, heart transplantation; HF, heart failure; LVEF, left ventricular ejection fraction; NT proBNP,
amino terminal pro B type natriuretic peptides; NYHA, New York Heart Association functional class.
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RESULTS

Paper I

Baseline characteristics
Patients with IHD were older (74.6 vs 69.8years, P < 0.0001), more often male (67.6% 
vs 61.2%, P < 0.0001) and were more often registered as HF duration ≥ 6 months 
(53.8% vs 37.5%, P < 0.0001). The distribution of LVEF was similar between groups 
(P = 0.096). The prevalence of alcohol abuse and atrial  brillation was higher in non-
IHD, whereas almost all other comorbidities were more frequent in IHD. Patients with 
IHD were more often treated with beta-blockers and nitrates but less often with MRA.

Mortality with respect to ischaemic heart disease
Over similar median follow-up times, IHD 2.4 years (Interquartile range [IQR] 1.0–
4.2) vs non-IHD 2.6 years (IQR 1.1–4.3), the crude mortality event rate per 100 per-
son-years (95% con dence interval [CI]) was higher in IHD for the whole cohort 14.8 
(14.4–15.1) vs 9.7 (9.4–10.0), and in all subgroups. The hazard of all-cause death was 
signi cantly higher in IHD than in nonHD for almost all subgroups, also after multi-
variable adjustments. The increased risk associated with IHD decreased with higher 
age and higher LVEF and was not signi cantly increased for patients with preserved 
LVEF (Table 2). Stratifying for age and LVEF showed that the risk entailed by IHD 
diminished with increasing age, and with increasing LVEF within each age category. 
IHD did not infer increased hazard of death for patients with LVEF ≥ 40% in any age 
group. The greatest impact of IHD was seen in the youngest with markedly reduced 
ejection fraction. For patients 80 years of age or older, IHD was prognostically ad-
verse only in patients with LVEF < 30%.

Temporal trend of mortality with respect to ischaemic heart disease
Throughout the entire study period, mortality standardized for age and sex was higher 
in IHD. After adjustments for time-updated age, sex, LVEF group and HF duration, 
the increased risk associated with IHD did not decrease signi cantly over time, P for 
interaction = 0.28 (Figure 4).

Paper II

Baseline characteristics
Patients with RODCM were signi cantly younger (58.9 years vs 62.5 years) with 
a slightly lower male predominance (70.7% vs 73.7, P = 0.041). The distribution of 
LVEF and NYHA categories suggested worse ventricular function, but better func-
tional capacity in RODCM. Except for smoking, all analyzed comorbidities were 
more frequent in LDCM with signi cant differences in 11 of 13 comorbidities. In 
RODCM, treatment with ACEI/ARB and beta-blockers were more frequent, whereas 
MRA and devices were less often used. 

Comparing RODCM with LDCM further divided by the median duration of DCM (3.5 
years [IQR 0.7–7.4]), the age-adjusted number of comorbidities (95% CI) increased 
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Table 2. Adjusted hazards of all-cause death, IHD vs non IHD

Figure 4. Mortality rates over calendar periods, standardized for age and sex. Hazard ratios for mor-
tality, IHD vs non-IHD, adjusted for time-updated age, sex, LVEF group, and HF duration.
CI confi dence interval; HF; heart failure; HR, hazard ratio; IHD, ischaemic heart disease; LVEF, left ventricular ejection 
fraction; non-IHD, non-ischaemic heart disease.
Note. Table and Figure adapted from Silverdal J, Sjöland H, Bollano E, Pivodic A, Dahlström U, Fu M. Prognostic impact 
over time of ischaemic heart disease vs. non-ischaemic heart disease in heart failure. ESC Heart Fail. 2020;7(1):264-273. 
Doi.org/10.1002/ehf2.12568. © 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the 
European Society of Cardiology.

Adjusted for age and sex Multivariable adjusted†

HR (95% CI)
P value1 or
P value for
interaction2

HR (95% CI)
P value1 or
P value for
interaction2

All individuals 1.23 (1.18–1.28) <0.00011 1.16 (1.11–1.22) <0.00011

Sex
Male 1.25 (1.18–1.31) 0.402 1.16 (1.10–1.23) 0.832

Female 1.20 (1.13–1.28) 1.15 (1.08–1.24)
Age
<60 years 1.58 (1.34–1.88) <0.00012 1.56 (1.30–1.87) <0.00012

60–<70 years 1.48 (1.33–1.65) 1.42 (1.27–1.59)
70–<80 years 1.29 (1.20–1.39) 1.18 (1.09–1.28)
80 years 1.16 (1.10–1.23) 1.10 (1.04–1.17)

LVEF
<30% 1.55 (1.44–1.67) <0.00012 1.39 (1.28–1.51) <0.00012

30–39% 1.30 (1.20–1.41) 1.20 (1.10–1.31)
40–49% 1.09 (1.00–1.19) 1.12 (1.02–1.23)
50% 1.03 (0.96–1.12) 0.96 (0.88–1.04)

Heart failure duration
<6 months 1.16 (1.09–1.23) 0.712 1.18 (1.11–1.26) 0.372

6 months 1.18 (1.11–1.24) 1.14 (1.07–1.21)
† Adjusted for age, sex, LVEF (group) and heart failure duration (unless subgroup variables), index
period, smoking, hypertension, atrial fibrillation, diabetes, lung disease, haemoglobin, creatinine
clearance, systolic blood pressure, New York Heart Association class, angiotensin converting enzyme
inhibitors/ angiotensin receptor blockers, mineralocorticoid receptor antagonists, beta blockers,
diuretics, digoxin, statins, oral anticoagulants, peripheral artery disease, stroke/transient ischaemic
attack, cancer, follow up specialty and device therapy.
CI, confidence interval; HR, hazard ratio; LVEF, left ventricular ejection fraction.
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with increasing duration of DCM: RODCM 1.19 (1.15–1.24) vs LDCM duration ≤ 3.5 
years 1.52 (1.49–1.56) vs LDCM duration > 3.5 years 1.85 (1.78–1.92), P < 0.0001.

Impact of heart failure duration on prognosis and comorbid burden
The unadjusted cumulative incidence of the composite outcome (all-cause death, heart 
Tx, and HF hospitalization was higher in LDCM. All studied outcomes were signi -
cantly more frequent in LDCM than in RODCM (Table 3). The age- and sex-adjusted 
all-cause mortality (95% CI) was 5.5% (5.0–6.0) for LDCM vs 2.9% (2.6–3.2) for 
RODCM (multivariable-adjusted HR 1.56; 95% CI 1.34–1.82; P < 0.0001). The pro-
pensity score-matched analyses yielded similar results for all-cause death (HR 1.57; 
95% CI 1.31–1.87; P < 0.0001) and for the combined endpoint (HR 1.33; 95% CI 
1.18–1.51; P < 0.0001).

Table 3. Outcomes by DCM duration

Note. Adapted from Silverdal J, Sjöland H, Pivodic A, Dahlström U, Fu M, Bollano E. Prognostic differences in 
long-standing vs. recent-onset dilated cardiomyopathy. ESC Heart Fail. 2022;9(2):1294-303. Doi.org/10.1002/
ehf2.13816. © 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the Euro-
pean Society of Cardiology.

Endpoint

RODCM LDCM LDCM vs
RODCM

Hazard ratio
(95% CI)‡

Events
n (%)

Event rate†
Age and

sex adjusted

Events
n (%)

Event rate†
Age and

sex adjusted

All cause death 327
(16.2)

2.9
(2.6–3.2)

577
(33.7)

5.5
(5.0–6.0)

1.56****

(1.34–1.82)

CV death 173
(8.6)

1.5
(1.2–1.7)

356
(20.8)

3.2
(2.8–3.6)

1.67****

(1.36–2.05)

Non CV death 154
(7.6)

1.4
(1.2–1.7)

221
(12.9)

2.3
(2.0–2.6)

1.42**

(1.13–1.79)

Heart Tx 22
(1.1)

0.1
(0.1–0.2)

43
(2.5)

0.3
(0.2–0.5)

2.12****

(1.14–3.91)

All cause death or heart Tx 348
(17.2)

3.3
(2.9–3.6)

616
(35.9)

6.5
(6.0–7.1)

1.63****

(1.41–1.90)

All cause hospitalization 1158
(57.4)

21.8
(20.6–23.1)

1101
(64.2)

26.7
(25.2–28.3)

1.17***

(1.06–1.28)

CV hospitalization 940
(46.6)

15.2
(14.3–16.2)

923
(53.9)

19.3
(18.1–20.6)

1.19***

(1.07–1.32)

HF hospitalization 727
(36.0)

10.2
(9.5–10.9)

776
(45.3)

14.4
(13.4–15.4)

1.36****

(1.21–1.53)
All cause death, heart Tx or
HF hospitalization

893
(44.2)

12.5
(11.7–13.3)

989
(57.7)

18.0
(16.9–19.1)

1.37****

(1.24–1.52)
†Event rate per 100 person years, 95% confidence intervals computed by using exact Poisson limits. ‡ Hazard ratios by Cox
regression analyses adjusting for index age, sex, location for registration, systolic blood pressure, heart rate, New York Heart
Association functional class, left ventricular ejection fraction, left bundle branch block, haemoglobin, estimated glomerular
filtration rate, acetylsalicylic acid, statins, diuretics, implantable cardioverter defibrillator/cardiac resynchronization therapy,
hypertension, diabetes, atrial fibrillation, lung disease, stroke/transient ischemic attack, liver disease, renal disease, dialysis, non
coronary vascular disease, sleep apnoea, cancer within the last 3 years, musculoskeletal or connective tissue disorder within the
last 3 years. CI, confidence interval; CV, cardiovascular; Heart Tx, heart transplantation; HF, heart failure; IQR, interquartile range;
LDCM, dilated cardiomyopathy with long standing HF; RODCM, dilated cardiomyopathy with recent onset HF.
** = p<0.01 *** = p<0.001 **** = p<0.0001.
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A number or baseline characteristics were independently associated with higher haz-
ard of the combined outcome in both RODCM and LDCM (Figure 5). In RODCM 
only did male sex, lower haemoglobin and treatment with acetylsalicylic acid as-
sociate with increased risk, whereas statins associated with lower. In LDCM only 
did heart rate ≥ 75 beats per minute, AF, impaired renal function, musculoskeletal or 
connective tissue disease within 3 years, and treatment with diuretics associate with 
increased hazard of the combined outcome.

Figure 5. Multivariable-adjusted Cox regression analysis of predictors for the combined outcome 
of all-cause death, heart transplantation, or heart failure hospitalization, by dilated cardiomyopathy 
duration.
CI, confi dence interval; eGFR, estimated glomerular fi ltration rate; HR, hazard ratio; LBBB, left bundle branch block; 
LDCM, long-standing dilated cardiomyopathy; LVEF, left ventricular ejection fraction; Musculosk./conn. tissue disease, 
musculoskeletal or connective tissue disorder within last 3 years; NYHA, New York Heart Association functional class; 
RODCM, recent-onset dilated cardiomyopathy
Note. Reprinted from Silverdal J, Sjöland H, Pivodic A, Dahlström U, Fu M, Bollano E. Prognostic differences in long-
standing vs. recent-onset dilated cardiomyopathy. ESC Heart Fail. 2022;9(2):1294-303. Doi.org/10.1002/ehf2.13816. 
© 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of 
Cardiology.
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long-standing vs. recent-onset dilated cardiomyopathy. ESC Heart Fail. 2022;9(2):1294-303. Doi.org/10.1002/
ehf2.13816. © 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the Euro-
pean Society of Cardiology.

Endpoint

RODCM LDCM LDCM vs
RODCM

Hazard ratio
(95% CI)‡

Events
n (%)

Event rate†
Age and

sex adjusted

Events
n (%)

Event rate†
Age and

sex adjusted

All cause death 327
(16.2)

2.9
(2.6–3.2)

577
(33.7)

5.5
(5.0–6.0)

1.56****

(1.34–1.82)

CV death 173
(8.6)

1.5
(1.2–1.7)

356
(20.8)

3.2
(2.8–3.6)

1.67****

(1.36–2.05)

Non CV death 154
(7.6)

1.4
(1.2–1.7)

221
(12.9)

2.3
(2.0–2.6)

1.42**

(1.13–1.79)

Heart Tx 22
(1.1)

0.1
(0.1–0.2)

43
(2.5)

0.3
(0.2–0.5)

2.12****

(1.14–3.91)

All cause death or heart Tx 348
(17.2)

3.3
(2.9–3.6)
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(35.9)

6.5
(6.0–7.1)

1.63****

(1.41–1.90)

All cause hospitalization 1158
(57.4)
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(20.6–23.1)
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(64.2)

26.7
(25.2–28.3)

1.17***

(1.06–1.28)

CV hospitalization 940
(46.6)

15.2
(14.3–16.2)

923
(53.9)

19.3
(18.1–20.6)

1.19***

(1.07–1.32)
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(36.0)

10.2
(9.5–10.9)

776
(45.3)

14.4
(13.4–15.4)

1.36****

(1.21–1.53)
All cause death, heart Tx or
HF hospitalization

893
(44.2)

12.5
(11.7–13.3)

989
(57.7)

18.0
(16.9–19.1)

1.37****

(1.24–1.52)
†Event rate per 100 person years, 95% confidence intervals computed by using exact Poisson limits. ‡ Hazard ratios by Cox
regression analyses adjusting for index age, sex, location for registration, systolic blood pressure, heart rate, New York Heart
Association functional class, left ventricular ejection fraction, left bundle branch block, haemoglobin, estimated glomerular
filtration rate, acetylsalicylic acid, statins, diuretics, implantable cardioverter defibrillator/cardiac resynchronization therapy,
hypertension, diabetes, atrial fibrillation, lung disease, stroke/transient ischemic attack, liver disease, renal disease, dialysis, non
coronary vascular disease, sleep apnoea, cancer within the last 3 years, musculoskeletal or connective tissue disorder within the
last 3 years. CI, confidence interval; CV, cardiovascular; Heart Tx, heart transplantation; HF, heart failure; IQR, interquartile range;
LDCM, dilated cardiomyopathy with long standing HF; RODCM, dilated cardiomyopathy with recent onset HF.
** = p<0.01 *** = p<0.001 **** = p<0.0001.
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A number or baseline characteristics were independently associated with higher haz-
ard of the combined outcome in both RODCM and LDCM (Figure 5). In RODCM 
only did male sex, lower haemoglobin and treatment with acetylsalicylic acid as-
sociate with increased risk, whereas statins associated with lower. In LDCM only 
did heart rate ≥ 75 beats per minute, AF, impaired renal function, musculoskeletal or 
connective tissue disease within 3 years, and treatment with diuretics associate with 
increased hazard of the combined outcome.

Figure 5. Multivariable-adjusted Cox regression analysis of predictors for the combined outcome 
of all-cause death, heart transplantation, or heart failure hospitalization, by dilated cardiomyopathy 
duration.
CI, confi dence interval; eGFR, estimated glomerular fi ltration rate; HR, hazard ratio; LBBB, left bundle branch block; 
LDCM, long-standing dilated cardiomyopathy; LVEF, left ventricular ejection fraction; Musculosk./conn. tissue disease, 
musculoskeletal or connective tissue disorder within last 3 years; NYHA, New York Heart Association functional class; 
RODCM, recent-onset dilated cardiomyopathy
Note. Reprinted from Silverdal J, Sjöland H, Pivodic A, Dahlström U, Fu M, Bollano E. Prognostic differences in long-
standing vs. recent-onset dilated cardiomyopathy. ESC Heart Fail. 2022;9(2):1294-303. Doi.org/10.1002/ehf2.13816. 
© 2020 The Authors. ESC Heart Failure published by John Wiley & Sons Ltd on behalf of the European Society of 
Cardiology.
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Paper III

Baseline characteristics
Comparing the baseline variable composition between the three calendar periods, sev-
eral statistically signi cant small changes were seen. The mean age increased (63.9 
to 64.9 years) and the proportion of women increased gradually (22.5% to 27.6%). 
The proportional distribution of categorized LVEF and NYHA showed somewhat bet-
ter function. The prevalence of diabetes and AF were similar, whereas HT increased 
(38.6% to 52.5%). Renal function improved (mean estimated glomerular  ltration 
rate 69.1 to 72.7 ml/min/ 1.73m2). Some differences in treatment were noted. Beta-
blocker use increased gradually (89.5% to 93.4%), whereas Digoxin use was halved 
(24.1% to 11.7%). Treatment with ICD/CRT increased, mainly due to increased use 
of ICD. Treatment with ACEI/ARB and MRA was stable.

Temporal trend of prognostic impact of baseline characteristics
During the whole study period, the overall age- and sex-adjusted one-year event 
rates per 100 person years (95% CI) for outcomes were: death 8.9 (8.1–9.7), heart Tx 
0.4 (0.3–0.6), HF hospitalization 40.8 (39.2–42.4) and composite endpoint 72.9 (70.6–
75.3). With the exception of heart Tx, both the crude and the age- and sex-adjusted 
one-year incidence of all speci ed outcomes was progressively lower over the study 
periods (Table 4). 

Table 4. One-year event rates, by calendar period and total study period

Note. Adapted from Sjöland H, Silverdal J, Bollano E, Pivodic A, Dahlström U, Fu M. Temporal trends in outcome 
and patient characteristics in dilated cardiomyopathy, data from the Swedish Heart Failure Registry 2003-2015. 
BMC Cardiovasc Disord 2021;21(1):307. © The Author(s) 2021. Published by BMC.

Endpoint
Period 1

2003–2007
Period 2

2008–2011
Period 3

2012–2015
Total study period

2003–2015

Age and sex adjusted one year event rates per 100 person years (95% CI)
All cause
mortality

10.7
(9.3–12.2)

8.3
(7.4–9.3)

8.1
(7.1–9.3)

8.9
(8.1–9.7)

Transplantation
0.3

(0.1–0.5)
0.5

(0.3–0.8)
0.4

(0.2–0.6)
0.4

(0.3–0.6)
Heart failure
hospitalization

45.0
(41.7–48.6)

41.6
(39.2–44.2)

36.4
(33.8–39.2)

40.8
(39.2–42.4)

Cardiovascular
hospitalization

61.8
(57.7–66.2)

59.2
(56.1–62.4)

49.1
(45.9–52.4)

56.5
(54.5–58.5)

All cause
hospitalization

74.6
(70.0–79.5)

72.0
(68.5–75.6)

58.2
(54.7–61.9)

68.0
(65.8–70.3)

Composite
endpoint

80.6
(75.8–85.7)

76.2
(72.6–80.0)

63.1
(59.5–66.9)

72.9
(70.6–75.3)

Composite endpoint: One year mortality, heart transplantation or all cause hospitalization.
CI, confidence interval.
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Over the entire period, the risk for all-cause mortality decreased yearly by 4% (risk 
ratio [RR] 0.96; 95% CI 0.94–0.98; P = 0.0002) For the composite endpoint, and for 
HF-, CV- and all-cause hospitalization, the risk decreased yearly by 3% (RR 0.97; 
95% CI 0.96–0.98; P < 0.0001).

Diabetes, AF, higher age, lower LVEF, higher NYHA class and loop diuretic use were 
associated with increased hazard of the age- and sex-adjusted composite outcome in 
all three study periods, whereas ACEI/ARB use was associated with lower risk. Only 
NYHA, MRA use and treatment with device (ICD/CRT) showed signi cant interac-
tion with time; the risk for the symptomatic vs the asymptomatic patients increased, 
and the risk increase associated with MRA use and device treatment was lost for the 
third period (Figure 6). After additional adjustments for NYHA class, LVEF, any de-
vice treatment and hypertension, analyses showed signi cant interaction with time 
for: female sex, with lower risk than men in the last period, P for interaction = 0.029; 
loop diuretics, with increasing risk over time, P for interaction = 0.028; and lower 
LVEF, with increasing risk over time, P for interaction = 0.043.

Figure 6. Age- and sex-adjusted hazard of one-year composite endpoint (death, heart transplan-
tation, and all-cause hospitalization) over calendar periods, and interaction with time.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confi dence interval; HR, haz-
ard ratio; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart 
Association functional class.
Note. Adapted from Sjöland H, Silverdal J, Bollano E, Pivodic A, Dahlström U, Fu M. Temporal trends in outcome 
and patient characteristics in dilated cardiomyopathy, data from the Swedish Heart Failure Registry 2003-2015. BMC 
Cardiovasc Disord 2021;21(1):307. © The Author(s) 2021. Published by BMC.
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Cardiovasc Disord 2021;21(1):307. © The Author(s) 2021. Published by BMC.
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Paper IV

Baseline characteristic
Among the 364 patients analyzed, HFrEF aetiology was classi ed as nonIHF in 203, 
as IHF in 114 and as unknown in 47. Comparing nonIHF vs IHF, the male predomi-
nance was similar but nonIHF patients were younger (61.0 vs 69.4 years, P < 0.001). 
The mean LVEF was lower (26% vs 31%, P < 0.001) and the prevalence of hyperten-
sion, diabetes and cerebrovascular disease was signi cantly lower in non-IHF. The 
prevalence of previous and new-onset AF was similar.

At 6 months, almost all patients were treated with RAS blockade and beta-blockers, 
and the MRA use was similar between groups; however, the mean doses of RAS 
blockade and MRA were signi cantly higher in non-IHF than in IHF. The use of 
ARNI was low but signi cantly higher in non-IHF, 19% vs 8%.

Response to GDMT in new-onset non-ischaemic- vs ischaemic HFrEF
Patients with non-IHF showed better overall composite changes. In non-IHF, im-
provement was almost four times more frequent than worsening, whereas improve-
ment was as frequent as worsening in IHF. The dominating reason for composite 
worsening in both groups were HF hospitalization, although less than half as frequent 
in non-IHF as in IHF. LVEF improvement was twice as frequent in non-IHF as in IHF, 
and the overall changes in NT-proBNP were more favourable for non-IHF, whereas 
no difference in overall changes in NYHA class was noted (Table 5). Median times 
to last evaluation of LVEF, NT-proBNP and NYHA were similar between groups. 
Multivariable-adjusted predictor analyses showed signi cant association between 
IHF and composite worsening (odds ratio [OR] 2.94; 95% CI 1.51–5.74; P = 0.002) 
and composite improvement (OR 0.35; 95% CI 0.18–0.65; P < 0.001). Lower SBP 
and higher LVEF both associated with unfavourable changes, with small OR and 
borderline signi cance.

Among patients not previously investigated for IHD (n = 261), a decision for coronary 
investigation was made in 69.0%, compared to 71.8% for patients with previous IHD 
without acute myocardial infarctions at the index hospitalization (n = 39).
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Table 5. Outcomes, by heart failure aetiology

Outcome
Non IHF
n=203

%

IHF
n=114

%

P value†

Composite clinical outcome n=194 n=107 <0.001
Worsened
Improved

19.1
74.2

43.9
43.9

<0.001
<0.001

Any hard outcome 17.7 39.5 <0.001
Death within 28 weeks 2.0 5.3 0.228
Heart Tx within 28 weeks 0 0.9 0.442
HF hospitalization within 6 months 16.3 36.8 <0.001

LVEF n=150 n=73 <0.001
Worsened 10 units
Improved 10 units

0
70.0

6.8
35.6

NYHA n=162 n=66 0.302
Worsened 1point
Improved 1point

0.6
69.8

0
56.1

NT proBNP n=161 n=63 0.001
Worsened 30%
Improved 30%

7.5
80.1

19.0
58.7

†Overall P values from analyses including patients not investigated for IHD presented in italics.
Heart Tx, heart transplantation; HF, heart failure; IHF, ischaemic aetiology; LVEF, left ventricular
ejection fraction; Non IHF, non ischaemic aetiology; NT proBNP, N terminal pro B type natriuretic
peptide; NYHA, New York Heart Association functional class.
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DISCUSSION

In this thesis, we have shown that IHD entails a worse prognosis in a broad spectrum 
of patients with HF and that the risk of death remains higher for patients with IHD 
despite signi cant improvements in the treatment of IHD.

In DCM, one of the most important causes of non-ischaemic HFrEF, we have shown 
the adverse effect of longer HF duration and the relationship between longer HF dura-
tion and higher comorbid burden. Moreover, we have analyzed outcomes and prog-
nostic factors and described the changes in comorbidities and their prognostic impor-
tance over time.

We have also analyzed the clinical response to GDMT in recent-onset HFrEF and 
shown a better response in patients with non-ischaemic causes than in patients with 
ischaemic aetiology.

Ischaemic heart disease in heart failure

Impact of ischaemic heart disease on mortality in heart failure
In Paper I, we showed that the crude mortality increased markedly with older age to 
yearly mortality of over 20% in patients ≥ 80 years of age regardless of the presence 
of IHD. IHD was associated with higher mortality in all age groups, also after mul-
tivariable adjustments, but the impact diminished with increasing age likely due to 
increasing numbers of competing adverse non-cardiac comorbidities. The crude mor-
tality was highest in patients with IHD and LVEF < 30%. It seems likely that patients 
in the lowest LVEF group represent those with larger myocardial infarctions or more 
disseminated CAD, factors previously associated with worse prognosis. With respect 
to LVEF, the greatest impact of IHD on mortality was also found in the groups of re-
duced LVEF, in part explained by the low absolute mortality in non-ischaemic HFrEF. 
Notably, the lowest mortality of all groups was found in non-ischaemic HFrEF. The 
results are in line with several real-world studies as previously described. With in-
creasing LVEF, the adverse effect of IHD diminished, mainly due to increased mor-
tality in non-IHD. IHD had no impact on mortality in HFpEF, in support of previous 
studies, both including and excluding patients with valvular heart disease.72, 80, 90, 91 

In HFpEF, patients are generally characterized by older age and a greater comor-
bid burden, and the adverse effect of these factors most likely levelled the effect of 
IHD. Strati cation by age showed that the diminishing adverse in uence of IHD 
with increasing LVEF was similar for all age groups and that IHD was not associ-
ated with mortality for patients with EF ≥ 40% in any age subgroup. IHD was as-
sociated with increased mortality comparably for both sexes, and a recent analysis 
of SwedeHF showed a similar adverse impact of IHD in men and women regardless 
of the LVEF category.112 Differences in age and comorbidity may explain the ad-
verse impact of IHD also in women, as compared with HFrEF trials.79 The mortal-
ity was lower for patients with recent-onset HF than for those with long-standing 
disease, but the adverse in uence of IHD on mortality was similar for both groups.
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Initial response to treatment in heart failure with reduced ejection fraction
The use of a clinical composite outcome was initially proposed for treatment evalua-
tion in HF trials.113 The consideration of both deterioration and improvement in func-
tional and subjective measures of effect, also in patients not experiencing hard end-
points, increases the number of patients contributing to the assessment of treatment 
effect. The statistical power increases, which may enable conclusive results in studies 
with shorter follow-up, and retrospective analyses have shown increased treatment 
evaluation sensitivity compared to trials focusing on hard endpoints only.114

In our short-term study of recent-onset non-valvular HFrEF (Paper IV), patients with 
non-IHF more often improved after treatment initiation, displaying both less frequent 
composite worsening and more frequent composite improvement compared with IHF 
patients. The 28-week mortality of 3.2%, similar between groups, compares well to 
the one-year mortality of 9% reported in a recent study of 3,900 patients hospitalized 
for new-onset HFrEF and investigated for IHD.115 CAD is associated with increased 
re-hospitalization in chronic HFrEF, and in our study, the almost three times greater 
odds for composite worsening in IHF compared with non-IHF was mostly explained 
by a doubled incidence of HF hospitalization.94 The NT-proBNP changes were more 
favourable in non-IHF. In-hospital reduction of NT-proBNP (most often by ≥ 30%) in 
decompensated HF is associated with a better prognosis,116 and initiation of treatment 
with ARNI in acute decompensated HFrEF reduces NT-proBNP and HF re-hospital-
ization within 8 weeks as compared with ACEI, further supporting the prognostic val-
ue of NT-proBNP reduction also in the  rst months after discharge.117 GDMT induces 
reverse remodelling, i.e. the reversal of the structural changes of a failing heart, such 
as LV dilatation, LVEF reduction and atrial enlargement.118-121 Reverse remodelling 
measured by LVEF improvement is favourable,17-19, 119, 122 and was twice as frequent in 
non-IHF as in IHF in our study. Previous studies reporting superior treatment response 
in non-IHF most often evaluated changes ≥ 1 year after baseline;17, 18, 123 however, our 
 ndings suggest that LVEF recovery occurs during the  rst months in a substantial 
proportion of patients.

Plausible reasons for the adverse impact of ischaemia
There are plausible explanations for the inferior reverse remodelling, the worse clini-
cal response and the increased risk of death in IHF. Although HF may be transient, 
e.g. in septicaemia, the underlying causes of HF most often remain after the develop-
ment of overt HF. Myocardial infarctions result in secondary scarring and permanent 
loss of contractile tissue, which may explain inferior LV recovery. Myocardial scars/
 brosis are also substrates for malignant ventricular tachyarrhythmias. Although the 
yearly incidence of SCD reported in HFrEF trials has diminished in the last two de-
cades to approximately 3%, SCD still constitutes 30–40% of all deaths in HFrEF.124 
Myocardial scarring is, however, not restricted to patients with myocardial infarc-
tions. Magnetic resonance imaging studies from the last ten years report evidence of 
scarring in 27–56% of patients with DCM.125-128 Both the presence and the extent of 
scarring are associated with ventricular arrhythmias in IHF and non-IHF, but irrespec-
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DISCUSSION

In this thesis, we have shown that IHD entails a worse prognosis in a broad spectrum 
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tion and higher comorbid burden. Moreover, we have analyzed outcomes and prog-
nostic factors and described the changes in comorbidities and their prognostic impor-
tance over time.
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Initial response to treatment in heart failure with reduced ejection fraction
The use of a clinical composite outcome was initially proposed for treatment evalua-
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Myocardial scarring is, however, not restricted to patients with myocardial infarc-
tions. Magnetic resonance imaging studies from the last ten years report evidence of 
scarring in 27–56% of patients with DCM.125-128 Both the presence and the extent of 
scarring are associated with ventricular arrhythmias in IHF and non-IHF, but irrespec-
tive of scarring, the yearly event rate of ventricular tachyarrhythmia is greater in IHF 
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than in non-IHF.129 While meta-analyses of implantable converter-de brillator (ICD) 
trials have shown a reduction of all-cause death both in IHF and non-IHF,130, 131 the 
role of ICDs in primary prevention of SCD in non-IHF has changed in recent years. 
In the largest and most recent RCT, the Danish Study to Assess the Ef cacy of ICDs 
in Patients with Non-ischemic Systolic Heart Failure on Mortality (DANISH),132 ICD 
failed to reduce all-cause death compared with usual care,  ndings that resulted in 
downgraded recommendations for the use of ICD in non-IHF in the most recent Euro-
pean guidelines.1 The patients were, in comparison to previous older trials, very well 
treated with ACEI/ARB, beta-blockers, MRA and CRT, which likely explains the low 
yearly event rate of SCD (< 2%) and the overall non-signi cant effect. 

Subgroup analyses and a recent long-term follow-up analysis have shown signi -
cantly lower all-cause mortality for patients ≤ 70 years of age,133, 134 to some extent 
modifying the initial interpretation; however, as patients were not treated with ARNI 
which reduces SCD,135 or SGLT2-inhibitors which may reduce the risk for lethal ar-
rhythmias and thus the bene cial effects of ICDs even further, the overall ef cacy of 
ICDs for primary prevention of SCD in non-IHF is still debatable.

Even if patients with previous myocardial infarctions are at increased risk for recur-
rent CV events, the prognosis after myocardial infarctions has improved signi cantly. 
In Sweden, the mortality after ST-elevation myocardial infarctions decreased pro-
gressively from 22% in 1995–1996 to 14% in 2007–2008, and similarly in non-ST-
elevation myocardial infarctions from 26% in 1995–1996 to 15% in 2011–2012, pre-
sumably due to the demonstrated improvement in medication and the steep increase in 
in-hospital coronary investigations and percutaneous interventions.106, 107 The success 
in the treatment of acute myocardial infarctions, however, had no major impact on 
mortality in patients with HF. Although the mortality for patients with IHD appeared 
to diminish over the years 2000–2012, the mortality was higher in IHD during the 
entire study period, with no statistically signi cant change over time (Paper I).

Impact of coronary investigation and intervention
While studies report the prevalence of ischaemic aetiology or signi cant CAD to 
be 25–50% in new-onset HF,87, 136, 137 American studies report that only a minority 
of HFrEF patients without myocardial infarction are investigated for IHD.115, 138 In 
our study, decisions for investigating ischaemia were made in approximately 70% of 
patients hospitalized for new-onset HFrEF without myocardial infarction (Paper IV). 
Besides the possible in uence of differences in health care systems and study set-ups, 
a likely reason for the higher proportion of investigations is the selection of patients 
planned for follow-up at dedicated outpatient HF clinics, thus limiting the number of 
very old and multimorbid. Interestingly there was no difference in coronary investiga-
tions between patients with or without previously known IHD.

The reasons for investigating IHD are several. As we have shown, IHD entails a worse 
prognosis and precise diagnostics are required for optimal treatment, be it invasive or 
medical. According to current guidelines, invasive coronary investigations are recom-
mended in patients with refractory angina or symptomatic ventricular arrhythmias, 
and may be considered in patients with HFrEF with an intermediate to high pre-test 
probability of CAD and the presence of ischaemia in non-invasive stress tests.1 RCTs 
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evaluating revascularization in HFrEF patients without acute coronary syndromes or 
angina are scarce. A meta-analysis reported better long-term survival after revascular-
ization and superior effect of CABG vs PCI; however, most studies were observation-
al and only one of the RCTs evaluating CABG vs medical treatment was completed.139 
The Coronary-artery bypass surgery in patients with left ventricular dysfunction trial 
(STICH)140 showed lower CV death and lower hospitalization after CABG but no dif-
ference in all-cause mortality over 56 months, partly due to procedure-related fatali-
ties; however, a signi cant reduction of all-cause mortality was shown in a ten-year 
follow-up, thus providing evidence of possible long-term bene t for select patients.141 

The recently published Study of Ef cacy and Safety of Percutaneous Coronary Inter-
vention to Improve Survival in Heart Failure (REVIVED-BCIS2)142 evaluating PCI 
on top of GDMT in patients with ischaemic HFrEF, extensive CAD and demonstrable 
viability did not meet the expectations. Compared with GDMT, PCI did not reduce 
all-cause death or HF hospitalization over a median follow-up of 3.4 years. More-
over, revascularization did not increase LVEF at six or twelve months, questioning 
ischemia-induced myocardial stunning as the cause for persistent LVEF reduction.

Invasive treatment possibilities aside, patients undergoing coronary investigation are 
more likely to receive medical treatment recommended for the prevention of future 
cardiovascular events.143, 144 Although the adverse in uence of single-vessel disease 
has been disputed,92 updated data have recently been presented. In a study of 22,000 
patients undergoing coronary angiography during HF diagnostic work-up, single-
vessel disease was associated with all-cause death in comparison to no CAD/non-ob-
structive CAD,145 emphasizing the importance of coronary investigation for optimal 
risk reduction.

A de nitive diagnosis of non-ischaemic HFrEF, possible only after a coronary inves-
tigation, should also lead to a proper assessment of the underlying cause, including an 
evaluation of hereditary disease, and the risk for SCD. Further, increased knowledge 
of the natural history of any condition will aid the caregivers in helping the individual 
patient, also when no additional treatment is available.

Dilated cardiomyopathy

In Paper II and III, we focused on the prognosis in DCM with attention to comorbidi-
ties. Most studies evaluating the effect of comorbidities in HFrEF do not stratify by 
aetiology. Less data are available for non-ischaemic HFrEF or DCM and predictive 
models based on mixed populations may not adequately re ect the impact of comor-
bidities on outcome in DCM.

Impact of heart failure duration on prognosis
During 2003–2016, the overall age- and sex-adjusted yearly all-cause mortality and 
HF hospitalization rates were 4.0% and 12%, respectively (Paper II). The yearly all-
cause mortality for patients with RODCM was 2.9%, which can be compared with 
5.4% reported in non-valvular non-ischaemic HFrEF (1998–2006),146 5% in recent-
onset I-DCM and myocarditis (2002–2008),147 and 1.1% in recent-onset I-DCM in the 
Heart Muscle Disease Registry of Trieste (2005–2015).70 In patients with LDCM, the 
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yearly mortality of 5.5% (crude 7.0%) may be compared with the crude mortality of 
7.7% in patients with I-DCM in PARADIGM-HF (2010–2012),35 5.0% in the con-
trol arm of DANISH (2008–2014),132 and approximately 3% in patients with I-DCM 
referred for cardiovascular magnetic resonance imaging (2000–2011).148 Comparing 
studies is complicated by the varying inclusion/exclusion criteria, but the survival of 
the SwedeHF DCM cohort seems similar to several contemporary studies and trials. 
Comparing RODCM with LDCM, all outcomes were more frequent in LDCM with 
HR 1.56 for all-cause death and HR 1.37 for the combined outcome of all-cause 
death, heart transplantation or HF hospitalization. A propensity score-matched analy-
sis yielded similar results.

Impact of comorbidity on prognosis
Patients with RODCM were approximately four years younger than those with LDCM, 
and almost all studied comorbidities were more frequent in LDCM. The lower LVEF 
in RODCM is reasonable due to the shorter time with treatment, but the functional 
capacity was nevertheless better than in LDCM, probably due to younger age and 
less comorbidity. The lower use of ACEI/ARB and beta-blockers in LDCM may be 
explained by lower tolerability due to slightly older age and lower renal function. The 
number of comorbidities was increased with HF duration, also after adjustment for 
age, possibly due to a general physical vulnerability in the HF population.

Previous studies of factors associated with outcomes are not consistent. In our study, 
increasing NYHA score, lower LVEF, low blood pressure (< 120 mmHg), older age 
(above the median age of 61 years) and diabetes, all known predictors of CV- and 
all-cause death in contemporary chronic HFrEF,77 were associated with the composite 
outcome regardless of HF-duration. In LDCM, older age was, however, favourable 
for patients younger than 61 years. Varying DCM aetiologies may matter as genetic 
aetiology is associated with earlier onset and worse prognosis.149 Male sex was as-
sociated with outcome in RODCM, in keeping with other studies of recent onset I-
DCM.147, 150 In previous studies of DCM without speci ed disease duration, male sex 
has been either neutral or adverse,148, 151 and in LDCM, male sex was not adverse, 
in contrast to chronic HFrEF.77 LBBB has been shown to predict CV death and CV 
death/HF hospitalization in chronic HFrEF.77 In I-DCM, new-onset LBBB in patients 
with long-standing disease is associated with all-cause mortality, unlike LBBB at  rst 
diagnosis.152 In our study, LBBB was associated with a > 30% risk increase for the 
composite outcome for both RODCM and LDCM. Low haemoglobin was adverse 
in RODCM but not in LDCM, again in contrast to chronic HFrEF.77 Reduced renal 
function and atrial  brillation were unfavourable in LDCM, as previously shown for 
DCM69, 151, 153 and chronic HFrEF.154, 155 In HFrEF, the prognosis for patients with atrial 
 brillation secondary to HF is worse than when the arrhythmia triggers HF.156 Atrial 
 brillation was adverse only in LDCM, and the higher prevalence in LDCM suggests 
a higher proportion of atrial  brillation provoked by HF, compared with RODCM. 

In RODCM only, treatment with acetylsalicylic acid was associated with increased 
risk, whereas statin use was associated with lower. Associations with these agents 
might have been expected in IHD, which in our case as far as possible was excluded. 
As the SwedeHF variable does not require coronary angiography, unrecognized IHD 
cannot be excluded; however, statins did not in uence outcome in LDCM, in keeping 
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with previous analyses of SwedeHF and randomized HFrEF trials.157, 158 It seems rea-
sonable that continuous  uid retention despite optimized treatment would serve as a 
marker of more advanced disease, and treatment with diuretics was adverse in LDCM, 
as previously shown in a meta-analysis in HFrEF.159

Temporal trends of prognosis, demographics, clinical features and therapy
Previous studies of I-DCM cohorts over time have reported higher LVEF and lower 
NYHA class at the time of diagnosis, and declining one-year mortality.69, 70, 160 In ad-
dition, a Swedish NPR-based study of patients hospitalized for non-ischemic HF dur-
ing 1987–2003 showed a decreasing mean yearly mortality of approximately 5% in 
patients 35–65 years old.161 Data on changes of comorbidity in DCM cohorts over 
time are scarce.

In the SwedeHF DCM cohort, one-year all-cause mortality and hospitalizations de-
creased yearly by 4% and 3%, respectively, during 2003–2015 (Paper III). Changes 
in demographics and patient clinical characteristics were observed. The proportion of 
women increased. Investigation with coronary angiography in HF diagnostic work-
up increased three-fold in Sweden during the study period.145 Women were less often 
investigated than men but presented more often with non-signi cant CAD, increasing 
the relative number of women diagnosed with non-IHF compared with men. Renal 
function improved, and the overall changes in categorized LVEF and NYHA func-
tional class were favourable. Higher NYHA class was associated with an increasingly 
higher risk for the composite endpoint of one-year all-cause death, heart Tx and all-
cause hospitalization compared with the asymptomatic, the proportion of which was 
stable. Older age was constantly associated with higher risk but the overall adverse 
effect of the slightly increased mean age over time was neutralized. The prevalence of 
hypertension increased very similarly to the increase noted in the entire SwedeHF co-
hort162 and a Danish nationwide HF study,163 contrasting to the decreasing prevalence 
in Sweden over the last 30 years.164 Even though increasingly frequent, a diagnosis of 
hypertension was not associated with the composite outcome in any calendar period. 
The prevalence of diabetes and atrial  brillation were stable, as were the associated 
increased risk in all study periods.

The use of ACE/ARB was unchanged over the study period. There was no linear trend 
in the use of MRA. The usage was reduced from the  rst to the second period and then 
increased for the last period, possibly explained by the publication of the EMPHASIS-
HF trial (Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms),48 
and the subsequently updated 2012 treatment guidelines. The use of devices, mainly 
ICD, increased slightly but is still underused, in line with the results from a previous 
analysis of SwedeHF patients with HFrEF, regardless of HF aetiology.165

Strengths and limitations

All studies are observational; hence, we do not claim causality when evaluating the 
relationships between baseline characteristics and outcomes.

SwedeHF, used for Paper I–III, comprises data from a real-world cohort without 
exclusion criteria and is thus more representative than trial populations. The large 
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Strengths and limitations

All studies are observational; hence, we do not claim causality when evaluating the 
relationships between baseline characteristics and outcomes.

SwedeHF, used for Paper I–III, comprises data from a real-world cohort without 
exclusion criteria and is thus more representative than trial populations. The large 
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sample size reduces the signi cance of random errors. Registration at secondary- and 
tertiary-level hospitals from all parts of Sweden, save the northern region, increases 
the generalizability. However, some limitations must be considered. The incomplete 
coverage of SwedeHF introduces a risk of selection bias, which may reduce validity. 
Registration of IHD does not require coronary investigation, which increases the risk 
of misclassi cation of patients with subclinical CAD. Classi cations similar to ours, 
however, are frequent in observational studies and trials, maintaining comparability.  
In the SwedeHF database analyzed for Paper I, we classi ed patients with angina 
as IHD. Although frequent in IHD, angina also occurs in non-ischaemic HF. Angina 
without CAD, however, has not been associated with mortality in either HFrEF166 or 
HFpEF,96 and the possible misclassi cation of non-ischaemic patients with angina as 
IHD should not contribute to the noted higher mortality in IHD. The SwedeHF vari-
able “valvular disease” is registered if deemed clinically signi cant, with no further 
de nition. Lacking data on both the grade and the mechanism of valvular dysfunction, 
patients with “valvular disease” were excluded from analyses in Paper I–II, as were 
patients with alcohol abuse. Although reducing validity, exclusion of patients with 
severe valvular heart disease and substance abuse are common in RCTs and observa-
tional studies, again not reducing comparability. 

Paper II–III are the  rst studies analyzing outcomes, prognostic factors and temporal 
trends for patients with DCM registered in SwedeHF. 

In Paper II, we excluded patients with IHD to minimize the risk of inaccurate inclu-
sion of patients with ischaemic HFrEF, thus possibly excluding patients with con-
comitant CAD not primarily causing the systolic dysfunction. 

In Paper III, we applied less strict exclusion criteria, assuming the implicit exclusion 
of signi cant IHD and valvular disease when registering DCM, increasing the gener-
alizability. Comparisons over time may be in uenced by differences in non-measured 
or unknown circumstances. In the early years, the number of units reporting to Swe-
deHF was lower, increasing the selection bias and reducing the validity of the com-
parison by the period of inclusion in Paper III. Although the cohort composition may 
differ between hospitals, there have been no considerable changes in the proportion of 
patients with DCM in SwedeHF, ranging from 12–13% in the early years to 11–12% 
in the later years. It seems unlikely that the slight changes in the de nition of DCM 
during the studied period would have signi cantly in uenced the results.

The register used for Paper IV, comprises all patients hospitalized with a primary 
diagnosis of cardiomyopathy or HF at all three hospitals constituting the Sahlgrenska 
University Hospital, hence representing secondary- and tertiary level in-patient care 
of all hospitals in Gothenburg. Registration based on the primary diagnosis in elec-
tronic records ensured coverage. Availability of medical records enabled veri cation 
of data collection and classi cation of aetiology and functional status by an experi-
enced cardiologist. 

We included only patients with follow-up at HF outpatient clinics, and while this 
results in selection bias, the cohort represents the population of the current clinical 
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practice. Including only post-myocardial infarction patients with systolic dysfunction 
who were subsequently re-admitted for HF introduces selection bias. The readmission 
was not automatically considered an outcome; however, these patients may constitute 
a fraction with greater myocardial damage or less positive response to treatment com-
pared with post-myocardial infarction patients not re-admitted at all. The total number 
of patients experiencing acute myocardial infarction with systolic dysfunction, tran-
sient or permanent, during the study period is unknown.
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CONCLUSIONS

In non-valvular HF, IHD was associated with a signi cantly higher risk of mortality in 
both men and women, in all age groups, in all groups of systolic dysfunction and both 
in recent-onset and chronic HF. The increased risk entailed by IHD diminished gradu-
ally with older age and higher LVEF. Despite improvements in the treatment of acute 
and chronic IHD over the last decades, the mortality for patients with IHD and HF 
was signi cantly higher than for patients with non-ischaemic HF during 2000–2012.

In DCM, one of the most important causes of non-ischaemic HFrEF, we found that 
the comorbid burden increased with increasing HF duration, also after adjustments 
for age. HF duration ≥ 6 months is associated with a worse prognosis. AF was prog-
nostically adverse in long-standing HF only, whereas increasing NYHA score, lower 
LVEF, older age (> 61 years), LBBB, lower blood pressure (< 120 mmHg) and dia-
betes were associated with the composite endpoint all-cause death, heart Tx or HF 
hospitalization irrespective of HF duration. During 2003–2015, the one-year mortality 
and hospitalizations decreased by 4% and 3%, respectively. The patients appeared less 
severely affected over time, with less severe symptoms and better systolic function. 
The adverse impact of male sex and markers of disease severity increased slightly, 
whereas no changes in the impact of comorbidities were observed.

Patients hospitalized with recent-onset non-ischaemic HFrEF responded better to ini-
tialized GDMT than patients with ischaemic HFrEF. The NT-proBNP reduction and 
symptom relief were better, and LVEF recovery was twice as frequent. In almost one-
third of patients selected for follow-up at outpatient HF clinics, no investigation for 
IHD was initiated at the time of HF diagnosis.

45

CLINICAL IMPLICATIONS AND FUTURE PERSPECTIVES

Our analyses of real-world HF patients support the previous studies reporting poorer 
prognosis in ischaemic HFrEF compared with other aetiologies, despite the consider-
able treatment improvements of acute and chronic CAD. Continuous efforts to inves-
tigate, address and prevent the conditions increasing the risk of IHD are crucial for a 
signi cant impact on the summarized burden of HFrEF.

DCM is one of the most important causes of non-ischaemic HFrEF. Increased under-
standing of the aetiological differences in prognosis and treatment response is helpful 
to optimize disease management for further risk reduction. The pathophysiological 
differences between HFrEF aetiologies, ischaemic vs non-ischaemic and also within 
DCM, are important  elds for future research. Cardio-genetics may increase our un-
derstanding of the varying negative response to toxic agents, persistent tachyarrhyth-
mia etc. and enable the identi cation of genetically susceptible individuals for pos-
sible future development of drugs for prevention and treatment.

Contemporary HFrEF therapy is primarily aimed at restoring physiological balance, 
rather than targeting the primary cause of systolic failure. While this treatment strat-
egy in many cases is effective in reducing symptoms and adverse outcomes, the mor-
bidity and mortality are still considerable. Besides the continuous investigation of 
reversible adverse pathways common for HFrEF, aetiology-targeting treatment strate-
gies are warranted. The need for an increased understanding of the pathophysiological 
differences in various aetiologies, and of the interplay with precipitating and contrib-
uting factors and comorbidities is thus essential.
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