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“sometimes I sits and thinks, and sometimes I just sits.” Nalle Puh

The more you think, the more you realize that there is no easy answer,  
Nalle Puh 

Never, never, never give up, Winston Churchill
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Abstract

Background Patients older than 75 years with heart failure (HF) are 

usually managed in primary health care (PHC). The prevalene of HF is 

around 10% with a high mortality rate and frequent hospital admissions. 

Echocardiography and brain natriuretic peptides (BNP, NTproBNP) are 

important diagnostic tools but sparsely evaluated in elderly PHC patients.
Aims To validate the clinical diagnosis of HF in elderly patients and 
investigate the types of HF and underlying cardiovascular disorders focusing 
on sex and age differences. To explore the sensitivity, specificity, negative 
and positive predictive values (NPV, PPV) of BNP and NT-proBNP in 
patients with systolic HF and evaluate the impact of age and sex on NP 
levels. To investigate the associations of HF or NTproBNP on all-cause and 
cardiovascular mortality.  Finally, to study the prognostic value of 
NTproBNP, creatinine, estimated glomerular filtration rate, hemoglobin, 
high sensitive C-reactive protein, cholesterol, co-morbidities and a verified 
diagnosis of HF, on all-cause and cardiovascular hospitalisations. 

Methods Patients were recruited from one selected PHC. The general 

practitioners (GPs) registered all patients with suspected HF on a 

prespecified record and then referred them for an echocardiographic 

examination and a final cardiologist consultation. Blood samples (plastic 

EDTA tubes) for analysis of natriuretic peptides were stored frozen at – 70° 

C.  NT-proBNP was analyzed with proBNP immunoassay and BNP with 

immunoradiometric assay. Death certificates were used to register all-cause 

mortality and cardiovascular mortality. To register hospitalisations, medical 

records at the medical and surgical and heart centre departments were used. 

All classification was defined according to ICD-10, (codes I00-I99 and 

transitory ischemic attack, G45.9).

Results The GPs identified 121 women and 49 men with suspected HF of 

whom 39% (51 women and 16 men) were above 80 years. Myocardial 

infarction (OR:4,3 CL: 1,8-10,6) hypertension (OR:3,4 CI:1,6-6,9) atrial 

fibrillation (OR:2,8 CL:1,0-7,9) predicted a confirmed diagnosis of HF. 

Confirmed HF was verified in 45% of the patients and was significantly more 

common in men than women (p=0,02). The best NPV was 88 % for NT-

proBNP (200 ng/L) and 87 % for BNP (20 pg/ml). Age and male gender 

were associated with higher levels of NT-proBNP. During the 10-year follow 

up (median 4,17 years), 71 out of 144 (49%) patients died (women, 68%; 

men, 32%). In univariate Cox regression analysis, significant associations 

were found for overall HF (hazard ratio [HR]: 1.86; 95% confidence interval 

[CI]:1.15-3.01), isolated systolic HF (HR:1.95; 95% CI:1.06-3.61), and 

combined (systolic and diastolic) HF (HR:3.28; 95% CI:1.74-6.14) with all-

cause mortality, but not for isolated diastolic HF. In multivariable analysis, 
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age (HR: 1.11; 95% CI: 1.06-1.17), kidney dysfunction (HR:1.91; 95% CI:1.11-

3.29), smoking (HR:3.70; 95% CI:2.02-6.77), and NTproBNP (HR:1.01; 95% 

CI:1.00-1.02), but not any type of HF, significantly predicted all-cause 

mortality. During ten years, 136 (80%) patients were hospitalised with 660 

and 207 for all-cause and cardiovascular hospitalisations, respectively. Age 

(OR:1.1; 95% CI:1.01-1.15) and underlying heart disease (OR:3.5; 95% 

CI:1.00-11.89), significantly predicted all-cause hospitalisation. Overall HF 

(HR:1.8; 95% CI:1.06-2.94)  significantly predicted time to first all-cause 

hospitalisations. For cardiovascular hospitalisations age (OR:1.1;95%CI:1.01-

1.12), underlying heart disease (OR:3.4;95%CI:1.04-11.40) and NTproBNP 

≥800 ng/L (OR:4,3;95%CI:1.5-12.50)  were significant predictors.

Conclusion A confirmed diagnosis of HF was present in less than half 

(45%) of the patients. NPV was high, but not as high as in younger patients 

with HF. Patients diagnosed with systolic HF had a higher mortality than 

patients with diastolic HF compared to patients with no HF. Patients with 

combined HF were at even higher risk for all-cause mortality and 

cardiovascular mortality. Age, kidney dysfunction, NTproBNP and smoking 

predicted mortality. Age and underlying heart diseases were predictors for 

all-cause hospitalisations and together with NTproBNP they also predicted 

cardiovascular hospitalisations.  
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Sammanfattning på svenska

Bakgrund: Patienter äldre än 75 år behandlas vanligtvis i primärvården. 

Förekomsten av hjärtsvikt hos dessa äldre är ca 10% och med en hög risk för 

död och sjukhusinläggning. Ekokardiografi och natriuretiska peptider (BNP, 

NTproBNP) är viktiga diagnostiska metoder när det gäller hjärsvikt. Dessa 

metoder är sparsamt utvärderade hos äldre patienter i primärvården. 

Syfte: Att validera den kliniska diagnosen av hjärtsvikt hos äldre patienter 

och studera betydelsen av olika typer av hjärtsvikt och bakomliggande 

hjärtsjukdomar med fokus på ålder och kön. Utforska sensitivitet, 

specificitet, negativt och positivt prediktivt värde (NPV, PPV) av NTproBNP 

och BNP hos patienter med systolisk hjärtsvikt och utvärdera betydelsen av 

ålder och kön på nivåerna hos NTproBNP och BNP. Studera sambandet 

mellan hjärtsvikt och NTproBNP och totalmortalitet och kardiovaskulär 

mortalitet. Slutligen, studera den prognostiska betydelsen av NTproBNP, 

kreatinin, estimerad glomerulär filtrationshastighet (eGFR), hemoglobin, 

högkänsligt C-reaktivt protein (hsCRP), kolesterol, samsjuklighet och en 

säkerställd diagnos av hjärtsvikt för all sjukhusinläggning och 

kardiovaskulär sjukhusinläggning. 

Metoder: Patienterna inkluderades från Heimdalls hälsocentral i centrala 

Skellefteå. Där fanns ett register med patienter som fått diagnosen hjärtsvikt 

på kliniska grunder. Patienter som utifrån detta register samt konsekutiva 

patienter som primärvårdsläkarna på kliniska grunder bedömde ha 

hjärtsvikt inkluderades i studien. Primvårdsläkarna registrerade aktuella 

data i en fördefinierad hjärtsviktsjournal. Patienterna remitterades sedan till 

Forskningsmottagningen, Skellefteå lasarett där ultraljud av hjärtat (MO) 

och en kardiologkonsultation (KB) genomfördes utifrån hjärtsviktsjournalen, 

ultraljudsundersökningen och oftast tillgänglig sjukhusjournal. Blodprover 

togs och förvarades i -70º C för senare analys av bl.a. natriuretiska peptider. 

NtproBNP analyserades med proBNP immunoassay och BNP med 

immunoradiometrisk assay. För att registrera totalmortalitet och 

kardiovaskulär mortalitet användes diagnos från dödsorsaksintyg. 

Sjukhusinläggningar registrerades från medicin-, kirurgjournaler på 

Skellefteå lasarett samt från Hjärtcentrum på Umeå Universitetssjukhus. 

Alla diagnoserna för sjukhusinläggning definierades utifrån ICD-10, (I00-

I99 samt transitorisk ischemisk attack, G45.9).  

Resultat: Primärvårdsläkarna identifierade 121 kvinnor (medelålder 78 år) 

och 49 män (medelålder 75 år) med misstänkt hjärtsvikt varav 39% (51 

kvinnor och 16 män) var över 80 år. Hjärtinfarkt (OR:4,3 CL: 1,8-10,6) 
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hypertoni (OR:3,4 CI:1,6-6,9) och förmaksflimmer (OR:2,8 CL:1,0-7,9) 

predikterade en verifierad diagnos av hjärtsvikt. Hos 45% av alla 170 

patienter bekräftades diagnosen hjärtsvikt och var vanligare hos män än hos 

kvinnor (p=0.02). Bästa NPV för systolisk hjärtsvikt var 88% för NTproBNP 

vid värdet 200ng/L och 87% för BNP vid värdet 20pg/ml. Det fanns ett 

samband mellan ålder och kön och högre nivåer av NTproBNP. Under 10 års 

uppföljning (median 4.17 år) dog 49%  (71 av 144 patienter) varav 68% 

kvinnor och 32% män. I univariat Cox regressions analys fann vi signifikant 

samband mellan all hjärtsvikt (hazard ratio [HR]: 1.86; 95% 

konfidensintervall [KI]:1.15-3.01), isolerad systolisk hjärtsvikt (HR:1.95; 95% 

KI:1.06-3.61), och kombinerad (systolisk och diastolisk) hjärtsvikt (HR:3.28; 

95% KI:1.74-6.14) med all mortalitet. Detta samband fann vi inte för isolerad 

diastolisk hjärtsvikt. I multivariat analys fann vi att ålder (HR: 1.11; 95% KI: 

1.06-1.17), nedsatt njurfunktion (HR:1.91; 95% KI:1.11-3.29), rökning eller 

ex-rökning (HR:3.70; 95% KI:2.02-6.77) och NTproBNP (HR:1.01; 95% 

CI:1.00-1.02) predikterade all mortalitet, däremot ingen typ av hjärtsvikt. 

Under 10 år har 136 (80%) patienter  haft totalt 660 sjukhusinläggningar 

totalt varav 207 kardiovaskulära. Ålder (OR:1.1; 95% KI:1.01-1.15) och 

underliggande hjärtsjukdom (OR:3.5; 95% KI:1.00-11.89) predikterade all 

sjukhusinläggning. För kardiovaskulär sjukhusinläggning var ålder 

(OR:1.1;95% KI:1.01-1.12) underliggande hjärtsjukdom (OR:3.4;95% 

KI:1.04-11.40) och NTproBNP ≥800 ng/L (OR:4,3;95% KI:1.5-12.50)  

signifikanta prediktorer. Hjärtsvikt överhuvudtaget predikterade signifikant 

tid till första sjukhusinläggning med HR:1.8; 95% KI:1.06-2.94. 

Konklusion: Av alla patienter med misstänkt hjärtsvikt bekräftades 

diagnosen hjärtsvikt i endast 45%. Vi fann ett högt värde av NPV för systolisk 

hjärtsvikt hos dessa äldre men inte lika högt som man funnit hos yngre 

patienter. Patienter med systolisk hjärtsvikt hade högre mortalitet än de med 

diastolisk hjärtsvikt jämfört med referensgruppen utan hjärtsvikt. Patienter 

med kombinerad hjärtsvikt hade ännu högre risk för total och 

kardiovaskulär mortalitet. Ålder, nedsatt njurfunktion, NTproBNP och 

rökning eller ex-rökning predikterade mortalitet. Ålder och underliggande 

hjärtsjukdom var prediktorer för all sjukhusinläggning och tillsammans med 

NTproBNP predikterade de även kardiovaskulär sjukhusinläggning.  
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Abbreviations
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ANP a-type natriuretic peptide
ADH anti diuretic hormone
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ARB angiotensin receptor blocker
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CV coefficients of variation
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ICD international classification of disease
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RAAS renin angiotensin aldosterone system
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SPSS statistical package for social sciences
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SVI stroke volume index
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TDI S´ tissue doppler imaging systolic velocity
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Introduction

The history of chronic heart failure

The symptoms of chronic heart failure (CHF) have been recognized and 

described since ancient times. CHF was described by doctors in both Greece 

and Egypt, although they did not know that the symptoms originated in the 

heart (1). Interestingly, Hippocrates from Kos (460–370) specifically stated 

that the heart could not be the cause of the symptoms, as he believed this 

organ could not be affected by a disease due to its compact and massive 

construction. Not until many years later did the meticulous scientific work of 

William Harvey (1578–1657) reveal the physiology of the circulation, 

dramatically changing the view of the body. Indeed, this work became the 

cornerstone of modern medicine.

Although treatment of heart failure (HF) was unknown, a common clinical 

manifestation of HF, dropsy, was treated by surgery. The first drawing to 

depict the treatment of dropsy was made by J. Sculteusin in 1741 for the 

Armamentarium Chirurgicum (New York Academy of Medicine).

Figure 1. Treatment of dropsy. A drawing by J. Sculteusin in 1741.
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Although dropsy was treated surgically in the early 18th century, the 

manifestations of CHF were not treated pharmacologically until 1785, when 

William Withering identified digitalis purpurea as the diuretic ingredient of 

the Shropshire woman’s herbal brew in his famous work, “An account of the 

foxglove, and some of its medical uses and other diseases”.

Figure 2. A painting of William Withering by the Swedish painter Carl 
Frederik von Breda.

Even though Withering believed that digitalis acted primarily on the kidneys, 

he recognized that patients with rapid and irregular pulses responded best to 

the drug (2). After Withering’s discovery, digitalis became the drug of choice 

for all dropsy conditions. The toxic side effects of digitalis caused it to be 

abandoned until 1911, when McKenzie (3) began using it for its nodal 

blocking effects. Starting in 1950, digitalis became one of the most 

prescribed cardiovascular drugs, although its use was again questioned in 

the 1980s. 

A number of new cardiovascular drugs, along with advances in surgical and 

technical devices, have revolutionized the treatment of CHF over the last 30 

years. However, most trials include patients who are 60 to 70 years old; 

elderly patients aged 75 years and older have rarely been studied, even 

though they constitute the largest number of patients with HF.
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Definition of HF

The definition of HF has changed over time (4), (Table 1). 

HF should be considered a syndrome with symptoms (e.g. breathlessness) or 

signs (e.g. pulmonary crackles) caused by cardiac dysfunction due to 

underlying heart disease, usually ischemic and/or hypertensive heart 

disease. A common clinical practice is to divide HF into acute HF and CHF. 

These two conditions differ in many respects, especially when it comes to the 

pathophysiological mechanisms. Acute HF is a condition with severe 

symptoms and signs that often shows sudden onset (within a 24-hour 

period). The clinical manifestations of acute AF include acute worsening of 

CHF (decompensation), acute pulmonary oedema (because of cardiac 

dysfunction), and cardiogenic shock (5). Congestive HF or CHF is, in 

general, a chronic condition that can lead to hospitalization or to more 

frequent visits to the doctor. The present thesis deals only with CHF. 

Table 1. The definitions of heart failure over time. 

Paul Wood, 1950 “A state in which the heart fails to 

maintain an adequate circulation for 

the needs of the body despite a 

satisfactory filling pressure”. 

Eugene Braunwald, 1980

….added in  ESC guidelines, 2012

“A pathophysiological state in which 

an abnormality of cardiac function is 

responsible for the failure of the heart 

to pump blood at a rate 

commensurate with the requirements 

of the metabolising tissues”. 

…..with a normal filling pressure

National Board of Health and 

Welfare Drug Information 

Committee, Sweden, 1985

“ Chronic congestive heart failure is a 

clinical condition characterised by salt 

and water retention and where the 

underlying cause is altered cardiac 

performance”
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In the latest European Society of Cardiology (ESC) guidelines from 2012, the 

definition of HF is based primarily on the definition proposed by Eugene 

Braunwald (6).

Epidemiology of HF

The prevalence of symptomatic HF is estimated to be around 2% in Sweden, 

meaning that about 195 000 people in Sweden currently have HF. In 

patients 70–80 years of age, the prevalence rises to 10%–20% (5). The 

prevalence of patients with asymptomatic HF is also estimated to be around 

2%. The Framingham Heart Study was an epidemiological study conducted 

in the United States that involved repeated examinations over several 

decades starting in the 1940s. It demonstrated that the prevalence of HF 

increased with age, from 0.8% in those 50–59 years old to 6.6% in men aged 

80–89 years. Women aged 50–59 years old also showed a prevalence of 

0.8%, but this increased to 7,9% in 80–89-year-old women (7), (Figure 3). 

These figures were based on the major and/or minor clinical Framingham 

criteria. 

Figure 3. Prevalence rates of chronic heart failure (CHF) in the Framingham 

Heart Study subjects by sex and age.
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The Olmsted County Study, also conducted in the United States, diagnosed 

HF using echocardiography and found the prevalence of HF to be 2.2%. Of 

these patients, 44% had an EF >50%, and 7.3% had moderate or severe 

diastolic dysfunction. Moderate or severe systolic dysfunction (EF ≤40%) 
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was found in 2.0% of subjects, but less than half of those with moderate or 

severe diastolic or systolic dysfunction had HF (8).

In a Swedish study of hospitalized patients followed from 1990 to 2007, the 

prevalence of HF peaked in 1998 and then declined slowly from 2002 until 

2007 (9). The incidence of HF in Sweden is estimated to be 30 000 

persons/year (10). 

Another study from Framingham found that incidence of HF increased with 

higher age and was more common for men than women (11). In the 

Hillingdon study from London, the incidence rate of HF increased from 

0.02% in those aged 45-55 years to 1.2% in those >85 years of age (12). 

However, the Rotterdam study showed a HF incidence rate of 0.1% in those 

aged 55–59 years and 4.2% in those aged 85–89 years (13).

In summary, figures for the prevalence and incidence of HF should be 

interpreted cautiously, as they depend on a number of factors, such 

demographic characteristics and HF diagnostic criteria. There is a need for a 

more up-to-date epidemiological study, especially in patients 80 years old 

and older. 

Aetiology of HF

In Western developed countries, ischemic heart disease and/or hypertension 

are the most common causes of HF, representing around 75% of all 

underlying heart disease (14). In elderly primary health care patients (15), 

hypertension is the most common cause, while ischemic heart disease (16) is 

the most common cause of HF in hospitalized patients.
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Table 2. The aetiology of heart failure, ischemic heart disease and 

hypertensive heart disease account for ≈ 75% (14).

Table 3. Precipitating factors of worsening chronic heart failure (14)

 Ischemic heart disease

 Hypertensive heart disease 

 Cardiomyopathy

  - Dilated

  - Hypertrophic

 Valvular heart disease

Tachy-arrythmias

 Diabetes

 Thyroid diseases

≈ 75%

Infection

Arrhythmia

Alcohol

Pulmonary embolism

Treatment with for example NSAID (non     
steroidal anti-inflammatory drugs)

Chronic obstructive lung disease

Anemia

Non compliance to prescribed treatment
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The pathophysiology of HF

Cardiac function may be more or less impaired when the heart is affected by 

a specific disease, for example by myocardial infarction or by long-standing, 

poorly-treated hypertension. There are a number of adaptive mechanisms 

that compensate for diminished cardiac output that manifest during exercise 

in the early phase of HF and even at rest in severe cases. These 

compensatory adaptations can be summarized as follows:

1. Cardiac and circulatory compensatory factors.

2. Activation of hormonal systems, such as the renin-angiotensin-

aldosterone system (RAAS) and the sympathetic nervous system 

(SNS).

3. Along with RAAS and SNS, which are the most studied, there are a 

number of other regulatory mechanisms, such as vasopressin 

activation, inflammatory responses, and counter-regulation of 

natriuretic peptides.

Cardiac and circulatory compensatory factors

The main cardiac compensatory mechanism is the Frank-Starling 

mechanism, first described by the German physiologist Otto Frank (1865–

1944) and the British physiologist Ernest Henry Starling (1866–1927) in the 

early 20th century in one of the most cited physiological studies (17). The 

definition of the mechanism states that the stroke volume of the heart 

increases in response to an increase in the volume of blood filling the heart 

(the end diastolic volume) when all other factors remain constant (Figure 4). 
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Figure 4.  The Frank-Starling mechanism 1914 “The law of the heart….the 

mechanical energy depends on the length of the muscle fibre”.

Pulse rate and increased contractility (positive inotropy) of the heart muscle 

are two other important cardiac compensatory mechanisms. Contractility is 

the inherent capacity of the myocardium to contract independently of 

changes in preload or afterload (18). Another important compensatory 

feature is the development of cardiac hypertrophy in response to pressure, 

volume overload, or loss of myocardial cells (19), (Figure 5).

Figure 5. Causes and pathophysiological mechanisms of hypertrophy
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For optimal function of the circulatory system, the function of the peripheral 

arteries, arterioles, and venous vessels is very important for the filling 

pressure of the ventricles (preload) and for the peripheral resistance 

(afterload) (20). Preload and afterload are often increased in HF in order to 

maintain adequate blood pressure. 

Activation of neurohormonal systems in HF

In addition to the cardiac and circulatory regulating and compensatory 

mechanisms, RAAS and SNS activation are prominent features of HF (21, 

22). Activation of these systems is thought mainly to maintain adequate 

blood volume and blood pressure. The problem for the heart muscle is that 

activation of these systems has maladaptive consequences that put strain on 

the damaged myocardium, thereby accentuating the vicious circle. RAAS 

activation increases both blood volume and vasoconstriction, (Figure 6) 

while SNS activation increases vasoconstriction, pulse rate, and blood 

pressure. Activation of either system increases the load on the myocardium.

Figure 6. The Renin Angiotensin Aldosterone System.

Elevation of preload and afterload increases the strain on the failing heart, 

and together with the activation of the neurohormonal systems creats a 

“vicious circle”, as outlined in Figure 7. 

Inappropriate RAAS, SNS, and vasopressin activation are counteracted by 

natriuretic peptides, which induce vasorelaxation, natriuresis, and diuresis, 
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thus opposing the pathophysiological hormonal responses of HF. Secretion 

of brain natriuretic peptide (BNP) is regulated by cardiomyocyte wall 

tension and is proportional to the degree of myocardial stretch (23). There is 

a very complex interplay between all of these regulatory systems, and this 

interplay involves many other mechanisms, such as inflammatory pathways 

and the bradykinin and endothelin systems. Pharmacological interventions 

have targeted the activation of these different systems, and the most 

successful treatments are based on RAAS and SNS inhibition.

Figure 7.  The vicious circle of heart failure.

SNS= sympathetic nervous system; RAAS= renin angiotensin aldosterone system;

ADH= anti diuretic hormone.
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Pathophysiology of HF in elderly patients

The pathophysiology of HF in the elderly differs somewhat from that of HF 

in younger patients due to changes in the structure and function of the heart 

that are associated with ageing. For example, the clinical picture of HF in the 

elderly is often associated with the condition of the preserved ejection 

fraction (HF-PEF) (24).

The ageing heart shows a decrease in both the number and the function of 

myocytes due to enhanced necrosis and apoptosis (25). In addition to the 

accompanying hypertrophy, the ageing heart shows an imbalance in 

extracellular matrix metabolism, leading to increases in myocardial collagen 

and the development of myocardial fibrosis (26). Myocardial fibrosis is 

enhanced by several mechanisms, including upregulation of RAAS and other 

inflammatory systems (26, 27). Left ventricular (LV) hypertrophy with 

subsequent impaired relaxation is also a feature of the ageing heart (28). 

Moreover, the entire circulatory system is affected by age-associated 

changes that cause arterial vascular fibrosis, thickening, and stiffening (29). 

The peripheral circulatory changes induce an increase in afterload, which 

worsens LV hypertrophy. HF symptoms and reduced exercise capacity in 

elderly patients are primarily manifested by lower heart rate increases 

during exercise (28). A higher afterload and end-diastolic pressure due to 

vascular stiffness contribute to reduced exercise capacity. Stroke volume is 

also more preload-dependent due to impaired relaxation (28, 29). 

EF and contractility are preserved initially; this is termed HF with preserved 

ejection fraction (HF-PEF) (28). The age-associated arterial stiffness, along 

with the accompanying increase in aortic impedance, can substantially 

increase systolic pressure. This can further increase end-diastolic pressure 

of a stiff left ventricle (29) and can also induce pulmonary oedema. Other 

clinical conditions that further impair LV filling, such as atrial fibrillation, 

may thus trigger cardiac decompensation more easily in the elderly 

compared to younger patients with HF.

Symptoms and signs of HF

The symptoms of HF are often unspecific. One example is breathlessness, 

which is the most common symptom of HF. Notably, breathlessness and 

some other symptoms can be determined both as true symptoms 
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(what patients say they are feeling) and as physical signs (the physician’s 

observations of the patient, e.g., “exhibits laboured breathing”) (30).

A number of other unspecific symptoms or signs are common in patients 

with HF (Table 4). Elderly patients often have comorbidities, which 

complicates the interpretation of the symptoms in the patient and makes it 

very important to focus on and define possible underlying heart diseases. 

Table 4. Symptoms of HF (31).

Functional classes

The New York Heart Association (NYHA) functional classification (Table 5) 

categorizes the degrees of severity of HF, with higher classes indicating more 

severe symptoms (32). 

Table 5. NYHA functional classification

I No limitation of physical activity.

II Slight limitation of physical activity. 

Comfortable at rest.

III Marked limitation of physical activity. 

Comfortable at rest.

IV Unable to carry on any physical activity. 

Symptoms at rest.

 Breathlessness
 Tiredness
 Oedema
 Weight gain
 Palpitation
 Decreased condition
 Nocturia
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NYHA function as estimated by doctors has prognostic value for mortality 

and hospitalization (33, 34). Self-assessed NYHA function by patients with 

HF is also a prognostic factor for both hospitalization and mortality (35).

Echocardiography

Since the 1980s, echocardiography has become increasingly important as a 

diagnostic tool. Transthoracic echocardiography (with the transducer on the 

chest) is the routine method for examining a patient with heart disease. This 

ultrasound technique can be used to visualize the pump function, 

anatomical changes, blood flow, valve function, and wall movements of the 

heart. 

One disadvantage of echocardiography is that ultrasound waves can not 

image through bone tissue and air. Accordingly, it is difficult to use 

echocardiography to examine the hearts of obese patients, patients with 

large breasts, and patients with emphysema, as less interpretable images are 

obtained. With transoesophageal echocardiography (with the transducer in 

the oesophagus), it is possible to view the heart from behind, which gives a 

better view of the atrium, ventricles, and the valves of the heart (1). Three-

dimensional (3D)-echocardiography is a newer technique that enables a very 

detailed anatomical assessment of cardiac pathologies, particularly valvular 

defects (36) and cardiomyopathies (37). Doppler techniques have been 

developed for use in combination with echocardiography, thus contributing 

to important advances in the diagnosis of heart diseases. In addition to 

measuring mitral velocities, information can be obtained by colour M-mode 

(38) and tissue Doppler imaging (38).

Echocardiography is almost indispensable for the diagnosis of HF. It is 

important to determine the different components of LV systolic and diastolic 

function and especially estimated EF, as this constitutes the diagnosis of HF 

with preserved EF (HF-PEF) and HF with reduced EF (HF-REF). EF 

expresses the volume of the LV chamber that is emptied during each 

contraction divided by the end diastolic volume, (Figure 8). The normal 

value for EF is usually considered to be ≥ 50% (6), and the most common 

method for measuring EF is using the biplane methods of disc (modified 

Simpson’s rule) (39). Fractional shortening (FS) is another way to assess LV 

global function (40), (Figure 9). When echocardiography was one-

dimensional in the past, FS was calculated from the M-mode (41), but now 

FS can be determined from the usual two-dimensional (2-D) 

echocardiogram. 
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The Teicholz formula was another way to calculate LV global function i.e. by 

using FS multiplied by 1.7. However this method is inaccurate when there 

are regional wall motion abnormalities in the left chamber (42). Of these 

methods for determining EF, the current 2012 ESC guidelines recommend 

the use of Simpson’s rule for estimating the EF. 

Figure 8 and 9. The formulas used for determining the ejection fraction (EF)

and fractional shortening (FS).

Echocardiography can be used for a number of other measurements of 

systolic function: visual estimation of LV function (43); wall motion score 

index (WMSI) (44); atrioventricular plane displacement (AVPD) 

measurement (45); Doppler-derived mitral regurgitation dp/dt (MRdp/dt) 

(46); stroke volume index, (SVI) (47); and tissue Doppler imaging systolic 

velocity (TDI S´) at the septal corner of the mitral annulus (48). 
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Of these, AVPD is generally easy to perform and is used the most often in 

clinical practise. 

Diastolic function has received increasing interest during the last 20 years, 

and a number of echocardiographic measurements have been proposed to 

determine LV filling abnormalities. Currently the following measurements 

can be used to quantify ventricular filling disturbances: LA index (49); the 

ratio between early (E) and late (A=atrial) mitral inflow velocity (E/A) (50); 

E deceleration time (DT) (51); isovolumic relaxation time (IVRT) (51); the 

ratio between pulmonary vein systolic and diastolic flow velocities (PVs/d) 

(52); the difference between the pulmonary AR-dur and mitral A-dur 

(PVARdur-Adur) (53); flow propagation velocity (Vp) (38); tissue Doppler 

imaging early diastolic velocity (TDI E´) (38); tissue Doppler imaging late 

diastolic velocity (TDI A´) (54); LA contractility (55); E/E (56); and E/Vp 

(57). There is no consensus about whether all variables should be measured 

or whether the number of measurements could be reduced (58).

Natriuretic peptides

The natriuretic peptide family consists of several peptides, three of which 

are listed below:

1. A-type natriuretic peptide (ANP). 

2. B-type natriuretic peptide (BNP).

3. C-type natriuretic peptide (CNP).

ANP is produced primarily in the atrium of the heart. BNP was first detected 

in the porcine brain in 1988 (59), but in humans it is mostly found in cardiac 

myocytes in the ventricle (60). In this thesis, I focus on BNP.

The main effect of BNP is to reduce peripheral vascular resistance, 

natriuresis, and diuresis and thus to counteract the pathophysiological 

hormonal responses of HF. The secretion of BNP is regulated in response to 

cardiomyocyte wall tension: greater myocardial stretch results in greater 

BNP secretion. BNP’s precursor, pre-proBNP, is a 134-amino acid protein; 

after cleavage, a 108-amino acid prehormone remains, which is termed 

proBNP. Before release into the blood stream, proBNP is cleaved into the 

biologically inactive NTproBNP and into the biologically active BNP. 
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There are differences between BNP and NTproBNP in terms of their 

clearance and half-life. BNP is a small molecule with a half-life of about 20 

minutes, while NTproBNP is a larger molecule with a half-life of about 120 

minutes (61). The clearance of BNP is mediated by specific receptors as well 

as by endopeptidases and by direct renal clearance, while NTproBNP is 

cleared mostly by direct glomerular filtration (62). Differences in the 

clearance mechanisms may explain the differences in normal plasma values 

for BNP and NTproBNP (61). 

Immunoassay methods are used to measure BNP and NTproBNP. There are 

methods for laboratory use and for outpatient clinical assessment (bedside 

use). There are also differences regarding stability in blood samples in that 

the BNP can be stabilized by using an EDTA-tube or by adding a protease 

inhibitor (63). NTproBNP is a stable molecule, both in terms of sample 

stability and in terms of precision and correlation between sample types 

(64). NTproBNP and BNP levels are somewhat correlated, and both can be 

used in clinical care. Two studies have compared BNP and NTproBNP and 

found that NTproBNP was slightly superior to BNP for detecting LV-

dysfunction but also predicting death and morbidity for HF (65, 66). 

A normal BNP or NTproBNP level has a high negative predictive value for 

ruling out HF in untreated patients (67). In primary health care, it is very 

useful to have a laboratory test that can reduce the need for 

echocardiography in some patients (68). While there is general agreement 

regarding appropriate cut-off values for ruling out HF in younger patients, 

questions remain regarding the optimal cut-off value for elderly patients, 

and especially for patients in primary care (69, 70, 71). Another bigger 

question is the optimal value for diagnosing HF. The 2008 ESC guidelines 

suggested interval values for which the diagnosis of HF is unlikely, 

uncertain, or likely, (Figure 10).

For prognostic purposes, natriuretic peptides have emerged as the most 

valuable diagnostic tools for HF. For example, in patients hospitalized with 

decompensated HF, high levels of BNP or NTproBNP are associated with a 

worse prognosis. However, the clinical prognostic value has not been fully 

evaluated in elderly patients in primary health care.
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The diagnosis of HF

Over the years there have been a number of recommendations for 

diagnosing HF. For example, the first ESC guidelines in 1995 (72) proposed 

using the following criteria to diagnose HF:

1. Symptoms of HF (at rest or during exercise).

2. Objective evidence of cardiac function (at rest).

3. Criteria 1 and 2 should be fulfilled for the diagnosis of HF. The patient’s 

response to treatment directed towards HF could be used in cases in which 

the diagnosis is in doubt.

New guidelines were launched in 2005, and criterion 2 was expanded to 

note that echocardiography was the preferred method for measuring cardiac 

function to diagnose systolic or diastolic HF. For the first time, the 2008 

ESC guidelines included the concentration of natriuretic peptides as 

objective evidence of structural and functional abnormality of the heart at 

rest.

To diagnose a patient with HF, one needs to determine the symptoms and to 

perform echocardiography. A low level of BNP or NT-proBNP is used mainly 

to exclude HF, but an elevated level of natriuretic peptides indicates the 

likelihood of CHF, see figure 10. In the 2008 ESC guidelines, the diagnostic 

flowchart for diagnosing HF was based on untreated patients with 

symptoms suggestive of HF.
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Figure 10. Flow chart for the diagnosis of HF with natriuretic peptides in 

untreated patients with symptoms suggestive of heart failure in European 

society of cardiology guidelines in 2008. ("With permission of Oxford 

University Press (UK) © European Society of Cardiology, 

www.escardio.org/guidelines.")  

BNP=brain natriurteic peptide; NTproBNP= N-terminal pro brain natriuretic peptide.

The current (2012) ESC guidelines (6) propose much lower cut-off levels for 

BNP or NT-proBNP for non-acute onset of HF than did the 2008 ESC 

guidelines, (Figure 11). 
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Figure 11. Diagnostic flowchart for patients with suspected heart failure in 

the European society of cardiology guidelines for heart failure 2012. ("With 

permission of Oxford University Press (UK) © European Society of 

Cardiology, www.escardio.org/guidelines.")  

In the 2012 ESC guidelines, the diagnosis of HF is based on the 

measurement of EF, (Table 6).
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Table 6. Diagnosis of heart failure according to the 2012 ESC guidelines.

The diagnosis of HF-REF requires three conditions to be satisfied:

1. Symptoms typical of HF

2. Signs typical of HF

3. Reduced LVEF

The diagnosis of HF-PEF requires four conditions to be satisfied:

1. Symptoms typical of HF

2. Signs typical of HF

3. Normal or only mildly reduced LVEF and LV not dilated

4. Relevant structural heart disease (LV hyperthrophy/LA enlargement) 
and/or diastolic dysfunction

HF=Heart failure; HF-PEF=heart failure with preserved ejection fraction; HF-REF=heart 

failure with reduced ejection fraction; LA=left atrial; LV=left ventricular; LVEF=left ventricular 

ejection fraction. aSigns may not be present in the early stages of HF (especially in HF-PEF) and 

in patients with diuretics.

For the first time, the 2012 ESC guidelines categorize the diagnosis of HF as 

HF-REF or HF-PEF. According to the guidelines, HF-REF is defined as EF ≤ 

35, and HF-PEF is defined as EF >50% which means that EF >35–≤50% is a 

´grey area´ (6). However, the optimal cut-off value for EF in HF-PEF 

continues to be revisited. 

Treatment of HF

When starting treatment for HF, it is important to identify the underlying 

heart disease and the precipitating factors for worsening HF (6). Without 

such identification, the diagnostic process might be unsuccessful, and the 

patient may be left without effective therapy (73). There are a number of 

goals for each individual, depending on the particular situation. Relief of 

symptoms and signs (e.g. oedema), improved quality of life, improved 
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exercise capacity, prevention of hospital admissions, and improved survival 

are the most important goals.

There are a number of life style factors that should be considered in the 

treatment of HF. These factors include smoking cessation, avoidance of high 

salt intake, and controlling alcohol abuse. Avoiding excessive fluid intake 

and fluid restriction should be recommended only for those with severe HF, 

while all patients should maintain a healthy weight and diet to prevent 

malnutrition (6). Light to moderate physical exercise should be encouraged 

(74).

Pharmacological treatment has changed dramatically since the early 1980s, 

when digitalis and diuretics were the cornerstones of treatment. Current 

recommendations aim to inhibit activation of neurohormonal systems, such 

as RAAS and SNS. ACE inhibitors, ARB, mineral corticoid antagonists, and 

beta-receptor blockers are now recommended as first-line therapies, either 

alone or in combination. All have Class 1, which means that; “evidence 

and/or general agreement that a given treatment or procedure is beneficial, 

useful, effective” and level A  which means that; “data derived from multiple 

randomized clinical trials or meta-analyses” stated in the latest ESC 

guidelines (6). Diuretics should be used as well to treat oedema, and digitalis 

remains an additional option for lingering symptoms. Newer drugs such as 

ivabradine are recommended to reduce the pulse rate in special cases, and 

isosorbide nitrate may be used in selected cases (6). 

There have been advances in non-drug treatments as well, such as the 

introduction of cardiac resynchronization therapy (CRT) in patients with 

wide QRS duration (≥ 120 ms), preferably left bundle branch block. Ablation 

of tachyarrhythmia and implantable cardiac defibrillators have expanded 

therapeutic options for select patients with HF. Surgical correction of valve 

disorders and congenital defects and coronary by-pass surgery have played a 

substantial role in improving the symptoms, quality of life, and prognosis of 

many patients. Lastly, cardiac transplantation remains a last option, and it 

may be preceded by the use of LV assist devices (HeartMate II) for the most 

severely affected patients.

HF clinics have emerged as an important part of HF management as such 

programs coordinate care along the continuum of HF and can reduce the 

impact of HF, especially in terms of hospital readmissions (75).
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Prognosis

A patient with HF has a poor prognosis, comparable to that of bowel cancer 

for men and breast cancer for women (76). The mortality rate for HF is still 

high, with minor improvements in survival in the last decade (77-79). A 

study that followed elderly patients with incident HF between 1979–2002 

demonstrated a 5-year survival of 45% (80). Elderly patients with HF often 

have several concomitant diseases that also can lead to death and thereby 

affect prognosis (81). The need for hospitalization in patients with HF is 

great (82). In Sweden, HF is the most common cause of hospitalization in 

patients > 65 years of age (83). Readmission is common for patients with 

HF, with a readmission rate of about 25% within 30 days of discharge (84). 

The objective of studies of the prognosis of HF is to find measures that can 

improve symptoms and reduce morbidity and/or mortality. Prognostic 

analysis is, however, not an easy task. For HF, it is of the utmost importance 

that the diagnosis of HF should be verified, and to be aware of the 

pathophysiological and prognostic differences between acute or chronic HF. 

The randomized clinical trials used to create the latest guidelines most often 

used LVEF as a prognostic marker. There are a number of other prognostic 

factors, which are summarized below, (Table 7). Many of the factors that are 

related to HF prognosis are difficult to measure or have been studied in more 

selected studies with shorter follow-up time, limiting their prognostic value.

Patients with HF face another problem in that they often suffer from sudden 

cardiac death. Notably, the prognostic markers may differ in patients who 

suffer from sudden death versus those who suffer from progressive HF. A 

number of prognostic algorithms have been proposed (85, 86). In these 

algorisms, the most common independent prognostic markers are clinical 

markers, such as heart X-ray, electrocardiography (ECG), and 

echocardiography. There are a number of risk markers or determinants that 

can be measured only with sophisticated methodology, but these are 

recommended just in special situations such as when heart transplantation is 

being considered. From a clinical perspective, the LVEF or the NYHA class 

III–IV classification are common prognostic markers, as are LV volume 

changes. Moreover, natriuretic peptide levels (i.e. the levels of either BNP or 

NTproBNP) have become the most important prognostic markers and 

measures of neurohormonal activation. Other clinical markers include 

reduced renal function, elevated creatinine, and hyponatremia (87). Reduced 

physical capacity has traditionally been used as an indicator of an 

irreversible condition and as an indication for heart transplantation (88). It 

is also important to remember that symptoms in patients with HF have 
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prognostic relevance. Ekman and co-workers showed that breathlessness 

and other symptoms had prognostic value for HF (89).

As shown in Table 7, there are a number of prognostic markers, but no tests 

seem superior to a comprehensive clinical risk assessment at the initiation of 

HF treatment and management of HF treatment. There are still a number of 

problems that need to be taken into account in defining the prognosis of 

patients with HF due to the complexity of the syndrome:

1. The different aetiologies of HF. 

2. The importance of concurrent co-morbidities together with HF.

3. The varying progression and course of HF in individuals, such as sudden 
cardiac death or progressive HF deterioration. 

4. Differences in the efficacy of HF treatment.

5. The methodological shortcomings in earlier prognostic studies that 
diminish their value in clinical practice for individual patients. 
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Table 7. The following variables have independent prognostic value in 

patients with heart failure (10). 

Health-related quality of life should be added as an important prognostic 

independent life style factor in patients with systolic HF (90).

Demographic and historical:
- age, ethnicity, coronary heart disease, diabetes, 

resuscitated sudden death 

Clinical:
- elevated heart rate, persistent low blood pressure, 

NYHA function class III-IV, low body mass index, 
ventricular arrhythmias

Electrophysiological:
- broaden QRS, low heart frequency variability, complex 

ventricular arrhythmias and T-wave alternates 

Functional/exercise related:
- low VO2 max, high VE/VCO2 relationship and short 6 

minutes walk test

Blood:
- high s-BNP or NT-pro-BNP, high S-noradrenalin, low 

s-natrium, high s-creatinine, high s-bilirubin, anaemia, 
high s-troponin and high serum uric acid.

Central haemodynamics:
- low LVEF, increased left ventricular volume, low 

cardiac index, high left ventricular-filling pressure, 
restrictive mitral filling pattern, reduced right 
ventricular function and high cardiothoracic ratio. 
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Why is there a need for this thesis?

Few studies have focused on elderly patients in primary health care with HF. 

A PubMed search that was conducted with the following keywords in the 

titles retrieved just five matching citations: heart failure, elderly, and 

primary health care. If HF was changed to CHF, only one citation matched 

the search.

Figure 12. Flowchart showing the results of a PubMed search using the 

indicated keywords. 
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Aims

The general aim of this thesis was to evaluate HF diagnosis and prognosis in 

elderly patients in primary health care with a suspected diagnosis of HF. 

The specific aims were as follows:

Study I Validate the clinical diagnosis of chronic HF in patients with a 

high proportion of elderly patients. Characterize the distribution 

of different LV systolic and/or diastolic pathophysiologies with a 

focus on gender and age differences. Describe the distribution of 

different types of underlying cardiovascular disorders. 

Study II Explore the sensitivity, specificity, negative prognostic value 

(NPV), and positive prognostic value (PPV) of NT-proBNP and 

BNP in a cross-sectional study of patients with systolic HF 

versus patients without HF. Evaluate the impact of age and 

gender on natriuretic peptide levels.

Study III Investigate the association between overall HF or specific types 

of HF and all-cause mortality and cardiovascular 

mortality.Explore the impact of NT-proBNP and co-morbidities 

on the association between overall HF or different types of HF 

and the risk of all-cause mortality and cardiovascular mortality.

Study IV Study the prognostic value of biomarkers (NT-proBNP, 

creatinine, estimated glomerular filtration rate (eGFR), 

haemoglobin, high sensitive C-reactive protein (hsCRP), and 

cholesterol) on all-cause hospitalisations and cardiovascular 

hospitalisations. Study the prognostic association of co-

morbidities and a verified diagnosis of HF on the risk of all-

cause hospitalisations and cardiovascular hospitalisations over a 

10-year period.
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Materials and methods 

The Heimdall project 

The Heimdall project began in January, 2000 as a collaboration between 

Skellefteå Municipality and the health care district of Skellefteå, which is a 

city located in the county of Västerbotten in northern Sweden. The Heimdall 

primary health care centre (PHC) is located in the central part of Skellefteå 

city and has a total catchment area of about 7800 inhabitants. One of the 

purposes of the project was to identify patients with frequent 

hospitalisations and, if possible, to reduce hospitalisations in medical and 

surgical departments. A yearly report (1999) from the Heimdall PHC 

revealed that they had 1722 persons aged >71 years within their catchment 

area. These elderly people were the target group for the Heimdall project, 

which continued until February 2003.

A computer-based PHC registry of patients with different diagnoses was 

used and 150 patients had clinical diagnoses of HF. Some of these patients 

were in geriatric care. One very important goal of the project was to reduce 

hospitalisations for HF. Therefore it became important to validate the 

diagnosis of HF. Echocardiography had been proposed as the most 

important diagnostic tool for HF (71), but the levels of natriuretic peptides 

(BNP, NT-proBNP) had emerged as additional biomarkers that were 

valuable for the diagnosis of HF. It was thus important to include and 

evaluate these diagnostic markers in the Heimdall project.

At the start of the study, both the HF patients in the registry and consecutive 

new patients with clinical symptoms of HF that were identified by the 

general practitioner (GP) underwent medical examination. The exclusion 

criteria for this study were declining to participate, dementia, and terminal 

illness. A pre-specified HF record that included symptoms, underlying heart 

disease, etc. was designed to help the GP examine the patients consecutively 

and systematically. Four doctors at the PHC were involved in the study.The 

HF record is shown in Figure 13.
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Figure 13. The heart failure record used by the GP general practitioner in the 

Heimdall project.

If the GP found that a patient had clinical symptoms and/or signs indicating 

HF, the patient was referred to the research unit for blood sampling (for 

BNP and NT-proBNP determination), echocardiography (MO), and for an 

additional clinical assessment (KB) to confirm or exclude the HF diagnosis 

and to evaluate other clinically relevant co-morbidities. 
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Figure 14. The Siemens Sequoia C512 Ultrasound System and the Siemens 

Acuson Cypress Ultrasound System used in the Heimdall project.  

       

A few patients who were cared for at nursing homes were examined (MO) at 

the homes using portable echocardiography equipment (the Siemens Acuson 

Cypress Ultrasound System). Based on the GP’s pre-specified HF record, the 

echocardiography results, and the hospital records, the study cardiologist 

(KB), who was blinded to the BNP and NT-proBNP results, confirmed or 

refuted the HF diagnosis. The 1995 ESC guidelines were used to diagnose 

systolic HF (72). The American Society of Echocardiography guidelines and 

the guidelines proposed by Bergström et al. were used to diagnose diastolic 

HF (91, 92). 

The GPs identified a total of 170 patients with suspected HF on clinical 

grounds. These patients were examined with echocardiography at the 

research unit to determine whether or not the patients had a diagnosis of 

HF. Patients with clinical symptoms of HF who lacked a verified diagnosis of 

HF became the reference group for the study.
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Echocardiographic equipment

The Siemens Sequoia or the Siemens Acuson Cypress  portable 

echocardiography systems and a 2.5-MHz transducer were used for the 2D-

echocardiography and Doppler examinations. During the examination, the 

patient was in a left lateral recumbent position, and parasternal and apical 

views were obtained. Measurements were acquired during quiet respiration. 

All cardiac dimensions were measured in the parasternal long-axis view in 

M-mode (93). The same transducer was used for continuous, pulsed, and 

colour-flow Doppler.

Diagnosis of LV systolic function

Global LV systolic function was categorized as normal or as mildly, 

moderately, or severely depressed. EF ≥55% was considered normal systolic 

function, while EF <30% was considered to be severely depressed systolic 

function. The atrioventricular plane displacement (AVPD) measurements 

during the cardiac cycle were performed in four-chamber and two-chamber 

views (of the septal, lateral, anterior, and posterior walls) according to 

Hoglund et al. (45). At the time of these measurements, investigators had 

shown that a semi-quantitative method using AVDP was as accurate as the 

Simpson biplane method for determining EF (94). We calculated the mean 

value of the AVPD in the four regions and considered AVPD ≥11 to be normal 

(95). 

Diagnosis of LV diastolic function

To evaluate the diastolic function we used the following:

1. The ratio of the early (E) and atrial (A) filling velocities and the pattern of 

the mitral valve inflow, measured at the tip of the mitral valves. 

2. The isovolumic relaxation time (IVRT), as measured in the four-chamber 

view with the cursor placed between the aortic valve and the mitral valve.

3. The pulmonary vein flow (PV), a systolic (S) and diastolic (D) component 

examined in the apical four-chamber view, with the sample volume 0.5–1.0-

cm into the right upper pulmonary vein and the cursor placed parallel to the 

flow.
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Table 8. The diastolic variables with the cut-off values used to diagnose 

diastolic dysfunction.

Age 40-49 50-59 60-69 70-79 >80

E/A* <1 <0.9 <0.8 <0.7 <0.7

PVS/D** <0.9 <0.9 <1 <1 <1

IVRT*** >85ms >90ms >95ms >100ms >100ms

IVRT <70ms <70ms <70ms <70ms <70ms

References: * (96) ** (92) *** (91, 92) E/A=ratio of early and atrial filling velocities;

PVS/D=ratio of pulmonary vein systolic and diastolic flow components; IVRT=isovolumic

relaxation time.

If any of the diastolic variables were abnormal (Table 8), the criterion 

diastolic dysfunction was fulfilled. We only used E/A ratio below 1 to 

diagnose diastolic dysfunction, which means that we looked at patients with 

impaired relaxation. In patients with atrial fibrillation, only PVS/D <1 was 

used.   

HF classification

The HF diagnoses of patients in the Heimdall project were sub-classified as 

isolated systolic HF, isolated diastolic HF, or combined systolic and diastolic 

HF. Overall HF in this thesis denotes patients with systolic and/or diastolic 

HF. If patients did not fulfil the criteria for symptoms of HF but had LV 

dysfunction by echocardiography, they were classified as having LV 

dysfunction but no HF. These patients were not part of the reference group.  

Outcome classification

Death certificates were used to identify all-cause and cardiovascular 

mortality (Study III), which were defined according to the International 

Classification of Disease (ICD; 10 codes, I00-I99). Medical records from the 

Departments of Medicine and Surgery at Skellefteå county hospital and 

Heart Center at Umeå university hospital were used to determine all-cause 
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and cardiovascular hospitalisation (Study IV), with cardiovascular 

hospitalisation defined as hospitalisation due to ICD-10 codes I00–I99 or 

code G45.9. 

Laboratory measurements and blood sampling

The studies used the laboratory results for haemoglobin, potassium, sodium, 

creatinine, and cholesterol levels as registered by the GP on the HF records. 

Blood samples for analysis of plasma levels of natriuretic peptides were 

collected into EDTA tubes from fasting patients who had been resting for 20 

minutes. After five minutes, the samples were centrifuged for 10 minutes at 

4°C and then stored frozen at -70°C. NTproBNP was analysed using the 

Roche Elecsys proBNP immunoassay (97). BNP was analysed with an 

immunoradiometric assay (Shionoria) with coefficients of variation (CV) of 

2.0 (within run) and 4.2 (between run). 

Statistical analysis

In study II, the variables BNP and NTproBNP were log transformed because 

they were not normally distributed. The different statistical methods used in 

this thesis are shown in table 9. For all the studies a p-value <0.05 was 

regarded as statistically significant. Statistical analyses were carried out 

using SPSS software. 

Table 9. Statistical methods used in the indicated studies in this thesis.

Study I Study II Study III Study IV

Descriptive
- mean, SD, median, 
Q1-Q4
- Student t-test for 
normally distributed 
data
- Mann-Whitney for non 
normally distributed 
data

x x x x

Chi square x x x x

NPV, PPV, sensitivity 
and specificity

- x - -

Linear regression x

Logistic regression
- Univariable x x x x
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- Multivariable x x  x*    x**

Cox regression
- Univariable

      -     Multivariable
-
-

-
-

x
 x*

x
  x**

Kaplan Meier - - x x

Power calculation x - - -

x=yes; - = no; SD=standard deviation; Q=quartile; NPV=negative predictive value; 

PPV=positive predictive value. 

*= The multivariable analysis included the following models:Model 1=Type of heart failure, one 

at the time, and NTproBNP; Model 2= same variables as in model 1 as well as other significant 

(p<0.05) variables associated with all-cause mortality or cardiovascular mortality in univariable 

analysis at 3 years or 10 years of follow up.

** The multivariable analysis included the following models: Model 1 included age and sex as 

fixed covariates and those variables that significantly (p<0.05) predicted hospitalizations in 

univariable analysis. Model 2 tested all variables from model 1 and with addition of overall heart 

failure compared to those with no heart failure.

NPV=probability of a negative test among patients without disease; PPV=probability of a 

positive test among patients with disease; sensitivity=probability of disease among patients with 

a positive test; specificity=probability of no disease among patients with a negative test.

Ethics 

Written informed consent was obtained from all participants in the study. 

The study was approved by the Research Ethics Committee of Umeå 

University, Umeå, Sweden (diary number 00-276). Original data files of this 

thesis are stored at the research unit, department of Medicine and Geriatrics. 

The keycode is handled by Mona Olofsson.
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Study designs and setting

Study I

Study I was a cross-sectional descriptive observational study that included 

all 170 patients from Heimdall PHC who were identified by the GP as having 

HF on clinical grounds. The structure of study I is shown in figure 16 but in 

study I all patients were included.

Study II

This cross-sectional, exploratory observational study analysed blood samples 

from 48 patients with systolic HF and from 61 patients with no HF. The 

flowchart of the population in Study II is shown in Figure 15.
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Figure 15. Flowchart showing the population included in Study II.

HF=heart failure; LV=left ventricular.
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Analysis of the sensitivity, specificity, NPV, and PPV 
of natriuretic peptide cut-off values in systolic HF 
(Study II)

For NTproBNP, we investigated the relationship of cut-off values per 100 

ng/L between 100–500 ng/L with systolic HF. This range was based in part 

on FDA recommendations (98). To determine the corresponding cut-off 

values for BNP, we analysed the quotient of NTproBNP and BNP in patients 

with the highest median levels of these peptides (patients with combined 

HF). This resulted in cut-off values for BNP from 10–50 pg/ml. 

Study III

Study III was a longitudinal, prognostic observational study that analysed 10 

years of follow-up mortality data from 144 patients with clinical symptoms of 

HF in the Heimdall PHC. The HF diagnosis was verified in 77 patients who 

were compared with 67 patients with no HF (Figure 16). 

Figure 16 Flowchart of the patients in Study III.

HF=heart failure; LV=left ventricular.
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Study IV

Study IV was a longitudinal, prognostic observational study that analysed 10 

years of follow-up hospitalisation data. All 170 patients with clinical 

symptoms of HF were included in this study. 
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Results

Study I

There were 170 patients in Study I, 121 women and 49 men with a mean age 

of 78 and 75 years, respectively, all of who had clinical symptoms of HF. Of 

these patients, 51 women and 16 men were >80 years old. The main 

symptom was dyspnoea (89%), and the most common underlying heart 

disease was hypertension (41%).  The baseline characteristics of the patients 

in Study 1 are shown in Table 10. 

Table 10. The baseline characteristics of the patients in Study I.

All Patients

n=170 (%)

Females

n=121 (%)

Males

n=49 (%)

Age

Mean ± SD – yrs 77,2 ± 8,3 78,1 ± 7,6 75,1 ± 9,6

Min – max - yrs 41 - 92 56 – 92 41 – 90

≥80 Yrs – n 67 (39) 51 (42) 16 (33)

Symptoms and Signs

Dyspnoea 151 (89) 108 (89) 43 (88)

Fatigue 136 (80) 97 (80) 39 (80)

Other symptoms 2 (1) 2 (2)

BMI, mean ± SD 25  ± 4,5 24 ± 5,4 26 ± 3,1

Smoker 38 (22) 21 (17) 17 (32)

No smoker 132 (78) 100 (83) 32 (65)

NYHA 1 9 (5) 5 (4) 4 (8)

NYHA 2 27 (16) 22 (18) 5 (10)

NYHA 3a 70 (41) 55 (46) 15 (31)
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NYHA 3b 16 (9) 10 (8) 6 (12)

NYHA 4 2 (1) 1 (1) 1 (2)

No specified NYHA 46 (27) 28 (23) 18 (37)

Underlying heart disease 135 (79) 92 (76) 43 (88)

Myocardial infarction 33 (19) 20 (17) 13 (27)

Hypertension 69 (41) 48 (40) 21 (43)

Angina 48 (28) 31 (26) 17 (35)

Atrial fibrillation 22 (13) 13 (11) 9 (18)

VOC 25 (15) 20 (17) 5 (10)

Other diseases

Stroke 20 (12) 11 (9) 9 (18)

Diabetes 20 (12) 11 (9) 9 (18)

Pulmonary disease 20 (12) 14 (12) 6 (12)

Medication

ACE-inhibitor 39 (23) 23 (19) 16 (33)

AII-receptor blocker 9 (5) 5 (4) 4 (8)

Beta-blocker 73 (43) 48 (40) 25 (51)

Loop-diuretic or thiazide 86 (51) 63 (52) 23 (53)

Digitalis 15 (9) 10 (8) 5 (10)

SD=standard deviation; BMI, kg/m2=body mass index; NYHA=New York Heart Association; 

VOC=vitium organicum cordis; ACE=angiotensin converting enzyme inhibitor; 

AII=angiotensin-II.

The diagnosis of HF was verified in 77 (45%) of the 170 patients. 

Significantly more men (59%) than women (40%) had HF (p=0.02; Figure 

17).
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Figure 17. The types of heart failure (HF) in the 29 men and 48 women with 

verified HF.

0

10

20

30

40

50

60

Systolic and/or

diastolic HF

Isolated systolic

HF

Isolated diastolic

HF

Systolic and

diastolic

N
u

m
b

e
r 

o
f 

p
a
ti

e
n

ts

Women

Men

In patients who were 80 years old or older, there were significantly more 

men (12 of 16) than women (11 of 51) with systolic HF (p=0.01). There was 

no significant difference in the number of men and women who had only 

systolic HF between in the groups of patients who were ≤80 or >80 years old 

(Figure 18). Notably, there were 8 women >80 years old with a diagnosis of 

isolated diastolic HF, but no men with this diagnosis. 

p=0.02

p=0.07
p=0.34

p=0.01
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Figure 18. The proportion of patients ≤ 80 or >80 years old with any type of 

systolic heart failure.
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A total of 28 patients were diagnosed with isolated systolic HF, 25 of who

had depressed LV function. The remaining three patients were diagnosed 

with systolic HF as they met criterion 3 of the 1995 ESC guidelines (response 

to treatment of HF). Two patients had severe mitral insufficiency, and one 

patient had severe aortic stenosis; all three patients responded to treatment. 

The distribution of the LV dysfunction grades in patients with isolated 

systolic HF is shown in Figure 19.  

Figure 19. The grades of left ventricular dysfunction in 25 of 28 patients with 

isolated systolic heart failure.
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Predictors of HF

The following were associated with a verified diagnosis of HF in univariable 

analysis: male sex (OR= 2.2; 95% CI: 1.1–4.3, p=0.02); smoking (OR=2.2; 

95% CI: 1.1–4.1, p=0.04); and history of myocardial infarction (OR=3.5; CI: 

1.6–8.0, p<0.01) or hypertension (OR=2.4; 95% CI: 1.3-4.5, p=0.01). A 

history of any underlying heart disease was related to verified HF with an 

OR=5.4 (95% CI: 2.1–13.8; p<0.001). To further investigate diseases that 

were included in the variable underlying heart disease (atrial fibrillation, 

hypertension, angina, and myocardial infarction), a separate multivariable 

regression analysis was performed together with age, sex, smoking, and 

diabetes as independent variables. A history of myocardial infarction (OR= 

4.3; 95% CI: 1.8–10.6), hypertension (OR= 2.8; 95% CI: 1.0–7.9), and atrial 

fibrillation (OR= 2.8; 95% CI: 1.0–7.9) were all independent predictors of a 

verified diagnosis of HF (Figure 20).

Figure 20. Heart diseases as independent predictors of heart failure.
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Medications

Most patients were treated with evidence-based drugs for hypertension or 

HF, as were many patients in the reference group, who did not have HF. 
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Patients with HF were treated significantly more often with beta-blockers 

(p=0.014) and with a combination of ACE inhibitors and diuretics 

(p=0.014). The medications taken by patients at baseline are shown in Table 

11.

Table 11. Medications registered for use by patients with or without heart 

failure (HF) at baseline.

Medications All patients

n (%)

Patients with 
HF

n (%)

Patients with 
no HF
n (%)

p-value

ACE 39 (23) 21 (53) 18 (46) 0.223

BB 73 (43) 41 (56) 32 (44) 0.014

Diuretics (loop) 62 (36) 29 (47) 33 (53) 0.769

ACE+Diuretics 21 (12) 14 (67) 7 (33) 0.041

ACE+Diuretika 
+BB

   11 (7) 7 (64) 4 (36) 0.216

ACE=angiotensin-converting-enzyme inhibitor; BB=beta blocker. 

Study II

The baseline characteristics of the 48 patients with systolic HF and the 61 

patients with no HF (reference group) are presented in Table 12. The 

prevalence of systolic HF was 44% in these patients; the highest NPVs (at a 

sensitivity of 92%) were found at cut-off values of 200 ng/L for NTproBNP 

and 20 pg/ml for BNP (Table 13).
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Table 12. The baseline characteristics, including co-morbidities and 

medication, of 48 patients with systolic heart failure and 61 patients with no 

heart failure (reference group).

 Patients with 

 systolic heart failure

     n=48 

Reference 

      group

        n=61

Mean age (±SD)

    > 79 years – no (%) 

79 (6,4)

24 (50)

76 (8,6)

27 (44)

Male, n (%)

Female, n (%)

22 (46)

26 (54

13 (21)

48 (79) 

Myocardial infarction, n (%) 14 (29)   8 (13)

Hypertension, n (%)  23 (48) 20 (33)

Angina, n (%)  19 (40) 18 (30)

Atrial fibrillation, n (%)  14 (29)   5 (8)

Valvular heart disease, n (%)    9 (19)     9 (15)

ACE- or ARB, n (%) 21 (44)    14 (23)

BB, n (%) 28 (58)     22 (36)

Diuretic, n (%) 25 (52)     32 (52)

ACE + diuretic, n (%) 13 (27)       6 (10)

ACE + diuretic + BB, n (%) 6 (13) 3 (5)

n=number; SD=standard deviation; ACE=angiotensin converting enzyme inhibitor; ARB = 

angiotensin-II receptor blocker, BB = beta-receptor blocker.
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Table 13. Negative predictive value (NPV), positive predictive value (PPV), 

sensitivity, specificity, and odds ratio (OR) with 95% confidence interval (CI) 

for heart failure (HF) at different cut-off values for NT-proBNP and BNP in 

48 patients with systolic HF and in 61 patients without HF (reference group).

NT-proBNP,
ng/l

100 200 300 400 500

NPV, % 
(n)

85
(11/13)

88
(28/32)

82
(42/51)

81
(50/62)

80
(53/66)

PPV, %
 (n)

48
(46/96)

57
(44/77)

67
(39/58)

77
(36/47)

81
(35/43)

Sensitivity,% 
(n)

96
(46/48)

92
(44/48)

81
(39/48)

75
(36/48)

73
(35/48)

Specificity,% 
(n)

18
(11/61)

46
(28/61)

69
(42/61)

82
(50/61)

87
(53/61)

OR of HF
CI 95 %

5.0
1.0-24.0

9.3
2.9-29.2

9.6
3.9-23.7

13.6
5.4-34.3

17.8
6.7-47.5

BNP pg/ml 10 20 30 40 50

NPV, % 
(n)

60
(3/5)

87
(13/15)

85
(23/27)

83
(33/40)

81
(43/53)

PPV, % 
(n)

44
(46/104)

49
(46/94)

54
(44/82)

59
(41/69)

68
(38/56)

Sensitivity,% 
(n)

96
(46/48)

96
(46/48)

92
(44/48)

85
(41/48)

79
(38/48)

Specificity,% 
(n)

5
(3/61)

21
(13/61)

38
(23/61)

54
(33/61)

71
(43/61)

OR of HF
CI 95 %

1.2
0.2-7.4

6.2
1.3-29.1

6.6
2.1-21.0

6.9
2.7-17.8

9.1
3.7-22.0

NT-proBNP=N-terminal prohormone brain natriuretic peptide; BNP=brain natriuretic peptide; 

NPV=negative predictive value; PPV=positive predictive value; OR=odds ratio; HF=heart 

failure; CI=confidence interval.  

Associations of sex and age with natriuretic peptide 
levels 

Linear regression analysis of all 109 patients demonstrated that age was 

significantly associated with higher levels of both NT-proBNP (β=0.035; 

p<0.001) and BNP (β=0.030; p<0.001), but gender was not (β=0.219; 

p=0.076 and β=0.111; p=0.275, respectively). In multiple linear regression 
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analysis, both age (β=0.036; p<0.001) and male gender (β=0.270; p=0.014) 

were significantly associated with higher levels of NT-proBNP, while only 

age was significantly associated with higher levels of BNP (β=0.030; 

p<0.001). 

The NPV, PPV, sensitivity, and specificity of different cut-off values for NT-

proBNP are shown for 39 women and 19 men ≤79 years old and for 16 men 

and 35 women >79 years old in Table 14.

Table 14. The NPV, PPV, sensitivity, and specificity of cut-off values for NT-

proBNP with sex and age distributions.

NT-proBNP=N-terminal prohormone brain natriuretic peptide; BNP=brain natriuretic peptide; 

NPV=negative predictive value; PPV=positive predictive value; sens=sensitivity; 

spec=specificity.  

The levels of NT-proBNP and BNP in patients with different types of HF and 

LV dysfunction and in the reference group are presented in Table 15.
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Table 15. The natriuretic peptides levels in patients with different types of 

heart failure and with left ventricular (LV) dysfunction compared with 

patients in the reference group without heart failure.

Diastolic

HF

n=24

Systolic

HF

n=28

Diastolic and 

systolic HF

n=20

LV-

dysfunction

but no HF

n=26

Reference 

group,

 no HF

n=61

NTproBNP
(ng/l), 
Median 

min/max

284

12/2364

1009*

59/13680

1258*

132/23669

322

30/1811

202

39/4572

BNP (pg/ml)

Median

min/max

45,1

10,8/231

89,0*

5,5/1680

119*

9,4/1660

53,5

6,1/207

37,6

3,9/268

*= p<0.01, HF=heart failure, LV=left ventricular; NT-proBNP=N-terminal prohormone brain 

natriuretic peptide; BNP=brain natriuretic peptide.

Study III

All-cause mortality during 10 years of follow-up

During the 10-year follow-up period, 71 of 144 (49%) patients died. Of those 

who died, 48 (68%) were women and 23 (32%) were men. The mean age at 

baseline was 81 years. The patients’ baseline characteristics are shown in 

Table 16.
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Table 16. The baseline characteristics of patients with heart failure who died 

(n=71) are compared to the characteristics of those who were alive (n=73) 

after 10 years of follow-up.

      Dead         Alive

Characteristic                                        n Mean ± SD 

or n (%)

Mean ± SD 

or n (%)

P-value

Age, years 144 81 ± 6,1 73 ± 8,5     <0,001

Female 144 48 (33) 54 (38) 0,401

Weight, (kg) 136  73 ± 14,5  76 ± 16,1 0,173

Smoker or ex-smoker 134 21 (16) 13 (10) 0,073

Hx of Alcohol 128 13 (10) 14 (11) 0,973

Hx Diabetes 144 12 (8) 7 (5) 0,195

Hx Hypertension 144 30 (21) 34 (24) 0,602

Hx Myocardial infarction 144 19 (13) 13 (9) 0,196

Hx Atrial fibrillation 114 15 (11) 7 (6) 0,086

Hx Valvular disease 144 13 (9) 9 (6) 0,319

Hx Underlying heart disease 144 63 (44) 59 (41) 0,187

Hx Stroke 144 11 (8) 7 (5) 0,284

Hx Pulmonary disease 144 9 (6) 7 (5) 0,556

Kidney dysfunction 

(Creatinine >100µmol/L)

139 28 (20) 10 (7)      <0,001

Systolic HF 28 17 (61) 11 (39) 0,050

Diastolic HF 28 12 (43) 16 (57) 0,713
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Combined systolic and 

diastolic HF

21 16 (76) 5 (24) 0,003

Overall HF 77 45 (58) 32 (42) 0,019

Reference group 67 26 (39) 41 (62) 0,019

NTproBNP,(ng/L) 133 1942 ± 3739 530 ± 1471    <0,005

SD=standard deviation; Hx=History, HF=heart failure; NTproBNP=N-terminal prohormone 

brain natriuretic peptide.

Causes of death 

There were a number of different cardiovascular and non-cardiovascular 

causes of death in the 71 elderly patients who died during the 10-year follow-

up period. The causes of death are shown in Figure 21.

Figure 21. The reasons for all-cause mortality in 71 patients who died during 

the 10-year follow-up period. 
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Of the 71 patients that died during the 10-year follow-up period, overall HF 

was present at baseline in 45 (63%) of the patients; 16 (22%) of the patients 

had combined HF (both systolic and diastolic HF), 17 (24%) had isolated 

systolic HF, and 12 (17%) had isolated diastolic HF.
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Of the 17 patients with isolated systolic HF, the cause of death was HF in 5 

(29%), stroke in 4 (24%), sudden cardiac death (SCD) in 1 (6%), and 

myocardial infarction in 1 (6%). The non-cardiovascular cause of death was 

cancer in 2 patients (12%), lung disease in 1 (6%), and miscellaneous reasons 

in 3.

Of the 12 patients with diastolic HF, 4 patients (33%) died of HF, and 2 

patients (17%) died of stroke. The non-cardiovascular cause of death was 

lung disease in 2 patients (17%), cancer in 1 (8%), dementia in 1 (8%), and 

miscellaneous reasons in 2.

The cardiovascular and non-cardiovascular causes of death differed between 

patients with systolic HF and diastolic HF (Figure 22), but the difference was 

not statistically significant (p>0.05).

Figure 22. Cardiovascular and non-cardiovascular deaths in patients with 

systolic heart failure (HF) and diastolic HF.
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The survival rate of the elderly patients in Study III who had different types 

of HF was highest for patients with diastolic HF. The survival rate was 

significantly higher for patients with diastolic HF only compared to those 

with systolic HF (p<0.05). The survival rates are shown in Figure 23.
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Figure 23. Survival during the 10-year follow-up period according to type of 

heart failure (HF).
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In univariable Cox regression analysis, significant associations were found 

for overall HF (HR: 1.86; 95% CI 1.15– 3.01), isolated systolic HF (HR: 1.95; 

95% CI 1.06–3.61), and combined HF (HR: 3.28; 95% CI 1.74–6.14) and all-

cause mortality but not for diastolic HF and all-cause mortality. Combined 

systolic and diastolic HF (HR: 2.25; 95% CI 1.08–4.67) remained significant 

after adjustments for NT-proBNP levels (model 1). However, after adding 

age, kidney dysfunction, and smoking habits (which were significant 

variables in univariable analysis, model 2) into the analysis, no type of HF 

was significantly associated with all-cause mortality. The impact of the 

significant variables in univariable analysis on the relationship between 

overall HF and all-cause mortality is shown in Table 17.
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Table 17. Results of the Cox regression models analysis of the effects of the 

indicated variables on all-cause mortality and cardiovascular mortality 

during the 10-year follow-up period.

Predictor variables Multivariate analysis

All-cause mortality

 HR        95% CI        p-value

Multivariate analysis

Cardiovascular mortality

  HR     95% CI      p-value

Overall HF 1.32 0.74-2.36 0.347 1.06 0.50-2.23 0.881

NTproBNP (per ng/L) 1.01 1.00-1.02 0.012 1.01 1.00-1.02 0.036

Age (per year) 1.11 1.05-1.16 <0.001 1.14 1.07-1.21 <0.001

Kidney dysfunction 

(Creatinine > 100µmol/L)

1.91 1.11-3.29 0.020 2.15 1.05-4.38 0.036

3.70 2.02-6.77 <0.001Smoker or Ex-smoker

History of atrial

fibrillation  1.58 0.71-3.51 0.264

CI=confidence interval; HF=heart failure, NTproBNP=natriuretic peptide, ng/L=nanogram per 

liter, µmol/L=mikromol per liter.

When overall HF was replaced with combined HF (model 2), the following 

were significantly associated with all-cause mortality: age (HR: 1.1; 95% CI: 

1.03–1.17), smoking habits (HR: 4.1; 95% CI: 1.7–9.7), and NT-proBNP (HR: 

1.02; 95% CI: 1.00–1.03). Similar results were seen with isolated systolic HF 

in model 2, except that NT-proBNP did not reach significance for mortality. 

The associations of different types of HF with risk for all-cause mortality 

during the 10-year follow-up period are presented as a Kaplan-Meier plot 

(Figure 24).
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Figure 24. The Kaplan-Meier plot shows the survival of patients with 

different types of heart failure (HF) during the 10-year follow-up period.

Cardiovascular mortality during 10 years 

of follow-up

Of the 71 patients that died during the 10-year follow-up period, 47 died of 

cardiovascular diseases (Table 18).

No HF
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Systolic HF

Combined HF
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Table 18 Age, sex, and types of heart failure (HF) of patients who died from 

cardiovascular diseases during the 10-year follow-up period.

Cardiovascular 
mortality,

 n=47

Age, mean, years 83

Men, n (%) 16 (34)

Women, n (%) 31 (66)

Overall HF, n (%) 31 (66)

Diastolic HF, n (%) 6 (13)

Systolic HF, n (%) 13 (28)

Combined HF, n (%) 12 (26)

HF=heart failure

In univariable Cox regression analysis, overall HF (HR: 2.2; 95% CI: 1.2–

4.0), isolated systolic HF (HR: 2.5; 95% CI: 1.2–5.3), combined HF (HR: 4.6; 

95% CI: 2.2–9.8) but not isolated diastolic HF (HR: 0.9; 95% CI: 0.4–2.4) 

were significantly associated with cardiovascular mortality at 10 years of 

follow-up. However, in the final multivariable analysis (model 2), none of the 

different types of HF remained significant. In univariable Cox regression 

analysis, age, kidney dysfunction, atrial fibrillation, and NT-proBNP were 

significantly associated with cardiovascular mortality. The results of the 

multivariable Cox regression analysis that included overall HF are shown in 

Table 17.

All-cause mortality and cardiovascular mortality at 3 
years

Three years after the study began, 25 patients had died, including 16 women 

and 9 men. These patients had a mean age of 80 years at baseline. Of these 

25 patients, 16 died from cardiovascular disease (9 women, 7 men); their 

mean age was 83 years at baseline. Mortality caused by cardiovascular and 

non-cardiovascular causes and by isolated systolic HF and diastolic HF is 

shown in Figure 25.
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Figure 25. Deaths due to cardiovascular and non-cardiovascular diseases in 

patients with isolated systolic or diastolic heart failure (HF).
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Overall HF and combined systolic and diastolic HF were significantly 

associated in univariable analysis with both all-cause mortality and with 

cardiovascular mortality, but they did not remain significant after 

adjustment for NTproBNP. 

In univariable analysis, age, smoking habits, NTproBNP level, and kidney 

dysfunction were significantly associated with all-cause mortality. Smoking 

habits was the only variable that remained independently associated with all-

cause mortality after adjustment (model 2) for overall or combined HF. 

Smoking habits were also significantly associated with cardiovascular 

mortality at 3 years. In model 2 (overall HF), both age and smoking habits 

were significant predictors of cardiovascular mortality.  

Study IV

All-cause and cardiovascular hospitalisation at 10 
years of follow-up

During the 10-year follow-up period, there were 660 all-cause 

hospitalisations and 207 cardiovascular hospitalisations for 136 of 170 

patients. The baseline characteristics of the patients according to whether 

they were hospitalised are shown in Table 19.
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Table 19. Baseline characteristics of patients who were hospitalised (n=136) 

or not hospitalised (n=34) during 10 years of follow-up.

     Hospitalised                                

Not 

hospitalised

Variables     n Mean (SD) or

             n (%)

Mean (SD) or 

      n (%)

Age, years 170 78 ± 7,8 74 ± 9,2

Female 121 92 (76) 29 (24)

Male 49 44 (90) 5 (10)

Weight, kg 162 75 ± 14,3 69 ± 18,4

Smoker or ex smoker 38 31 (82) 7 (18)

Hx of Alcohol 34 26 (76) 8 (24)

Systolic blood pressure 118 149 ± 25.6 149 ± 23.3

Diastolic blood pressure 117 82 ± 12.2 83 ± 10.1

Heart rate 144 73±14.2 70±16.3

Hx Diabetes 20 19 (95) 1(5)

Hx Angina pectoris 48 42 (88) 6 (12)

Hx Ischemic heart disease 24 22 (92) 2 (8)

Hx Hypertension 69 57 (83) 12 (17)

Hx Myocardial infarction 33 29 (88) 4 (12)

Hx Atrial fibrillation 23 23 (100) 0 (0)

Hx Cardiac murmur 26 21 (81) 5 (19)

Hx Stroke 20 17 (85) 3 (15)

Hx Pulmonary disease 20 16 (80) 4 (20)
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Renal impairment 

(creatintine>100)

39 35 (90) 4 (10)

Hx Underlying heart 

disease

139 117 (84) 22 (16)

Overall HF (systolic and/or 

diastolic HF)

77 65 (84) 12 (16)

NTproBNP, ng/L 159 1252 ± 2951 427 ± 694

NTproBNP ≥800 ng/L

Hemoglobin, g/L

42

160

39 (93)

136.3±12.2

3 (7)

135.9±16.8

Hemoglobin <115 g/L

Cholesterol, mmol/L

14

150

11 (79)

5.4±1.1

3 (27)

5.9±1.1

Cholesterol < 5.2 mmol/L

Creatinine, µmol/L

52

163

47 (90)

89.2±21.6

5 (10)

81.0±19.3

eGFR, ml/min/1.73m2 163 61.9±15.0 66.1±14.3

eGFR ≤60 ml/min/1.73m2

hsCRP, mg/L

74

157

65 (89)

6.0±8.7

9 (12)

3.5±5.1

hscrp >3 mg/L

ACE-inhibitor/ARB

65

46

55 (85)

38 (83)

10 (15)

8 (17)

Beta-receptor blocker 67 53 (79) 14 (21)

Furosemide 81 69 (85) 12 (15)

Digitalis 14 13 (93) 1 (7)

Potassium sparing 28 24 (86) 4 (14)

ACE and BB or ARB and 

BB

24 19 (79) 5 (21)

SD=standard deviation; Hx=history; HF=heart failure; NTproBNP=N-terminal prohormone 

natriuretic peptide; hsCRP=high sensitive c-reactive protein; eGFR=estimated glomerular 
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filtration rate; ACE=angiotensin-converting-enzyme inhibitor; ARB=angiotensin II receptor 

blocker; BB=beta-receptor blocker.

Causes of hospitalisations

There were many different causes of hospitalisations in this patient 

population during the 10-year follow-up period. The most common cause 

was cardiovascular disease. A relatively high number of symptom-based 

diagnoses were the second most common cause of hospitalisation. The 

distribution of all causes is presented in Figure 26. 

Figure 26. Of the all-cause hospitalisations, 207 were related to 

cardiovascular causes and 454 to non-cardiovascular causes in 136 out of 170 

patients with clinical symptoms of heart failure during 10 years of follow-up.

0 50 100 150 200 250

1

D
is

e
a
s
e

Number of hospitalizations

Cardiovascular

Symptoms, signs not
classified
Injury, intoxication

Respiratory

Musculoskeletal

Cancer

Digestive

Urinary

Psychiatric 

Infection

Endocrine 

Other

The mean number of patients with HF (n=77) and the mean number of 

patients without HF (n=67) did not differ significantly (p<0.05) in terms of 

all-cause or cardiovascular hospitalisation. 

The proportions of patients with HF compared to patients with no HF did 

not either differ significantly for being hospitalised, p>0.05 (Figure 27). 
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Figure 27. The proportions of patients with heart failure and no heart failure 

being hospitalised.
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In logistic regression univariable analysis, age, male sex, AF, underlying 

heart disease, NTproBNP ≥800 ng/L and eGFR ≤60 ml/min/1.73 m2 were 

significantly associated with all-cause hospitalisation during the 10 years of 

follow-up.  After adjustment for age and sex (model 1) and after adjustment 

for overall HF (model 2), the associations for age and underlying heart 

disease remained significant (Table 20).
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Table 20. Multivariate logistic regression analysis for all-cause 

hospitalisation at 10 years of follow-up in patients with clinical symptoms of 

heart failure.

Model 1

n = 152

Model 2

n = 128

Variables OR 95% CI p value OR 95% CI p value

Age 1.1 1.01–1.12 0.023 1.1 1.01–1.15 0.024

Male sex 3.4 1.05–10.85 0.041 3.3 0.87–

12.15

0.081

History underlying 

heart disease

2.5 0.94–6.54 0.067 3.5 1.00–

11.89

0.049

NTproBNP ≥800 ng/L 2.4 0.63–8.78 0.202 1.9 0.44–8.20 0.392

eGFR ≤60 ml/min

/1.73 m2

1.7 0.65–4.31 0.289 1.7 0.56–5.19 0.350

Overall HF (systolic 

and/or diastolic HF)

0.7 0.23–2.18 0.548

Model 1=age and sex and significant variables from the univariate analysis; Model 2=all variables from 

Model 1 and addition of overall HF; OR=odds ratio; CI=confidence interval; NTproBNP=N-terminal pro-

hormone of brain natriuretic peptide; eGFR=estimated glomerular filtration rate; HF=heart failure.

For cardiovascular hospitalisation, age, diabetes, AF, underlying heart 

disease and NTproBNP ≥800 ng/L were significantly associated with 

cardiovascular hospitalisation in univariable logistic regression analysis. 

After adjustments for variables in model 1 and 2, age, underlying heart 

disease, and NTproBNP ≥800 ng/L remained significantly associated with 

cardiovascular hospitalisation (Table 21).
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Table 21. Multivariable logistic regression analysis of cardiovascular 

hospitalisation at 10 years of follow-up in patients with clinical symptoms of 

heart failure (HF).

   Model 1

   n = 159

Model 2

n = 133

Variables OR      95% CI p value      OR 95% CI p value

Age 1.1 1.01–1.11 0.014 1.1 1.01–1.12 0.030

Male 1.7 0.74–3.73 0.220 1.2 0.49–2.95 0.696

History diabetes 2.3 0.74–7.15 0.151 2.4 0.73–7.91 0.148

History underlying heart 

disease

2.5 0.99–6.18 0.050 3.4 1.04–11.40 0.044

NT-proBNP ≥800 ng/L 3.6 1.47–8.87 0.005 4.3 1.50–12.50 0.007

Overall HF (systolic 

and/or diastolic HF)

0.9 0.36–2.03 0.716

Model 1=age and sex and significant variables from the univariate analysis; Model 2=all 

variables from Model 1 and addition of overall HF; OR=odds ratio; CI=confidence interval; 

NTproBNP=N-terminal prohormone of brain natriuretic peptide; HF= heart failure.

The following were all significantly associated with time to first all-cause 

hospitalisation in univariable Cox regression analysis: NTproBNP as a 

continuous variable (HR=1.02, 95% CI:1.01–1.02) and as a dichotomized 

variable (≥ 800 ng/L) (HR=2.1, 95% CI:1.43–3.13); haemoglobin (HR=0.98, 

95% CI:0.96–0.99); hsCRP as a continuous variable (HR=1.03, 95% CI:1.01–

1.05); cardiac murmur (HR=1.7, 95% CI:1.03–2.65); and overall HF 

(HR=2.4, 95% CI:1.60–3.53). In the subsequent multivariable Cox 

regression analysis (model 2), only overall HF remained significantly 

associated with time to first all-cause hospitalisation (Figure 28).
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Figure 28. Cox regression analysis of the association of the time to first all-

cause hospitalisation in patients with overall heart failure (HF) compared to 

patients without HF after adjustment for age, gender, NTproBNP ≥800 

ng/L, haemoglobin, and CRP (Model 2).

The following were all significantly associated with the time to first 

cardiovascular hospitalisation in univariable Cox regression analysis: 

NTproBNP as a continuous variable (HR=1.02, 95% CI:1.01–1.02) and as a 

dichotomized variable (≥ 800 ng/L) (HR=2.3, 95% CI:1.23–4.17); creatinine 

(HR=1.01, 95% CI:1.00–1.03); hsCRP as a continuous variable (HR=1.04, 

95% CI:1.00–1.08); and overall HF (HR=2.4, 95% CI:1.26–4.50). None of 

these significant variables remained independently associated with the time 

to first cardiovascular hospitalisation in the subsequent multivariable 

analysis according to Models 1 and 2. 

HR=1.76, 95%CI=1.06-2.94
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Discussion

Study I

The main finding in this study was that a clinical diagnosis of HF was 

confirmed in less than half (45%) of the patients originally thought to have 

HF. In a review of the evidence about the usefulness of signs, symptoms, and 

investigations in diagnosing HF in primary care, Khunti and co-workers

concluded that symptoms and signs are important in suggesting HF, but they 

are not sufficiently specific to confirm the diagnosis (99). Our finding is 

consistent with a study by Remes et al. showing that the diagnosis of CHF by 

clinical assessment based on the Boston criteria was correct in only 32% of 

88 patients, with 52% having either “definite” or “possible” HF (99, 100). In

34% of the patients in the Remes et al. study, the diagnosis of HF was 

regarded as unlikely; the most common conditions leading to false-positive 

diagnosis of HF were unrecognized obesity, symptomatic myocardial 

ischemia without HF, and pulmonary disease.

A second finding in our study was that isolated systolic HF was as common 

as isolated diastolic HF, with both verified in 16% of the patients with HF. 

The proportion of patients with symptoms suggestive of HF who had a 

normal ejection fraction seemed to increase with increasing age. Fagerberg 

presented an overview showing that 40–74% of patients with HF older than 

80 years had normal systolic function (101). 

The criteria for diastolic dysfunction in our study were broad and therefore 

the patient population was broad as well. The question of whether the 

detection of a relaxation abnormality (E/A ratio) by Doppler 

echocardiography in an elderly individual should be considered a cause of 

HF symptoms remains to be answered, in our opinion. The clinical 

significance of a demonstrated relaxation abnormality is a matter of debate 

and may just be part of normal ageing, even if it is an age-adjusted E/A. We 

may have over-diagnosed patients with diastolic HF because of our criteria. 

However, the issue of the parameters that should be used to diagnose 

diastolic dysfunction is still not totally resolved, even after the addition of a 

number of echocardiographic measures (6). 

All of the patients in our study had clinical symptoms that could be 

associated with HF. Of the patients diagnosed as having no HF, there were 

26 with LV dysfunction. The cardiologist determined that their symptoms 

were not caused by HF, as there were concomitantly other diseases that were 

more likely to cause the reported symptoms. This group of patients may, of 
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course, be under-diagnosed with HF. On the other hand, there is also a risk 

of over-diagnosis of HF, depending on where the patient is examined. For 

example, in a heart clinic, it may be more likely that symptoms will be 

interpreted as being due to heart disease than in a general practice, 

especially in elderly patients with a number of concomitant co-morbidities. 

Many of the patients in Study I who were determined not to have HF were 

not free of cardiovascular disease. Indeed, many were treated with 

cardiovascular drugs (Table 11), mainly antihypertensive drugs, which are 

also HF drugs.

In Study I, there were 121 women (mean age 78 years) and 49 men (mean 

age 75 years) that had suspected HF. Another Swedish study (102)

conducted in a selected PHC and including 415 patients with symptoms 

possibly associated with HF showed a different distribution according to sex, 

with 201 women and 214 men. Their patients were younger than ours (mean 

age, 72 years of age). That study found that 52% of their patients had normal 

LV function, with a higher proportion of normal LV function in women than 

in men. In our study, we found normal LV function in 39% of the patients, 

and significantly more women than men had normal LV function. The 

symptoms in elderly women may be more unspecific than in men and 

therefore more difficult to evaluate, which may be one explanation for why 

we had so many women with clinical symptoms of HF in our study. Remes et 

al. reported similar findings (100). The proportion of women with HF seems 

to increase with increasing age (101). Another explanation for the relatively 

high number of women compared with men in our study may be the 

catchment area, which has a relatively high number of older people and may 

have contributed to selection bias. 

Study I also demonstrated that there were significantly more men than 

women with confirmed overall HF; this seemed to be due to the higher 

number of male patients with systolic HF. For diastolic HF, there were no 

such differences. However, in patients >80 years of age, there were no men 

with a diagnosis of diastolic HF. Diastolic HF is more common in women 

and in the elderly, as shown in a study from Olmsted county(103). That study 

used a definition of preserved HF, and the findings were rather similar to 

ours in terms of patients diagnosed as having diastolic HF (103). 

In the management of HF, it is very important to identify underlying cardiac 

disease and other diseases that should be taken into consideration for the 

treatment of HF. Hypertension is usually the most common cardiac disease 

in PHC (102) and ischemic heart disease the most common among hospital-

treated patients (101). Both conditions predicted a confirmed diagnosis of 
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HF in our study, together with atrial fibrillation. There were no differences 

between women and men in the proportions of underlying heart diseases. 

The number of patients >80 years of age was 40%. In clinical trials of 

patients with HF, the mean age is often between 60 and 70 years. Therefore, 

it may be difficult to draw conclusions about HF management in elderly 

patients at PHCs (104, 105). In this study, the medical treatment differed 

between patients with HF and those with no HF, with more frequent 

treatment with a combination of ACE inhibitors/diuretics and beta blockers 

in patients with HF. 

Methodological considerations

Defining the diagnostic criteria for HF is essential for all studies that 

evaluate false or true positive diagnoses and lays the foundation for all 

results and further analysis.

All of the patients in our study had symptoms that could be due to HF. 

Symptoms of HF can be regarded as typical but are unspecific. For example, 

breathlessness can be a symptom of HF but is also a typical symptom of lung 

disease. Breathlessness is a cardinal symptom in patients with HF, but there 

is still no agreed method for measuring the severity of breathlessness in 

either acute HF or CHF (106, 107). The American Thoracic Society has 

defined dyspnoea as follows: “Dyspnoea is a term used to characterize a 

subjective experience of breathing discomfort that consists of qualitatively 

distinct sensations that vary in intensity. The experience derives from 

interactions among multiple physiological, social, and environmental factors, 

and may induce secondary physiological and behavioral responses” (30). 

Eleven descriptors of dyspnoea have been tested to try to identify the most 

predictive descriptor of a diagnosis of HF, but none could distinguish HF 

from non-HF (108). 

Systolic function was assessed by “eye balling” global LV function and 

categorizing it as mildly, moderately, or severely depressed LV dysfunction. 

AVPD was calculated from the four- and two-chamber views. Several studies 

have shown that this semi-quantitative method can be as accurate as 

determining EF using the Simpson biplane method (15, 109). In addition, 

there were three patients in Study I with systolic HF that were regarded as 

having normal systolic function but who were diagnosed as having HF by 

their clinical responses to treatment (as stated in the 1995 ESC Guidelines 
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(72)). One patient had aortic stenosis, and two patients had severe mitral 

insufficiency.

The diastolic criteria that we used for diastolic dysfunction merit further 

discussion. When we started this study, the 1995 ESC guidelines (72) stated, 

“No practically useful Doppler echocardiographic guidelines are yet available 

for diagnosing diastolic HF, but this is an active area of research”. Our 

institution was part of the SWEDIC study (92), and we used some of their 

diagnostic criteria to determine diastolic dysfunction, E/A ratio, IVRT, and 

pulmonary vein S/D ratio. In the 2001 ESC guidelines, the European Study 

Group of Diastolic Heart Failure provided detailed diagnostic criteria for HF 

with diastolic dysfunction (110), but there were no universally accepted 

minimal criteria for the diagnosis of diastolic dysfunction. 

Over the years, echocardiography techniques have advanced and are greatly 

improved. However, today there remains some uncertainty in diagnosing 

diastolic dysfunction. The most recent (2012) ESC guidelines recommend 

using HF-REF (defined as EF ≤35%) and HF-PEF (defined as EF >50%) and 

EF between >35 - ≤50% represent a ‘grey area’ (6). The diagnosis of HF is 

not easy, and the diagnostic criteria have changed with each new version of 

the ESC guidelines. The diagnosis of diastolic HF is especially difficult. 

Strengths of Study I

Study I had several strengths. All patients were systematically evaluated by 

echocardiography that was performed by one sonographer (MO). The 

reference group in our study consisted of patients with clinical symptoms of 

HF and normal LV function that did not have a confirmed HF diagnosis. We 

think that this reference group is a better control group than healthy patients 

without symptoms in elderly populations. The primary goal for a GP in 

clinical practise is to categorize patients with symptoms as having HF or as 

having no HF. Therefore our study, although it is from a single PHC, is a 

study from the everyday life at a PHC in northern Sweden.

Limitations of Study I

Study I consists of a small number of patients, so the results should be 

generalized with caution. A small study diminishes the possibility of 

detecting smaller differences, and the risk of type П errors is, of course, 

substantial. For example, this study is underpowered to find sex differences 

in systolic or diastolic HF because of differences in the distribution of male 



67

and female patients. All baseline variables (Table 10) were collected from the 

HF record that the GP completed, and the only variable that we verified was 

atrial fibrillation. We classified variables as yes or no: for example, if the 

value for hypertension in the HF journal was missing, the patient was 

classified as having no hypertension. The number of patients excluded 

according to the exclusion criteria is unknown for this study.

Study II

For both NTproBNP and BNP, the highest NPV and sensitivity were reached 

at cut-off values of 200 ng/L and 20 pg/ml, respectively, without taking age 

or gender into account. 

Study II included all patients with systolic HF (44%) plus the reference 

group (61), a total of 109 patients. We decided to study patients with systolic 

HF because evidence-based treatment is established for such patients (111).

For a GP, NPV of natriuretic peptides is considered to be clinically 

important, as it can be used to exclude patients without systolic HF. A 

Danish study (112) that tested the accuracy of using NTproBNP levels in 

patients with systolic HF found both sensitivity and a NPV of 91%–100% 

using cut-off values of 125 pg/ml for all patients or, alternatively, using a 144 

pg/ml cut-off for women and a 93 pg/ml cut-off for men. In that study, the 

mean patient age was 69 years old, and less than 10% were treated with ACE 

inhibitors, beta blockers, or diuretics. In our study, we reached the highest 

sensitivity (96%) using a cut-off value of 100 ng/L and the best NPV (88%) 

using a cut-off value of 200 ng/L (not taking age and gender into account). 

Our patients with systolic HF were almost ten years older than those in the 

Danish study, and 44%–58% were treated with ACE inhibitors, beta 

blockers, or diuretics. As a comparison, 23%–52% of our reference group 

was treated with ACE inhibitors, beta blockers, or diuretics. We know that 

long-term treatment with ACE inhibitors or beta blockers can decrease the 

levels of NTproBNP and BNP (61). The manufacturer of the assay has 

recommended the following cut-off values: 100 ng/L and 150 ng/L, 

respectively, for men and women younger than 75 years old, and 400 ng/L 

and 450 ng/l, respectively, for men and women ≥75 years old. These cut-off 

values were based on studies of healthy people and do not seem to be 

appropriate for clinical purposes for elderly patients. These 

recommendations were recently questioned in a review by Booth et al. (113). 

It should be noted that the current (2012) ESC guidelines (6) propose cut-off 

values of <125 pg/L and <35 pg/L for NTproBNP and BNP, respectively, to 
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exclude HF in non-acute patients with no distinction for patient age or 

gender. 

Study II additionally demonstrated that older age and male sex were 

significantly associated with higher levels of NTproBNP, while only older age 

was associated with higher levels of BNP. Keyzer et al. investigated BNP 

values in 9447 eligible PHC patients and found that gender and especially 

age had a significant influence on BNP levels (114). Notably, their patients 

were much younger, patients with diabetes or renal dysfunction were 

excluded, and they used a different assay for BNP than that used in our 

study. BNP values obtained with different assays are not comparable (115). 

Methodological considerations

There are a number of considerations that should be taken into account 

when interpreting the results of Study II, especially the way we approached 

internal and external quality assurance for the NTproBNP and BNP 

laboratory measurements. Figure 29 and 30 shows some of the problematic 

issues highlighted by Lindstedt et al. (116).

Figure 29. Internal quality assurance for the BNP and NT-proBNP assays.
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- Stability
- Some BNP-analysis demand EDTA-tubes (plastic), 

are influenced by room temperature etc, store etc. 

- Insufficient comparability
- Great variations with Biosite, 50-70% higher measured

levels than Shionogi, some show lower values, some equal
- Substansial differences between laboratories
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Figure 30. External quality assurance for the BNP and NT-proBNP assays.

In addition to the laboratory issues that must be taken into account for these 

assays, there are also a number of demographic and clinical factors that 

influence the NT-proBNP and BNP levels (Figure 31).

Figure 31. Factors that influence the levels of BNP and NTproBNP.
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External:
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- ng/L, pmol/L. 
- great differences of molar ratios of BNP/ NtproBNP for different 

populations
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These factors are especially important in patients with borderline situations 

i.e. in patients with mild HF or diastolic HF. In cases of severe HF, the 

natriuretic peptide levels are usually so high that the described factors are 

less important than in borderline conditions. Of special note is the influence 

of drug treatment, which can substantially reduce the levels of natriuretic 

peptides. The initially high NPV was based on results from untreated 

patients. However, the large number of available studies (16 893 papers) led 

Booth et al. (113) to conclude that the strength of the evidence for 

determining BNP and NTproBNP levels for the diagnosis of HF was so high 

that further studies will be unlikely to change the estimates of diagnostic 

performance.

Strengths of Study II

One of the strengths of Study II was that just one person (MO) was 

responsible for overseeing all of the patients in the study, from blood 

sampling, to organizing the analysis, to performing the echocardiographic 

examination. The patients were systematically evaluated, and the study only 

included patients with systolic dysfunction, a condition for which there is 

solid evidence-based treatment. These patients were compared to a reference 

group of patients with clinical symptoms of HF for whom the diagnosis of 

HF was ruled out. This makes the results relevant to real-world clinical 

practice. Study II was also included in the review by Booth and co-workers 

(113). There are a limited number of studies on the diagnostic performance 

of natriuretic peptides in PHC, especially in the elderly. The review by Booth 

et al. (113) identified 16 893 records related to natriuretic peptides, but only 

12 studies included PHC patients and only 5 evaluated both BNP and 

NTproBNP. Another strength of our study was that it evaluated and 

compared different cut-off values for both BNP and NTproBNP.

Limitations of Study II

The main limitation of Study II was the limited number of patients who were 

all from one PHC. Thus, the conclusions should be interpreted with caution, 

especially in terms of the impact of age and gender on the cut-off values of 

BNP and NTproBNP. The limited power also hampered the number of 

factors that could be added into the multivariable analysis of the levels of 

BNP and NTproBNP.
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Study III

After 10 years of follow-up, the main finding of Study III was that overall HF, 

isolated systolic HF, and combined HF, but not isolated diastolic HF, were 

significantly associated with all-cause and cardiovascular mortality. After 

adjustment for NTproBNP levels in the different types of HF, only combined 

HF remained significantly associated with all-cause and cardiovascular 

mortality. After further adjustment for age, smoking habits, and kidney 

dysfunction, no significant association remained. 

The results of a study conducted in Olmsted County, Minnesota (USA) 

differed from our results. That study included patients with preserved EF 

(≥50%) and reduced EF (≤50%) who were selected from a random sample of 

all potential HF cases, including both hospitalised and outpatient cases (80). 

It had the same follow-up time as our study, and the patients were about the 

same age as in our study. However, the Olmsted study included more men 

and fewer patients with a history of hypertension, and the all-cause mortality 

rate was 86% compared with our rate of 49%. A total of 49% of the patients 

in that study who had preserved EF died from non-cardiovascular causes; 

this was similar to our rate of 50% if we compare their patients with 

preserved EF with our patients diagnosed with diastolic HF. Among their 

patients with reduced EF, non-cardiovascular causes accounted for 36% of 

deaths compared with 24% in our patients with systolic HF. The differences 

between their patients with reduced EF and our patients with systolic HF 

may be related to differences in the diagnostic criteria for patients with 

reduced EF versus the criteria for systolic HF in our study. 

Another dissimilarity between the Olmstead study and our study was that 

patients in the Olmsted study might have suffered from more severe illness 

than ours. That study also included hospitalised patients. Notably, 3 years 

into the study, our patients with systolic HF who died did so mainly due to 

cardiovascular causes rather than from non-cardiovascular causes, while the 

opposite was true for patients with diastolic HF. One possible explanation is 

that cardiovascular causes are associated with a worse prognosis during a 3-

year period. 

The results of a meta-analysis (n=50 991 patients) were in general 

accordance with the results of our study in that their patients with HF-PEF 

had a 32% lower risk of death than patients with HF-REF (117). The patients 

with HF-PEF in the review showed a significantly lower risk of death than 

those with HF-REF after adjustment for age, sex, hypertension, diabetes, 

atrial fibrillation, and the aetiology of HF. In the univariate Cox regression 
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analysis for all-cause mortality after 10 years of follow-up, we found an HR 

of 0.60 for patients with isolated diastolic HF compared to those with 

isolated systolic HF. This was not significant, possibly due to the limited 

number of patients in our study. The meta-analysis included both 

observational studies and randomized trials with three years of follow-up, 

but the patients were younger and there were fewer women, so the results 

are only partly comparable to those of our study. 

NTproBNP is a well-known prognostic factor for HF that has mostly been 

studied in younger patients, with only a very few studies conducted in elderly 

patients. In our study, only HF together with NTproBNP remained 

significantly associated with the risk of all-cause mortality after 10 years of 

follow-up. Frankenstein et al. compared the prognostic value of NTproBNP 

in patients younger versus older than 65 years of age (118) and reported that 

NTproBNP reflected disease severity to a similar extent in elderly and 

younger patients. They also found that in patients with chronic stable HF, 

the NTproBNP value had the same 1-year prognostic information regardless 

of the age of the patient. Their results are in accordance with ours. Despite 

the difference in the age of patients in the two studies, both studies 

strengthen the assertion that NTproBNP is a strong prognostic factor even in 

elderly patients with HF.

A second interesting finding in our study was that smoking habits (current 

and past smoking) was the only studied variable that predicted all-cause 

mortality after both 3 and 10 years of follow-up. The Olmsted study (80), 

with a follow-up time similar to that in our study, found that advanced age, 

male sex, diabetes, smoking, and kidney disease were associated with an 

increased risk of mortality. Our results are in line with theirs, except for the 

sex differences. 

Methodological considerations

Our study was planned in the late 1990s and was performed during the early 

2000s. During that time, diastolic HF (but not HF-PEF) was the main 

definition of non-systolic HF. There was not uniform acceptance of the 

definition of diastolic HF at that time, and diastolic HF remains difficult to 

define. There is ongoing debate about whether isolated diastolic HF is a 

distinct HF phenotype or just a precursor stage of systolic HF (119). The use 

of HF-PEF is also debated in terms of cut-off values, and there is currently 

no consensus for the optimal cut-off value for EF. It is important to 

emphasize that a normal EF is not equivalent to normal systolic function. 
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The definitions used for HF-PEF and HF-REF will, of course, impact their 

association with mortality. When it comes to comparing prognosis between 

HF-PEF and HF-REF, the EF value that is used will have an impact on the 

results. 

Strengths of Study III

HF was verified by echocardiography in all patients, and all were followed 

for 10 years. These are both strengths of the study. In addition, the reference 

group comprised patients with clinical symptoms of HF who were not 

considered to have HF. This reflects daily clinical practice in which the GP 

examines a patient with breathlessness and fatigue. 

Limitations of Study III

The main limitation of Study III was the low number of patients who were all 

from one PHC. Thus, the conclusions should be interpreted with caution. 

The limited power also hampered the analysis of factors that influence all-

cause mortality. The risk of type 2 errors must be taken into account when 

interpreting the results and conclusions. The data for the clinical variables 

were collected from the GP’s pre-specified HF records; that is, these data

were not validated. Some data for clinical variables were missing for 

unknown reasons. For clinical diseases, missing data were regarded as an 

absence of disease. The Cox analyses for diastolic HF should be interpreted 

with caution because of some violations of Kaplan-Meier assumptions.

Study IV

The main findings of Study IV were that age and underlying heart disease 

significantly predicted all-cause hospitalisation in multivariable analysis. In 

addition, overall HF was an independent predictor for time to first 

hospitalisation. In contrast, NT-proBNP ≥800 ng/L, elevated creatinine, 

elevated hsCRP, and overall HF were significantly associated for time to first 

cardiovascular hospitalisation only in the univariable analysis.
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The epidemiologic study conducted in Olmsted County (120) that studied 

determinants for hospitalisation included 1077 patients with HF with a mean 

follow-up of 4.7 years. In our study, the mean follow-up time was 6.4 years. 

Their patients were in the same age range as ours, but all had HF and 83% of 

them had at least one hospitalisation. Our patients had clinical symptoms of 

HF, and 80% had been hospitalised.

As in our study, the Olmsted study found that the majority of 

hospitalisations were due to non-cardiovascular causes. For all-cause 

hospitalisations, the univariable risk factors were age, male sex, 

hypertension, diabetes, chronic obstructive pulmonary disease, anaemia, 

and creatinine clearance <30 ml/min. These findings were similar to ours, 

except that we did not find an association for diabetes or for a history of 

pulmonary disease.

In our elderly patients, a diagnosis of HF seemed to affect the risk for time to 

first hospitalisation. Fang et al. (121) conducted a survey of HF-related 

hospitalisations in the US between 1979 and 2004 and reported increasing 

admissions to the hospital with increasing age. They emphasised the 

importance of treating non-cardiac conditions in patients with HF to 

decrease hospitalisations. In contrast, a registry study of patients with a 

diagnosis of HF conducted in Sweden between 1987 and 2006 demonstrated 

increasing admissions to the hospital for younger (<45 years old) patients 

with HF, while hospitalisations peaked in the 1990s for patients aged 54–84 

and then decreased (122). In a retrospective population-based cohort study 

in Sweden between 2005 and 2006 of 252 patients diagnosed with HF-REF 

(EF ≤40%), 66% had at least one cardiovascular hospitalisation, and more 

than 50% had at least one HF-related hospitalisation within the same period 

(123). Among our patients with overall HF, 60% had at least one 

cardiovascular hospitalisation during the 10 years of follow-up, and among 

our patients with isolated systolic HF, 75% had at least one hospitalisation. 

The differences between our study and the study by Stålhammar et al. (123)

may be due to a number of reasons, such as study design, hospitalisation 

registration, primary and/or secondary reasons for hospitalisation, mortality 

rates, age of the studied patients, and length of follow-up. Another reason for 

the differences could be that their patients had more severe HF (EF <40%). 

Our findings emphasize the importance of identifying underlying heart 

disease because this significantly predicts hospitalisation. Our patients were 

included due to clinical symptoms of HF, but such symptoms are often 

unspecific. Notably, all patients with AF had at least one all-cause 

hospitalisation, which calls attention to the importance of both heart rate 

and rhythm control as well as to anticoagulation considerations (124). There 
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are few studies that address the prognostic importance of cardiac murmurs 

in PHC. In a study in Copenhagen of unselected hospitalised patients, 22% 

had a murmur, and the risk of one-year mortality was increased compared to 

those without a murmur after adjustment for age and sex (125). There was 

no information about the risk of re-hospitalisation in that study. Our study 

extends the present knowledge in patients in PHC, as 15% of our patients 

had a cardiac murmur and of these patients, 80% were hospitalised during 

the 10 years of follow-up. The authors of the Copenhagen study also pointed 

out the importance of heart auscultation for non-cardiologists and noted that 

detection of a murmur in an elderly person admitted to the hospital is an 

important prognostic factor for one-year mortality. In our study, cardiac 

murmur in a PHC setting also seemed to have value for predicting time to 

first cardiovascular hospitalisation. This finding calls attention to the clinical 

value of cardiac auscultation even in the current era of modern technologies 

such as biomarker determination and echocardiography.

Methodological considerations

In Study IV, we reviewed the medical records that registered the 

hospitalisations of all patients at the Departments of Medicine and Surgery 

at Skellefteå County Hospital and at the Heart Center at Umeå University 

Hospital. The classification of non-cardiovascular or cardiovascular 

hospitalisation is, of course, dependent on the reliability of the classification 

coding. Only the primary cause of hospitalisation was registered, even 

though there may have been other clinical conditions that contributed to the 

hospitalisation. The second most common cause after cardiovascular cause 

of hospitalisation in this study was “symptoms, signs not classified”; in such 

cases, it is somewhat uncertain where, for example, the classification “chest 

pain, unspecified” fits in. The classification codes were taken directly from 

the case records and were not validated except for transient ischemic attack 

in one patient; in that case, the diagnosis was carefully evaluated and 

classified as a cardiovascular cause.

Regarding the biomarker data (creatinine, haemoglobin, and cholesterol) 

that were collected from the GP’s HF record, there was some uncertainty in 

terms of the dates when they were sampled, but we performed some random 

checks that show the same date for the patient’s visit at the PHC centre and 

for blood sampling for biomarker determination. 
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Strengths of Study IV

The strength of Study IV is the long-term follow-up in a rather unselected 

group of patients with clinical symptoms of HF. We performed a systematic 

review of hospitalisations in the medical records of each patient included in 

the study. The diagnosis of HF was validated using echocardiography. 

Limitations of Study IV

Study IV has a number of limitations. First, it is a single-centre study, and 

the study population is limited. Second, the data for clinical variables, except 

for HF and AF, were not validated. The levels of creatinine, haemoglobin, 

and cholesterol were registered from the GP’s pre-specified HF record. Some 

data for clinical variables were missing for unknown reasons. For underlying 

heart diseases, missing data were regarded as an absence of disease. 

We realize that the limited number of patients and hospitalisations may have 

introduced a type 2 error that could limit a full understanding of the real 

value of our studied biomarkers for predicting hospitalisations in elderly 

patients. Elevated hsCRP, a high level of creatinine, and low haemoglobin 

levels were all significant in univariable analysis for time to first 

hospitalisation, suggesting that they may have predictive value, but this 

possibility needs to be confirmed in larger studies. We may have missed 

hospitalisations of which we were not aware. For example, patients may have 

been hospitalised in facilities other than in the Departments of Medicine and 

Surgery at Skellefteå Hospital or in the Heart Centre of Umeå University 

Hospital.

Ethical considerations

Clinical examination, including echocardiography and blood sampling, can 

cause some discomfort for the patient, but these procedures do not differ 

from ordinary clinical routine care or investigations. The results of our 

studies were only presented at the group level; no individual patient can be 

identified. If the diagnosis of HF and HF management are improved by this 

clinical research, we believe that the benefits outweigh patient discomfort or 

risk. 



77

Gender perspectives

Both men and women were included in this project, although there were 

more women than men. The difference in the distribution of men and 

women was unexpectedly high compared with similar previous studies (102). 

This may be because it is more difficult to diagnose HF in elderly women 

(100), which may in turn contribute to false diagnosis of HF in women. This 

underscores the need to optimize the diagnostic procedure, including both 

determination of natriuretic peptide levels and echocardiography in all 

patients with suspected HF. The finding of higher levels of NTproBNP and 

BNP in women versus men in a healthy population is well known (97, 126), 

as is the finding of higher levels in women with suspected mild HF (127). In 

the present study, we did not find this difference either for NTproBNP or 

BNP in women with clinical symptoms of HF. This may be due to the fact 

that HF has a large impact that outweighs the impact of sex differences in 

terms of the levels of natriuretic peptides. In fact, we found an association 

between male sex and higher levels of NT-proBNP (but not between male sex 

and higher levels of BNP). This may have some impact on the diagnostic 

procedure for HF when choosing which natriuretic peptide level should be 

used as a cut-off value in clinical practise.

Clinical implications

HF diagnosis

Diagnosing HF on clinical grounds is as likely to be right as wrong. It may be 

even more difficult to diagnose HF in an elderly patient with multiple 

diseases who is seen in PHC, so there is a substantial risk of over- or 

underdiagnosing HF. In addition, patients can be either over- or 

undertreated if the diagnosis of HF is made only on clinical grounds (Table 

11 in Study I). An earlier Swedish study revealed that only 31% of PHC 

patients were referred for echocardiography (128). Echocardiography 

examination should therefore be optimized for patients with a suspicion of

HF in PHC. Patients with increased levels of natriuretic peptides should be 

carefully evaluated by echocardiography to confirm or exclude the presence 

of HF. A Swedish study tested a hospital-based management program for 

CHF that included natriuretic peptides and echocardiography in cooperation 

with several PHC centres between 2008 and 2010 and had some good results 

in terms of improved NYHA classes (129).



78

Natriuretic peptides are important tools for ruling out HF. The cut-off values 

for NTproBNP to exclude HF should be lower than the assay manufacturers 

propose; this has been evaluated and also suggested by the ESC (6, 113). In 

those elderly patients, the cut-off values were somewhere between 100–200 

ng/L for NTproBNP and 20–30 pg/ml for BNP. This is about what the 2012 

ESC guidelines propose for non-acute onset of HF. 

HF prognosis 

Mortality

Systolic HF seems to be more important than diastolic HF for predicting 

mortality in these elderly patients. Validating the presence of underlying 

heart disease and categorizing disturbances of cardiac dysfunction are 

important for predicting mortality. When identifying co-morbidities, renal 

dysfunction in particular should be considered, as should diabetes. The 

impact of lifestyle factors such as current and past smoking should not be 

forgotten, even in elderly patients, and determination of natriuretic peptide 

levels is important for prognostication. Echocardiography and natriuretic 

peptide determination are both valuable prognostic tools and can help 

identify patients who need optimization of drug treatment. There is good 

evidence for improving prognosis for systolic HF, although the number of 

studies in the elderly in PHC is limited. In a Swedish study, only 42% of 

Swedish PHC patients received appropriate drug treatment (128). In the 

2013 Swedish Heart Failure Registry report, around 60% of patients aged 

75–84 years were treated with a combination of RAS and beta-receptor 

blockade (130). 

Hospitalisation

There is a high risk of all-cause hospitalisation as well as cardiovascular 

hospitalisation in these elderly patients with a suspicion of HF. It is 

important to recognize concomitant co-morbidities to predict 

hospitalisation, as hospitalisation seems to be more commonly due to non-

cardiovascular causes in patients with diastolic HF compared with patients 

with systolic HF. It is also extremely important to validate the presence of 

underlying heart disease, especially AF, but also to categorize the type of 

disturbance of cardiac function. Notably, all patients with AF were 

hospitalised at least once. An elevated level of NT-proBNP is also a 
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prognostic factor in elderly patients in PHC and may help identify patients 

who are at risk of hospitalisation. 

Future perspectives

There is obvious a need for larger prospective studies in elderly patients in 

PHC with no limit of age in these studies. It is of great importance for 

patients with suspected HF to get the right diagnosis. Studies should aim at 

improving the diagnostic process. The accessibility of echocardiography in 

PHC both in rural and urban areas needs to be improved. Telemedicine may 

offer new possibilities. One solution could be to do a remote controlled 

echocardiography by a sonographer followed by cardiological consultation 

on distance by internet based telemedicine from a hospital and with the 

patient at the PHC. This concept called, the CARDISTA- concept has been 

studied in a randomized trial with positive results (131). Point- of care 

methodology and portable handheld echocardiographic machines may be 

other options to improve the diagnostic process but techniques has to be 

tested and evaluated in randomized trials. 

For natriuretic peptides larger trials are needed in elderly patient to study 

the impact of age and gender on the cut-off levels. There is also a need to 

evaluate which cut-off levels have the best NPV, PPV, sensitivity and 

specificity for patients with diastolic HF or HF-PEF. For NTproBNP and 

BNP there are already bed-side equipments that are available at the PHC but 

their clinical value as a diagnostic tool for HF has to be evaluated.

As most of randomized studies in HF often  have excluded patients aged >80 

years there is a great need for such trials in  these  patients to established the 

best evidence based treatment.

Besides studies on new drugs there is a growing interest for the role of co-

morbidites in patients with HF. Iron deficiency (ID) has emerged as a 

possible cause of reduced quality of life, as well as increased morbidity and 

mortality. Elderly patients may be more affected by ID due to reduced food 

intake or iron losses. New cardiac biomarkers, for example a ST2 (biomarker 

of cardiac stress) and Galectin-3 may have a role to improve prediction of

mortality or hospitalization, either alone or in combination with natriuretic 

peptides. Their clinical value has so far not been established and further 

evaluation is needed. 
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Conclusions of our studies on elderly 
patients in the PHC 

I A confirmed diagnosis of HF was present in less than half (45%) of the 

patients with suspected HF. There were significantly more men than women 

with a verified diagnosis of HF. No differences were found between men and 

women in having isolated systolic or diastolic HF. In men and women older 

than 80 years there were significantly more men with isolated systolic HF 

than women. No men older than 80 years were diagnosed with isolated 

diastolic HF. Underlying heart disease is of importance as myocardial 

infarction, hypertension and atrial fibrillation predicted a diagnosis of HF 

regardless of gender and age. 

II To rule out HF in patients with suspected HF, the best NPV was found at 

a cut-off value of 200 ng/L for NT-proBNP and 20 pg/ml for BNP. The best 

sensitivity was found at a cut-off value of 100ng/L for NTproBNP and 20 

pg/ml for BNP. Increasing age and male gender were associated with higher 

levels of NT-proBNP while only increasing age was related to elevated BNP 

levels. 

III At ten years of follow-up, a patient with a diagnosis of systolic HF had a 

worse prognosis for all-cause mortality and cardiovascular mortality than a 

patient with diastolic HF when compared with the reference group. Patients 

with combined HF were at even higher risk for all-cause mortality and 

cardiovascular mortality. Age, smoking habits, kidney dysfunction and 

NTproBNP, but not any type of HF, predicted independently all cause 

mortality. NTproBNP was the most valuable prognostic biomarker for 

mortality. 

IV At ten years of follow up, age and underlying heart disease were 

predictors for all-cause hospitalisation. All patients with AF had been 

hospitalised. Of the studied biomarkers, there was only a high level of 

NTproBNP that added independent prognostic information about the risk 

for cardiovascular hospitalization. Patients with verified HF had a higher risk 

than patients without HF for time to first all-cause hospitalization.
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patienterna, utan er hade det inte blivit något projekt.  
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Till mina fantastiska kollegor Bengt Norrfors, Lars-Mikael 
Lundmark och Anette Broberg för uppmuntrande och 
deltagande hejarop och många glada skratt.
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Till hela forskargänget, både rutinerade och mindre rutinerade, Lars 
Johansson, Markus Lind, Jonas Andersson, Jenny 
Hernestål-Boman, Margareta Brännström, Eva-Britt 
Norberg, Patrik & Maria Wennberg,  Magdalena Johansson 
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och Ulf Forsberg som alla inspirerar på sitt sätt och hela tiden med 
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Till Thomas Suh för superb språkgranskning.
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Naturligtvis till min familj, mannen Roger för att du finns där med 
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