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1. INTRODUCTION 

 

Heart failure (HF) is a leading cause of morbidity and mortality and a cause of high health 

care-related costs, posing a great burden on both patients and society (1-3). Thus, there 

is a global need for continuous monitoring and improvements in the quality of HF care (4-

10).  

 

1.1. Introduction to heart failure 

The typical symptoms of HF are breathlessness, ankle swelling, and fatigue (11), which 

are sometimes accompanied by elevated jugular venous pressure, pulmonary crackles, 

and peripheral edema caused by structural and/or functional cardiac abnormality resulting 

in reduced cardiac output and/or elevated intracardiac pressures at rest or during stress. 

The present definition of HF restricts itself to stages at which clinical symptoms are 

obvious. Demonstration of the underlying cardiac course is central to the diagnosis of HF 

and crucial for therapeutic reasons, as an accurate determination of pathology (e.g., 

abnormalities of the valves, pericardium, or endocardium; acute myocardial infarction 

[AMI]; or the presence of more than one abnormality) specifies which treatment is 

required (12).  

HF can present suddenly as a consequence of an acute cardiac event, such as myocardial 

infarction, or more commonly in an acute-on-chronic way when a period of worsening 

symptoms and signs is followed by emergency presentation with decompensation. Most of 

the cardinal symptoms are non-specific, especially in elderly patients, and could be due to 

other problems, including chronic lung disease, renal dysfunction, anemia, venous 

insufficiency, hypothyroidism, or concomitant treatments, such as calcium-channel 

blockers or glitazones. Even if HF is correctly diagnosed on the basis of symptoms and 

signs, differentiating between preserved and reduced left ventricular (LV) function is still 

difficult (3). Key investigations for the diagnosis of HF are echocardiography to 

demonstrate structural heart disease; electrocardiography (ECG) to show rhythm, rate, 

and conduction; chest radiography to exclude primary pulmonary disease and identify 

edema; and blood chemistry (3).    
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The terminology used to describe HF is based on measurement of the left ventricular 

ejection fraction (LVEF). HF includes a wide range of patients, from patients with normal 

LVEF (≥50%, which is also the cutoff for patients with HF with preserved ejection fraction 

[HFpEF]) to those with HF with reduced ejection fraction (HFrEF; typically <40%) 

(2,13,14). HFrEF results mainly from myocardial infarction (systolic dysfunction), 

hypertension (diastolic and systolic dysfunction), or in many cases both. Other common 

causes include degenerative valve disease, “idiopathic” dilated cardiomyopathy, some 

cases of which could have a genetic basis, and alcoholic cardiomyopathy (3). Traditionally, 

this type of HF presents with an impaired ability of the heart to pump sufficient amounts 

of blood into the circulation during systole (15). 

Patients with HFpEF do not generally have a dilated left ventricle, but instead often have 

increased LV wall thickness and/or increased left atrial size as a sign of increased filling 

pressure (Figure 1). Most patients have additional evidence of impaired LV filling or 

suction capacity, also classified as diastolic dysfunction, which is generally accepted as the 

likely cause of HF in these patients (i.e., “diastolic heart failure”) (12,14). 
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Figure 1. Hearts with systolic and diastolic heart failure compared to a normal heart (16).  

 

 

1.2. Prevalence and consequences of heart failure 

HF is a major public health problem, with a prevalence >5.8 million in the United States 

and >23 million worldwide (17). In persons >50 years of age, the prevalence and 

incidence increase progressively with age to more than 10% among persons ≥70 years of 

age (12,15). Among people >65 years of age presenting to primary care with 

breathlessness on exertion, one in six will have unrecognized HF. The lifetime risk of HF at 

55 years of age is 33% for men and 28% for women (12). 

The syndrome of HF has been compared to an iceberg. The visible section represents 

established HF cases in the community. The majority of the visible part is managed in the 

primary care setting, whereas the top is managed by the cardiologists. The larger invisible 

part “below the water” represents cases of undetected HF and those with asymptomatic 

left dysfunction considered prone to developing HF (2). 

Differentiating patients with HF based on LVEF (normal or reduced ejection fraction) is 

important due to different underlying etiologies, demographics, co-morbidities, and 
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therapeutic effects (12,18). Accurate estimations of the prevalence in the older population 

based on echocardiographic assessment are lacking, though the aging of the population, 

improved survival rates for acute coronary disease, better treatment of HF, and increased 

prevalence of patients with chronic comorbidities are changing the epidemic of HF (2). In 

the United States, patients with HFpEF have been reported to account for approximately 

half of the total patient population. The criteria for HFpEF might vary between 

International Geographic Regions (12,19).  

HF has a substantial impact for the patient, both physically and mentally, as it is a chronic 

disease that has to be treated both medically and, to a degree, with non-pharmacological 

treatments, including physical training and patient education. Pharmacological treatment is 

often lifelong and complex, with multiple medications taken twice or more daily. 

Therefore, coping and getting the best possible quality of daily life for the patients can be 

a challenge (20,21). Numerous prognostic markers of death and/or HF hospitalization 

have been identified in patients with HF, but their clinical applicability is limited and 

accurate risk stratification in HF remains challenging (12).  

1.3. Clinical outcomes and prognostic factors 

In a Danish cohort study investigating 30-year trends in HF hospitalization and mortality 

rates, as well as the prognostic impact of co-morbidity, the standardized first-time 

hospitalization rate for patients with HF decreased between 1983 and 2012, from 210 to 

164 per 100,000 person years (22). The overall decrease reflected an average decrease of 

1.1% per year until 2000, followed by a subsequent decline of 3.5% per year (22). The 

hospitalization rate for women decreased by 25% (from 192 to 144) and for men by 14% 

(from 217 to 186) per 100,000 persons between 1983 and 2012 (22).  

One-year mortality declined from 45% during 1983-1987 to 33% during 2008-2012. 

During the same calendar periods, 1- to 5-year mortality declined from 59% to 43%, 

independent of patients’ co-morbidity levels. Comparing the period 2008-2012 to the 

period 1983-1987, the 5-year age, sex, and co-morbidity-adjusted mortality rate ratio was 

0.57 (95% confidence interval [CI] 0.56-0.58) (22).  
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A national registry in Sweden compared the rate of first-ever hospitalization and 

associated short- and long-term survival for HF, AMI, and the most common forms of 

cancer on an age and sex-specific basis between 1988 and 2004 in 949,733 Swedish 

patients. Despite improvements in 30-day and 5-year survival, HF was associated with an 

unadjusted case-fatality rate of 59% within 5 years and 196,400 deaths compared to a 

rate of 58% and 131,000 deaths in patients with cancer. During a 10-year follow-up, HF 

was associated with 66,318 vs. 55,364 premature life-years lost for all common cancers in 

men. In women, the equivalent figures were 59,535 vs. 64,533 premature life-years lost, 

which confirmed that HF constitutes a major health burden (23).   

 

Several factors may influence the outcome of HF (2,3,24-29): 

The type of severity of HF HFrEF, HFpEF, HFmrEF  

Patient characteristics Age, sex, genetic factors, comorbidities, lifestyle 

(alcohol intake, smoke habits), ethnicity 

Diagnosis Access to healthcare, family practitioner, evaluation 

at admission to hospital, access to a cardiologist at 

admission, pulse pressure 

Clinician performance Correct medication, echocardiography, processes of 

care, diagnosis by an experienced cardiologist, 

cardiology ward, competence, compliance with 

guidelines, timing of treatment, university vs. local 

hospital  

Patient compliance with treatment Medical therapy, physical activity, prevention, 

motivation, plan for rehabilitation 

 

1.4. Quality of care: Background and litterature 

It is a key objective in current health policy to ensure the best value for the money by 

improving the quality of health services and health outcomes at similar or lower cost 

(30,31). This need has been reinforced by the economic crisis, increasing costs of an 

aging population, and new medical advances (30).   
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Health care quality has traditionally been characterized according to three dimensions: 

structure, process, and outcome. Structure includes administrative and related processes 

that support and direct the provision of care. It is concerned with such factors as the 

adequacy of facilities and equipment, the qualifications of medical staff and their 

organization, and the administrative structure and operations of programs and institutions 

providing care. Process reflects whether what is now known to be “good” medical care has 

been applied. Judgments are based on considerations such as the appropriateness, 

completeness, and redundancy of information obtained through clinical history, physical 

examination, and diagnostic tests; justification of diagnosis and therapy; technical 

competence in the performance of diagnostic and therapeutic procedures, including 

surgery; evidence of preventive management in health and illness; coordination and 

continuity of care; and acceptability of care to the recipient. Outcome refers to the effects 

of care on health status, including mortality, functional gains, and hospital readmissions; 

changes in patient behavior; and satisfaction with care. Some of the outcomes are 

generally unmistakable and easy to measure (e.g., death), whereas others are not as 

clearly defined and can be difficult to measure. Outcomes may indicate good or bad care 

in the aggregate but do not provide insight into the nature or location of the deficiencies 

or strengths to which the outcome may be attributed. Outcomes remain the ultimate 

validators of the effectiveness and quality of medical care.  

In theory, these three dimensions interact so that the optimal structure of care allows for 

improved processes of care, which in turn positively affect the outcome. Included in these 

dimensions are the interpersonal process, which influences the implementation of care by 

and for the patient (32-34).  

Figure 2 presents a modified version of the Donabedian model of structure, process, and 

outcome as a conceptual framework for improving HF care (32). The studies in this thesis 

focus specifically on the guideline-recommended performance measures given to patients 

admitted to hospital or at first contact with a cardiac care clinic and subsequent mortality, 

which may all be considered aspects of health care quality. 
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Figure 2. Modified Donabedian model (32,33).  

 

 

A number of countries use established databases to monitor the quality of HF care at a 

national level, including USA (35), Sweden (4), the United Kingdom (36), Canada (5), 

Australia (6), Poland (7), Japan  (8). In addition, multinational efforts have been made 

across European countries (9,37). In Denmark, national clinical guidelines for the 

treatment of HF were released in 2002 and updated in 2007 and 2015. These guidelines 

recommended prompt diagnosis by echocardiography, New York Heart Association (NYHA) 

classification, and medication assessment, as well as patient education and physical 

training. This is in line with international consensus guidelines from the American College 

of Cardiology/American Heart Association (ACC/AHA) and the European Society of 

Cardiology (ESC) (12,38). The Danish Heart Failure Registry (DHFR) monitors and 

documents, on a national level, whether several of these key recommendations for the 

early treatment and care of patients with HF are followed using performance measures. A 

distinction is made between structure, process, and outcome performance measures and 

time limits are defined for each process performance measure to capture the timeliness of 

care (39,40).  
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1.4.1. Search strategy 

The strategy for searching the scientific literature was established to identify evidence 

regarding the following relationships, which are the focus of the thesis: 

1. Effect of quality improvement initiatives on HF care, 

2. The association between age and gender and quality of HF care and clinical 

outcome, 

3. The association between quality of HF care and clinical outcome.  

 

PubMed, Cochrane Library, Scopus, Embase, and Web of Science were searched for 

studies published up to April 2016. The searches were built by Medical Subheading 

(MeSH) to narrow the literature and limited to include only studies in humans that were 

published in English or Danish. Only studies that applied patient-level data were selected. 

Additional studies were found by searching the reference lists of the identified 

publications. 

The following terms were used in combinations: “Incident Heart Failure” [Mesh], “Heart 

Failure” [Majr], ”Process assessment [Mesh], “predictive quality” [Mesh], “completeness” 

[Mesh], ”Outcome” [Mesh], “Mortality” [Mesh], ”Gender differences” [Majr], “Sex 

differences” [Majr], “prognosis” [Mesh], “Social class” [Mesh], ”Quality Indicators” [Mesh], 

”Guideline adherence” [Mesh], “Practice Guidelines” [Mesh], ”Medical compliance” [Mesh], 

”Sex, female, male, men, women” [Mesh], ”Age” [Majr], ”Validity” [Mesh], “Registries” 

[Mesh], “Databases” [Mesh], “clinical databases” [Mesh], “Human” [Mesh] “Patient 

compliance consequence” [Mesh]. Furthermore, searches were performed on the websites 

of the World Health Organization (www.who.int), Danish National Board of health 

(www.sst.dk, www.rkkp.dk, and www.kcks-vest.dk), and the Danish Heart Association 

(www.hjerteforeningen.dk). 

Data from relevant publications were extracted using a standardized form. Data extracted 

from each study included: author, year published, and country; patient population, 

institution, survey, and/or database; study design; main findings in relation to improved 

processes of care over time; and conclusion.  

http://www.hjerteforeningen.dk/
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1.4.2. Effect on quality improvement initiatives on heart failure care 

The literature search identified six relevant studies assessing the effect of quality 

improvement initiatives for HF care (35,41-45).  

A short description of the identified publications are provided in Appendix Table 1.  

Five of the studies were from the USA and one from Germany. The population included in 

the studies ranged from 1853 in the German study to 237.225 in the largest of the US 

studies (43). Four of the six studies showed a correlation between the launch of a quality 

improvement program and a subsequent improvement in quality of care as reflected by 

process performance measures for HF (35,41,43,44). The literature revealed diverging 

opinions about compliance with guideline recommendations over time, which is perhaps 

not that surprising as the guidelines need to be regularly developed, implemented, used, 

and evaluated in a continuous process.  

The German study, EVIdence based TreAtment in Heart Failure (EVITA-HF), focused on a 

well-defined patient population with LVEF ≤40% covered by clear guideline 

recommendations with consecutive patient inclusion and a 1-year follow-up period. The 

study included 1853 consecutive patients hospitalized in 16 centers, and followed 

guideline-management of HF with reduced EF in tertiary care facilities. The study found 

that the use of recommended drug therapy increased significantly from admission to 

discharge (angiotensin converting enzyme inhibitor [ACEI] or angiotensin receptor blocker 

[ARB] 73.0% vs. 89.6% and beta-blocker 71.0% vs. 90.4%). In addition, sustained 

improvement of NYHA status was observed, as 63% of patients were in NYHA III/IV at 

admission but only 30% were in NYHA III/IV after 1 year, (p<0.001 vs. index admission). 

The study added new information regarding the effectiveness of in-hospital management 

and guideline adherence in patients with chronic systolic HF (43).  

The AHA developed the Get With The Guideline program for HF (GWTG-HF) to implement 

and target hospital-based quality improvement for HF, following hospital performance for 

215 hospitals. The study investigated whether guideline-recommended processes of care 

were followed better in GWTG hospitals compared to hospitals not enrolled in GWTG. The 

follow-up period lasted from 2006 to 2007, and found that hospitals enrolled in the GWTG-
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HF had significantly more documentation of LVEF (93.4% vs. 88.8%), use of ACEIs or 

ARBs (88.3% vs. 86.6%), and discharge instructions (74.9% vs. 70.5%; p<0.005 for all). 

A lower risk-adjusted 30-day all-cause readmission rate after a HF hospitalization was also 

found for hospitals attending the GWTG-HF program compared to hospitals not attending 

the program (35).  

The Registry to Improve the Use of Evidence-Based Heart Failure Therapies in the 

Outpatient Setting (IMPROVE-HF) included a random sample of 34,810 HF patients from 

167 outpatient cardiology practices in the US with reduced LVEF (≤35%) at baseline and 

after 12 and 24 months. The 24-month assessment compared to baseline was as follows: 

beta-blocker (92.2% vs. 86.0%, +6.2%), aldosterone antagonist (60.3% vs. 34.5%, 

+25.1%), HF education (72.1% vs. 59.5%, +12.6%; each p<0.001). The study suggested 

a favorable impact of applying guideline-driven care improvement tools (44).Quality 

improvement initiatives have been linked with improved clinical outcomes (44) 

Limitations of the existing studies 

The studies published thus far have varying shortcomings, including selective instead of 

consecutive patient inclusion, heterogeneous populations including both incident and 

worsening HF, inclusion of both systolic and diastolic HF, short follow-up time (e.g., 30-

day mortality), and required informed consent from the patients (43). Another challenge 

was that participants were self-selected for outpatient cardiology practices, as were the 

hospitals participating in the GWTG-HF program, as it was not mandatory reporting for all 

hospitals (44,46-48). Furthermore, the validity of the HF diagnosis was not assessed in all 

of the studies, with definitions varying from chronic HF for at least 3 months and 

documented ejection fraction (EF) ≤40% to those with a clinical diagnosis of HF 

documented by a cardiologist on at least two separate visits (43,44). 

Summary 

The implementation of quality improvement initiatives has been associated with 

improvements in process performance measures and patient outcomes, but the data 

remain sparse and additional population-based studies are warranted. 
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1.4.3. Association between age and sex and quality of heart failure care and clinical 

outcome 

The literature search for age- and sex-related differences identified six studies concerning 

mostly age-related differences, eight studies concerning mostly sex-related differences, 

and two studies examining both age- and sex-related differences. Most of the studies are 

from the USA, but Germany, Italy, Sweden, Israel, France, Spain, Switzerland, Poland, 

Finland Norway, the UK, the Netherlands, and Australia are also represented. Short 

descriptions of the publications are provided in Appendix Table 2. 

Danish and international guidelines for HF care recommend the same level of care for 

everyone, independently of age and sex (12,49-51). Regardless, age- and sex-related 

differences in HF care have been reported for different populations and become a hot 

topic of debate.  

Age-related differences 

Randomized controlled trial (RCT) data on therapy exclusively in elderly patients with HF 

are scarce, as elderly patients are underrepresented in RCTs compared to real world 

patient populations (52-54). This may explain, at least in part, the observed age-related 

differences in HF care despite guideline recommendations. Komajda et al. studied a large 

cohort of 3577 patients, including 741 (21%) ≥80 years of age, in the Euro Heart Failure 

Survey (EHFS)-II and compared treatment and mortality to younger patients (n=2836, 

79%).  both under-use and under-dosage of medications recommended for HF were found 

among the elderly (55). Other studies have also reported poor adherence to guidelines 

and less frequent prescription of recommended HF medications for old HF patients, who 

remained at greater risk of adverse outcomes (48). In addition, older patients appear to 

be less likely to receive HF education than younger patients (26).   

Sex-related differences 

Enrollment of women in randomized clinical trials has increased over time, yet their 

inclusion in RCTs remains low relative to their representation in real-life patient 

populations, and not all drug applications to regulatory authorities have included sex-

specific analyses (56). Women have, in some but not all studies, been reported to receive 



12 

less guideline-recommended care, much similar to the pattern for older patients. Lenzen et 

al. found that, in a population of 8914 patients, women underwent fewer investigations of 

LVEF (59% vs. 74%, age-adjusted OR 0.67; 95% CI 0.61-0.74) and less therapy with 

drugs with a documented impact on survival, including (ACEI: adjusted OR 0.72, 95% CI 

0.61-0.86; beta-blockers: adjusted OR 0.76, 95% CI 0.65-0.89). However, 12-week 

mortality was similar for both men and women (57). Nicol et al. found similar results, 

showing that women were less likely to have had echocardiography (52% vs. 60%, 

p<0.001) and, if previously diagnosed with HF, also less likely to be treated with ACEIs 

(58.3% vs. 66.8%, p<0.001) and beta-blockers (30.1% vs. 35.5%, p=0.033). However, 

the survival rates between men and women were equal (58).  

The Norwegian Heart Failure Registry included 3632 patients (70% men). This study 

reported differences in baseline characteristics between men and women. Compared to 

men, women were less often smokers, had more severe NYHA classification, and were less 

likely to have coronary etiology as the underlying cause of their HF. The study had 

classified EF using a cut-off value of 50% and found that men and women in the two 

groups (<50% and ≥50%) received equally often beta-blockers and ACEIs. Survival rates 

were also equal (59).    

In contrast, other studies have not found differences in care when comparing women and 

men (60,61). Though it has been reported that it is more difficult to correctly classify 

female patients presenting with symptoms of HF (62).  

Studies investigating both age-and sex-related differences 

Studies concerning both age- and sex-related differences have generally found that 

evidence-based care is frequently under-implemented in older patients. A geriatric hospital 

in Israel included 96 consecutive unselected patients >80 years old with either stable 

chronic HF or acute exacerbation of HF (67% women). Adherence to guideline-

recommended HF medications was poor, as ACEIs were given in 42% of patients and 

beta-blockers in 36% of patients, which could partially explain the higher mortality. The 

oldest hospitalized HF patients were usually women, who were fully dependent or frail and 

had a high level of comorbidity; 1-year mortality was 57% (63).  
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Lindenfeld et al. reviewed a national sample of Medicare patients discharged with a 

principal diagnosis of HF (2239 patients >65 years of age) and found that EF was 

measured less often with increasing age (measured in 1325 [59.2%], p<0.0001). A 

substantial drop was observed in both men and women >85 years of age (64).   

Limitations of the existing studies 

The published studies have different shortcomings, such as the validity of the HF 

diagnosis, which could vary from a HF diagnosis documented by a cardiologist on at least 

two separate visits (26) to patients with suspected or confirmed HF (57). Patient inclusion 

covered consecutive inclusion of patients from a single HF unit; inclusion from a large 

number of invited practices for outpatient cardiology (data extracted by trained chart 

abstractors); large cohorts from US studies in which participants were collected by medical 

chart review, dependent of the accuracy and completeness of the documentation and 

abstraction (26,48,61); and patients participating in follow-up data collection who provided 

written informed consent before enrollment (48). Invitations for participation were also 

used (62). Patients were heterogeneous with both incident and prevalent populations 

(55,59), and cutoffs for LVEF were different (26,61,62), which may influence the balance 

between men and women. Self-selected participation is also a challenge, as the large 

cohorts in the US programs were not mandatory and could induce a bias if it is a certain 

type of hospital that participated in the programs (26,48). Follow-up varied greatly, from 

60 days to 8 years after discharge (48,62).   

Summary 

The evidence suggests that older age is associated with a lower chance of receiving 

guideline-recommended HF therapy. In addition, some studies have indicated that women 

receive less recommended HF care than men. However, data from large population-based 

studies on well-defined HF populations are lacking, making it difficult to draw firm 

conclusions about the extent and clinical implications of any age- and sex-related 

differences in HF care.  
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1.4.4. Association between process performance measures and clinical outcome 

among patients with incident heart failure 

Monitoring the quality of HF performance measures has become an important issue in 

recent years (65), and the literature search identified 19 studies concerning performance 

measures and clinical outcomes. Short descriptions of the publications are provided in 

Appendix Table 3. 

Studies of the association between process performance measures and clinical outcome 

have been reported from a wide range of counties. Most of the studies are from the US 

(65-67), but studies have also included Germany, Italy, the Netherlands, Canada, and 

South Korea (68-72). Multinational studies have also been published (73).  

Earlier studies reported that multicomponent interventions including interdisciplinary 

teams and following guidelines are associated with a lower rate of hospitalization, 

readmission, and mortality for patients with HF (65,67). In addition, the use of guideline-

recommended drugs is associated with reduced mortality in the elderly population, 

providing evidence of the benefit of cardiac drugs (65,68,69,72).  

A European study enrolled and followed 1410 patients with mild/moderate HF up for 6 

months utilizing 150 randomly selected cardiologists/cardiology departments in six 

European countries. Global indicators of adherence (Guideline Adherence Indicator [GAI]) 

to the ESC guidelines were associated with decreased rates of HF hospitalization and 

delayed time to rehospitalization (73). On average, adherence to the ESC guidelines for 

the diagnosis of chronic HF (CHF) in the six countries was high with slight variations 

across countries. Overall adherence to diagnosis guidelines was 74% (73).  

Fonarow et al. found that, after adjusting for patient and practice characteristics, all 

guideline-recommended therapies except aldosterone antagonists were independently 

associated with lower odds of death at 24 months. Use of beta-blockers and cardiac 

resynchronization therapy (CRT) were associated with the lowest odds of death 

(betablocker, adjusted OR 0.42, 95% CI 0.34-0.52, p<0.0001 and CRT, adjusted OR 0.44, 

95% CI 0.29-0.67, p=0.0001, respectively). ACEI/ARBs, ICD, HF education, and 

anticoagulation for atrial fibrillation were also independently associated with lower 
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adjusted odds of death. The study also found an incremental benefit for patients who 

receive a greater number of treatments at baseline and were, therefore, more likely to be 

alive at 24 months. The benefit plateaued after 4 to 5 therapies (66).  

With a basis in studies showing the impact of non-pharmacological performance 

measures, such as patient education, recent updates of the guidelines now involve the 

inclusion of patient education and training (12). In contrast, Wu et al. found that patient 

education was either not related or related to a slightly increased risk of death (74).   

Limitations of the existing studies 

The patients in the different studies were often extracted from trials in which patients 

were included according to different inclusion and exclusion criteria registered in the 

primary study, e.g. prevalent CHF and NYHA-class II-IV, recruitment from different 

countries, cardiologists were randomly selected by national medical institutions to assess 

whether patients should be included in the study for HF following the ESC guidelines, 

though (MAHLER) (73). Other programs using data from the large cohorts are the External 

Peer Review Program (EPRP) (74), Survey of Guideline Adherence for Treatment of 

Systolic Heart Failure in Real World (SUGAR) (72), and the Organized Program to Initiate 

Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) (75). 

Some of the studies included HF patients with LVEF < 45%, and others included all 

patients presenting with chronic HF of any cause, not specifying any LVEF (72,76). In 

addition, OPTIMIZE-HF hospitals and GWTG-HF hospitals as well, were self-selected and 

may not entirely be representative of national care patterns and clinical outcomes, 

(35,75). 

Follow-up data on clinical outcomes have different time spans, comprising 30 days, 60 

days, or 90 days after discharge, and even up to 3 years or combinations of follow-up 

times (72,74,75,77). As in the other literature studies, a shortcoming also concerns the 

validity of HF diagnosis. It varied from signs and symptoms suggestive of CHF and 

objective evidence of cardiac dysfunction as recommended in ESC guidelines (73) to 

patients with a clinical diagnosis of HF documented by at least two separate visits (66), as 

well as dyspnea and verification of HF by clinical findings that were not specifically 
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described (72). Furthermore, the follow-up time for combined mortality and 

rehospitalization was 60-90 days (75), and up to 1 year for survival after HF 

hospitalization (67). 

Summary 

Following the recommended guidelines have been associated with better clinical outcomes 

among patients with HF, particularly the use of HF medications, whereas the non-

pharmacological processes of care have been less well studied. The exception is patient 

education, which has been reported to positively influence clinical outcomes including 

mortality and readmission for HF in a number of studies.  
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2. HYPOTHESES 

The studies included in this thesis were based on the following hypotheses:  

 

1. Compliance with clinical guideline recommendations as reflected by fulfilment of the 

process performance measures monitored in the DHFR has improved over the years, 

and mortality has been reduced among incident HF patients in Denmark following the 

introduction of a nationwide quality improvement program (Study I).  

 

Paper I: Nakano A, Johnsen SP, Frederiksen BL, Svendsen ML, Agger C, Schjødt I, 

Egstrup K. Trends in quality of care among patients with incident heart failure in 

Denmark 2003-2010: a nationwide cohort study. BMC Health Services Research 

2013, 13:391 

 

2. Elderly patients and women with incident HF are less likely to receive HF care 

according to clinical guideline recommendations. Inequalities in care contribute to 

inequalities in mortality (Study II).  

 

Paper II: Nakano A, Egstrup K, Svendsen ML, Schjødt I, Jakobsen L, Mehnert F, 

Johnsen SP. Age and sex-related differences in use of guideline-recommended care 

and mortality among patients with incident heart failure in Denmark. Age Ageing. 

2016 ;45:635-42. 

 

3. Fulfilment of process performance measures reflecting clinical guideline 

recommendations is associated with lower mortality among patients with incident HF 

(Study III). 

 

Paper III: Nakano A, Egstrup K, Svendsen ML, Schjødt I, Johnsen SP. Association 

between process performance measures and 1-year mortality among patients with 

incident heart failure: a nationwide study. In preparation 
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3. MATERIAL AND METHODS 

3.1. Datasources 

The studies in this thesis relied on data from Danish population-based registries (78), 

including the DHFR (39), the National Registry of Patients (79), the Civil Registration 

System (80), the Medical Register of the Danish Medicines Agency, the Integrated 

Database for Labour Market Research (81), and the Classification of Danish Hospitals and 

Departments (82).  

3.1.1. The Danish Heart Failure Registry 

All studies in this thesis used data from the DHFR. The Danish health care system provides 

tax-financed health care for all inhabitants of Denmark, including free access to hospital 

care. All medical emergencies, including HF, are exclusively admitted to public hospitals 

(83).  

The DHFR started to monitor incident HF patients in 2003 with the aim of documenting 

and improving the quality of care at a national level (84). Participation is mandatory for all 

hospitals treating patients with HF. Evidence-based disease-specific quality of care 

performance measures have been developed relating to the structure, process, and 

outcome of care for HF. This includes prospective data collection, data analysis, 

evaluation, and interpretation, feedback to providers and managers, clinical audit, 

implementation of quality improvement, and public release of all data. To ensure the 

quality and completeness of the data, nationwide implementation pilot studies were 

carried out (84).  

3.1.2. The National Registry of Patients 

All three studies used data from the National Registry of Patients (79). The registry 

contains data on all patients discharged from public somatic hospitals in Denmark since 

1977 and includes data on admissions and discharges with up to 20 diagnoses for each 

discharged patient from each hospital contact throughout life. Since 1995, data on 

outpatients and emergency room patients have also been collected (e.g., dates of 

admission and discharge for inpatients, dates of visit for emergency room patients). All 

diagnoses have been classified according to the Danish edition of the International 
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Classification of Diseases, 10th edition (ICD-10), since 1994, and registration is mandatory. 

Using the National Registry of Patients makes allows construction of the complete 

hospitalization history of each patient (80). 

3.1.3. The Civil Registration System 

All three studies used data from the Civil Registration System. The purpose of the Civil 

Registration System is to administrate the personal identification number system. Since 

1968, all Danish residents have been assigned a unique 10-digit personal identification 

number called the civil registration number at birth or immigration. The number is used in 

all public registries and enables unambiguous record linkage between databases. Among 

other variables, the Civil Registration System contains data on name, date of birth, place 

of residence, and vital status (updated daily). The validity of the recorded information is 

considered to be very high because registration is mandatory by law and the information 

is extensively used for administrative purposes (80,85).   

3.1.4. Medical Register of the Danish Medicines Agency 

The Medical Register of the Danish Medicines Agency contains information on all filled 

prescriptions, including the type and amount of drug and the date it was dispensed. From 

1995 to the present, this information was collected for all prescription drugs at all Danish 

pharmacies (86).   

3.1.5. The Integrated Database for Labour Market Research 

The Integrated Database for Labour Market Research at Statistics Denmark was 

established in 1980 and contains information on each Danish citizen regarding 

socioeconomic status, including data on income, employment status, education level, and 

marital status. The data are based on other registries in Statistics Denmark, including the 

tax authority registry (81).       

3.1.6. The Classification of Danish Hospitals and Departments 

All three studies used data from the Classification of Danish Hospitals and Departments. 

This registry is used to identify the service provider reporting to the National Registry of 

Patients. The registry uniquely identifies all Danish hospitals, hospital departments, and 
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hospital units, and includes information on the primary medical specialty of each 

department/unit (82). 

 

Figure 3. Individual level linkage of nationwide registries using a personal identification number.  

 

 

 

 

 

 

3.2. Study design and study population 

All three studies included in this thesis were designed as nationwide, population-based 

cohort studies covering the period 2003 to 2010 (both years inclusive). In all three 

studies, the study population was identified through the DHFR, which included patients 

aged ≥ 18 years with a first time hospitalization and a primary diagnosis of HF (including 
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inpatients and outpatients) according to the ESC guidelines for the definition of HF and the 

Danish guidelines for treatment of HF issued by the Danish Society of Cardiology (12,51), 

as well as one of the following ICD codes: I11.0, I13.0, I13.2, I42.0, I42.6, I42.7, I42.8, 

I42.9, I50.0, I50.1, I50.2, I50.3, I50.8, I50.9. 

The DHFR uses the following inclusion and exclusion criteria as defined by the expert 

panel (1 and 2 and/or 3):  

1: Symptoms of HF (breathlessness, ankle swelling, and fatigue) while resting and/or 

when having physical activity;AND 

2: Objective symptoms of dysfunction of the heart, either reduced systolic function and/or 

diastolic dysfunction or increased filling pressure;AND/OR 

3: Responding to treatment for HF. 

 Patients fulfilling the criteria can enter the flow chart shown in Figure 4 Please note that 

patients who are admitted with another primary diagnosis (atrial fibrillation, myocardial 

infarction, or chest infection) and HF as a secondary diagnosis will be captured by the 

registry if they later have a hospital contact in which HF is registered as the primary 

diagnosis. The inclusion and exclusion criteria are narrow and the DHFR does not aim to 

capture all persons with HF in the Danish population, but rather to identify incident 

patients with verified HF. Among the excluded patients are those with an incorrect HF 

diagnosis (87). In addition, patients for whom HF is not registered as the primary 

diagnosis probably include a high proportion of patients with multiple morbidities and a 

complex clinical history. 
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Figure 4. Inclusion and exclusion criteria in the DHFR. 

 

A patient can only enter the database once. Only patients with a valid civil registration 

number were included. Studies I-III included 24,308-24,510 patients with a first time HF 

diagnosis. The minor difference in the study population reflects patients no longer living in 

Denmark and patients with an uncertain civil status. 
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3.3. Validity of the Danish Heart Failure Register 

The usefulness of the registries, including the DHFR, is dependent on the validity of the 

data, including the completeness and quality of the recorded data (88-90). Therefore, the 

validity of the registered process performance measures in the DHFR was assessed as part 

of the Ph.D. project.  

A computer-generated 5% random sample was obtained covering patients diagnosed 

between February 2003 and June 2007. A total of 700 patients were identified, 

representing the 46 HF units in Denmark reporting to the registry (Appendix Table 4). 

Four medical records could not be found, and one only consisted of nursing observations, 

leaving a total of 695 medical records for audit.  

All medical records were reviewed by a single reviewer (AN, who is a certified and 

clinically experienced nurse in cardiology) using the data definitions for the DHFR. Data 

from the medical records were entered and re-entered into a database to ensure accuracy. 

The assessment made by the reviewer was used as a reference. 

 As seen in Table 5, there were substantial discrepancies in the registration of the process 

performance measures on NYHA classification, ACEI/ARBs, beta-blockers, physical 

training, and patient education. For the non-pharmacological performance, the results 

were characterized by the lack of relevant information in a high proportion of the medical 

records. For the pharmacological measures, the primary reason for the discrepancy was a 

missing date for starting the medication, as the staff member did not record it.    
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Table 5. Registration of process performance measures in the DHFR and by review of medical records.  

Performance measure 

Fulfillment of performance 

measure according to the 
DHFR (%) 

Fulfillment of performance 

measure according to review of 
medical records (%) 

Indicator 1 (Echocardiography) 489 (71) 478 (69) 

Indicator 2 (NYHA classification) 334 (48) 232 (34) 

Indicator 3a (ACEI/ARB) 265 (75) 291 (88) 

Indicator 3b (Beta-blockers) 218 (63) 230 (69) 

Indicator 4 (Physical training) 37 (11) 19 (6) 

Indicator 5 (Patient education) 191 (61) 83 (25) 

DHFR=Danish Heart Failure Registry, NYHA=New York Heart Association, ACEI=Angiotensin Converting 

Enzyme Inhibitor, ARB=Angiotensin Receptor Blocker. 

 

Table 6 shows the overall sensitivity, specificity, and predictive values for each of the five 

process performance measures compared to the information available in the medical 

records. In general, agreement between the DHFR and medical records varied 

substantially across the individual performance measures. Sensitivity ranged from 31% to 

93.5%, with three performances having a sensitivity of 80% or more (echocardiography: 

88.6% [95% CI 0.85-0.91]; ACEI/ARB: 93.5% [95% CI 0.89-0.96]; beta-blockers: 83.6% 

[95% CI 0.73-0.89]). Specificity ranged from 70% to 96.7%, with four performances 

having a specificity of 80% or more (NYHA classification: 93.6% [95% CI 0.90-0.96]; 

beta-blockers: 80.5% [95% CI 0.65-0.91]; physical training: 96.7% [95% CI 0.94-0.99]; 

patient education: 92.5% [95% CI 0.85-0.97]). The positive predictive values (PPVs) 

ranged from 53.0% to 98.5%, with five process performance measures having a PPV of 

80% or more (echocardiography: 90.6% [95% CI 0.87-0.93]; NYHA classification: 90.1% 

[95% CI 0.86-0.94]; ACEI/ARB: 98.5% [95% CI: 0.95-1.00]; beta-blockers: 94.9% [95% 

CI 0.90-0.98]; patient education: 89.9% [95% CI 0.80-0.96]). The negative predictive 

value (NPV) ranged from 33.3% to 92.1%, with one process performance measure having 

a NPV of 80% or more (physical training: 92.1% [95% CI 0.88-0.95]). 
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In summary, we found varying levels of agreement between data on delivered process 

performance measures of HF recorded in the DHFR and the original medical records. The 

variation was found in relation to sensitivity, specificity, PPV, and NPV. Documentation of 

the provided performance measures was incomplete in a high proportion of the examined 

medical records; thus, the medical records were a problematic gold standard in the 

validation process.  
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Table 6. Sensitivity, specificity and predictive values of data on processes of care registered in the DHFR, using medical records as the gold standard 

  
Verified 
positive/ 

total N 

Sensitivity % (95% 

CI) 

Verified 
negative/ 

total N 

Specificity % 

(95% CI) 

Verified N/ 

total N 
PPV% (95% CI) 

Total negative 

N/ total N 
NPV% (95% CI) 

Processes of care                 

Echocardiography 435/491 88,6 (0.85-0.91) 156/201 77.6 (0.71-0.83) 435/480 90.6 (0.87-0.93) 156/212 73.6 (0.67-0.79) 

NYHA 

classification 
209/335 62.3 (0.57-0.68) 334/357 93.6 (0.90-0.96) 209/232 90.1 (0.86-0.94) 334/460 72.6 (0.68-0.77) 

ACEI/ARB 
inhibitor 

202/216 93.5 (0.89-0.96) 7/10 70.0 (0.34-0.93) 202/205 98.5 (0.95-1.00) 7/21 33.3 (0.15-0.57) 

Betablockers 148/177 83.6 (0.73-0.89) 33/41 80.5 (0.65-0.91) 148/156 94.9 (0.90-0.98) 33/62 53.2 (0.40-0.66) 

Physical training 9/29 31.0 (0.15-0.51) 234/242 96.7 (0.94-0.99) 9/17 53.0 (0.28-0.77) 234/254 92.1 (0.88-0.95) 

Patient Education 62/162 38.3 (0.31-0.46) 86/93 92.5 (0.85-0.97) 62/69 89.9 (0.80-0.96) 86/186 46.2 (0.39-0.54) 

NYHA=New York Heart Association, ACEI=Angiotensin Converting Enzyme Inhibitor, ARB=Angiotensin Receptor Blocker, PPV=Positive Predictive Value, 

NPV=Negative Predictive Value, CI=Confidence Interval. 
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3.4. Definitions of variables 

3.4.1. Process performance measures for heart failure care and mortality 

In all three studies, we included process performance measures as exposure or outcome 

variables. Data on the process performance measures were obtained from the DHFR. 

The process performance measures agree with international clinical guidelines for HF care 

(12,38). A time limit was defined for each process in order to capture the timeliness of 

care (Table 7). In addition, patients were classified as eligible or ineligible for the 

individual processes of care depending on whether the staff identified contraindications, 

such as extremely low blood pressure when starting beta-blockers, delaying medication or 

not giving it at all, and making other solutions necessary. Only eligible patients were 

included in the analysis of individual process performance measures. 

 

Table 7. Process performance measures monitored in the Danish Heart Failure Registry 

measure Definition and time limit 

Echocardiography Proportion of patients who undergo echocardiography 

NYHA classification 
Proportion of patients who undergo NYHA classification, within 3 months 

before until 4 weeks after admission 

Medication 

(ACEI/ARBs) 

Proportion of patients with reduced systolic function (LVEF ≤ 40 %) treated 

with ACEI/ARBs within 4 weeks of admission 

Medication  

(Beta-blockers) 

Proportion of patients with reduced systolic function  (LVEF ≤ 40 %) who is 

treated with betablockers within 8 weeks of admission 

Physical training 
Proportion of patients with reduced systolic function (LVEF ≤ 40 %) referred 

to individual physical training within 8 weeks of admission 

Patient education 

Proportion of patients  with reduced systolic function (LVEF ≤ 40 %) who 

started structured patient education (inclusive nutrition, physical training, 
understanding  medical treatment, risk factors and symptoms of the disease) 

within 8 weeks of admission 
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In all three studies, mortality was included as an outcome and defined as death from all-

cause within 1 year of hospital admission or the first outpatient contact with incident HF. 

The mortality was ascertained from the Civil Registration System. We also included a 

number of covariates in our analyses due to their potential associations with the exposures 

and outcomes investigated. We included information on some or all of the following 

covariates 

For Study I, the covariates in our analyses were age, sex, LVEF, NYHA classification, 

previous AMI, stroke, COPD, diabetes, alcohol intake, smoking habits, and treatment for 

hypertension. The data were obtained from the DHFR for collection at hospital admission 

and 12 weeks after admission.  

The covariates for studies 2 and 3 were the same as in Study I but with a difference in the 

retrieval of comorbid diseases, which were obtained through the National Registry of 

Patients.  

Employment status was based on annual income collected from tax returns and other 

public registries. This data were obtained from the Integrated Database for Labour Market 

Research.  

Pharmacological therapy included medication for ASA, clopidogrel, statins, diuretics, 

insulin, and oral diabetic medication. All prescriptions within the 12-month follow-up were 

obtained from the Medical Register of the Danish Medicines Agency. Drug use was defined 

as having filled at least one prescription within 12 months. 

3.5. Statistical analysis 

In all three studies, data were analyzed using Stata 13.0 (StataCorp LP, College Station, Texas). 

3.5.1. Study I 

We computed the proportion of patients fulfilling the individual process performance 

measures among those eligible and the proportion of HF patients who died within 1 year 

of admission or first contact, both overall for the entire study population and according to 

calendar year. We used binary regression for comparisons over time and computed the 

relative risk (RR) with 95% CIs using 2003 as a reference. A composite quality of care 
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measure was also computed for each department. This measure was defined as the total 

number of received processes of care divided by the total number of processes of care 

relevant to the patients. 

Mortality was analyzed for the entire study population and stratified according to LVEF 

(≤40% vs. >40%). We used multiple imputation to impute the missing values assuming 

that data were missing at random (91-93). We compared 1-year mortality between 

patients from 2010 and 2003 using multivariable Cox proportional hazards regression 

while controlling for patient characteristics. 

3.5.2. Study II 

First, we computed the proportion of women and men receiving the individual processes 

of care, defined as the fulfillment of specific performance measures monitored in the 

DHFR in the following age and sex groups: men and women ≤65 years, >65-80 years, 

and >80 years. Only patients fulfilling the inclusion criteria for the individual process 

performance measures who had available data were included in the analyses.  

Binary regression was used to compute RRs for each age group with 95% CIs. Men in the 

youngest age group (≤65 years) served as the reference in all analyses. In addition, we 

performed supplementary analyses in which the population was stratified by age and men 

used as a reference within each age strata.  

We used multivariable Cox proportional hazards regression to compare 1-year mortality 

according to age and sex. We adjusted for patient characteristics and calendar year and 

then, in an extended multivariable model, adjusted for the proportion of received 

processes of care and use of pharmacological therapy during follow-up for each patient. 

The latter was included as time-dependent variables with a prescription length of 90 days. 

To examine any changes in age- and sex-related differences in mortality, we repeated the 

analyses with stratification according to year of diagnosis (2003-2006 vs. 2007-2010). 

Analyses were also stratified according to LVEF (≤40% vs. >40%). 

3.5.3. Study III 

We used multivariable Cox proportional hazards regression to assess the association 

between fulfilment of the individual process performance measures and 1-year mortality. 
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First, we adjusted for patient baseline characteristics and then, in an extended 

multivariable model, adjusted for drug use at the time of admission and during follow-up, 

and performed mutual adjustment for other process performance measures. We repeated 

the analyses using the aggregated measure of overall quality of care (proportion of all 

performance measures being fulfilled) as the exposure. 

3.6. Permissions 

Permissions to use and link public registries were obtained from the Danish Data Protection 

Agency, the Danish clinical registries, and the National Board of Health. 

4. RESULTS 

4.1. Descriptive statistics 

The three studies in this thesis covered the same study period (2003 to 2010) and the 

same hospitals took care of HF patients. Thus, there were no differences in the 

sociodemographic and clinical patient profiles between the studies.  

4.2. Study I 

The fulfilment of process performance measures increased from 2003 to 2010 (Table 8 

and Figure 5). NYHA classification and physical training was the two measures that 

improved the most. For the use of ACEI/ARBs, no overall changes were observed (RR 

1.01, 95 % CI 0.99-1.04).  
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Table 8. Process performance measures among patients diagnosed with incident heart failure in Denmark, 

2003-2010 (N= 24,504). 

Total 
2003 - 2010  

N (%) 

2003 alone 

N (%) 

2010 alone 

N (%) 

Crude RR  

(95% CI) 

Process of care         

Echocardiograpy  19419  (79.5) 1010 (62.7) 3430 (90.5) 1.45 (1.39-1.50) 

NYHA classification  15042 (61.6) 475 (29.4) 3237 (85.5) 2.91 (2.69-3.14) 

ACEI/ARBs 12565 (93.0) 446 (92.0) 2628 (93.2) 1.01 (0.99-1.04)  

Beta-blockers  11272 (84.4) 350 (72.6) 2489 (88.3) 1.23 (1.15-1.29) 

Physical training  2278 (15.9) 39 (5.6) 631 (22.8) 4.04 (2.96-5.52) 

Patient education 9852 (70.0) 273 (49.3) 2281 (81.4) 1.65 (1.52-1.80) 

NYHA=New York Heart Association, ACEI=Angiotensin Converting Enzyme Inhibitor, ARB=Angiotensin 

Receptor Blocker 
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Figure 5. The proportions of patients who fulfilled the process performance measures between 2003 and 

2010. 

 

NYHA=New York Heart Association, ACE/AT II inhibitors=Angiotensin Converting Enzyme/Angiotensin II 

Inhibitors. 

 

Figure 6 presents the overall composite process performance measure, reflecting the 

proportion of the individual process performance measures delivered in 2010 at the 

individual departments. Although overall improvements were observed for most 

performance measures, substantial variation in quality of care remained among Danish 

hospital departments treating patients with incident HF. The proportion of delivered 

recommended processes performance measures of care across the departments varied 

between 50% and 89%.  
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Figure 6. Overall composite process performance measure in 2010. 

 

 

 

Overall 1-year all-cause mortality among patients registered in the DHFR decreased from 

20.5% in 2003 to 12.8% in 2010 (Figure 7).   
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Figure 7. Cumulative mortality curves of 1-year mortality after first contact with incident HF. 
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Table 9. One-year mortality among patients diagnosed with incident heart failure in Denmark in 2010 vs. 

2003.  

  
Mortality 2003 
N/total (%) 

Mortality 2010 
N/total (%) 

Unadjusted HR 
(95% CI) 

Adjusted HR * 
(95% CI) 

Adjusted HR † 
(95% CI) 

Total  

population 
333/1624 (20.5) 488/3809 (12.8) 0.59 (0.51-0.67) 0.65 (0.56-0.75) 0.79 (0.65-0.96) 

LVEF≤40% 277/1379 (20.1) 408/3141 (13.0) 0.61 (0.52-0.71) 0.67 (0.57-0.78) 0.85 (0.69-1.05) 

LVEF>40% 56/245 (22.9) 79/668 (11.8) 0.47 (0.31-0.74) 0.58 (0.40-0.84) 0.51 (0.30-0.89) 

*Adjusted for age and gender. 

†Adjusted for the following patient characteristics: age, gender, LVEF, previous acute myocardial infarction, 

stroke, chronic obstructive pulmonary disease, treatment for hypertension, diabetes, alcohol intake, and 

smoking habits. 

HR=Hazard Ratio, LVEF=Left Ventricular Ejection Fraction.  
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The overall adjusted hazard ratio (HR) for 1-year mortality was 0.79 (95% CI 0.65-0.96) 

after multivariable adjustment for patient characteristics (age, gender, LVEF, previous 

AMI, stroke, chronic obstructive pulmonary disease, diabetes, alcohol intake, smoking 

habits, and treatment for hypertension) between patients diagnosed in 2010 and those 

diagnosed in 2003. Analyses were also stratified for LVEF. The improvements in mortality 

appeared to be greater in patients with preserved EF than patients with reduced EF. 

However, the CIs overlapped.   

4.3. Study II 

In Study II, we found that increasing age was associated with a lower proportion of 

patients meeting the process performance measures for HF. This pattern was observed in 

both men and women, particularly for echocardiography, NYHA classification, physical 

training, and patient education. Sex-related differences were generally smaller, but the 

proportion of women receiving the individual processes of care tended to be lower than 

for men of the same age, particularly among patients >80 years of age (Table 10).  
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Table 10. Relative Risk (RR) for processes of care among patients with incident heart failure stratified by age and sex. 

 

Processes of care 
Patients who fulfilled the processes of 
care, n =yes/total (%) 

RR (95 % CI)  Missing cases, n (%) 

Echocardiography       

Men ≤ 65 years 4728/5341 (88.5) 1.00  613 (11.5) 

Women ≤ 65 years 1591/1829 (87.0) 0.98 (0.96-1.00)  238 (13.0) 

Men > 65-80 years 5494/6682(82.2) 0.92 (0.92-0.94)  1188 (17.8) 

Women > 65-80 years 2724/3373 (80.8) 0.91 (0.90-0.93)  649 (19.2) 

Men > 80 years 2469/3385 (72.9) 0.82 (0.81-0.84)  916 (27.1) 

Women > 80 years 2252/3610 (62.4) 0.70 (0.69-0.72)  1358 (37.6) 

NYHA classification       

Men ≤ 65 years 3928/5348 (73.5) 1.00  1420 (26.6) 

Women ≤ 65 years 1299/1827 (71.1) 0.96 (0.94-1.00)  528 (29.0) 

Men > 65-80 years 4427/6685 (66.2) 0.90 (0.88-0.92)  2258 (33.8) 

Women > 65-80 years 2025/3373 (60.0) 0.82 (0.79-0.84)  1348 (40.0) 

Men > 80 years 1800/3386 (53.2) 0.72 (0.70-0.75)  1586 (46.8) 

Women > 80 years 1450/3608 (40.2) 0.55 (0.52-0.57)  2158 (59.8) 

ACEI/ARBs       

Men ≤ 65 years 3397/3542 (95.9) 1.00  145 (4.0) 

Women ≤ 65 years 1083/1130 (95.8) 1.00 (0.99-1.01)  47 (4.2) 
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Men > 65-80 years 3170/3933 (94.3) 0.98 (0.97-0.99)  223 (5.7) 

Women > 65-80 years 1672/1798 (93.0) 0.96 (0.96-0.98)  126 (7.0) 

Men > 80 years 1510/1723 (87.6) 0.91 (0.90-0.93)  213 (12.4) 

Women > 80 years 1087/1269 (85.7) 0.89 (0.87-0.91)  182 (14.3) 

Betablockers       

Men ≤ 65 years 3107/3522 (88.2) 1.00  415 (11.8) 

Women ≤ 65 years 964/1109 (87.0) 0.98 (0.96-1.01)  145 (13.1) 

Men > 65-80 years 3372/3912 (86.2) 0.98 (0.96-0.99)  540 (13.8) 

Women > 65-80 years 1473/1771 (83.2) 0.94 (0.92-0.97)  298 (16.8) 

Men > 80 years 1318/1695 (77.8) 0.88 (0.86-0.91)  377 (22.2) 

Women > 80 years 945/1238 (76.3) 0.87 (0.84-0.89)  293 (23.7) 

Physical training       

Men ≤ 65 years 718/3750 (19.2) 1.00  3032 (80.9) 

Women ≤ 65 years 256/1183 (21.6) 1.13 (1.00-1.28)  927 (78.4) 

Men > 65-80 years 658/4203 (15.7) 0.82 (0.74-0.90)  3545 (84.3) 

Women > 65-80 years 303/1896 (16.0) 0.83 (0.74-0.94)  1593 (84.0) 

Men > 80 years 184/1836 (10.0) 0.52 (0.45-0.61)  1652 (90.0) 

Women > 80 years 145/1374 (10.6) 0.55 (0.47-0.65)  1229 (89.4) 

Patient education       

Men ≤ 65 years 2792/3693 (75.6) 1.00  901 (24.4) 

Women ≤ 65 years 891/1163 (76.6) 1.01 (0.98-1.05)  272 (23.4) 
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Men > 65-80 years 3013/4121 (73.1) 0.97 (0.94-0.99)  1108 (26.9) 

Women > 65-80 years 1335/1876 (71.2) 0.94 (0.91-0.97)  541 (28.8) 

Men > 80 years 1039/1780 (58.4) 0.77 (0.74-0.81)  741 (41.6) 

Women > 80 years 704/1336 (62.7) 0.70 (0.66-0.74)  632 (47.3) 

NYHA=New York Heart Association, ACEI=Angiotensin Converting Enzyme Inhibitor, ARB=Angiotensin Receptor Blocker, LVEF: Left Ventricular Ejection 

Fraction 
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As seen in Table 11, the proportion of men and women in the different age groups who 

died within 1 year ranged from 5.4% to 32.6% and from 6.6% to 33.8%, respectively. 

When adjusting for patient characteristics, the age-related differences in mortality were 

reduced, as reflected by the lower HRs (Table 11). Additional adjustment for differences in 

the use of guideline-recommended processes of care and pharmacological therapy during 

follow-up further reduced the HRs among the elderly patients (>80 years), but no 

substantial changes were observed among the younger patients (Table 11). No major sex-

related differences in crude mortality were observed in any of the age groups, but elderly 

women with HF tended to have lower mortality than men of similar age in the adjusted 

analyses.   

Table 11. Crude and adjusted 1 year mortality according to age and sex among patients with incident heart 

failure. 

Age (years) Sex 
Patients who died   

n=yes/total (%) 

Crude HR 

 (95 % CI) 

Adjusted HR* 

 (95 % CI) 

Adjusted HR** 

 (95 % CI) 

≤ 65 Men 291/5361 (5.4) 1.00 (reference) 1.00 (reference) 1.00 (reference) 

  Women 117/1842 (6.6) 1.18 (0.95-1.46) 1.13 (0.91-1.41) 1.12 (0.90-1.40) 

> 65-80 Men 947/6700 (14.1) 2.72 (2.39-3.11) 2.15 (1.87-2.47) 2.09 (1.82-2.40) 

  Women 473/3379 (14.0) 2.71 (2.34-3.13) 1.98 (1.69-2.32) 1.92 (1.64-2.25) 

> 80 Men 1108/3396 (32.6) 7.10 (6.24-8.07) 4.54 (3.93-5.25) 3.87 (3.35-4.48) 

  Women 1223/3623 (33.8) 7.51 (6.61-8.54) 4.08 (3.51-4.75) 3.48 (2.99-4.05) 

* Adjusted for patient characteristics  

** Adjusted for patient characteristics, process performance measures, and use of pharmacological therapy 

during follow-up 

HR=Hazard Ratio 
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4.4. Study III 

In Study III, we examined the association between the process performance measures 

and 1-year mortality and found that the absolute 1-year mortality for the total population 

was 4159 deaths, corresponding to 17.1%. Fulfilling the process performance measures 

was associated with a lower mortality. The adjusted HR ranged from 0.56 (95% CI 0.51-

0.62) for patient education to 1.00 (95% CI 0.91-1.11) for the initiation of beta-blocker 

therapy (Table 12).  

Table 12. Association between fulfillment of performance measures and 1-year mortality 

Process performance 

measure 

Patients who died  

N = yes/total (%) 

Crude HR   

(95 % CI) 

Adjusted HR* (95 

% CI) 

Adjusted HR**  

(95 % CI) 

Indicator 1: 
Echocardiography  

2639/16613 (15.9) 0.40  (0.38-0.43) 0.63  (0.59-0.68) 0.74  (0.69-0.81) 

Indicator 2:  

NYHA classification 
1604/13321 (12.0) 0.35  (0.33-0.37) 0.48  (0.44-0.51) 0.61  (0.57-0.66) 

Indicator 3a:  

ACEI/ARBs 
1417/11037 (12.8) 0.45  (0.42-0.48) 0.72  (0.66-0.78) 0.79  (0.72-0.88) 

Indicator 3b:  

Beta-blockers 
1249/9927 (12.6) 0.47  (0.44-0.50) 0.78  (0.72-0.85) 1.00  (0.91-1.11) 

Indicator 4:  

Physical training 
189/2075 (9.1) 0.44  (0.38-0.50) 0.76  (0.65-0.88) 0.93  (0.81-1.10) 

Indicator 5:  

Patient Education 
766/9006 (8.5) 0.30  (0.28-0.33) 0.51  (0.47-0.56) 0.56  (0.51-0.62) 

HR=Hazard Ratio, NYHA=New York Heart Association, ACEI=Angiotensin Converting Enzyme Inhibitor, 

ARB=Angiotensin Receptor Blocker. 

*Adjusted for baseline characteristics  

**Adjusted for baseline characteristics and use of ASA, clopidogrel, statins, diuretics, insulin, and oral 

diabetic medication during follow-up and mutual adjustment for other process performance measures 
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Table 13 shows that the association between meeting more processes of performance 

measures followed a dose-response effect. The HR was 0.28 (95% CI 0.24-0.32) for 

patients who fulfilled 75%-100% when adjusted for all covariates, compared to 0.51 (95% 

CI 0.47-0.55) for patients who fulfilled 0%-25% and had more than half the risk of death.  

Table 13. Association between proportion of fulfilled process performance measures and 1-year mortality.        

Proportion of 
criteria 

fulfilled 

Patients who died N 

= yes/total (%) 

Crude HR  

(95% CI) 

Adjusted HR* 

(95% CI) 

0 % -25%  1422/2303 (61.7) Reference: 1 Reference:1 

26 % - 50% 1342/5111 (26.3) 0.41 (0.38 – 0.44) 0.51 (0.47 – 0.55) 

51 % - 75% 781/5333 (14.6) 0.20 (0.18 – 0.22) 0.32 (0.28 – 0.36) 

76 % - 100% 603/7386 (8.2) 0.18 (0.16 – 0.20) 0.28 (0.24 – 0.32) 

HR=Hazard Ratio  

*Adjusted for baseline characteristics, and use of ASA, chlopidogrel, statins, diuretics, insulin and oral 

antidiabetics during follow-up 

 

When restricting analyses to patients with LVEF ≤ 40%, we found that fulfillment of the 

performance measures was strongly associated with 1-year mortality. We did not include 

separate analyses for patients with LVEF > 40%, as the sample was too small to provide 

satisfying statistical precision.  

5. DISCUSSION 

5.1. Methodological considerations 

The effects of service interventions within HF care may occur via several mechanisms to 

improve patient outcome, such as through clinical pathways and specific clinical 

interventions (94). Furthermore, an outcome (e.g., death) is usually caused by many 

factors, and environment, behavior, and subcellular biology may act together in a causal 

pathway (95). The causal interpretation is further challenged as associations between 
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service interventions and outcome may be reversible, contradicting the traditional 

epidemiological view of a necessary one-way temporal relationship from cause to effect 

(96). For example, the number of outpatients may increase, not because they are less 

diseased, but in order to make beds available in the hospitals. 

This illustrates the complexity of causation and underlines the need to pay special 

attention to whether the results in this thesis can be interpreted as causes or associations.   

5.2. Internal validity: Bias, confounding and chance 

When considering a potential causal relationship, whether the observed association may 

be an artifact arising from bias, confounding, or chance must be determined. As illustrated 

in Figure 8, selection bias, information bias, confounding, and chance must be excluded 

before concluding that a causal association is likely (95).  

Figure 8. Association and cause (95). 

 

 

 

5.2.1. Selection bias 

Selection biases are distortions that result from the selection of study participants and/or 

from factors that influence study participation (97). In the case of selection bias, the 

relationship between exposure and outcome differs between those who participate in the 

study and all those who were theoretically eligible for the study (97). 
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All studies in this thesis identified the study population through the DHFR independent of 

the exposures and outcomes in the individual studies. Participation in the DHFR is 

mandatory for all Danish hospital departments treating patients with HF, and extensive 

efforts are made to ensure the completeness of patient registration in the project, 

including detailed written instructions for patient registration and regular comparisons of 

the completeness of patient registrations to local hospital discharge registries, as well as 

structured audit processes carried out regularly on a national, regional, and local basis to 

critically assess the quality of data and results (39,87). Furthermore all included patients 

had their diagnosis confirmed by a senior cardiologist. Therefore, it seems unlikely that 

selection bias due to selection of study participants had a major influence on the results 

presented in the thesis. However, we do not know about the patients who do not make 

contact with the Danish hospitals or are treated in specialized cardiology practices or by 

their general practitioner, as they are not a part in the DHFR.  

In conclusion, we think that the meticulous assessment and audit of correct patient 

selection and comparisons of results to the discharge registries reduce selection bias in 

our studies. 

5.2.2. Information bias 

Information bias is caused by measurement errors in the needed information. 

Measurement error that depends on the actual values of other variables is classified as 

differential misclassification, and measurement error that does not depend on the actual 

values of other variables is classified as non-differential misclassification (97). 

The data used in the studies in this thesis inevitably suffer from misclassification because 

the information was collected in routine clinical settings. However, the data were collected 

prospectively and independent of the thesis; therefore, the misclassification was most 

likely non-differential. The studies were restricted to patients admitted to hospitals treating 

patients with HF and, as such, expected to follow the principles of HF care due to 

mandatory participation in the DHFR, which promotes consistent compliance with 

important clinical guidelines and assessment of essential prognostic factors. Inherent 

variation in the registration practices between HF units was further minimized by the use 
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of uniform registration forms (98) and detailed written data definitions and instructions 

(39,99). This will inevitably reduce the variation in HF treatments and registration 

practices. 

Eligibility for the specific processes of care was determined by the staff, which may be a 

cause for concern, as health professionals could prioritize differently, particularly if there 

are systematic differences in assessing eligibility (e.g., age- and sex-related differences). 

We examined the validity of the process performance data recorded in the DHFR but 

found the medical records to be a problematic gold standard, which made it difficult to 

draw firm conclusions about the accuracy of the recorded data. However, the overall 

impression was that any misclassification was most likely of a non-differential nature.  

In all three studies, one of the outcomes was death. Information bias from errors in this 

outcome is unlikely, as deaths were recorded completely and independently of indicators, 

prognostic factors, and hospital department by the Danish Civil Registration System.  

In conclusion, the main potential sources of information bias are the risk of bias due to 

non-differential misclassification. However, the influence of information bias is generally 

thought to be low. 

5.2.3. Confounding 

Confounding may be considered a confusion of effects (97,100). To be a confounder, a 

variable must be associated with the exposure, be an extraneous risk factor for the 

outcome, and cannot be an intermediate step in the causal path between the exposure 

and the outcome (97). The main limitation of the studies in this thesis is the non-

randomized design. Consequently, the results may be influenced by residual confounding 

due to the use of crude variables for some of the included covariates, such as comorbidity, 

HF severity, or unaccounted socioeconomic factors (101,102).  

However, evaluating the importance of care for HF patients based on their clinical 

presentation, we determined that patients found eligible for care will inevitably minimize 

the risk of confounding by indication. Several precautions were taken to minimize the 

impact of possible confounding. We adjusted for a wide range of known prognostic 

factors, including age, gender, comorbidities, socioeconomic factors, and blood pressure 
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(103). The findings in Studies I and II were generally robust to confounder adjustment, 

which may indicate that confounding has no crucial influence on the results, though it 

should be noted that the average patient profile in the DHFR has changed over time and 

may have affected the findings in Study I in particular. It should be noted that the DHFR 

was challenged, during the first years after its launch, with a substantial proportion of 

patients with missing data for some of the variables.  

Extensive confounder adjustment was also applied in Study III, but caution appears to be 

warranted when interpreting the findings. The majority of the examined associations 

between the individual process performance measures and mortality appeared to be 

biologically and clinically plausible and in agreement with previous findings. The exception 

was early initiation of beta-blocker therapy. Here, the unadjusted and partially adjusted 

analyses indicated a protective effect of beta-blocker therapy, which is in line with findings 

from phase 3 clinical trials and observational studies (104). However, in the fully adjusted 

analysis, no association was observed, which may potentially be attributed to a close 

correlation with fulfilment of other process performance measures, leading to over-

adjustment when mutually adjusting for the other process performance measures.  

In conclusion, considering the non-randomized design of the studies, the results may be 

influenced by confounding. Presumably, there is little indication that confounding could 

change the overall conclusions of the studies in this thesis, as our results were also found 

by some of the other studies on the same topic. However, the results, particularly the 

strength of the associations reported in Studies I and III, should probably be interpreted 

with some caution. 

5.2.4. Chance 

Random error resulting from chance is inherent in all observations, and a summary 

measure of the statistical precision of the point estimate is needed (105). In this thesis, 

the statistical precision of the point estimates was reflected by 95% CIs; i.e., if the study 

was repeated many times, the confidence limit would contain the true value in 95% of the 

repetitions (105). In all of our main analyses in Studies I-III, the large study populations 

resulted in high statistical precision. However, the statistical precision of the associations 
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was lower in some of the subanalyses. Therefore, some caution is required when 

interpreting the findings from these subanalyses, as they were more sensitive to chance. 

In conclusion, our studies in this thesis are large population-based studies, which have a 

lower risk of rejecting a true difference/association due to lack of statistical precision. The 

main risk of chance findings is probably related to the multiple comparisons being made in 

the data analyses. 

5.2.5. Summary: Internal validity 

The main strengths of the studies in this thesis are the population-based designs, detailed 

and prospective data collection, almost complete follow-up of all outcomes, and the large 

study populations. These features minimized the risk of selection and information bias. 

However, the results may be affected by unaccounted confounding or residual 

confounding because of the observational study designs. The findings in this thesis should 

be considered associations and not evidence of causal relationships.  

5.3. External validity 

The population-based designs of the studies, the high completeness of patient registration 

in the DHFR (87), and the global initiatives to standardize HF performance (12,50,106) 

suggest that the findings may apply to other settings. However, differences exist between 

countries in the management of patients with HF (107,108). Therefore, before 

generalizing the findings in this thesis to other care settings, it is necessary to consider 

whether the factors that distinguish the target population and health care systems from 

the study populations and settings in this thesis could somehow modify the observed 

associations. 
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5.4. Comparison of Studies I-III to existing studies 

5.4.1. Trends in quality of care among patients with incident heart failure in Denmark 

2003-2010: A nationwide cohort study (Study I) 

Our findings are in agreement with the few studies published thus far on trends in quality 

of HF care following implementation of quality improvement initiatives. Yet, it is difficult to 

compare our results with those from other countries because the inclusion criteria and 

number of patients included are quite different. In addition, registration in the DHFR is 

mandatory, in contrast to the case in other studies, including whereas some of the major 

US studies (e.g., OPTIMIZE-HF and GWTG HF) include hospitals that are self-selected and 

may not be entirely representative of national care patterns and clinical outcomes 

(75).Therefore, it should be noted that our studied population concerns the patients in the 

DHFR and not the total Danish HF population. 

Our development and implementation of process performance measures for HF was 

nationwide and was followed by an apparent improvement in the use of the guideline 

recommendations for HF care in Denmark. These findings are very much in line with the 

findings from IMPROVE-HF (44).      

We observed substantial variations between the hospital departments in the fulfillment of 

process performance measures although the overall national performance improved over 

time, following yearly national audits in which the results of HF care were discussed and 

recommendations given. Similarly, the GWTG-HF demonstrated that hospitals enrolled in 

the program had better process performance measures for the specific performance of 

ACEI/ARBs and discharge instructions, partly supporting the findings in our study, as we 

found a trend for increased discharge instruction (patient education) but not ACEI/ARBs 

(35).  

Our findings for ACEIs were supported by the OPTIMIZE-HF, in which the prescription at 

discharge did not improve during the 2-year study. They also found trends for reduced in-

hospital mortality and post-discharge death (109).  

The decrease in 1-year mortality from 2003 to 2010 in our study was also found by Kfoury 

et al., who demonstrated that adherence to Joint Commission on Accreditation of 
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Healthcare Organizations (JCAHO) core measures was associated with improved 1-year 

survival after discharge for patients hospitalized with HF (n=2958) (67).  

In conclusion, Study I adds further evidence to the hypothesis that systematic quality 

improvement initiatives may actually improve quality of care, which may translate into 

better clinical outcomes, including lower mortality. However, much remains to be clarified 

regarding the optimal design of (cost) effective quality improvement strategies. 

 

5.4.2. Age-and sex-related differences in use of guideline-recommended care and 

mortality among patients with incident heart failure in Denmark (Study II) 

In Study II, we found older age to be associated with lower use of guideline-

recommended processes of HF care, both pharmacological and non-pharmacological. The 

pharmacological findings were supported by Komajda et al., who found that treatment 

with ACEI or ARBs and beta-blockers is less commonly prescribed in older (octogenarians) 

patients compared to younger patients. The combination of ACEI/ARB and beta-blockers 

was less frequently used in older patients (42% vs. 55% in younger patients, p<0.001), 

and high doses of ACEI/ARBs and beta-blockers were less frequently prescribed 

(ACEI/ARB 30% vs. 34.5%, p<0.05 and high dose betablockers 12% vs. 18%, p<0.001, 

respectively) (48,55). Fonarow et al. also examined non-pharmacological treatment, 

finding that fewer older patients underwent measurements of LVEF. Overall, 7345 patients 

(15%) had no left ventricular function assessment reported, most of whom were women 

(57%) (48), which supports our study that found a significant difference for patients >80 

years of age. Furthermore, Fonarow et al. found that discharge education did not differ by 

age group (<75 vs. ≥75 years: 57.5 vs. 49.7, p<0.001) (48). This contradicts the findings 

from our study, as we found a significant decrease for patient education in the old age 

group (>80 years).  

We found no sex-related differences in pharmacological treatment, which is supported by 

the review by Brandsaeter et al. (59). In contrast, other studies have found female sex to 

be associated with lower use of guideline-recommended drugs (58,110,111). For the non-

pharmacological treatment, we found sex-related differences in the use of 

echocardiography, which is in accordance with findings from Fonarow et al. (48).  
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Survival was similar for men and women. Our results are supported by Brandsaeter et al., 

who found no sex-related differences in mortality among HF patients with coronary 

etiology (59).  Jimenéz-Narvarro et al. also found comparable survival rates among men 

and women (111). In contrast, Vaartjes et al. found both 1 and 5-year mortality to be 

higher in men than women for patients >65 years of age (112).    

In conclusion, Study II confirms and extends previously reported age-related differences in 

quality of HF care and mortality. The evidence is more inconsistent when it comes to sex-

related differences, and we did not find indications of any substantial differences in HF 

care in Denmark when comparing men and women of similar age.  

 

5.4.3. Association between process performance measures and 1-year mortality 

among patients with incident heart failure in Denmark (Study III) 

Our findings in Study III are supported by a number of previous studies that also reported 

an association between performance measures of HF care and lower mortality (67,113-

116). However, the evidence is not entirely consistent, as other studies found no or little 

association between the fulfillment of performance measures and outcomes for HF 

patients (75,117,118).  

Patient education is a commonly used process performance measure. Our results 

concerning patient education are in accordance with a number of other studies reporting 

an association of patient education with a lower risk of readmission and death 

(67,117,119). Fonarow et al. pointed out that patient education for HF is associated with 

benefit, especially as a cumulative effect (66). Patient education also influences the quality 

of life after diagnosis and appears to be associated with reductions in both mortality and 

readmissions (120,121). However, other studies found no strong association, but 

presented stronger evidence for the benefit of using patient education at discharge than 

earlier studies (75,122).  

For the pharmacological part of our study, our findings were supported by other studies 

that found a protective effect of ACEI/ARBs on mortality (72,76). Beta-blockers did have a 

protective effect in our study, but when using a full model to adjust for a wide range of 
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prognostic factors, as we did for ACEI/ARBs, the protective effect disappeared. This 

contradicts most of the studies on HF, in which beta-blockers had a protective effect on 

mortality (72,72,76). Fonarow et al. found beta-blockers to be one of the process 

performances with the strongest 24-month survival benefit (66). We found indications of a 

dose-response pattern in our analyses, which also was supported by Fonarow et al. (66).    

In conclusion, Study III revealed that, when meeting guideline-recommended process 

performance measures for HF care, substantially lower 1-year mortality is achieved among 

incident HF patients.  
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6. CONCLUSIONS 

 

 

 

 

 

STUDY I 

Use of guideline-recommended processes of care increased from 2003 until 2010, and 1-year 

mortality decreased following the initiation of a systematic quality of care improvement initiative 

among incident HF patients in Denmark.   

 

STUDY II 

Older patients with HF are less likely to receive guideline-recommended processes of care, 

irrespective of sex. The lower level of care may contribute to the excess mortality observed 

among older patients. 

 

STUDY III 

Meeting process performance measures reflecting clinical guideline recommendations for HF care 

is associated with substantially lower 1-year mortality among incident HF patients. 
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7. PERSPECTIVES 

Even though Study I adds further evidence to the hypothesis that systematic quality 

improvement initiatives may actually improve quality of care, and translate into lower 

mortality, much remains to be clarified regarding the effectiveness of quality improvement 

strategies. The Danish health care system provides unique possibilities for identifying 

overall links between health care performance and clinical outcome and is an optimal 

setting for conducting large population-based studies of HF. The availability of updated 

and detailed nationwide information may guide clinicians and health care decision makers 

and provide a basis for further research.  

This thesis underlines the need for continued efforts to ensure high quality care for HF 

patients through adherence to guidelines, and also acknowledges the importance of data 

registration in the DHFR and the validity of the registered data in the database. The 

registry provides invaluable clinical information, but the total number of patients with 

missing data is large, though patients have relatively few missing data on the individual 

variables, if not taking NYHA classification into account. Further improvement in 

registration would optimize the foundation for clinical improvements and research 

applicability and make it possible to use data from the DHFR in everyday clinical practice, 

which would be important for planning, predicting prognosis, monitoring, and 

improvement of quality and research (12,123).  

Fulfilling the process measures in Study I seemed to have an impact on mortality. 

However, implementing process measures can be difficult because they require constant 

awareness and updating as the science of medicine advances. In addition, to be valid, 

process measures should have links to outcomes, or at least be determined by consensus 

methods to be judged by clinical experts as important to patient outcomes (124).  

Twenty-five percent of Danish citizens will be >65 years of age in 2042, (125). The age-

specific incidence of HF has to be reduced considerably to counteract the demographic 

changes in the population.  

We are challenged by the difficulty in diagnosing HF, as it can be categorized as HFrEF, 

HFpEF, and HF with mid-range EF (HFmrEF) and is followed by comorbidities, such as 
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obesity, hypertension, diabetes, and COPD (126-128). The number of older people with 

HF is increasing. Our data comprise the Danish population entered into the database and, 

as early risk stratification and early and accurate diagnosis of HF could identify high risk 

patients (126), we have to be careful with the data from the beginning (e.g., the correct 

diagnosed HF patient, typing the correct data into the database, and analyzes the correct 

way). There is no clear evidence that novel therapeutic interventions can modify the 

natural history of HFpEF (129).  

More knowledge about the care pathways and patient outcomes following hospital 

discharge are needed (130).  

Little is known about how patients manage quality of life and compliance with treatments 

despite information and HF learning courses after admission to the hospital. Education is 

an important component and may improve adherence and clinical outcomes, as well as 

achieving patient responsibility for their own health (131-133). RCTs are the generally 

trusted method for obtaining answers to questions in routine clinical practice. 

Randomization could be used within clinical registries of high quality; registry-based RCTs 

(RRCTs) could become the next major milestone in the quest for improving practice. 

Importantly, RRCTs would not replace RCTs, but complement them, allowing bigger data 

for smaller budgets (134). 

We have to continuously develop and update clinical guidelines and have to get better at 

including the individual patient perspective in the treatments and databases to get the 

patient’s point of view.    
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8. SUMMARY 

Heart failure (HF) is a major public health challenge given the high incidence, high 

mortality, and high burden of morbidity among survivors. Evidence-based care may have a 

beneficial effect on the outcome of HF, but little is known about the quality of care among 

real-life patients, including the effect of quality improvement initiatives, unwarranted 

variation in the quality of care, and the clinical implications of inadequate care. The main 

objective of this thesis was to examine the fulfilment of process performance measures of 

HF care in Denmark, including age- and sex-related differences and the association with 

mortality. 

The thesis is based on three population-based cohorts using data from Danish population-

based medical registries (the Danish Heart Failure Registry, the National Registry of 

Patients, the Civil Registration System, the Medicines Agency Denmark, and the Integrated 

Database for Labour Market Research) to obtain patient-level data on hospital discharges, 

vital status, filled prescriptions, and socioeconomic status. The study population included 

patients with incident HF who were admitted to either a hospital or HF outpatient clinic 

and registered in the database during 2003-2010. The process performance measures 

reflected whether clinical guideline recommendations for the management of HF patients 

were followed.  

Study I included 24,504 patients. The proportion of patients undergoing the individual 

process performance measures increased substantially between 2003 and 2010 (i.e., use 

of echocardiography (relative risk (RR) 1.45, 95% confidence interval (CI) 1.39-1.50), 

NYHA classification (RR 2.91, 95% CI 2.69-3.14), beta-blockers (RR 1.23, 95% CI 1.15-

1.29), physical training (RR 4.04, 95% CI 2.96-5.52), and patient education (RR 1.65, 

95% CI 1.52-1.80). ACEI/ARBs were the only exception, as no overall changes were 

observed (RR 1.01, 95% CI 0.99-1.04). Overall 1-year all-cause mortality among patients 

decreased from 20.5% to 12.8% during the study period. The adjusted hazard ratio (HR) 

for 1-year mortality was 0.79 (95% CI 0.65-0.96) when comparing patients admitted in 

2010 and 2003.  
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Study II included 24,308 patients. Among both men and women, increasing age was 

associated with a lower chance of receiving care that fulfilled the guideline-recommended 

process performance measures. Using men ≤ 65 years of age as a reference, the RR for 

fulfilling the process performance measures varied for men >80 years of age from 0.52 

(95% CI 0.45-0.61) to 0.91 (95% CI 0.90-0.93). For women >80 years of age, the RR 

varied from 0.55 (95% CI 0.52-0.57) to 0.89 (95% CI 0.87-0.91). The sex-related 

differences were smaller, though the proportion of women receiving the individual 

processes of care tended to be lower than for men of the same age. 

Study III also included 24,308 patients. A total of 4159 patients (17.1%) died within 1 

year of diagnosis. Fulfilling the process performance measures was associated with a 

lower mortality; HRs ranged from 0.56 (95% CI 0.51-0.62) for patient education to 1.00 

(CI 0.91-1.11) for initiation of beta-blocker therapy. The association between meeting 

more process performance measures and 1-year mortality exhibited a dose-response 

pattern. Using patients with 0%-25% of measures fulfilled as a reference, patients who 

received care and fulfilled 76%-100% of the measures had an adjusted HR of 0.28 (95% 

CI 0.24-0.32), whereas patients who received care meeting 26%-50% of the measures 

had an adjusted HR of 0.51 (95% CI 0.47-0.55). Stratifying the analyses according to 

patients with LVEF ≤ 40% and LVEF > 40%, we found that fulfillment of the performance 

measures was strongly associated with 1-year mortality for patients with LVEF ≤ 40%, 

whereas the findings for patients with LVEF > 40% were less clear, with no apparent 

association with 1-year mortality and wide CIs. Thus, we found that meeting more of the 

process performance measures reflecting the guidelines for HF was associated with lower 

1-year mortality among real-life patients in Denmark. 

 

In conclusion, fulfillment of evidence-based HF process performance measures has 

increased with time following the introduction of a nationwide mandatory quality 

improvement initiative based on systematic monitoring and auditing of guideline-

recommended performance measures. Elderly patients with incident HF are less likely to 

receive care according to guideline recommendations. In contrast, no substantial sex-
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related differences in care have been found. Meeting the process performance measures, 

which reflects care in concordance with clinical guideline recommendations, is associated 

with lower 1-year mortality among patients with incident HF. 
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9. DANISH SUMMARY 

Hjertesvigt er en omfattende sundhedsmæssig udfordring, med høj incidens , høj 

mortalitet og megen comorbiditet blandt de overlevende. Evidensbaseret behandling og 

pleje kan have en gunstig effekt på outcome af hjertesvigt, men der er ikke så stor viden 

om kvaliteten af behandling og pleje I forhold til patienterne som ses på de kardiologiske 

afdelinger, herunder effekten af kvalitetsudviklingsinitiativer, uventet variation I kvaliteten 

og kliniske implikationer af utilstrækkelig behandling og pleje. Hovedformålet med denne 

ph.d. afhandling var at undersøge hvorvidt opfyldelse af proces performance indikatorer 

for danske hjertesvigtpatienter, inklusiv alders og kønsrelaterede forskelle, har en 

sammenhæng med dødelighed.   

Ph.d. afhandlingen er baseret på tre populationsbaserede kohorter som anvender data fra 

Danske populationsbaserede medicinske register (Dansk Hjertesvigtdatabase, 

Landspatientregistret, det Centrale Personregister, lægemiddelstatistikregistret og 

Integreret Database for Arbejdsmarkedsforskning), for at bruge data i forhold til hospitals 

indlæggelse og udskrivelse, vital status, udfyldte recepter og socioøkonomiske status.   

Studiepopulationen inkluderede patienter med incident hjertesvigt enten indlagt på 

hospital eller, ambulant på en hjertesvigtklinik, og registreret i databasen i perioden fra 

2003 til 2010, inklusiv begge år. Proces performance indikatorerne reflekterer hvorledes 

de anbefalede kliniske guidelines for hjertesvigt følges.  

 

Studie 1 inkluderede 24.504 patienter. Andelen af patienter som fik opfyldt de individuelle 

process performance indikatorer steg betragteligt mellem 2003 og 2010, f.eks. brug af 

ekkokardiografi (Relativ Risiko (RR) 1.45, 95% Confidens Interval (CI) 1.39-1.50), NYHA 

classifikatin (RR 2.91, 95% CI 2.69-3.14), betablocker (RR 1.23, 95% CI 1.15-1.29), fysisk 

træning (RR 4.04, 95% CI 2.96-5.52), og patient undervisning (RR 1.65, 95% CI 1.52-

1.80), ACE/ATII inhibitorer var den eneste undtagelse da der ikke her blev observeret 

nogen forskel  (RR 1.01, 95% CI 0.99-1.04). Overordnet faldt 1-års dødeligheden fra 

20.5% til 12.8% gennem studie perioden. Den justerede Hazard Ratio (HR) for 1-års 



58 

dødelighed var 0.79 (95% CI, 0.65-0.96) når man sammenlignede patienter indlagt i 2010 

med de som blev indlagt i 2003.  

 

Studie 2 inkluderede 24.308 patienter. Højere alder var associeret med en lavere chance 

for at modtage behandling og pleje som opfylder de anbefalede kliniske guidelines, og 

dette var gældende for både kvinder og mænd.  Når mænd ≤ 65 år bruges som 

reference, er den RR for at opfylde process performance indikatorerne varierende for 

mænd >80 år fra 0.52 (95% CI 0.45-0.61) til 0.91 (95% CI 0.90-0.93). For kvinder >80 

år, varierede RR fra 0.55 (95% CI 0.52-0.57) til 0.89 (95% CI 0.87-0.91). De 

kønsrelaterede forskelle var mindre endskønt andelen af kvinder som får opfyldt de 

individuelle performance processer tenderer til at være lavere end for mænd på samme 

alder.  

 

Studie 3 har ligeledes inkluderet 24.308 patienter. I alt 4159 patienter døde indenfor 1 år 

fra de fik stillet diagnosen, svarende til 17.1%. Opfyldelse af process performance 

indikatorerne var associeret med en lavere dødelighed HRs spændte fra 0.56 (95% CI 

0.51-0.62) for patient undervisning til 1.00 (95% CI 0.91-1.11) for betablokker 

behandling. Associationen I forhold til at få opfyldt flere af performance processerne og 1 

års dødelighed viste et invers dosis respons mønster. Hvis patienter som får opfyldt 0-25% 

af processerne som reference, har patienter som får opfyldt mellem 75-100% af 

processerne en justeret HR på 0.28 (95% CI 0.24-0.32) mens patienter som får opfyldt fra 

25-50% af processerne har en justeret  HR på 0.51 (95% CI 0.47-0.55). Stratificering af 

analyserne I forhold til LVEF ≤40% og LVEF>40%, fandt vi at opfyldelsen af performance 

indikatorerne var stærkt associerede med 1 års dødelighed for patienter med LVEF ≤40%, 

hvorimod patienter med LVEF>40% ikke havde en klar association med 1 års dødelighed, 

og med brede konfidensintervaller.  Vi fandt at opfyldelse af de anbefalede performance 

indikatorer, valgt ud fra guidelines for hjertesvigt er associeret med lavere 1 års 

dødelighed blandt patienter på de danske kardiologiske afdelinger. 
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Sammenfattende viser studierne at opfyldelsen af evidensbaserede proces performance 

indikatorer har været stigende over tid når der iværksættes et nationalt kvalitetsudviklings 

initiativ med systematisk monitorering og auditering af performance indikatorerne. Ældre 

patienter med incident hjertesvigt får ikke samme optimale pleje i henhold til guideline-

rekommandationerne som yngre patienter. Der var ingen betydende forskel i køn i forhold 

til modtagelsen af relevant pleje. Opfyldelse af proces performance indikatorer, som 

reflekterer plejen i overensstemmelse med guideline-rekommandationerne er associeret 

med lavere 1 års risiko for død blandt patienter med incident hjertesvigt.  
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Table 1. Summary of studies on the effect of quality improvement initiatives for heart failure 

Author, year published, 
country  

Population  institution, 
survey or database 

Study design 
Main findings in relation to improvement of 
processes of care over time 

Conclusion 

Patel et al. 2016  USA 

(41)  

197.187 HF patients 

admitted to Teaching 
Hospitals and 106.924 
patients admitted to Non 
Teaching Hospitals 
between 2005 and 2014. 

Cohort Over time in the GWTG-HF program, 

adherence increased with performance 
measures, such as defect-free care (defined 
as 100% compliance with all required 
performance measures), discharge 
instructions, documentation of LVEF, 
betablockers and ACEI/ARBs for patients with 
LV dysfunction. 

Data from the GWTG-HF program suggest 

improved and comparable adherence with HF 
performance measures and use of guideline-
recommended therapies. 

DeVore et al. 2015 USA 

(42)  

147 hospitals 

participating in GWTG 
HF quality improvement 
program from October 
2009 to March 2011.  

(73 hospitals (n=33.886 
patients) received the 
intervention, 74 
hospitals (n=37.943 
patients) did not). 

Cluster-randomized 

trial. The intervention 
provided sites with 
specific data on their 
HF achievement and 
quality measures in 
addition to the usual 
GWTG HF tools. 
Primary outcome for 
the trial was 
improvement in site 
composite quality of 
care score.  

One year after the intervention, both the 

intervention and control arms had similar 
mean changes in their composite quality score 
(absolute change, +0.31 [SE, 1.51] v.s. +3.18 
[SE, 1.68] p=0.21). 

None of the individual achievement measures 

or quality measures improved more at 
intervention v.s. control hospitals. The site-
based intervention was not able to improve 
quality.  
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von Scheidt et al. 2014 
Germany (43)  

Between February 2009 
and June 2011, 1.853 
consecutive hospitalized 
patients were included 
in 16 centers in 
Germany, the EVITA-HF 
registry. 

Cohort At discharge, guideline recommended drug 
and device therapy was significantly 
improved. 

1-year follow-up indicates a moderate 
mortality rate, high drug adherence, and 
sustained improvement of NYHA status. 

Heidenreich et al., 

2012, USA (35)    

Comparing 215 

hospitals enrolled in 
GWTG-HF (5%) from 

2006-2007 with 4460 
other hospitals using 

data on HF care 

measures.  

Cohort Four processes of HF care were 

assessed. GETG-HF hospitals had 
significantly higher documentation of 

LVEF (93.4% vs. 88.8%), use of ACEI or 
ARB antagonist (88.3% vs. 86.6%), and 

discharge instructions (74.9% vs. 70.5%, 

p<0.005). 

Hospitals enrolled in GWTG-HF program 

had better process of care than other 
hospitals, but there are few clinically 

important differences in outcome.  

Fonarow, 2011, USA 
(135)   

NR Review  Significant individual variability was found 
among hospitals and outpatient practices 

providing care for HF in their conformity 

to quality-of-care indicators, in addition 
to a substantial gap in overall 

performance. 

Participation in performance 
improvement registries for HF has been 

shown to increase the initiation of 

evidence-based HF therapies, improve 
quality of care, decrease the risk of 

future hospitalizations, and prolong life in 
patients with HF.  

Fonarow et al., 2010, 
USA (44) 

Random sample of 
34,810 HF patients 

from 167 US 
outpatient cardiology 

practices, IMPROVE-
HF. 

Cohort 7 quality measures were assessed.  Practices participating in IMPROVE-HF 
demonstrated a significant increase in 

the use of 5 of 7 guideline-recommended 
therapies in eligible patients without 

contraindications.  
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Lewis et al., 2009, 
USA (45)  

Treatment of 237,225 
patients hospitalized 

with CAD evaluated 
with the GWTG-CAD 

program from 2002 to 

2007. 

Cohort Over time, composite adherence for the 
chosen measures increased from 86.5% 

to 97.4% (+10.9%) in men and 84.8% 
to 96.2% (+11.4%) in women. A slight 

difference in composite adherence by sex 

remained over time (p<0.0001), but this 
was confined to patients <75 years of 

age. Composite adherence in younger 
patients (<75 years) increased from 

87.1% to 97.7% (+10.6%) and from 

83.0% to 95.1% (+12.1%) in the elderly 
(≥75 years). 

Among hospitals participating in GWTG-
CAD, guideline adherence has improved 

substantially over time for both men and 
women, and both younger and older CAD 

patients, with only slight age and sex 

differences in some measures persisting. 

Roccaforte et al., 

2005, Canada, Italy 

(71) 

33 randomized 

controlled studies to 

summarize evidence 
supporting DMPs. 

Systematic review Mortality was significantly reduced by 

DMPs compared to usual care (OR=0.80, 

95% CI 0.69-0.93, p=0.003). All-cause 
and HF-related hospitalization rates were 

also significantly reduced (OR=0.76, CI 
0.69-0.94, p<0.0001 and OR=0.58, CI 

0.50-0.67, p<0.00001). 

DMPs reduce mortality and 

hospitalizations in HF patients. Various 

types of DMPs appear to be similarly 
effective.  

HF=Heart failure; SE=Standard Error; VHA=Veterans Health Administration; EVITA-HF=Evidence-based Treatment in Heart Failure; NYHA=New York 

Heart Association; GWTG-HF=Get With the Guidelines Program for Heart Failure; NR=Not Reported; IMPROVE-HF= Registry to Improve the Use of 

Evidence-Based Heart Failure Therapies in the Outpatient Setting; CAD=Coronary Artery Disease; DMP=Disease Management Program; OR=Odds 

Ratio; CI=Confidence Interval; LV=Left Ventricular; LVEF=Left Ventricular Ejection Fraction.   
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Table 2. Summary of studies on age- and sex-related differences in heart failure care and clinical outcome among 

patients with heart failure 

Author, year 

published, country 

Population, institution, survey, 

and/or database 

Study design Main findings  Conclusion 

Age-related differences 

Rich et al., 2016, 

USA (136)  

Scientific statement Summarize current guideline 

recommendations 

There is limited evidence to guide 

clinical decision-making in patients 
over 75 to 80 years of age, and 

practically no high-quality evidence 

in patients > 80 years of age with 
multiple coexisting conditions, 

major physical or cognitive 
disabilities, frailty, or residence in 

long-term care facilities. 

Older patients are at 

increased risk of 
complications arising 

from both 

pharmacological agents 
and diagnostic and 

therapeutic procedures. 
Thus, there is a 

fundamental shift in the 
balance of risk and 

benefit in older patients 

that has been 
inadequately addressed 

in clinical trials and must 
be considered on an 

individual basis. 

Abete et al., 2013, 

Italy (54)  

NR Review In elderly patients, first choice 

drugs (ACEIs and beta-blockers) 
are still underused.   

Optimal management of 

CHF in elderly patients 
requires multiple 

approaches, including 
non-pharmacologic, 

pharmacologic, and 

palliative therapies. 

Vigde et al., 2010, 

Israel (63)  

96 consecutive unselected HF 

patients (67% women) 

hospitalized from January to 

June 2003.  

Cohort Adherence to guidelines and use of 

recommended HF medications 

were poor. 

The study confirms that 

the management of 

oldest-old HF patients 

hospitalized in a subacute 

geriatric hospital is 
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suboptimal and their 

mortality exceptionally 

high. 

Fonarow et al., 

2009, USA (48)  

48,612 patients with HF from 

259 hospitals, OPTIMIZE-HF.  

Cohort  All guideline-recommended cardiac 

medications were prescribed less 
frequently at discharge to eligible 

patients ≥75 years old than those 

<75 years old (all p<0.001). Older 
age was independently associated 

with increases in in-hospital and 
post-discharge mortality risk (76% 

and 62%, p<0.001). 

Older patients with HF 

are less likely to receive 
guideline-recommended 

therapies and remain at 

greater risk of adverse 
outcomes. 

Komajda et al., 

2009, France, 
Germany, Spain, 

Switzerland, Poland, 
Finland, Norway, 

Italy (55) 

741 octogenarians hospitalized 

for acute/decompensated HF 
between March 2004 and May 

2005 (median age 83.7 years; 
44% males) and 2836 younger 

patients (median age 68.4 
years; 66% males, EHFS II. 

Cohort A significant improvement was 

observed compared to EHFS I in 
both the overall HF octogenarian 

population and the subgroup with 
EF ≤ 45% for prescription rates of 

ACEI/ARBs, beta-blockers, and 
aldosterone antagonists at 

discharge (82 vs. 71%, 56 vs. 

29%, 54 vs. 18.5%), as well as for 
recommended combinations and 

dosages.  

Female gender, new 

onset HF, hypertension, 
atrial fibrillation, 

comorbidities, disabilities, 
and low quality of life 

were more common in 
the elderly. Mortality 

rates during hospital stay 

and 12 months after 
discharge were increased 

in octogenarians. 
Underuse and 

underdosage of 

medications 
recommended for HF in 

the elderly.  

Yancy et al., 2009, 
USA (26)  

15,381 from 167 outpatient 
cardiology practices (71.1% 

male), IMPROVE-HF. 

Cohort Patients in the oldest age group 
were less likely to receive 

recommended interventions than 

their younger counterparts. The 
largest absolute difference by 

patient age group was 19.5% for 
use of aldosterone antagonists. 

Older patients with HF 
receive less 

pharmacological and 

device therapy and less 
HF education than 

younger patients.  
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Sex related differences 

Brandsaeter et al., 

2011, Norway (59)  

3632 Norwegian HF patients 

(2545 men and 1087 women, 
70%/30%) included from 

January 2000 to February 2006.  

Cohort In the group with EF ≥ 50%, the 

only difference between basic 
characteristics was that men had a 

lower heart rate. In the group with 

EF < 50%, women were older, 
had a higher heart rate, had less 

frequent atrial fibrillation, were 
less often smokers, and had a 

more severe NYHA classification 

than men.  

Differences exist in basic 

characteristics, medical 
history, and treatment 

between men and women 

in the Norwegian Heart 
Failure Registry. The 

survival rates were equal 
between men and 

women. 

Vaartjes et al., 
2010, the 

Netherlands (112)   

Patients admitted for the first 
time with HF (14,529 men, 

14,524 women), identified 
through linkage of national 

registries. 

Nationwide cohort Mortality risk after admission for 
HF increased with age, and the 

risk of death was higher among 
men than women. HR (men versus 

women and adjusted for age and 

comorbidity) was 1.21 (95% CI 
1.14-1.28), 1.26 (95% CI 1.21-

1.31), and 1.28 (95% CI 1.24-
1.31) for 28-day, 1-year, and 5-

year mortality, respectively. 

Age and gender 
differences are present in 

short- and long-term risk 
of death after first 

hospitalization for HF, 

with men having higher 
short- and long-term risk 

of death than women. 

Frankenstein et al., 

2010, Germany (60)   

1481 HF patients from 1994 to 

2000 (cohort I) and 1811 
patients from 2001 to 2007 

(cohort II). Specialized HF clinics 
of the University Hospital 

Heidelberg, the Klinicum 

Ludwigshafen, and the TKH 
Mannheim, Germany (HELUMA, 

multi-site cooperation founded in 
1995). 

Cohort (I and II) Multivariable analysis showed that 

NYHA class LVEF, hypertension, 
dyslipidemia, and COPD are 

significant predictors of complete 
medication according to 

guidelines, whereas age and sex 

were not. 

Trends in mortality seem 

to mirror the temporal 
trends in medication 

according to guidelines, 
and the survival benefit is 

independent from age, 

sex, or lead time bias and 
does not reflect the 

impact of comorbidity. 

Alehagen et al., 

2009, Sweden (62)   

HF patients aged 70 to 80 years 

in a rural municipality (443 men, 

433 women). 

Cohort Females had more hypertension 

and smoked less than their male 

counterparts. There was also a 
preponderance of females in the 

The female patients did 

not show signs of having 

received less modern HF 
treatment than the male 
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group with preserved systolic 
function and symptoms of HF. In 

the different classes of systolic 
impairment, males dominated. 

During the 8 years of follow-up, 

more cardiovascular mortality was 
found among the males than 

females. 

group, but it was more 
difficult to correctly 

interpret the symptoms 
of HF in the female 

group. 

Nicol et al., 2008, 
UK (58)  

176/177 (99%) acute NHS trusts 
in UK, 9387 records were 

surveyed. 

Retrospective cohort On average, women were 5 years 
older than men (80 vs. 75 years 

p<0.001), less likely to have had 

echocardiography (52% vs. 60%, 
p<0.001), and if previously 

diagnosed with HF less likely to be 
treated with ACEIs (58.3% vs. 

66.8%, p<0.001), beta-blockers 

(30.1% vs. 35.5%, p<0.033), or 
aldosterone antagonists (18.9% 

vs. 22.5%, p<0.001) at admission. 
In-hospital mortality was 15%. 

Age-adjusted mortality was higher 
in men (16% vs. 14%, p=0.042). 

Women were less likely to be 

prescribed anti-failure medication 
on discharge (ACEI/angiotensin II 

receptor antagonist 66.5% vs. 
73.4%, beta-blockers 31.3% vs. 

37.5%, aldosterone antagonist 

23.4% vs. 30.1%, all p<0.001). 

Women seem to be less 
well managed against 

recommended guidelines.  

Lenzen et al., 2008, 
Netherlands, 

Sweden, 
Switzerland, UK, 

France (57) 

8914 patients (47% women) 
with confirmed diagnosis of HF, 

EHS-HF. 

Cohort Women were older (74.7 vs. 68.3 
years, p<0.001) and less often 

presented evidence of CAD (56% 
vs. 66%, age adjusted OR 0.62, 

95% CI 0.57-0.68) than men. 

Fewer women had investigation of 
LV function (59% vs. 74% age 

adjusted OR 0.67, 95% CI 0.61-

Women were less often 
treated with evidence-

based drugs but had 
similar adjusted 12-week 

mortality as men.  
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0.74). ACEIs and beta-blockers 
were given less often to women, 

even in the adjusted analysis (OR 
0.72, 95% CI 0.61-0.86 and OR 

0.76, 95% CI 0.65-0.89, 

respectively). 12-week mortality 
was similar for men and women. 

 

Ng et al., 2007, 

Australia (61) 

Consecutive HF patients (116 

men, 52 women) from a single 
HF unit.  

Cohort Women had higher mean LVEF 

and worse NYHA functional class 
at baseline than men. Fewer 

women remained on ACEIs. NYHA 

functional class was the strongest 
predictor of mortality.  

Women had better LVEF 

but worse NYHA 
functional class than 

men. Predictors of 

mortality differed 
between genders. NYHA 

functional class at 
baseline was the 

strongest predictor of 

mortality for men, 
whereas age at baseline 

was the strongest 
predictor for women. 

Ghali, 2004, USA 

(137)   

NR Review on 

UNC, FIRST, CIBIS II, 

MERIT-HF, BEST, 

COPERNICUS 

Pooling of total mortality by sex 

from CIBIS II, MERIT-HF, and 

COERNICUS showed very similar 

and significant survival benefits in 

women (RR 0.69, 95% CI 0.51-

0.93) and men (0.66, 95% CI 

0.58-0.75).  

The significant 

differences in clinical and 

laboratory characteristics 

in systolic HF between 

men and women may 

serve to explain the lower 

mortality rate in women. 

Age and sex-related differences 

Lewis et al., 2009, 

USA (45)  

Treatment of 237,225 patients 

hospitalized with CAD evaluated 
with the GWTG-CAD program 

from 2002 to 2007. 

Cohort Over time, composite adherence 

for the chosen measures increased 
from 86.5% to 97.4% (+10.9%) in 

men and 84.8% to 96.2% 

(+11.4%) in women. A slight 
difference in composite adherence 

Among hospitals 

participating in GWTG-
CAD, guideline adherence 

has improved 

substantially over time for 
both men and women, as 
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by sex remained over time 
(p<0.0001), but this was confined 

to patients <75 years of age. 
Composite adherence in younger 

patients (<75 years) increased 

from 87.1% to 97.7% (+10.6%), 
and from 83.0% to 95.1% 

(+12.1%) in the elderly (≥75 
years). 

well as both younger and 
older CAD patients, with 

only slight age and sex 
differences in some 

measures persisting. 

Lindenfeld et al., 

2003, USA (64) 

2239 patients with a principal 

discharge diagnosis of HF 

(59.2% of all discharges were 
women, 40.6% were men). 

Cohort EF was measured in 758 of 1331 

(56.9%) women and 567 of 908 

(62.4%) men (p<0.001). In both 
men and women, the EF was 

measured more often in younger 
patients than in older patients. A 

decline in the number of patients 

in which EF was measured was 
evident beginning at 75-79 years 

of age in both men and women, 
with a substantial drop at 85 years 

and above. 

EF is measured in only 

60% of patients with CHF 

in community hospitals 
across the country. All 

CHF guidelines have 
recommended that 

patients have at least 1 

determination of EF. 
Increasing age is 

associated with a decline 
in the measurement of EF 

in both men and women. 

NR=Not Reported, CHF=Chronic Heart Failure; ACE=Angiotensin Converting Enzyme; HF=Heart Failure; OPTIMIZE-HF=Organized Program to Initiate 

Lifesaving Treatment in Hospitalized Patients with Heart Failure; EHFS=Euro Heart Failure Survey (I and II); IMPROVE-HF=Registry to Improve the Use 

of Evidence-Based Heart Failure Therapies in the Outpatient Setting; ACEI =Angiotensin Converting Enzyme Inhibitor; ARB=Angiotensin Receptor 

Blocker; NYHA=New York Heart Association; LVEF=Left Ventricular Ejection Fraction; COPD=Chronic Obstructive Pulmonary Disease; NHS=National 

Health Service; EHS-HF=Euro Heart Survey on Heart Failure; LV=Left Ventricular; CI=Confidence Interval; OR=Odds Ratio; FIRST=Flolan International 

Randomized Survival Trial; CIBIS II=Cardiac Insufficiency Bisoprolol Study II; MERIT-HF=Metropol Extended-Release Randomized Intervention Trial in 

Heart Failure; COPERNICUS=Results of the Carvedilol Prospective Randomized Cumulative Survival Study; RR=Relative Risk; CAD=Coronary Artery 

Disease; CHF=Chronic Heart Failure.  
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Table 3. Summary of studies on the association between process performance measures and mortality in patients with 

heart failure 

Author, year published, 

country  

Population, institution, 

survey, and/or database 

Study design Main findings in relation to performance 

measures and mortality 

Conclusion 

Yoo et al., 2014, Korea 

(72)  

1319 patients were divided 

into two groups: good 
guideline adherence 

(GAI≥50%) and poor 
guideline adherence 

(GAI<50%), 

SUGAR trial. 

 

Cohort Adherence to drugs at discharge: ACEI 

or ARB, 89.7%; BB, 69.2%; and AA, 
65.9%. Overall, 82.7% of the patients 

had good guideline adherence. Overall 
mortality and rehospitalization rates at 1 

year were 6.2% and 37.4%. Survival 

analysis by log-rank test showed a 
significant difference in event-free 

survival rate for mortality (94.7% vs. 
89.8%, p=0.003) and re-hospitalization 

(62.3% vs. 56.4%, p=0.041) between 
the good and poor guideline adherence 

groups. 

Adherence to 

pharmacological treatment 
guidelines including 

prescription of ACEI/ARB 
and BB at discharge was 

associated with improved 

clinical outcomes. 

Wen-Chih Wu et al., 

2014, USA (74)  

107,045 patients with HF 

treated at 128 VHA 
hospitals between 2001 

and 2007 and followed up 
at 2008. 

Retrospective study A relationship was assessed between 

receipt of each HF care process and 
death at 30 days (in-patients) and 1 year 

(all patients).  

Care processes related to 

recommended medications 
were associated with lower 

30-day and/or 1-year risk-
adjusted mortality in 

patients with HF, whereas 

care processes that assess 
patient counseling or chart 

documentation were either 
not related or related to a 

slight increase in mortality. 

Scrutinio et al., 2013, 

Italy (69) 

496 patients with acute 

decompensated HF. 

Cohort After adjusting for established prognostic 

factors, the RR for mortality in patients 
eligible for treatment was: 0.49 

(p<0.001) for discharge prescription of 
RAS-Is, 0.59 (p=0.015) for BBs, 0.44 

(p<0.001) for combination therapy (i.e,. 

BB and RAS-I), 0.87 (p>0.05) for 

The data suggest that 

performance measures for 
RAS-Is, BBs, and 

combination therapy are 
strongly associated with 

improved 1-year survival. 
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aldosterone antagonists, and 0.49 
(p>0.05) for planned cardioverter-

defibrillator implantation. After adjusting 
for propensity score, the RR was 0.49 

(p<0.001) for RAS-Is, 0.67 (p=0.04) for 

BBs, and 0.57 (p<0.001) for combination 
therapy. 

Fonarow et al., 2012, 

USA (66)  

HF patients enrolled in 

IMPROVE-HF: 1376 cases 
and 2752 matched 

controls. 

Nested case control 

study. Cases were 
patients who died 

within 24 months 

and controls were 
patients who 

survived to 24 
months, propensity 

matched 1:2 for 

multiple prognostic 
variables. 

BB and cardiac resynchronization therapy 

were associated with the greatest 24-
month survival benefit (adjusted OR for 

death 0.42, 95% CI 0.34-0.52; and 44%, 

95% CI 0.29-0.67, respectively). 
ACEI/ARBs, implantable cardioverter-

defibrillators, anticoagulation for atrial 
fibrillation, and HF education were also 

associated with benefit, whereas 

aldosterone antagonist use was not. 
Incremental benefits were observed with 

each successive therapy, plateauing once 
any 4 to 5 therapies were provided 

(adjusted OR 0.31, 95% CI 0.23-0.42 for 
5 or more versus 0/1, p<0.0001). 

Individual and incremental 

use of guideline-
recommended therapies 

was associated with survival 

benefit, with a potential 
plateau at 4 to 5 therapies. 

The data provide further 
rationale for implementing 

guideline-recommended HF 

therapies in the absence of 
contraindications to patients 

with HF and left ventricular 
ejection fraction.  

Zugck et al., 2012, 
Germany (68)  

Pooled data from 2682 
patients participating in 7 

studies performed within 
the context of the CNHF: 

the randomized INH Study, 
the Gene Study, the HELPS 

Study, the Ikarius Study, 

the ACVB-Out study, the 
Train-The-Trainer Study, 

and the CIBIS-ELD Study. 

Cohort 1-year mortality risk was closely related 
to GAI-3 in both groups of NYHA 

functional class I/II (excellent vs. 
medium or poor GAI-3: 7.2 vs. 14.5%, 

log rank=0.004) and class III/IV (13.5 
vs. 21.5% log rank=0.005). In Cox 

regression, excellent GAI-3 remained an 

independent predictor of survival (HR 
0.70, 95% CI 0.51-0.95, p=0.023) after 

adjusting for predictor variables. 

Patients receiving and 
tolerating optimal 

pharmacotherapy 
experience a better 

prognosis.  

Maeda, 2010, USA (117)  Prospective cohort, 

retrospective cohort, case 
control, cross sectional, 

pre/post intervention study, 

Systematic review ACEI/ARB and BB use at discharge had 

the strongest association with improved 
patient outcomes, whereas discharge 

instructions had a weaker but positive 

An increase in compliance 

with HF performance 
measures has a consistently 

positive impact on patient 
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a randomized controlled 
trial, and a literature review 

based on empirical data 
were selected for inclusion. 

effect, outcomes, though the 
strength, magnitude, and 

significance of the effect is 
variable across individual 

performance indicators. 

Richardson et al., 2010 

USA (65)   

12,697 beneficiaries: 1062 

diagnosed with HF and 577 
eligible to receive cardiac 

drugs. 

Cohort Mortality rate among the 577 eligible 

beneficiaries with HF was 9.7%. 
Mortality rate for those receiving an ACEI 

or ARB alone, a BB alone, or both was 
6.1%, 5.9%, and 5.3%, respectively. In 

the absence of any of the three cardiac 

drugs, the mortality rate was 20.0% 
(p<0.0001). In multivariable analyses, 

mortality rates remained significantly 
lower for beneficiaries receiving an ACEI 

or ARB alone (OR 0.24, 95% CI 0.11-

0.50) a BB alone (OR 0.17, 95% CI 0.70-
0.41), or both (OR 0.24, 95% CI 0.10-

0.55) compared to patients who did not 
receive any of the three cardiac drugs. 

Use of guideline-

recommended cardiac 
drugs is associated with 

reduced mortality in the 
elderly Medicare HF 

population. 

Kfoury et al., 2008, USA 

(67)  

JCAHO HF measures were 

implemented within a 20-

hospital health care 
system. 2958 patients with 

a principal discharge 
diagnosis of HF were 

included. 

Cohort One-year survival benefits were seen in 

an item-by-item evaluation of HF 

measures. 

Adherence to JCAHO HF 

core measures is associated 

with improved 1-year 
survival after HF 

hospitalization. 

Störk et al., 2008, 

Germany (76)  

1054 consecutive 

(unselected) patients with 
CHF, 61% with reduced 

LVEF and 39% with normal 
LVEF. 

Cohort Quality of pharmacotherapy was 

assessed by calculating a GAI (GAI-3, 
range 0-100%) based on the 

prescription of BBs, ACEIs, or 
angiotensin receptor II type-I blockers 

and mineralocorticoid receptor 

antagonists. Median follow-up in 
survivors was 595 days (100% 

complete). In patients with reduced 

In this community-based 

cohort with CHF, better 
implementation of 

pharmacotherapy was 
associated with better 

prognosis in patients with 

reduced LVEF, irrespective 
of age and sex.  
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LVEF, the median GAI-3 was 67% and 
inversely associated with age, CHF 

severity, and important comorbidities.  

Mortality rates in GAI-3 categories 
low/medium/high were 79/30/11 per 100 

person-years. In multivariable Cox 

regression, high GAI-3 was 
independently predictive of lower 

mortality risk (HR 0.50, 95% CI 0.32-
0.74, p<0.001 vs. low GAI-3). This 

association was also observed in 
subgroups of high age (HR 0.42, 95% CI 

0.27-0.66, p<0.001) and women (HR 

0.42, 95% CI 0.23-0.79, p=0.007). 

Fonarow et al., 2007, 
USA (75)  

5791 patients at 91 US 
hospitals. 

Cohort 

sampled between 
March 2003 and 

December 2004 

Conformity with the performance 
measure for ACEIs/ARBs for LVSD was a 

significant predictor of reduced risk for 
mortality/rehospitalization (OR 0.51, 

95% CI 0.34-0.78; p=0.002). 

Better methods for 
identifying and validating 

HF performance measures 
may be needed to 

accurately assess and 

improve care of patients 
with HF. 

Komajda et al., 2005, 

France, Spain, 
Netherlands, Germany, 

Italy, UK (73) 

1410 patients with CHF 

(69% males) followed for 6 
months for adherence to 

care by cardiologists, 

MAHLER.  

Cohort GAI-3 was an independent predictor of 

time to CV hospitalization in a 
multivariable model along with NYHA 

class, history of CHF hospitalization, 

ischemic etiology, diabetes mellitus, and 
hypertension. 

Physicians’ adherence to 

treatment guidelines is a 
strong predictor of fewer 

CV hospitalizations in actual 

practice. 

Philips et al., 2005, USA, 

the Netherlands (70) 

Determine whether a 

hierarchy of effectiveness 
exists with respect to the 

complexity of published 

protocols of HF DM 
incorporating specialist 

nurse-led HF clinics. Six 
trials were selected 

Systematic review Compared to usual care, the overall RR 

(95% CI) for re-admission by this 
strategy was 0.91 (0.72-1.16), mortality 

0.80 (0.57-1.06), and the combined 

endpoint of mortality and hospitalization 
0.88 (0.74-1.04). Better outcomes were 

observed for programs with versus 
programs without hospital discharge 

planning and immediate post-discharge 

A dose-response 

relationship is suggested 
with more complex DM 

programs. HF DM with 

specialist nurse-led HF 
clinics is a promising 

strategy or effective 
alternative that may be 

optimized by programs with 
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(n=949).  follow-up: re-admission 0.30 (0.04-2.60) 
vs. 1.00 (0.86-1.17), mortality 0.96 

(0.63-1.47) vs. 0.75 (0.55-1.03), the 
combined endpoint of mortality and 

hospitalization 0.61 (0.18-2.02) vs. 0.91 

(0.80-1.03), HF re-admission 0.09 (0.10-
0.65) vs. 0.65 (0.43-1.00), and 

hospitalized days utilized per patient  

-0.26 (-0.49,-0.02) vs. 0.09 (-1.17,-
1.34). 

a homogenous structure 
and components that are 

delivered consistently. 

GAI=Guideline Adherence Indicator; SUGAR=Survey of Guideline Adherence for Treatment of Systolic Heart Failure in Real World; ACEI=Angiotensin-

Converting Enzyme Inhibitor; ARB=Angiotensin Receptor II Blocker; BB=Beta-blocker; HF=Heart Failure; VHA=Veterans Health Administration; RAS-

I=Renin-Angiotensin System Inhibitor; RR=Relative Risk; IMPROVE-HF=The Registry to Improve the Use of Evidence-Based Heart Failure Therapies in 

the Outpatient Setting; OR=Odds Ratio; CI=Confidence Interval; CNHF=Competence Network Heart Failure; GAI-3= Adherence to First Three Classes 

of Heart Failure Medication; HR=Hazard Ratio; JCAHO=Joint Commission on Accreditation of Healthcare Organizations; CHF=Chronic Heart Failure; 

LVEF=Left Ventricular Ejection Fraction; LVSD=Left Ventricular Systolic Dysfunction; CV=Cardiovascular; CHF=Chronic Heart Failure; NYHA=New York 

Heart Association; MAHLER=Medical Management of Chronic Heart Failure in Europe and its Related Costs; DM=Disease Management.  
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Table 4. Overview of collection of 700 patient records (5% of total sample registered 2003-3007) from hospitals in 

Denmark. Number of patient records is given in the parentheses. 

Capital Region  

(8 hospitals) 

Region of Sealand  

(10 hospitals) 

Region of Southern 

Denmark  

(10 hospitals) 

Region of Central Jutland  

(10 hospitals) 

Region of Northern Jutland  

(8 hospitals)  

Bispebjerg Hospital  

(20) 

Hillerød Hospital  

(8) 

Odense University Hospital  

(24) 

Holstebro Hospital  

(27) 

Thy-Mors Hospital  

(10) 

Hvidovre Hospital 

(23) 

Frederikssund Hospital  

(16) 

Svendborg Hospital  

(33) 

Herning Hospital  

(35) 

Ålborg University Hospital  

(8) 

Amager Hospital 

(17) 

Helsingør Hospital  

(9) 

Sønderborg Hospital  

(13) 

Horsens, Brædstrup, Odder 

Hospitals  

(29) 

Vendsyssel Hjørring Hospital  

(24) 

Frederiksberg Hospital  

(22) 

Roskilde Hospital  

(13) 

Haderslev Hospital  

(21) 

Ringkøbing Hospital  

(3) 

Vendsyssel Frederikshavn 

Hospital  

(10) 

Gentofte Hospital  

(30) 

Køge Hospital  

(19) 

Tønder Hospital  

(2) 

Silkeborg Hospital  

(16) 

Himmerland Farsø Hospital  

(8) 

Herlev Hospital  

(6) 

Slagelse Hospital  

(16) 

Esbjerg Hospital  

(17) 

Århus University Hospital NBG  

(4) 

Himmerland Hobro Hospital  

(5) 

Glostrup Hospital  

(11) 
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Trends in quality of care among patients with
incident heart failure in Denmark 2003–2010: a
nationwide cohort study
Anne Nakano1,2*, Søren Paaske Johnsen1†, Birgitte Lidegaard Frederiksen3,4, Marie Louise Svendsen1†,
Carsten Agger4, Inge Schjødt5 and Kenneth Egstrup6†
Abstract

Background: The treatment of heart failure (HF) is complex and the prognosis remains serious. A range of
strategies is used across health care systems to improve the quality of care for HF patients. We present results from
a nationwide multidisciplinary initiative to monitor and improve the quality of care and clinical outcome of HF
patients using indicator monitoring combined with systematic auditing.

Methods: We conducted a nationwide, population-based prospective study using data from the Danish Heart
Failure Registry. The registry systematically monitors and audits the use of guideline recommended processes of
care at Danish hospital departments treating incident HF patients. We identified patients registered between 2003
and 2010 (n = 24504) and examined changes in use of recommended processes of care and 1-year mortality.

Results: The use of the majority of the recommended processes of care increased substantially from 2003 to 2010:
echocardiography (from 62.7% to 90.5%; Relative Risk (RR) 1.45 (95% CI, 1.39-1.50)), New York Heart Association
classification (from 29.4% to 85.5%; RR 2.91 (95% CI, 2.69-3.14)), betablockers (from 72.6% to 88.3%; RR 1.23 (95% CI,
1.15-1.29)), physical training (from 5.6% to 22.8%; RR 4.04 (95% CI, 2.96-4.52)), and patient education (from 49.3% to
81.4%; RR 1.65 (95% CI, 1.52-1.80)). Use of ACE/ATII inhibitors remained stable (from 92.0% to 93.2%; RR 1.01 (95% CI,
0.99-1.04)). During the same period, 1-year mortality dropped from 20.5% to 12.8% (adjusted Hazard Ratio 0.79
(95% CI, 0.65-0.96).

Conclusions: Use of guideline recommended processes of care has improved among patients with incident HF
included in the Danish Heart Failure Registry between 2003 and 2010. During the same period, a decrease in
mortality was observed.

Keywords: Quality indicators, Registries, Treatment and care, Heart failure
Background
Heart failure (HF) is an important cause of morbidity
and mortality worldwide [1]. The prevalence of HF is
increasing globally due to ageing populations in the de-
veloped countries, improved survival in patients suffer-
ing from coronary events and the success achieved in
postponing coronary events using effective preventive
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reproduction in any medium, provided the or
measures [2-8]. HF care has developed substantially in
recent decades and clinical trials have established several
new therapies which have improved clinical outcomes
for patients with HF and reduced left ventricular ejection
fraction (LVEF) [8]. However, treatment guidelines are
adopted slowly and applied inconsistently and may thus
not result in the expected improvements in patient care
and clinical outcomes [9-12]. Consequently, in many
health care systems, major efforts are made to implement
recommended guidelines [13]. However, population-based
data on the implementation of the recommendations in
everyday clinical practice and the possible impact on pa-
tient outcomes are still sparse [14].
l Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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In Denmark, the quality of care for patients with inci-
dent HF has been monitored and audited continuously
in a national multidisciplinary quality improvement pro-
gram since 2003. We aimed to examine whether the
quality of care and the mortality among incident HF pa-
tients hospitalized in Denmark has changed following
the introduction of the program.

Methods
The Danish heart failure registry
All Danish residents (approximately 5.5 million) have free
access to hospital care provided by the tax-financed
Danish National Health Service. The Danish Heart Failure
Registry (DHFR) was established as a part of a larger na-
tionwide initiative, The Danish National Indicator Project,
in 2003 in order to monitor and improve the quality of
care for HF patients [15].
Since 2003, the DHFR has monitored and supported im-

plementation of evidence-based treatment and care for in-
cident hospitalized HF patients. Participation is mandatory
for all hospital units and outpatient cardiology clinics
treating patients with HF. However, not all hospitals were
able to report to the register when it was launched in 2003.
The prognostic factors recorded in the registry as well

as the evidence-based quality of care indicators were iden-
tified by a multidisciplinary national expert panel based on
national [15] and international guidelines from the Ameri-
can College of Cardiology, the American Heart Associ-
ation [16], and the European Society of Cardiology [17],
supplemented by a systematic literature review. The ex-
pert panel followed a structured, rigorous and evidence-
based guideline-driven process to develop pathways and
tools for clinicians in hospitals and outpatient HF clinics
in order to ensure data accuracy by standardizing proce-
dures. This included developing detailed instructions for
the data collection with strict data definitions ensuring
Table 1 Processes of care monitored in the Danish heart failu

Processes of care

Echocardiography Propor

NYHA classification Propor

Medication (ACE/ATII inhibitors) Propor
who is

Medication (Betablockers) Propor
who is

Physical training Propor
referre

Patient education Propor
who st
unders

1-year mortality Propor
or firs

NYHA New York Heart Association, ACEI/ATII Angiotensin Converting Enzyme/Angio
that clinicians register data in the same manner at every
hospital, as well as providing regular performance reports
to the participating hospitals as also done in the American
Heart Association Get With the Guidelines Program for
Heart Failure [18]. The feasibility of collecting the required
data in routine clinical settings, and the ability of the pro-
cesses to reflect the multidisciplinary efforts involved in
modern HF care, were also considered.
The expert panel identified 6 process indicators and 1

outcome indicator (Table 1), and a number of prognostic
factors (Table 2).
Data are registered for HF patients admitted to hos-

pital or at the first outpatient visit as part of the clinical
routine by cardiologists and nursing staff.
The use of 2 processes of care (echocardiography and

New York Heart Association classification (NYHA classifi-
cation) and 1-year mortality is monitored in all patients.
The remaining processes of care (Angiotensin Converting
Enzyme/Angiotensin II antagonist (ACE/ATII) inhibitors,
betablockers, physical training, and patient education) are
only monitored in patients with systolic HF (LVEF ≤ 40%).
Regular, structured audits are conducted on a national,

regional, and local basis, and include validation of the
completeness of patient registration against local hospital
discharge registries and the National Registry of Patients
[19]. Furthermore, every 3 months, the participating de-
partments receive feedback data on their performance
regarding the process indicators as well as unadjusted data
on mortality. The feedback data are reported on a web-
based information system allowing each participating
hospital to review its performance data, and benchmark
them against the region and the whole country.

Study population
The study population included patients with a first time
hospitalization (including in- and out-patients) with HF
re registry

tion of patients who undergo echocardiography

tion of patients who undergo NYHA classification

tion of patients with reduced systolic function (LVEF below 40%)
treated with ACE/ATII inhibitors

tion of patients with reduced systolic function (LVEF below 40%)
treated with betablockers

tion of patients with reduced systolic function (LVEF below 40%)
d to individual physical training

tion of patients with reduced systolic function (LVEF below 40%)
arted a structured patient education (inclusive nutrition, physical training,
tanding medical treatment, risk factors and symptoms of the disease)

tion of patients who die within one year of admission to a hospital
t outpatient contact

tensin II Antagonist inhibitors, LVEF Left Ventricular Ejection Fraction.



Table 2 Baseline characteristics among patients
diagnosed with incident heart failure in Denmark
between 2003 and 2010 (N = 24504)

N (%)

Total 24504 (100)

Age mean (SD) 70.8 (13.2)

Gender

Male 15607 (63.7)

Female 8897 (36.3)

Left Ventricular Ejection Fraction (LVEF)

LVEF < 25 6609 (27.0)

25 ≤ LVEF≤ 35 7803 (31.8)

35 < LVEF≤ 40 3498 (14.3)

40 < LVEF < 50 2287 (9.3)

LVEF≥ 50 1134 (4.6)

Missing 3173 (13.6)

New York Heart Association (NYHA) classification

NYHA-class 1 1912 (7.8)

NYHA-class 2 8209 (33.5)

NYHA-class 3 4462 (18.8)

NYHA-class 4 459 (1.9)

Missing 9462 (38.6)

Previous Acute Myocardial Infarction (AMI)

Yes 8046 (32.8)

No 14859 (60.6)

Missing 1599 (6.5)

Stroke

Yes 2561 (10.5)

No 19576 (79.9)

Missing 2367 (9.7)

Chronic Obstructive Pulmonary Disease (COPD)

Yes 3759 (15.3)

No 18480 (75.4)

Missing 2265 (9.2)

In treatment for hypertension

Yes 8335 (34.0)

No 14378 (58.7)

Missing 1791 (7.3)

Diabetes

Yes 4530 (18.5)

No 18362 (74.9)

Missing 1612 (6.6)

Alcohol intake

Maximum 14 drinks for women and 21 for men per week 16683 (68.1)

More than 14 drinks for women and 21 for men per week 1639 (6.7)

Missing 6010 (25.7)

Table 2 Baseline characteristics among patients
diagnosed with incident heart failure in Denmark
between 2003 and 2010 (N = 24504) (Continued)

Smoking habits

Smoker 7101 (29.0)

Non-smoker 17335 (70.8)

Missing 48 (0.2)

SD Standard Deviation, LVEF Left Ventricular Ejection Fraction, NYHA New York
Heart Association, AMI Acute Myocardial Infarction, COPD Chronic Obstructive
Pulmonary Disease.
It was not possible to differentiate between inpatients and outpatients until
2006. Results from 2006 to 2010 are available in the supplementary
online material.
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as the primary diagnosis. Diagnoses are made by an expe-
rienced cardiologist, using the ESC guidelines for defin-
ition of HF, and recorded according to the International
Classification of Diseases, 10th revision (ICD-10) (Codes:
I11.0, I13.0, I13.2, I42.0, I42.6, I42.7, I42.8, I42.9, I50.0,
I50.1, I50.2, I50.3, I50.8, I50.9).
Outpatients had typically previously been admitted to

a cardiology ward with acute myocardial infarction and
had during the admission developed symptoms of HF.
After treatment for the acute myocardial infarction, the
patients were then referred to an outpatient cardiology
clinic for treatment of the HF.
The decision of recording a patient in the registry is

always made by a senior cardiologist to ensure the valid-
ity of the HF diagnosis [7,20]. Each patient was only in-
cluded once in the analyses. Patients were 18 years of
age or older and Danish residents. They were enrolled
irrespective of their left ventricular function. The total
number of patients registered in the DHFR was 24510 in
the study period, but six patients were under 18 years of
age, and therefore excluded, leaving 24504 patients for
analysis.
A total of 41 hospitals and 54 departments were repre-

sented in this study. The hospitals and departments, which
represent all hospitals and departments responsible for
treating HF patients in Denmark, were identified by
Danish Regions, which are responsible for running the
hospitals. For the majority of the departments, the com-
pleteness of the registration of patients was 98-100% in
2010 compared with local hospital discharge registries and
the Danish National Registry of Patients [16].

Data on patient characteristics and mortality
Data on patient characteristics, including gender, age,
comorbidity, left ventricular ejection fraction and NYHA
classification as well as alcohol intake and smoking
habits, were obtained from the DHFR. Information on
vital status (1-year mortality) was obtained from the
Danish Civil Registration System [21], which maintains
electronic records of changes in the vital status of all
residents. Each record carries a unique 10-digit civil
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registration number, which is used in all Danish popula-
tion based registries and enables unambiguous linkage
among these registries. The study was approved by the
Danish Data Protection Agency (J.no. 2008-41-2072),
the DHFR, and the Danish Ministry of Health.

Statistics
We computed the proportion of patients receiving
the individual processes of care among those eligible
as well as the proportion of HF patients who died
within 1 year of admission or first contact, both over-
all for the entire study period and according to calen-
dar year (2003–2010). Comparisons over time were
made using binary regression to compute the relative
risk (RR) with 95% confidence intervals (CI) using
2003 as reference. A composite quality of care meas-
ure was also computed for each department. This
measure was defined as the total number of received
processes of care divided by the total number of pro-
cesses of care relevant to the patients admitted to the
individual department.
Analyses on mortality were conducted for the entire

study population and stratified according to LVEF (40% or
less vs. more than 40%). For some patients, data on one or
more of the covariates were missing (Table 2). We used
multiple imputation to impute the missing values assum-
ing that data was missing at random (stata command: ice)
[22-24]. We created 5 datasets based on the following
covariates: age, gender, left ventricular ejection fraction,
previous acute myocardial infarction, stroke, chronic
obstructive pulmonary disease, diabetes, alcohol intake,
smoking habits and patients in treatment for hypertension.
The proportion of patients, for whom data on these vari-
ables were missing, varied between 0.0%-25.7%.
We compared 1-year mortality between patients from

2010 and 2003, respectively using multivariable Cox pro-
portional hazards regression, while controlling for the
patient characteristics presented in Table 2 (except for
NYHA class, due to a high proportion missing data and
Table 3 Received processes of care among patients diagnose
and 2010 (N = 24504)

Total Year 2003 to 2010

N (%)

24504 (100)

Processes of care

Echocardiograph performed 19419 (79.5)

NYHA classification assessed 15042 (61.6)

ACE/ATII inhibitors given 12565 (93.0)

Betablockers given 11272 (84.4)

Physical training 2278 (15.9)

Patient education 9852 (70.0)

NYHA New York Heart Association, ACE/ATII Angiotensin Converting Enzyme/Angiot
inpatient/outpatient status, which was not registered be-
fore 2006).
Data were analysed using Stata 10.0 (StataCorp LP,

College Station, Texas).

Results
Processes of care
Baseline characteristics of the total patient population
are presented in Table 2. In the Additional file 1: Table
S1, the characteristics are listed according to year of
registration (2003 to 2010). The proportion of patients
receiving the individual processes of care increased sub-
stantially between 2003 and 2010 (Table 3), i.e., use of
echocardiography (RR 1.45, 95% CI, 1.39-1.50), NYHA
classification (RR 2.91, 95% CI, 2.69-3.14) , betablockers
(RR 1.23, 95% CI 1.15-1.29), physical training (RR 4.04,
95% CI, 2.96-5.52) and patient education (RR 1.65, 95%
CI, 1.52-1.80). The only exception was the use of ACE/
ATII inhibitors, where no overall changes were observed
(RR 1.01, 95% CI, 0.99-1.04).
Figure 1 shows the increase in the proportion of pa-

tients who received the recommended processes of care
between 2003 and 2010.
Figure 2 presents the overall composite process indica-

tor, reflecting the proportion of all recommended pro-
cesses of care that was delivered in 2010 at the individual
departments. Although overall improvements were ob-
served for most processes of care, substantial variation in
quality of care remains among hospital departments
treating patients with incident HF in Denmark. The pro-
portion of delivered recommended processes of care var-
ied between 50% and 89% across the departments.

Mortality
Overall 1-year all-cause mortality among patients regis-
tered in the DHFR decreased from 20.5% in 2003 to
12.8% in 2010 (Table 4).
The overall adjusted hazard ratio (HR) for 1-year mor-

tality was 0.79 (95% CI, 0.65-0.96) after multivariable
d with incident heart failure in Denmark between 2003

Year 2003 Year 2010 Crude RR
(95% CI)N (%) N (%)

1624 (100) 3809 (100)

1010 (62.7) 3430 (90.5) 1.45 (1.39-1.50)

475 (29.4) 3237 (85.5) 2.91 (2.69-3.14)

446 (92.0) 2628 (93.2) 1.01 (0.99-1.04)

350 (72.6) 2489 (88.3) 1.23 (1.15-1.29)

39 (5.6) 631 (22.8) 4.04 (2.96-5.52)

273 (49.3) 2281 (81.4) 1.65 (1.52-1.80)

ensin II Antagonist inhibitors.



Figure 1 Proportion of patients receiving the recommended processes of care among patients diagnosed with incident heart failure in
Denmark 2003–2010. NYHA classification: New York Heart Association classification, ACE/ATII inhibitors: Angiotensin Converting Enzyme/
Angiotensin II antagonist inhibitor.

Figure 2 Variation between Danish hospital departments in
overall proportion of delivered processes of recommended
care to patients with incident heart failure in 2010. The bars
represent individual hospital departments.

Nakano et al. BMC Health Services Research 2013, 13:391 Page 5 of 9
http://www.biomedcentral.com/1472-6963/13/391
adjustment for patient characteristics (age, gender, LVEF,
previous acute myocardial infarction, stroke, chronic ob-
structive pulmonary disease, diabetes, alcohol intake,
smoking habits and in treatment for hypertension), when
comparing patients diagnosed in 2010 with patients di-
agnosed in 2003. Analyses were also stratified for LVEF
(Table 4). The improvements in mortality appeared to
be better in patients with preserved ejection fraction
compared to patients with reduced ejection fraction.
The confidence intervals were, however, overlapping.

Discussion
We found that implementation of indicator monitoring
for HF care in Denmark has been associated with substan-
tial improvements in the use of guideline recommended
processes of care among patients registered in the national
HF registry. Similar results have been observed in at least
two other major quality improvement initiatives: The
Registry to Improve the Use of Evidence-Based Heart Fail-
ure Therapies in the Outpatient Setting (IMPROVE-HF)
for outpatient cardiology practices where 7 quality mea-
sures were assessed and significant improvement achieved
for 5 of the measures. Identical to our study, they did not
reach statistical significance in angiotensin-converting en-
zyme inhibitor/angiotensin receptor blocker [10]. Like-
wise, The Get With the Guidelines Programme for Heart
Failure demonstrated better processes of care as well as



Table 4 One-year mortality among patients diagnosed with incident heart failure in Denmark in 2010 vs. 2003

Mortality 2003 Mortality 2010 Unadjusted HR Adjusted HR * Adjusted HR †

N/total (%) N/total (%) (95% CI) (95% CI) (95% CI)

Total 333/1624 (20.5) 488/3809 (12.8) 0.59 (0.51-0.67) 0.65 (0.56-0.75) 0.79 (0.65-0.96)

LVEF ≤40% 277/1379 (20.1) 408/3141 (13.0) 0.61 (0.52-0.71) 0.67 (0.57-0.78) 0.85 (0.69-1.05)

LVEF >40% 56/245 (22.9) 79/668 (11.8) 0.47 (0.31-0.74) 0.58 (0.40-0.84) 0.51 (0.30-0.89)

*Hazard Ratio (HR) adjusted for age and gender.
† Hazard Ratio (HR) adjusted for the following patient characteristics: age, gender, LVEF, previous acute myocardial infarction, stroke, chronic obstructive
pulmonary disease, diabetes, alcohol intake, smoking habits, and in treatment for hypertension.
LVEF Left Ventricular Ejection Fraction.
Overall and stratified according to selected patient characteristics.
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improved performance over time in hospitals following
the guidelines compared to hospitals that did not [18], as
also shown in our study.
Furthermore, we observed a reduced 1-year mortality

rate among Danish HF patients included in the DHFR
when comparing patients diagnosed in 2010 with pa-
tients diagnosed in 2003.
Direct comparisons with other studies is somewhat

hampered by the use of different study designs (popula-
tion-based vs. selected institutions) and patient popula-
tions (prevalent vs. incident patients, inpatients vs.
outpatients). However, the baseline profile of our pa-
tients appears to be comparable with the profile reported
in a number of other studies [10,11,25,26]. Furthermore,
our findings are in general in accordance with and extend
findings from other existing studies, which have addressed
the effects of implementation of clinical guidelines and in-
dicator monitoring. According to two studies by Fonarow
et al. based on data from OPTIMIZE-HF (The Organized
Program to Initiate Lifesaving Treatment in Hospitalized
Patients With Heart Failure) and IMPROVE HF (Primary
results of the Registry to Improve the Use of Evidence-
Based Heart Failure Therapies in the Outpatient Setting
cohort), use of guideline recommended therapies, includ-
ing discharge instructions, assessment of left ventricular
function, ACE inhibitors or angiotensin II receptor bloc-
kers (ARBs) and betablockers at discharge, was associated
with lower mortality [10,27]. There are conflicting results,
though, as Heidenreich et al. found a decrease in the 30-
day readmission rate, but not in the 30-day mortality rate
using data from the American Heart Association’s Get
With The Guidelines Program. The inconsistency may be
related to the studied processes of care and outcomes. The
Get With The Guidelines Program focused on documen-
tation of LVEF, use of ACE inhibitors if LVEF was less than
40%, as well as discharge instructions and smoking cessa-
tion. A stronger association between the processes of care
and short-term mortality could possibly have been found
if the use of betablockers or aldosterone antagonists had
also been assessed since use of these drugs has been
shown to improve survival in randomized trials [18].
Our population included both patients with and
without preserved ejection fraction, although it should
be noted that the proportion of included patients
with preserved ejection fraction was quite small (4.6%).
Although we found no statistically significant differ-
ence in the improvements in mortality during the
study period for patients with versus patients without
preserved ejection fraction, we did observe an indica-
tion of a stronger improvement among patients with
preserved ejection fraction. This is noteworthy as the
existing evidence base for treatment of patients with
preserved ejection fraction is weak as no treatment
has yet been shown to reduce morbidity and mortal-
ity in this patient group [17].
Studies on other cardiovascular patient groups, includ-

ing patients with acute coronary syndrome and stroke,
have also provided evidence for the effectiveness of opti-
mizing guideline recommended care among patients en-
countered in real-world clinical practice [28-31]. Our
study appear to add further support to the important
role of clinical guidelines and HF programmes as tools
for bridging the gap between research and routine clin-
ical practice.
In the DHFR, the continuous monitoring of the quality

of care is supplemented by regular audits and public
reporting and release of the performance data from the
individual departments. Such steps may further ensure
commitment and active involvement of the stakeholders,
including clinicians, administrators, patients and politi-
cians. However, challenges remain as demonstrated by
the substantial variation between the hospital depart-
ments in the overall quality of care even after years of
monitoring and auditing.

Strengths and limitations
The strengths of our study include the prospective na-
tionwide population-based design and the large number
of patients included, as well as the fact that registration
is mandatory to all hospitals in Denmark treating pa-
tients with HF, keeping in mind that not all hospitals
were capable of beginning registration at the same time.
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In addition, thorough efforts are made to ensure data
validity in the DNIP. Regular multidisciplinary structu-
red audits are conducted, which include validation of
the completeness of patient registration against hospital
discharge registries and discussion and exchange of ex-
perience and knowledge in order to explain the results
and implement improvements [15].
The main limitation is the observational nature of our

study, which precludes firm conclusions about causality, in
particular with regards to the findings on mortality. The
completeness of the registration of a patient is important in
this context and it should therefore be noted that the num-
ber of patients included in DHFR per year clearly increased
during the study period (from 1624 patients in 2003 to
3809 patients in 2010). This reflected an increasing com-
pleteness of the DHFR as all relevant hospitals and depart-
ments began reporting to the registry at some point
between 2003 and 2010. The DHFR aims to include all in-
cident patients admitted with HF as the primary diagnosis.
Consequently, the DHFR will not reflect the incidence of
HF in the general Danish population. The low proportion
of patients with preserved ejection fraction (4.6%) also indi-
cates that not all hospitalized HF patients were included
since it has been estimated that as many as 20% to 60% of
HF patients have a normal or near normal LVEF [8]. How-
ever, the high completeness of the DHFR compared with
hospital discharge registries, indicates that the registry
probably did cover the vast majority of incident HF patients
admitted to Danish hospitals with HF as the primary diag-
nosis during the study period.
Other factors, besides the nationwide initiative, may

potentially have contributed to the improved quality
of care and lower mortality including a major struc-
tural reform of the Danish health care system in 2007
and a generally increased awareness among clinicians
of guideline recommendations and in particular in-
creased focus on caring for persons with chronic con-
ditions. The latter has during the study period been
specifically stimulated by reports from the National
Board of Health presenting different options for im-
proving care for those with chronic conditions as well
as the publication of disease management programs
for persons with chronic conditions [32,33]. Changes
over time in the prognostic profile of the patients
with incident HF, e.g., the increase in the proportion
of patients being treated as outpatients, is another
important issue. Although we controlled for a range
of well-established prognostic factors in the analyses
on changes in mortality over time, data was not avail-
able on all relevant factors (e.g., creatinine levels and
use of implantable cardioverter defibrillators, cardiac
resynchronization therapy, and aldosterone antagonist
medications). In addition, the proportion of patients
for whom data were missing was substantial for some
of the registered variables, e.g., NYHA class (38.6%).
Assuming that our data were missing at random, we used
multiple imputation to account for missing data on the
covariates included in the multivariable analyses on
mortality. This approach is not without pitfalls, in particu-
lar due to the difficulties with assessing whether data are
truly missing at random. However, the implications of
using the technique appeared modest in the analyses, as
all analyses indicated a lower mortality among patients di-
agnosed in 2010 patients compared with patients diag-
nosed in 2003 patients independently on how the available
covariates were included in the multivariable analyses
(data not shown).
Finally, the inherent risk of gaming in top-down initi-

ated quality improvement initiatives such as the DHFR
should not be forgotten. “Gaming” is here understood as
reactive subversion such as “hitting the target and miss-
ing the point” or reducing performance where targets do
not apply. The phenomenon is described by the econo-
mist Charles Goodhart, who following the failure of the
UK government’s reliance on money supply targets in
the 1980s to control inflation, to stated: “Any observed
statistical regularity will tend to collapse once pressure is
placed on it for control purposes’ because actors will
change their conduct when they know that the data they
produce will be used to control them” (Goodhart [34],
p. 96). However, the risk of gaming in the DHFR was prob-
ably quite low due to the regular national, regional and
local multidisciplinary clinical audits, where data collec-
tion and performance was discussed in details. Further-
more, the data validity was also ensured by multiple
audits of medical journals and consistently updated
manuals with explicit instructions to the staff involved
in data collection.

Conclusions
In conclusion, use of guideline recommended processes of
care has improved substantially between 2003 and 2010
following the initiation of systematic quality of care moni-
toring among incident HF patients admitted to Danish
hospitals and registered in the DHFR. The 1-year mortal-
ity appear to have decreased during the same period.
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Abstract

Background: data are sparse on age- and sex-related differences in use of guideline-recommended care and subsequent
mortality among patients with heart failure (HF).
Methods: we identified 24,308 incident patients with a verified primary diagnosis of HF recorded during 2003–2010 in the
Danish Heart Failure Registry. The registry monitors guideline-recommended processes of care: echocardiography, New
York Heart Association Classification, treatment with angiotensin converting enzyme inhibitors/angiotensin II receptor
blockers, betablockers, physical training and patient education.
Results: older age was associated with lower use of recommended processes of care. Relative risk (RR) for receiving
processes of care varied for men >80 years from 0.52 to 0.91 compared with men ≤65 years. Corresponding RRs among
women >80 years varied from 0.55 to 0.89 compared with women ≤65 years. Older age was as expected associated with
higher 1 year mortality (32.6% among men >80 years versus 5.4% among men ≤65 years and 33.8% among women >80
years versus 6.6% among women ≤65 years). The corresponding hazard ratios (HRs) were 4.54 (95% CI 3.93–5.25) and
4.08 (95% CI 3.51–4.75) for the oldest versus youngest men and women, after adjustment for patient characteristics.
Adjustment for differences in care lowered HRs among the oldest age groups (adjusted HR 3.87 for men and 3.48 for
women, respectively). The findings were also confirmed when stratifying the patients according to left ventricular ejection
fraction ≤40% and >40%.
Conclusion: older patients with HF were less likely to receive guideline-recommended processes of care, irrespective of
sex. Lower level of care may contribute to an excess mortality observed among the older patients.

Keywords: heart failure, gender differences, older people, performance measures

Introduction

Although heart failure (HF) is a serious condition in all
patients [1], marked age- and sex-related differences in clin-
ical outcome, including mortality and functional level, have
been reported [2].

Effective treatment and preventive measures have been
developed for patients with HF [3], however, the long-term

prognosis including survival remains poor although
improvements have been made [1, 4].

Older patients and women have generally been under-
represented in clinical trials within HF care and the evi-
dence for effective therapies is therefore weaker in these
patient groups [5]. This may play a role for implementa-
tion of guideline recommended care in routine clinical
settings since existing studies suggest that older patients
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(i.e. 65 years or older) receive fewer evidence-based diag-
nostic examinations and less care [6].

Sex-related differences in HF care have been reported,
but the findings appear less consistent with some studies
reporting superior care [4], whereas other studies did not
observe differences in HF care among women compared to
men [7]. Available data on the implications of the possible
differences in care is sparse and consequently, it is unknown
whether differences in use of guideline-recommended care
play a role for the observed age- and sex-related differences
in mortality in real-life settings [7]. We examined age- and
sex-related differences in HF care, including use of phar-
macological therapy during follow-up, and whether poten-
tial differences in care affect mortality. This was assessed
in a nationwide population-based follow-up study among
patients with incident HF registered in the Danish Heart
Failure Registry (DHFR).

Methods

Setting

The study included Danish residents diagnosed with incident
HF during 2003–2010 (the Danish population ≈ approxi-
mately 5.6 million). All Danish residents have free access to
hospital care provided by the tax-financed Danish National
Health Service, who also refunds a variable proportion of
prescription medication costs.

Study population

The study population included Danish residents registered
in the DHFR for the period 2003–2010, who codes, 10th
revision (ICD-10): I11.0, I13.0, I13.2, I42.0, were hospita-
lised or had a first contact to an outpatient cardiology
clinic and a primary diagnosis of first-time ever observed
HF, according to national and international guidelines from
the American College of Cardiology/the American Heart
Association, and the European Society of Cardiology [1, 8],
and verified by an experienced cardiologist (International
Classification of Disease I42.6, I42.7, I42.8, I42.9, I50.0,
I50.1, I50.2, I50.3, I50.8, I50.9). Each patient was included
only once in the database. Patients were 18 years of age or
older and Danish residents and were enrolled irrespective
of their left ventricular function. The registry includes
patients at the time when they have their first hospital
contact with HF as the primary diagnosis (i.e. the most
important condition and primary reason for the hospital
contact). Patients who have previously been admitted with
other conditions as the primary diagnosis (e.g. myocardial
infarction, atrial fibrillation or a chest infection) as the pri-
mary diagnosis and HF as a secondary diagnosis will there-
fore also be eligible if they at any time during the course of
their disease is admitted or seen as an outpatient with HF
as the primary diagnosis. See Figure 1 in the supplementary
data available at Age and Ageing online for a detailed descrip-
tion of the inclusion and exclusion criteria used in the
DHFR.

The DHFR is a nationwide initiative to monitor and
improve the quality of care for HF. This is accomplished by
monitoring fulfilment of quality performance measures
related to process and outcome of health care, see Table 1a
in the supplementary data available at Age and Ageing online
for a description of the monitored processes of care. The
performance measures were identified by a multidisciplinary
national expert panel. Detailed data definitions and registra-
tion forms have been developed and disseminated. All data
registered in the DHFR are entered manually after a paper
form has been filled out for each patient by the staff
responsible for treating the patient. Detailed data definitions
are available and the reported data are audited on a yearly
basis both nationally and regionally to ensure a uniform
data registration practice.

Participation is mandatory for all hospital departments
in Denmark treating patients with HF. The completeness of
the registry is high for the vast majority of the departments
(98–100% of the patients fulfilling the inclusion criteria)
when compared with local hospital discharge registries/the
Danish National Registry of Patients.

We identified a total of 24,443 patients in DHFR during
the study period. Of these 129 had been residents in
Denmark for less than one year, 6 were <18 years of age at
the time of diagnosis, leaving us with a total of 24,308
patients for analyses.

HF care, including use of pharmacological therapy
during follow-up

Two of the assessed processes of care (use of echo-
cardiography and New York Heart Association (NYHA)
classification) are monitored in all patients. The remaining
processes of care (initiation (including unsuccessful attempts)
or continuation of treatment with Angiotensin Converting
Enzyme/Angiotensin II antagonist (ACE/ATII) inhibitors
and betablockers, physical training and patient education) are
only monitored in patients with systolic HF (defined as Left
Ventricular Ejection Fraction (LVEF) ≤40%), see Table 1a
in the supplementary data available at Age and Ageing online”.

We also obtained data regarding use of pharmacological
therapy during follow-up from the Danish Medicines
Agency´s Register of Medicinal Product Statistics, a national
prescription registry which contains information on all
redeemed prescriptions for reimbursable drugs dispensed
from all pharmacies in Denmark since 1995. We identified
all prescriptions for beta-blockers, alpha-betablockers, ACE
inhibitors, angiotensin II receptor blocker (ARB), statins
and glucose lowering drugs from hospital discharge until
the end of follow-up. All drugs were available by prescrip-
tion only. We assumed a prescription length of 90 days, as
this is the standard length in Denmark.

Mortality

The Danish Civil Registration System maintained elec-
tronic records of changes in vital status of all citizens
since 1968 [9].

A. Nakano et al.
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Each record carries a unique 10-digit civil registration
number that is assigned to every Danish citizen and is used
in all Danish registries. For this study, we obtained informa-
tion on 1 year mortality after admission to hospital or first
hospital contact.

Patient characteristics

Data on patient characteristics were obtained from the
DHFR. The Charlson Comorbidity Index (CCI) covers 19
major disease categories [10], and was constructed based
on the hospitalisation history of each individual recorded
before the incident hospitalisation for HF. Data on previous
hospitalisations were obtained from the National Registry
of Patients, which contains data on all discharge diagnoses
in Denmark since 1977. Information about marital status,
employment status, personal income and educational level
were obtained from the Integrated Database for Labour
Market Research at Statistics Denmark. This database con-
tains socioeconomic information at the individual level of
Danish citizens.

Our study complied with the declaration of Helsinki,
and was approved by the Danish Data Protection Agency
(J.nr. 2008-41-2072 cvr-nr. 11-88-37-29) and the Danish
Clinical Registers.
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09-04-R71-A2370_09-S1-22524F], Research Foundation of
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Fabrikant Karl G. Andersens Fond.
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Statistics

We first computed the proportion of women and men
receiving the individual processes of care, defined as the
fulfilment of the specific performance measures monitored
in DHFR in the following age and sex groups: Men and
women ≤65 years; >65–80 years and >80 years. Only
patients fulfilling the inclusion criteria for the individual
processes of care and with available data were included in
the analyses. The proportions of patients receiving the indi-
vidual processes of care were compared, and binary regres-
sion was used to compute relative risks (RRs) for each age
group with 95% confidence intervals (CIs). Men in the
youngest age group (≤65 years) served as the reference in
all analyses. In addition, we also did supplementary analyses
in which the population was stratified by age and men used
as reference within each age strata.

We used multivariable Cox proportional hazards regres-
sion to compare 1 year mortality according to age and sex.
We first adjusted for patient characteristics and calendar
year and then in an extended multivariable model also
adjusted for the proportion of received processes of care as

well as use of pharmacological therapy during follow-up for
each patient. The latter were included as time-dependent
variables with a prescription length of 90 days. To examine
any changes in age- and sex-related differences in mortality,
we also repeated the analyses stratifying according to year
of diagnosis (2003–2006 vs. 2007–2010). Furthermore,
analyses were also stratified according to LVEF (≤40%
and >40%).

Data were analysed using Stata 13.0 (StataCorp LP,
College Station, Texas).

Results

Table 1 shows the characteristics of the 24.308 patients
according to age and sex. Age and sex specific characteris-
tics according to LVEF (≤40% and >40%) are available,
see Tables 2a and 2b in the supplementary data available at
Age and Ageing online.

Table 2 shows the use of the guideline-recommended
processes of care. Increasing age was associated with lower
proportion of patients receiving recommended processes of
care among both men and women, in particular echocardi-
ography, NYHA-classification, physical training and patient
education. Sex-related differences were, in general, smaller,
however, the proportion of women receiving the individual
processes of care tended to be lower than that of men of
the same age, in particular among the older patients with
HF (>80 years) see Table 3a in the supplementary data
available at Age and Ageing online.

Age- and sex-related differences in mortality

Age- and sex-specific mortality rate ratios are presented in
Table 3. The proportion of men who died within 1 year in
the different age groups ranged from 5.4% to 32.6%. The
corresponding proportions for women ranged from 6.6%
to 33.8%. The strongest predictors of 1 year mortality in
both the crude and multivariable analysis were age and
NYHA classification.

When adjusting for patient characteristics, the age-related
differences in mortality were reduced as reflected by the low-
er hazard ratios (HRs) in Table 3. Additional adjustment for
differences in the use of guideline-recommended processes
of care and pharmacological therapy during follow-up fur-
ther reduced the HRs among the older patients (>80 years),
whereas no substantial changes were observed among the
younger patients (Table 3). No major sex-related differences
in crude mortality were observed in any of the age groups,
however older women with HF tended to have a lower
mortality than men of similar age in the adjusted analyses.

When stratifying the analyses according to the year of
diagnosis, we found no statistical significant difference
between the two periods (2003–2006 vs. 2007–2010), see
Tables 4 and 5 in the supplementary data available at Age
and Ageing online.

The overall pattern regarding age- and sex-related
differences also remained when stratifying the analyses
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according to LVEF (i.e. ≤40% and >40%, respectively)
(data not shown).

Discussion

In this nationwide follow-up study, we found older age to
be associated with lower use of guideline- recommended
processes of HF care. Sex-related differences were, in gen-
eral, smaller and non-systematic. The age-related differences
in care may contribute to the higher mortality observed
among older patients.

The strengths of our study include the prospective
nationwide population-based design with virtually complete
long-term follow-up, a large number of patients and con-
secutive inclusion of in-hospital and out-patients with a first
time primary diagnosis of HF. Furthermore, thorough
efforts are made to ensure data validity in the DHFR and
all patients are included only after the diagnosis has been
verified by a senior cardiologist, who has reviewed the med-
ical record. Regular audits are conducted, which include val-
idation of the completeness of patient registration against
hospital discharge registries [11]. Although the complete-
ness of the patient registration in DHFR is very high with

respect to the target population, it is important to empha-
sise that the registry does not capture all persons with HF
in the Danish population. The inclusion criteria in the
DHFR are quite strict in order to ensure a relatively homo-
genous patient population in which it is possible to make
comparisons between hospitals and over time regarding the
quality of care. However, the total number of patients regis-
tered with a hospital discharge diagnosis of HF is substan-
tially higher than the number of patients included in the
DHFR (e.g. in 2014/2015 a total of 6,819 patients were
registered with a first-time HF diagnosis at Danish hospi-
tals, including all diagnostic positions, but only 3,742 were
included in the DHFR indicating that the total population
of patients registered with incident HF during our study
period may have been >50.000) [12]. Indeed, identification
of patients with HF is challenging and hospital discharge
registries have been reported to underestimate the true
prevalence of HF [13]. Among the excluded patients in our
database were patients with an incorrect HF diagnosis [14]
but also patients where HF was not registered as the pri-
mary diagnosis, probably including patients with multiple
morbidities and a complex clinical history. Caution is there-
fore required before generalising our findings to the entire

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Descriptive characteristics of 24,308 patients with incident heart failure in Denmark registered in the Danish Heart
Failure Registry stratified by age

Patients ≤65 years of age Patients 65–80 years of age Patients >80 years of age

Men, n (%) Women, n (%) Men, n (%) Women, n (%) Men, n (%) Women, n (%)
5362 (34.7) 1842 (20.8) 6702 (43.3) 3380 (38.2) 3398 (22.0) 3624 (41.0)

Left ventricular ejection fraction
LVEF≤40% 4581 (85.4) 1465 (79.5) 5253 (78.4) 2393 (70.8) 2276 (67.0) 1790 (49.4)
Missing 216 (4.0) 98 (5.3) 636 (9.5) 370 (11.0) 697 (20.5) 1135 (31.3)

New York Heart Association Classification
NYHA I 742 (13.8) 197 (10.7) 539 (8.0) 200 (5.9) 130 (3.8) 89 (2.5)
NYHA II 2245 (41.9) 718 (39.0) 2488 (37.1) 1162 (34.4) 844 (24.8) 694 (19.2)
NYHA III 860 (16.0) 359 (19.5) 1305 (19.5) 607 (18.0) 717 (21.1) 577 (15.9)
NYHAVI 81 (1.5) 25 (1.4) 95 (1.4) 56 (1.7) 109 (3.2) 90 (2.5)
Missing 1434 (26.7) 543 (29.5) 2275 (34.0) 1355 (40.1) 1598 (47.0) 2174 (31.3)

Smoking habits
Smoking 2387 (44.5) 750 (40.7) 1944 (29.0) 985 (29.1) 561 (816.5) 413 (11.4)
Missing 5 (0.1) 6 (0.3) 16 (0.2) 8 (0.2) 7 (0.2) 5 (0.1)
AMIa 1832 (34.2) 476 (25.8) 2945 (44.0) 1137 (33.6) 1374 (40.4) 1066 (29.4)
Strokea 472 (8.8) 133 (7.2) 1138 (17.9) 478 (14.1) 634 (18.7) 629 (17.4)
COPDa 614 (11.5) 294 (16.0) 1367 (20.4) 782 (23.1) 636 (18.7) 478 (13.2)
Hypertensiona 1646 (30.7) 574 (31.2) 2494 (37.2) 1400 (41.4) 1206 (35.5) 1539 (42.5)
Diabetesa 1031 (19.2) 338 (18.4) 1640 (24.5) 730 (21.6) 591 (17.4) 588 (16.2)

Use of pharmacological therapy during follow-up: At least 1 prescription/12 monthsb

Betablockers 2549 (47.5) 821 (44.6) 3229 (48.2) 1658 (49.0) 1387 (40.8) 1550 (42.3)
Beta-Alpha blockers 2725 (50.8) 917 (49.8) 2717 (40.5) 1131 (33.5) 821 (24.2) 583 (16.1)
ACE inhibitors 4609 (86.0) 1474 (80.0) 5193 (77.5) 2403 (71.1) 2099 (61.8) 1886 (52.0)
AT II receptor antagonists 934 (17.4) 457 (24.8) 1263 (18.8) 781 (23.1) 418 (12.3) 475 (13.1)
Statin 3285 (61.3) 968 (52.6) 4271 (63.7) 1919 (56.8) 1231 (36.2) 972 (26.8)
Insulin 390 (7.3) 156 (8.5) 562 (8.4) 264 (7.8) 151 (4.4) 169 (0.5)
Oral glucose lowering drugs 736 (13.7) 204 (11.1) 1079 (16.1) 444 (13.1) 331 (9.7) 296 (8.2)

LVEF, Left Ventricular Ejection Fraction; NYHA, New York Heart Association; AMI, Acute Myocardial Infarction; COPD, Chronic Obstructive Pulmonary Disease.
aData are from the Danish National Registry of Patients,
bNote that the data on pharmacological therapy reflects use at any time during the entire 12 months follow-up period and that patients may not necessarily have
used the drugs throughout the period.
Calender year 1–7 are not shown in this table.
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Table 2. RR for processes of care stratified by age and sex among patients with incident heart failure

Processes of care Patients who fulfilled the processes
of care, n = yes/total (%)

RR (95% CI) Missing cases (%)

Echocardiography
Men ≤ 65 years 4728/5341 (88.5) 1.00 613 (11.5)
Women ≤ 65 years 1591/1829 (87.0) 0.98 (0.96–1.00) 238 (13.0)
Men > 65–80 years 5494/6682 (82.2) 0.92 (0.92–0.94) 1188 (17.8)
Women > 65–80 years 2724/3373 (80.8) 0.91 (0.90–0.93) 649 (19.2)
Men > 80 years 2469/3385 (72.9) 0.82 (0.81–0.84) 916 (27.1)
Women > 80 years 2252/3610 (62.4) 0.70 (0.69–0.72) 1358 (37.6)

NYHA-classification
Men ≤ 65 years 3928/5348 (73.5) 1.00 1420 (26.6)
Women ≤ 65 years 1299/1827 (71.1) 0.96 (0.94–1.00) 528 (29.0)
Men > 65–80 years 4427/6685 (66.2) 0.90 (0.88–0.92) 2258 (33.8)
Women > 65–80 years 2025/3373 (60.0) 0.82 (0.79–0.84) 1348 (40.0)
Men > 80 years 1800/3386 (53.2) 0.72 (0.70–0.75) 1586 (46.8)
Women > 80 years 1450/3608 (40.2) 0.55 (0.52–0.57) 2158 (59.8)

ACE/ATII inhibitors
Men ≤ 65 years 3397/3542 (95.9) 1.00 145 (4.0)
Women ≤ 65 years 1083/1130 (95.8) 1.00 (0.99–1.01) 47 (4.2)
Men > 65–80 years 3170/3933 (94.3) 0.98 (0.97–0.99) 223 (5.7)
Women > 65–80 years 1672/1798 (93.0) 0.96 (0.96–0.98) 126 (7.0)
Men > 80 years 1510/1723 (87.6) 0.91 (0.90–0.93) 213 (12.4)
Women > 80 years 1087/1269 (85.7) 0.89 (0.87–0.91) 182 (14.3)

Betablockers
Men ≤ 65 years 3107/3522 (88.2) 1.00 415 (11.8)
Women ≤ 65 years 964/1109 (87.0) 0.98 (0.96–1.01) 145 (13.1)
Men > 65–80 years 3372/3912 (86.2) 0.98 (0.96–0.99) 540 (13.8)
Women > 65–80 years 1473/1771 (83.2) 0.94 (0.92–0.97) 298 (16.8)
Men > 80 years 1318/1695 (77.8) 0.88 (0.86–0.91) 377 (22.2)
Women > 80 years 945/1238 (76.3) 0.87 (0.84–0.89) 293 (23.7)

Physical training
Men ≤ 65 years 718/3750 (19.2) 1.00 3032 (80.9)
Women ≤ 65 years 256/1183 (21.6) 1.13 (1.00–1.28) 927 (78.4)
Men > 65–80 years 658/4203 (15.7) 0.82 (0.74–0.90) 3545 (84.3)
Women > 65–80 years 303/1896 (16.0) 0.83 (0.74–0.94) 1593 (84.0)
Men > 80 years 184/1836 (10.0) 0.52 (0.45–0.61) 1652 (90.0)
Women > 80 years 145/1374 (10.6) 0.55 (0.47–0.65) 1229 (89.4)

Patient education
Men ≤ 65 years 2792/3693 (75.6) 1.00 901 (24.4)
Women ≤ 65 years 891/1163 (76.6) 1.01 (0.98–1.05) 272 (23.4)
Men > 65–80 years 3013/4121 (73.1) 0.97 (0.94–0.99) 1108 (26.9)
Women > 65–80 years 1335/1876 (71.2) 0.94 (0.91–0.97) 541 (28.8)
Men > 80 years 1039/1780 (58.4) 0.77 (0.74–0.81) 741 (41.6)
Women > 80 years 704/1336 (62.7) 0.70 (0.66–0.74) 632 (47.3)

RR: Relative Risk; NYHA: New York Heart Association; ACE/ATII: Angiotensin converting enzyme/Angiotensin II antagonist inhibitors; LVEF: Left
Ventricular Ejection Fraction.
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Table 3. Crude and adjusted 1 year mortality according to age and sex among patients with incident heart failure

1 year mortality

Age (years) Sex Patients who died Crude hazard ratio (HR) Adjusted hazard ratio (HR)a Adjusted hazard ratio (HR)b

n = yes/total (%) (95% CI) (95% CI) (95% CI)

≤ 65 Men 291/5361 (5.4) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Women 117/1842 (6.6) 1.18 (0.95–1.46) 1.13 (0.91–1.41) 1.12 (0.90–1.40)

> 65–80 Men 947/6700 (14.1) 2.72 (2.39–3.11) 2.15 (1.87–2.47) 2.09 (1.82–2.40)
Women 473/3379 (14.0) 2.71 (2.34–3.13) 1.98 (1.69–2.32) 1.92 (1.64–2.25)

> 80 Men 1108/3396 (32.6) 7.10 (6.24–8.07) 4.54 (3.93–5.25) 3.87 (3.35–4.48)
Women 1223/3623 (33.8) 7.51 (6.61–8.54) 4.08 (3.51–4.75) 3.48 (2.99–4.05)

aAdjusted for patient characteristics listed in Table 2.
bAdjusted for patient characteristics listed in Table 2, and processes of care and use of pharmacological therapy during follow-up.
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HF population, but one could hypothesise that the age-
related differences in quality of care that we have identified
in the DHFR is a conservative estimate of the potential
age-related differences occurring in the entire population as
these differences may even be larger among older HF
patients with a less clear clinical picture and not seen by
specialists.

The baseline prevalence of AMI, hypertension and dia-
betes found in our study is in accordance with some HF
populations [15], but in contrast to others [16, 17]. It is
difficult directly to compare the details of the HF register-
based studies, due to the lack of an accurate and oper-
ational universal definition of HF [1, 15], which gives
room for substantial variation in the inclusion criteria in
the studies.

Although efforts were made to ensure the data validity
in the DHFR, data collection in routine clinical practice is
prone to misclassification and incomplete reporting. It
should be noted that for some variables we observed a
higher proportion of missing data among older patients
(e.g. LVEF). The incomplete data reporting was primarily
observed in the first years after the launch of the DHFR
and has subsequently declined substantially. Although we
can, by principle, not exclude the possibility that incomplete
data may have influenced our findings, we find it unlikely to
explain the overall patterns of care observed. Thus, when
we stratified the analyses according to calendar time, we
found similar age- and sex-related patterns in the early
(2003–2006) and late (2007–2010) part of our study period.

We did not have access to information on the reasons
of non-adherence to recommended processes of care in the
individual (e.g. poor tolerance or contraindication to specific
drugs), and even though we controlled for a wide range
of factors possibly affecting clinical outcome, we cannot
exclude the possibility that the results remain influenced by
residual or unaccounted confounding either due to miss-
ing data for some of the patients (e.g. NYHA class) or
complete lack of data (e.g. patient preferences) [18].

The lower use of guideline-recommended processes of
care among older patients in our study is in accordance and
extends findings from previous studies [19]. The reasons
for lower use of recommended care among older patients
are not clear, but the diagnosis of HF may be particularly
challenging, because atypical symptoms and presentations
are common, and comorbid conditions may mimic or
complicate the clinical picture [20]. It should be noted that
lower use of selected key processes (e.g. use of echocardio-
graph and NYHA-classification) may directly impact the
likelihood of using other processes of care (e.g. ACE-
inhibitor and beta-blocker therapy) [21]. Our study showed
that findings on age- and sex-related differences were simi-
lar among both HF patients with and without preserved
ejection fraction (HFPEF and HFREF, respectively). This is
an important finding since HFPEF is common among
older patients, in particular women [22] and the evidence-
based underlying treatment of patients with HFPEF is
modest-to-weak [23], which may also influence treatment

practices although studies have indicated that therapy with
ACE inhibitors and beta-blockers is also effective in
HFPEF patients [24, 25].

One could therefore suspect that the age-related differ-
ences found in our study were explained by age-related
differences in the ratio of patients with HFPEF/HFREF,
however this appeared not to be the case.

Focusing on the age-related differences in care and
mortality, it is important to keep the natural ageing of
humans in mind [26], taking into account the existing
comorbidities in the old population causing either difficulty
in tolerating the medications or being titrated up to the
recommended doses. We assessed use of pharmacological
therapy using data on filled prescriptions. Lack of filled
prescriptions could reflect lack of prescribing from the hos-
pital doctor or the general practitioner, but it may also
reflect that the patient did not go to the pharmacy to fill
the prescription. Whereas the first may reflect insufficient
care, the later phenomenon is more complex and may
reflect a range of patient-related challenges (e.g. lack of
motivation and knowledge about the rationale of the
prescribed treatment or lack of ability or willingness to
cover any out of pocket expenses). Furthermore, the older
patients may also be less likely to be prescribed evidence-
based HF medications due to a shorter expected length of
survival as a consequence of a higher level of comorbidity.
It should be noted that we did not have information on the
exact prescribed daily dosages of the examined drugs and
therefore only assessed whether the patients received the
drugs or not. Our analyses may therefore not fully reflect
the true differences in the quality of the pharmacological
therapy. However, if the treatment have a positive effect on
the quality of the remaining life, it is relevant to consider it
to old as well as younger patients [1].

In accordance with our findings for ACE/ATII receptor
inhibitors and betablockers, Pinã et al. similarly found that
women were likely to get ARBs instead of ACE inhibitors
probably because of the higher prevalence of ACE inhibitor
cough, but no difference in betablockers [5, 27]. In contrast
to our study, others found a significant difference between
men and women for guideline-recommended drugs [4].

As for mortality, our findings extend our understanding
of the mechanisms behind the age-related differences for
mortality. The increased mortality among the older patients
appeared to a large extend to be explained by differences in
the prognostic profile of the patient as well as differences
in the HF care including compliance with pharmacological
treatment.

The latter indicates a possibility to further reduce
age-related differences in mortality through a targeted
effort to optimise HF care for the oldest patients.
However, it should be borne in mind that it is essential
that the care is arranged in close accordance with the
individual patient’s preferences.

In accordance with most [19, 28] but not all previous
studies [29], we found no major differences in mortality
according to sex in our study. The inconsistency between the
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studies may reflect real differences in care patterns across
healthcare systems, but could potentially also reflect different
methodological approaches e.g. differences between the study
populations including the proportion of patients with
HFPEF [30].

Conclusion

Older Danish patients with a verified incident primary
hospital diagnosis of HF were less likely to receive
evidence-based care than younger patients, irrespective of
sex. These age-related differences in use of evidence-based
HF care may contribute to a higher mortality among older
patients. In contrast, no systematic sex-related differences
in mortality were identified. Continuous efforts are required
to ensure optimal care among patients with HF regardless
of their age

Key points

• Older patients with heart failure (HF) were less likely to
receive guideline-recommended processes of care.

• Lower use of evidence-based care may contribute to
excess mortality among older patients with HF.

• Use of evidence-based care did not depend on gender
• The age-specific mortality among HF patients did not
differ according to gender.

Supplementary data

Supplementary data mentioned in the text is available to
subscribers in Age and Ageing online.
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Abstract   

Objective: To examine the association between fulfilment of performance measures supported by 

clinical guidelines recommendations and 1-year mortality among patients with incident heart failure 

in Denmark. 

Design: A nationwide population-based follow-up study with data from the Danish Heart Failure 

Registry. 

Setting: All Danish hospital departments caring for patients with heart failure.  

Participants: We identified 24.308 in-and-outpatients diagnosed from 2003 to 2010. 

Intervention: We used data from the Danish Heart Failure Registry. Quality of care was defined as 

receiving the guideline recommended processes of care: use of echocardiography, New-York-

Heart-Association -classification, treatment with angiotensin-converting-enzyme  

inhibitors/angiotensin-II-receptor  blocker, betablockers, physical training and patient education.  

Main outcome measure: 1-year mortality. Multivariable Cox Proportional Hazard Regression was 

used to compute Hazard Ratios (HRs) for 1-year mortality adjusted for potential confounding 

factors. 

Results: 17.1% of patients died within 1 year. Adjusted HRs ranged from 0.56 (95 % Confidence 

Interval ((CI) 0.51-0.62)) for patient education to 1.00 (95 % CI 0.91-1.11) for betablocker therapy. 

The association between meeting more performance measures and 1-year mortality appeared to 

follow a dose-response pattern: Using 0 % -25 % of measures fulfilled as reference, patients who 

fulfilled between 76 and 100 % of the performance measures had an adjusted HR of 0.28 (95 % CI 

0.24-0.32), while the adjusted HR was 0.51 (95 % CI 0.47-0.55) for patients who fulfilled between 

26% - 50 % of the performance measures.  
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Conclusion: Meeting process performance measures, which reflects care in concordance with 

clinical guidelines recommendations, was associated with substantially lower 1-year mortality risk 

among patients with incident heart failure.  

 

 

Keywords: Performance measures of care, quality, Heart Failure, Guidelines, mortality 
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Introduction  

Heart Failure (HF) is a major public health problem and the number of persons affected steadily 

increases (1,2). Results from randomised controlled trials have demonstrated the efficacy of specific 

care components in reducing HF morbidity and mortality, e.g., treatment with Angiotensin 

Converting Enzyme/Angiotensin II antagonist (ACE/ATII) inhibitors and betablockers (2-4). 

However, the effectiveness of these interventions outside the very controlled and standardized 

settings of clinical trials is more uncertain. Furthermore, a direct link with important clinical 

outcomes has yet to be established for many processes of modern HF care including physical 

training and patient education. Comprehensive efforts have been made to develop and implement 

clinical guidelines for management of patients with HF (5,6). Still little is understood about the 

relationship between quality of care and HF outcomes in general medical settings as available data 

are sparse and inconclusive (5,6). In general, previous studies have been unable to demonstrate a 

consistent relationship between the quality of specific care components and clinical outcomes 

among HF patients, which potentially undermines the implementation of clinical guidelines and 

other initiatives to improve quality of care. 

To fill this gap in knowledge, we examined the association between the quality of care as reflected 

by fulfilment of process performance measures and 1-year mortality among Danish patients with 

incident HF in a nationwide registry-based follow-up study.  

  

Methods 

The Danish Heart Failure Registry (DHFR) is part of the Danish Clinical Registries – a nationwide 

initiative to monitor and improve the quality of care for specific diseases including HF (7). The 

initiative does this by developing evidence-based performance measures related to the structure, 

process, and outcome of health care and, subsequently, by monitoring and systematically auditing 
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the fulfillment of these measures. Participation is mandatory for all hospitals in Denmark treating 

patients with HF and is not associated with economic incentives. 

All Danish residents have free access to hospital care provided by the tax-financed Danish National 

Health Service, who also refunds a variable proportion of prescription medication costs (8) . All 

acute medical conditions, including HF, are treated at public hospitals in Denmark. We conducted 

this study by linking data from the DHFR with other nationwide medical registries. Since 1968 

every Danish citizen has been assigned a unique ten-digit civil registration number, which is used in 

all Danish registries, enabling unambiguous linkage between them (9). 

 

Data sources 

The DHFR was established in 2003 and holds prospectively collected data from all Danish 

hospitals, including both wards and outpatient clinics, treating patients with HF. A total of 41 

hospitals and 54 departments reported data to the DHFR during the study period. The hospitals and 

departments eligible for reporting data to the DHFR were identified by the Danish Regions, which 

are responsible for running the hospitals. The completeness of patient registration have been 

reported to be  98-100% for the vast majority of departments according to comparisons with local 

hospital discharge registries and the Danish Registry of Patients (7). In addition to data on care, the 

DFHR also holds data on a range of sociodemographic, clinical and life style related variables 

including age, sex, comorbidity, left ventricular ejection fraction (LVEF) and NYHA classification 

as well as alcohol intake and smoking habits.   

Information on comorbid disease was acquired from the DHFR as well as from the Danish National 

Registry of Patients, an administrative nationwide public registry which holds data on all 

admissions to somatic hospitals in Denmark since the 1st of January 1977 (10). 
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Information on vital status was acquired from the Civil Registration System, which since 1968 

maintains electronic records of changes in the vital status of all Danish residents. Each record 

carries a unique 10-digit civil registration number and contains information on name, sex, date of 

birth, place of birth, place of residence, citizenship, and daily updated information on vital status 

(9).  

We also obtained data regarding long-term use of pharmacological therapy from the Danish 

Medicines Agency´s Register of Medicinal Product Statistics, a national prescription registry that  

contains information on all redeemed prescriptions for reimbursable drugs dispensed from all 

pharmacies in Denmark since 1995 (11). The information includes type of drug (according to the 

Anatomic Therapeutic Chemical classification system) and the drugs dispensed. We identified all 

prescriptions for beta-blockers, alpha-beta blockers, ACE inhibitors, angiotensin II receptor blocker 

(ARB), statins, insulin and oral antidiabetics filled from hospital discharge until the end of follow-

up. All drugs were available by prescription only.  

Information about marital status, employment status, personal income, and educational level were 

ascertained from the integrated database for Labour Market Research at Statistics Denmark. This 

database contains socioeconomic information at the individual level of Danish citizens.  

 

Study population 

The study population included all patients registered in the DHFR for the period 2003 to 2010, who 

were for the first time ever either hospitalised or had a contact to an outpatient cardiology clinic 

with a primary diagnosis of HF identified by the following International Classification of Disease 

codes, 10
th

 revision (ICD-10): I11.0, I13.0, I13.2, I42.0, I42.6, I42.7, I42.8, I42.9, I50.0, I50.1, 

I50.2, I50.3, I50.8, I50.9). The HF diagnosis was verified by a cardiologist to ensure the validity of 

the diagnosis (12).  Patients were 18 years of age or older and Danish residents and were enrolled 
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irrespective of their left ventricular function. Patients who have previously been admitted with other 

conditions as the primary diagnosis (e.g. myocardial infarction, atrial fibrillation or a chest 

infection) and HF as a secondary diagnosis will therefore also be eligible if they at any time during 

the course of their disease is admitted or seen as an outpatient with HF as the primary diagnosis. We 

identified a total of 24,504 patients registered in DHFR during the study period. Of these, 129 had 

been residents in Denmark for less than one year, 16 had died before registration began, 4 had 

unknown vital status and 47 had age unknown in our dataset (i.e. did not have a valid civil 

registration number), leaving us with a total of 24,308 patients for analyses.   

   

Process performance measures of HF care  

The process performance measures reflect recommendations from national and international clinical 

guidelines on the care of HF patients (Table 1) (2,13). For the DHFR, a national expert panel 

including physicians, nurses, physiotherapists and dietitians were assigned to identify the 

performance measures (13-15). The expert panel followed a structured process to develop pathways 

and tools to ensure standardised procedures.  When selecting the measures, the feasibility of 

collecting the required data in routine clinical settings and the ability of the criteria to reflect the 

multidisciplinary efforts involved in HF care was also considered. A time frame was defined for 

each performance measure to capture the timeliness of the interventions (Table 1).  

Data were collected using a standardised registration form with detailed written data specifications 

for each item and was prospectively collected from the time of patient admission to hospital or first 

contact with an outpatient cardiology clinic. 

Two measures of care in DHFR, echocardiography and NYHA-classification, are monitored in all 

patients. The remaining processes of care (ACE/ATII inhibitors, betablockers, physical training, 

and patient education) are only monitored in patients with systolic HF (Left Ventricular Ejection 
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Fraction (LVEF) ≤ 40%). We computed an aggregated measure of the quality of care to reflect the 

overall quality of HF care. The score was calculated by dividing the number of fulfilled process 

performance measures with the total number of performance measures that the patient was eligible 

for. The score was categorized into quartiles, i.e., 0-25 % (low quality), 26-50 % (medium/low 

quality), 51-75 % (medium/high quality) and 76-100 % (high quality). 

 

Mortality 

We used the Danish Civil Registration System to obtain information on 1-year mortality for patients 

with HF. Follow-up time started on the date of first ever hospital admission or contact to the HF 

clinic and ended on the date of death, emigration or after 1 year, whichever came first. For all 

practical purposes follow-up on mortality using the Civil Registration system can be considered 

fully complete.  

 

 

The study was approved by the Danish Data Protection Agency (J.nr. 2008-41-2072 cvr-nr. 11-88-

37-29), the Danish National Indicator Project/ The Danish Clinical registers and the Ministry of 

Health. 

  

Statistics 

In and outpatients were followed from the data of admission until 1 year after admission or date of 

death, whichever came first. We first used multivariable Cox proportional hazards regression to 

assess the association between fulfilment of the individual process performance measures and 1-

year mortality. We adjusted for patient baseline characteristics presented in Table 2 and then in an 

extended multivariable model also adjusted for treatment and care during follow-up, including drug 
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use at the time of admission and during follow-up as well as mutual adjustment for other process 

performance measures. We repeated the analyses using the aggregated measure of overall quality of 

care (proportion of all performance measures being fulfilled) as exposure. Finally, all analyses were 

repeated after restricting to patients with LVEF ≤ 40%. 

There were missing data for some of the variables, ranging from 0.1% for income to 38.6% for 

NYHA-classification. Patients with missing data for these variables were not included in the 

multivariable analyses.  

Data were analysed using Stata 13.0 (StataCorp LP, College Station, Texas). 

 

Results   

Table 1 and 2 summarizes the patient characteristics of the 24.308 patients registered in the DHFR 

and the performance measures for the incident HF patients’ respectively.  

A total of 4159 patients died within 1 year after the date of diagnosis, corresponding to 17.1 %. As 

seen in Table 3, fulfilling the process performance measures was associated with a lower mortality. 

The adjusted Hazard Ratio (HR) ranged from 0.56 (95 % Confidence Interval ((CI) 0.51-0.62)) for 

patient education to 1.00 (CI 0.91-1.11) for initiation of betablocker therapy. Table 4 shows the 

association between meeting more processes of performance measures and 1 year mortality. 

Indications of a dose-response pattern were observed in this analysis, which used patients with 0 % 

-25 % of the measures fulfilled as reference. Patients, who received a care which fulfilled between 

75% and 100% of the measures, had an adjusted HR of 0.28 (CI 0.24-0.32), whereas patients who 

received a care meeting 0% to 25% of the measures had an adjusted HR of 0.51 (CI 0.47-0.55).  

When restricting analyses to patients with LVEF ≤ 40% we found that fulfilment of the process 

measures were strongly associated with 1 year mortality, Table 4 and 4a. We did not include 
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separate analyses for patients with LVEF > 40% as the sample was too small to provide a 

satisfactory statistical precision.  

 

Discussion  

In this nationwide follow-up study of patients with incident HF, we found that fulfillment of a range 

of process performance measures reflecting key elements of modern HF care was associated with 

lower mortality in real-world settings. The association which remained after adjustment for 

confounding factors appeared to follow a dose-response pattern. 

 The strengths of this study are the population-based design, the complete long-term follow-up, a 

large number of patients and consecutive inclusion of in-hospital and out-patients with a first time 

primary diagnosis. A potential limitation of our study is that the reliability of the DHFR data could 

have been limited by interobserver variability because the data are collected by many different 

clinicians during routine clinical work. However, extensive efforts are made to ensure the validity 

of the data in the DHFR. Structured audit processes are regularly carried out on national, regional 

and local bases to critically assess the quality of the data and results and provide continuous feed-

back to the hospital units (7). Clinicians could get further verification of data accuracy and 

justification of the method of indicator calculation if wanted. Should the clinicians experience 

difficulty in accepting indicator feed-back it was possible to review the records of their indicator-

failed patients as in the Brisbane Cardiac Consortium (16). The DHFR aims to include all incident 

patients admitted with HF as the primary diagnosis; consequently, the DHFR will not reflect the 

incidence of HF in the general Danish population. All patients are only included after approval by a 

cardiologist, which has reviewed the medical record. In light of consistency of the results and the 

dose-response effect it seems unlikely that the direction of the results could be attributed to bias and 

unaccounted confounding. Several precautions were taken to account for potential confounding, 
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including multivariable adjustment for a wide range of prognostic factors and stratification. 

Furthermore, only patients considered eligible for care by the staff were included in the analysis and 

thereby minimizing the risk of confounding by indication. These initiatives are likely to have 

reduced the influence of confounding substantially and the majority of the associations presented in 

Table 3 seem clinically reasonable. However, the findings of betablockers and physical training 

indicate that some caution is warranted when interpreting the results for the individual process 

performance measures, e.g., the apparent lack of association between early initiation of betablocker 

therapy and 1-year mortality may potentially reflect a combination of non-persistence, use of  

betablocker therapy in the comparison group (but with a later start) and potential unaccounted 

confounding by indication (17,18)  

 

The results of this study are supported by other studies that have addressed associations between 

processes of care and reduction in mortality (19-21). Still some studies find no or only little 

associations between performance measures and outcome for patients with HF (5,22). Heidenreich 

et al. found that hospitals receiving achievement awards from Get With the Guideline programmes 

have modest lower adjusted mortality, but also stated that the study provides evidence that quality 

improvement programmes that improve processes of care (performance measures) for heart disease 

may also improve patient outcome (23). Reasons for the discrepancies between studies could be 

differences in sampling, selection of the population, study designs, the chosen indicators 

(performance measures) (16,24). The importance of the chosen performance measures are 

supported by national and international guidelines (2,13)  and the measures are at least partly in 

accordance with measures used by other quality improvements initiatives including the Get With 

the Guideline programme (24). 
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As for patient education, our findings extends findings from previous studies, which reported 

patient education to be associated with a lower risk of readmission or death (25-27), although not all 

previous studies have indicated such a strong effect  (28,29). Patient education is also important as 

it influences quality of life after diagnosis of HF (30).  Implementing patient education as a core 

measure for quality databases could help the teams taking care of HF patients to qualify the 

education and hereby enhance adherence to guidelines (31).  

 

Conclusion 

In conclusion, meeting process performance measures reflecting clinical guidelines 

recommendations for HF care was associated with substantially lower 1 year mortality among real-

life incident HF patients in Denmark.  
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Table 1. Process performance measures monitored in the Danish Heart Failure Registry 

 

Process performance measure* 

 

 

Definition 

Echocardiography Proportion of patients who undergo 

echocardiography, no more than 6 months 

before or within 7 days after 1
st
 contact to either 

hospital or outpatient clinic 

NYHA classification Proportion of patients who undergo NYHA-

classification, within 12 weeks from admission 

to either hospital or outpatient clinic 

Medication 

(ACE/ATII inhibitors) 

Proportion of patients with reduced systolic 

function (LVEF below 40 %) who is treated 

with ACE/ATII inhibitors, within 8 weeks from 

admission to either hospital or outpatient clinic 

Medication 

(Betablockers) 

Proportion of patients with reduced systolic 

function  

( LVEF below 40 %) who is treated with 

betablockers,  within 12 weeks from admission 

to either hospital or outpatient clinic    

Physical training Proportion of patients with reduced systolic 

function (LVEF below 40 %) referred to 

individual physical training, within 12 weeks 

from admission  to either hospital or outpatient 

clinic 

Patient education Proportion of patients  with reduced systolic 

function (LVEF below 40 %) who started a 

structured patient education (inclusive nutrition, 

physical training, understanding  medical 

treatment, risk factors and symptoms of the 

disease), within 12 weeks from admission to 

either hospital or outpatient clinic 

NYHA: New York Heart Association, ACE/ATII Angiotensin converting enzyme/angiotensin II 

antagonist inhibitors, LVEF: Left Ventricular Ejection Fraction 

*All performance measures must be documented in the medical record 
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Table 2. Descriptive characteristics for patients with incident heart failure in Denmark registered in 

the Danish Heart Failure Register from 2003 to 2010. 

  

Patient characteristics (n = 24.308) (%) 

 

Age (year) N (%) 

18-65 7204 (29.6) 

>65-80 10082 (41.5) 

>80 7022 (28.9) 

Sex  

Male 15462 ( 63,6) 

Female 8846 (36,4 ) 

 

Left ventricular ejection fraction 

LVEF≤40% 17758 (73.1) 

LVEF>40% 3398 (13.9) 

missing 3152 (13.0) 

 

New York Heart Association classification 

NYHA-class I 1897 (7.8) 

NYHA-class II 8151 (33.5) 

NYHA-class III 4425 (18.2) 

NYHA-class IV 456 (1.9) 

missing 9379 (38.6) 

 

Comorbid diseases* 
AMI 

Yes 8830 (36.3) 

No 15478 (63.7) 

Stroke 

Yes 3484 (14.3) 

No 20824 (85.7) 

COPD 

Yes 4171 (17.2) 

No 20137 (82.8) 

Hypertension¹ 

Yes 8859 (36.4) 

No 15449 (63.6) 

Diabetes² 

Yes 4918 (20.2) 

No 19390 (79.8) 

 

Alcohol intake 

≤14/21 drinks pr. Week for female/male 16556 (68.1) 

>14/21 drinks pr. Week for female /male 1616 (6.7) 

missing 6136 (25.2) 
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Smoking habits 

Smoker 7040 (29.0) 

Nonsmoker 17221 (70.8) 

missing 47 (0.2) 

 

Marital Status 

Unmarried/Single 2628 (10.8) 

Married/separated/registered partner 12030 (49.5) 

Divorced/terminated partnership 3140 (12.9) 

Widow/longest living partner 6510 (26.8) 

 

Income (euro/year) 

Euro 0-17289 6061 (24.9) 

Euro 17290-21845 6075 (25.0) 

Euro 21846-30825 6076 (25.0) 

Euro 30826 (more) 6076 (25.0) 

missing 20 (0.1) 

 

The proportions of performance measures fulfilled 

From 0 and up to 25 % 3725 (15.3)    

From 26 % and up to 50 % 6456 (26.6)   

From 51 % and up to 75 % 6117 (25.2)   

From 75 % and up to 100 % 7990 (32.9)   

 

LVEF: Left Ventricular Ejection Fraction, NYHA: New York Heart Association, AMI: Acute 

Myocardial Infarction, COPD: Chronic Obstructive Pulmonary Disease,  

* Data are from the Danish National Registry of Patients 

¹Patients with a hospital diagnosis and/or in treatment with antihypertensive medication 

² Patients with a hospital diagnosis and/or in treatment with antidiabetic medication 
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Table 3. Association between fulfillment of performance measures and 1-year mortality 

 

Process performance measures Patients who died 

N = yes/total (%) 

 

Crude HR (95 % CI) Adjusted HR* 

(95 % CI) 

Adjusted HR**  

(95 % CI) 

Indicator 1: Echocardiography  2639/16613 (15.9) 0.40  (0.38-0.43) 0.63  (0.59-0.68) 0.74  (0.69-0.81) 

Indicator 2: NYHA classification 1604/13321 (12.0) 0.35  (0.33-0.37) 0.48  (0.44-0.51) 0.61  (0.57-0.66) 

Indicator 3a: ACE/ATII inhibitors 1417/11037 (12.8) 0.45  (0.42-0.48) 0.72  (0.66-0.78) 0.79  (0.72-0.88) 

Indicator 3b: Betablockers 1249/9927 (12.6) 0.47  (0.44-0.50) 0.78  (0.72-0.85) 

 

1.00  (0.91-1.11) 

Indicator 4: Physical training 189/2075 (9.1) 0.44  (0.38-0.50) 0.76  (0.65-0.88) 0.93  (0.81-1.10) 

Indicator 5: Patient Education 766/9006 (8.5) 0.30  (0.28-0.33) 0.51  (0.47-0.56) 0.56  (0.51-0.62) 

 
 

HR: Hazard Ratio, NYHA: New York Heart Association classification, ACE/ATII inhibitors: Angiotensin Converting Enzyme/Angiotensin II Antagonist inhibitors 

HR*Adjusted for baseline characteristics in table 2  

HR**Adjusted for baseline characteristics in table 2, use of ASA, clopidogrel, statins, diuretics, insulin, oral diabetic medication during follow-up  and mutual 

adjustment for other process performance measures 
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Table 3a. Association between fulfillment of performance measures and 1-year mortality, LVEF ≤ 40% 

 

Process performance measures Patients who died 

N = yes/total (%) 

 

Crude HR (95 % CI) Adjusted HR* 

(95 % CI) 

Adjusted HR**  

(95 % CI) 

Indicator 1: Echocardiography  2179/14137 (15.4) 0.93  (0.81-1.08) 1.11  (0.96-1.28) 1.12  (0.97-1.29) 

Indicator 2: NYHA classification 1283/11382 (11.3) 0.43  (0.40-0.47) 0.44  (0.40-0.48) 0.46  (0.43-0.51) 

Indicator 3a: ACE/ATII inhibitors 1417/11037 (12.8) 0.59  (0.54-0.64) 0.69  (0.64-0.76) 0.70  (0.64-0.76) 

Indicator 3b: Betablockers 1249/9927 (12.6) 0.62  (0.57-0.67) 0.75  (0.69-0.82) 

 

0.77  (0.71-0.84) 

Indicator 4: Physical training 189/2075 (9.1) 0.56  (0.49-0.66) 0.75  (0.65-0.87) 0.78  (0.68-0.91) 

Indicator 5: Patient Education 766/9006 (8.5) 0.35  (0.32-0.38) 0.48  (0.44-0.53) 0.50 (0.46-0.55) 

 

HR: Hazard Ratio, NYHA: New York Heart Association classification, ACE/ATII inhibitors: Angiotensin Converting Enzyme/Angiotensin II Antagonist inhibitors 

HR*Adjusted for baseline characteristics in table 2  

HR**Adjusted for baseline characteristics in table 2, use of ASA, clopidogrel, statins, diuretics, insulin, oral diabetic medication during follow-up  and mutual 

adjustment for other process performance measures 
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Table 4. Association between proportion of fulfilled process performance measures and 1-year mortality.        

 

 

 

 

 

 

 

 

 

 

 

 

HR Hazard Ratio,  

HR* Adjusted for baseline characteristics listed in table 2, use of ASA, chlopidogrel, statins, diuretics, insulin and  

oral antidiabetics during follow-up 

 

Table 4a.  Association between proportion of fulfilled process performance measures and 1-year mortality, LVEF ≤ 40%      

 

Proportion of criteria fulfilled Patients who died 

N = yes/total (%) 

Crude HR (95 % CI) Adjusted HR* (95 % CI) 

0 % -25 %  

 

296/630 (47.0) Reference: 1 Reference:1 

26 % - 50 % 

 

849/3364 (25.2) 0.57 (0.50 – 0.65) 0.64 (0.56 – 0.74) 

51 % - 75 % 

 

778/5315 (14.6) 0.34 (0.30 – 0.39) 0.48 (0.41 – 0.56) 

76 % - 100 % 

 

461/6057 (7.6) 0.18 (0.16 – 0.21) 0.30 (0.25 – 0.36) 

 

HR Hazard Ratio,  

HR* Adjusted for baseline characteristics listed in table 2, use of ASA, chlopidogrel, statins, diuretics, insulin and  

oral antidiabetics during follow-up 

Proportion of criteria fulfilled Patients who died 

N = yes/total (%) 

Crude HR (95 % CI) Adjusted HR* (95 % CI) 

0 % -25 %  

 

1422/2303 (61.7) Reference: 1 Reference:1 

26 % - 50 % 

 

1342/5111 (26.3) 0.41 (0.38 – 0.44) 0.51 (0.47 – 0.55) 

51 % - 75 % 

 

781/5333 (14.6) 0.20 (0.18 – 0.22) 0.32 (0.28 – 0.36) 

76 % - 100 % 

 

603/7386 (8.2) 0.18 (0.16 – 0.20) 0.28 (0.24 – 0.32) 
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