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ABSTRACT 

Background: We assessed left ventricular dysfunction in a population at high risk for 

heart failure (HF), and explored associations between ventricular function, HF risk 

factors and NT-proB natriuretic peptide (NT-proBNP). 

Methods and Results: 3,550 subjects at high risk for incident HF (≥60years plus >1 HF risk 

factor), but without pre-existing HF or left ventricular dysfunction, were recruited. 

Anthropomorphic data, medical history and blood for NT-proBNP were collected. 

Participants at highest risk (n=664) (NT-proBNP highest quintile; >30.0pmol/L) and a 

sample (n=51) from the lowest NT-proBNP quintile underwent echocardiography. 

Participants in the highest NT-proBNP quintile, compared to the lowest, were older (74 years 

vs. 67 years; p<0.001) and more likely to have coronary artery disease, stroke or renal 

impairment. In the top NT-proBNP quintile (n=664), left ventricular systolic impairment was 

observed in 6.6% (95% CI: 4 to 8%) of participants and was associated with male gender, 

coronary artery disease, hypertension and NT-proBNP. At least moderate diastolic 

dysfunction was observed in 24% (95% CI 20 to 27%) of participants and was associated 

with diabetes and NT-proBNP. In this high risk population, NT-proBNP was associated with 

left ventricular systolic impairment (p<0.001) and moderate to severe diastolic dysfunction 

(p<0.001) after adjustment for age, gender, coronary artery disease, diabetes, hypertension 

and obesity. 

Conclusion: A high burden of ventricular dysfunction was observed in this high risk group. 

Combining NT-proBNP and HF risk factors may identify those with ventricular dysfunction. 

This would allow resources to be focused on those at greatest risk of progression to overt HF.  
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INTRODUCTION 

Rising prevalence of heart failure (HF), with its attendant high morbidity, mortality and cost 

is focusing attention on earlier diagnosis and prevention [1]. Once hospital admission for HF 

has occurred prognosis can be poor. Indeed, recent UK data report a 40% one year mortality 

in the elderly despite the majority being prescribed appropriate classes of therapy [2]. 

Reported HF prevalence varies between 2-10%, reflecting underlying population 

characteristics. Prevalence rises exponentially with age [3-6], therefore, with aging 

populations and the increasing prevalence of some risk factors [7-10], the prevalence of HF is 

predicted to increase. 

 

Left ventricular dysfunction, including asymptomatic dysfunction, is an independent 

predictor of mortality [11-14]. Asymptomatic dysfunction is reported in approximately equal 

numbers to HF cases [3, 6, 15], and the ability to detect it early and commence therapy could 

retard or prevent progression to overt HF. Screening strategies to achieve this have been 

investigated, including the use of signs and symptoms, electrocardiography, biomarkers, and 

echocardiography [16-22]. 

 

The most promising screening strategy includes the use of natriuretic peptides. The 

natriuretic peptides, NT-proB type natriuretic peptides (NT-proBNP) and B type natriuretic 

peptide (BNP), use is well established in HF diagnosis [23-25] and prognosis [26, 27], and 

they are increasingly being used in HF management [28-30]. Their role in screening 

strategies is encouraging [20, 21, 31], but the interpretation of natriuretic peptide levels for an 

individual can be limited by their interactions with other co-morbidities. Focusing screening 

strategies within high risk populations is one potential, but further investigation to understand 

the relationships between NT-proBNP, risk factors and patient characteristics is needed. 
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The SCReening Evaluation of the Evolution of New Heart Failure Study (SCREEN-HF) is a 

large prospective study in a high risk, but asymptomatic, population. We assessed the burden 

of left ventricular dysfunction and the associations between NT-proBNP, patient 

characteristics and HF risk factors. 

 

 

METHODS 

Study population 

A cohort at high risk for the development of HF was enrolled between June 2007 and 

December 2009. High risk for incident HF was defined using 3 criteria: age, at least one pre-

existing HF risk factor, and an elevated plasma NT-proBNP (Figure 1). Participants were 60 

years or older. HF risk factors included self-reported history of coronary artery disease 

(myocardial infarction, angina, coronary angioplasty or coronary artery bypass grafts), stroke, 

valvular heart disease, atrial fibrillation, hypertension or diabetes treated for at least 2 years, 

and renal impairment (eGFR<60ml/min/1.73m2). Three thousand five hundred and fifty 

participants were enrolled with the first two criteria (age and HF risk factor) and stratified 

using measured plasma NT-proBNP. Elevated plasma NT-proBNP was defined as being in 

the top quintile for the cohort (n=3,550). Participants were excluded if they had a pre-existing 

HF diagnosis or documented asymptomatic ventricular dysfunction. 

 

Participants responded to a letter of invitation from their health fund provider by returning a 

brief HF risk factor questionnaire to the study center. If inclusion criteria were confirmed by 

a trained researcher during telephone interview, then the subject was invited to participate by 

attendance at the study centre. 
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Following informed written consent, at the baseline visit, participants completed a researcher-

administered structured questionnaire of past medical history, medications, and HF 

symptoms. Anthropomorphic measures were taken, by a trained observer, according to WHO 

cardiovascular survey methods [32], and including height and weight (Soehnle scales, 

Germany), which was used to calculate body mass index (BMI kg/m2). Blood pressure (BP) 

was taken on the right arm after the participant had been seated for 5 minutes (digital blood 

pressure monitor A&D Medical, Kensington, Victoria), and was estimated as the mean of two 

measurements. Blood was collected and processed at a single, commercially-accredited 

pathology provider, for urea, electrolytes and creatinine, full blood count, and NT-proBNP 

using electrochemiluminescence immunoassay (Roche Modular E170 analyzer, Basel, 

Switzerland). 

 

Plasma NT-proBNP level was used to stratify participants, and those at highest risk of 

incident HF (i.e. with NT-proBNP in the top quintile (n=710), were invited for a second 

study visit. At this visit participants undertook a clinical assessment, including BP 

measurement (IntelliSense: Omron HEM-907, Japan) and comprehensive echocardiogram. A 

small sample (n=51 consecutive participants) from the lowest NT-proBNP quintile were also 

invited for this second study visit. 

 

Echocardiography 

Echocardiography was undertaken according to a standardised protocol using a GE Vingmed 

Vivid I portable ultrasound machine (GE Medical Systems, Milwaukee, WI) with the 

participant in the semi-recumbent left lateral position. A single experienced cardiologist 

(MM) obtained scans which were digitally recorded. Measurements were then made offline 

by the cardiologist (blinded to all clinical details) using GE EchoPAC software, version 6.0, 
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(GE Medical Systems, Milwaukee, WI). Measurements were averaged from three cardiac 

cycles (five if an arrhythmia was present) as recommended by the American Society of 

Echocardiography [33]. Left ventricular ejection fraction was quantified using Simpson’s rule 

(biplane or four chamber) if 80% of the endocardium was visible or visual estimation if not. 

Valves were assessed using Doppler and 2D echocardiography. Pulse wave Doppler of the 

mitral valve (at leaflet tips) and pulmonary vein inflows along with tissue Doppler imaging of 

the lateral mitral annulus were used to evaluate diastolic function [34]. 

 

Left ventricular dysfunction threshold was defined by two standard deviations below the 

population mean as follows: normal function (ejection fraction ≥45%), mild dysfunction 

(ejection fraction 44.9-40%) or moderate to severe dysfunction (ejection fraction <40%). 

Diastolic function was categorized from Doppler evaluation and graded into four categories 

(Table 1). A minimum of two Doppler criteria was required for diagnosis of moderate or 

severe diastolic dysfunction; if only one were present then function was characterized as 

indeterminate. Subjects in atrial fibrillation or with significant mitral valve disease or a 

prosthetic mitral valve were excluded from diastolic dysfunction analysis. Valvular heart 

disease was defined as at least moderate mitral or aortic, stenosis or regurgitation [35-37]. 

 

Ejection fraction could be measured by Simpson’s rule in 89% of participants (biplane in 

83%, single plane in 6%) and it was estimated for the remaining 11%. Visual estimation of 

ejection fractions was used significantly more frequently in participants with BMI≥30kg/m2 

(17% versus 8%; p=0.001), but not with increasing age (p=0.4). A second echocardiography 

laboratory (GH, JM) blindly reported 10% of randomly selected echocardiograms for 

reproducibility. Inter-observer reproducibility of key measures was good, and as follows 

(concordance correlation coefficient [95% CI]): Doppler of the mitral valve inflow, E wave 
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0.94 [0.91 to 0.97], deceleration time 0.73 [0.65 to 0.82], A wave 0.92 [0.87 to 0.96]; and 

tissue Doppler of the lateral mitral valve annulus 0.88[0.83 to 0.93]. 

 

Ethics 

SCREEN-HF complies with the Declaration of Helsinki and was approved by The Alfred 

Hospital Ethics Committee, Melbourne, Australia (project number 245/06). 

 

Statistical methods 

Data analysis was undertaken using Stata SE version 11.0. Approximately normally 

distributed variables were summarized with mean and standard deviation. Other continuous 

variables were summarized with median and inter-quartile range. Logistic regression models 

with dichotomised ventricular dysfunction as outcome were used to investigate the 

relationship between risk factors, log transformed NT-proBNP and ventricular structure and 

function. Inter-observer reproducibility was summarized with concordance correlation 

coefficients [38]. 

 

 

RESULTS 

Letters of invitation and questionnaires were sent to 44,000 health fund members who were 

60 years or older (Figure 1). Approximately 25% of questionnaires (n=11,046) were returned. 

Consecutive respondents were then telephone screened (n=9,256) until 3,550 met inclusion 

and exclusion criteria. Questionnaires were returned by 4,527 members who did not meet 

inclusion and exclusion criteria, and 1,179 members met criteria but declined to enroll in 

study. 
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Three thousand five hundred and fifty participants enrolled after giving informed written 

consent and attended for visit 1. Fifteen participants who attended for visit 1 were found to 

have exclusion criteria (pre-existing HF) and were excluded. Of 710 participants in the top 

NT-proBNP quintile 664 attended the second visit. The 46 participants who declined and 

withdrew from further involvement in the study had a higher BMI than those who continued 

(29±5kg/m2 versus 28±5kg/m2; p=0.01), but there was little difference in their age, gender, 

medical history or NT-proBNP levels. 

 

Population characteristics 

Characteristics of the entire SCREEN HF cohort and those at highest risk are presented in 

Table 2. The mean±SD age of the cohort was 70±7 years (range 59 to 92 years) and 55% 

were male. Participants attending for echocardiogram from the top NT-proBNP quintile, 

when compared to the remainder of the cohort, were on average older, 74±7 years (p<0.001), 

had higher mean systolic BP (p=0.007) but they had a lower mean diastolic BP (p<0.001) and 

BMI (p<0.001). A history of coronary artery disease (OR 2.3, 95% CI: 1.9-2.8; p<0.001), 

stroke (OR 1.4, 95% CI: 1.1-1.7; p=0.002), or atrial fibrillation (OR 5.4, 95% CI 4.2-6.7; 

p<0.001) were more commonly reported in participants with a plasma NT-pro-BNP level 

>30pmol/L, as was the presence of multiple HF risk factors (OR 1.6, 95% CI: 1.5-1.7; 

p<0.001). In contrast, a history of hypertension (OR 0.7, 95% CI: 0.6-0.9; p=0.04) was less 

commonly reported, and there was no difference in past medical history of diabetes or obesity 

in the elevated NT-proBNP group. 

 

Left ventricular systolic function 

Forty-four participants (6.6%; 95% CI: 4 to 8%) in the top NT-proBNP quintile who 

underwent echocardiogram (n=664) had impaired left ventricular function (LVEF ≤45%). 
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Over seventy percent of them were male, and more than half had a background of coronary 

artery disease (Table 2). 

 

In univariate logistic regression analysis, male gender, coronary artery disease, hypertension 

and log transformed NT-proBNP were associated with impaired ejection fraction (Table 3). 

In multivariate regression analysis, left ventricular ejection fraction, after adjustment for age, 

sex, and HF risk factors, was independently associated with male gender (p<0.001), a history 

of hypertension (p=0.02) and log transformed NT-proBNP (p<0.001) (Table 3). 

 

Left ventricular diastolic function 

In the top NT-proBNP quintile, diastolic function could be categorized in 454 participants. It 

could not be estimated in 210 participants, with diastolic dysfunction indeterminate in 49 

individuals based on ultrasound parameters, and could not be estimated for the remaining 161 

due to rhythm, significant mitral valve disease, or echocardiogram quality. 

 

Moderate to severe diastolic dysfunction was observed in 127 participants (24%; 95% CI 20 

to 27%), almost 60% of who were female and 80% had a reported history of hypertension 

(Table 2). Results in Table 4 show that diabetes and log transformed NT-proBNP were the 

only HF risk factors associated with poor diastolic function (p=0.01 and p<0.001, 

respectively), and this persisted after adjustment for age, gender and other HF risk factors 

(p=0.02 & p<0.001, respectively). 

 

The participants (n=51) from the bottom NT-proBNP quintile (very low NT-proBNP, 

<5.5pmol/L) who underwent echocardiogram where representative of the bottom quintile, 

with no significant differences in age, gender, medical history, BP, BMI or NT-proBNP 
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between these 51 individuals and the remaining 659 in the quintile (data not shown). The 

participants who undertook echocardiography in the bottom quintile, when compared to the 

top quintile, were younger (67.2 ±4.6 years vs. 74.5±6.8 years; p<0.001) and had a higher left 

ventricular ejection fraction (59.5 ±5.7% vs. 56.5±7.4%; p=0.003). In this lower risk group 

no systolic dysfunction was observed and only 6% (95% CI: 1 to 15%) were observed to have 

moderate diastolic dysfunction. 

 

 

DISCUSSION 

Significant ventricular dysfunction was documented in 25% of asymptomatic elderly subjects 

with HF risk factors and a very high NT-proBNP level (>80th centile). The odds of having left 

ventricular dysfunction almost doubled in those with pre-existing coronary artery disease and, 

similarly, diabetes. NT-proBNP was associated with both systolic and diastolic impairment. 

 

The burden of systolic dysfunction (6%) we observed was similar to that reported by other 

researchers, including the MONICA Glasgow study [3] 7.7%, the Olmsted County study [5] 

6.0%, ECHOES [15] 5.3% and the Canberra Heart Study [6] 5.9%. Comparison among 

studies is, however, limited by non-uniform diagnostic criteria and methodology. For 

example, these other studies, unlike SCREEN-HF, reported both symptomatic and 

asymptomatic dysfunction, and hence the burden of asymptomatic systolic dysfunction in 

SCREEN HF is likely greater, reflecting the pre-existing risk factors and elevated biomarker 

(>80th centile) that defined the group. In contrast, the SCREEN HF subgroup with HF risk 

factors but very low NT-proBNP (<20th centile) had no systolic, and only a small proportion 

of diastolic dysfunction. PROBE-HF investigators observed similar results, reporting 4% 
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moderate to severe diastolic dysfunction and 1% systolic dysfunction in a hypertensive and/or 

diabetic population [39]. 

 

Primary prevention of HF risk factors and targeting existing HF risk factors are both essential 

strategies to prevent cardiac injury and progression to HF. Nevertheless, many individuals are 

already living with HF risk factors and asymptomatic dysfunction, and thus screening to 

differentiate stage A from stage B HF, with the goal of targeting resources and therapy to 

prevent progression to overt HF, is the next frontier in management [1]. Biomarkers, in 

particular NT-proBNP and B type natriuretic peptide (BNP), are the most promising 

measures for screening and are currently used in clinical medicine to triage patients who 

present with dyspnoea [23-25, 29, 40, 41], in management of HF patients [28, 42-45] and to 

determine HF prognosis [27, 46, 47]. 

 

For the purposes of screening, the role of natriuretic peptides is not yet established [48, 49] 

and their inclusion in screening is not recommended by major guidelines. While a low plasma 

NT-proBNP level essentially excludes structural heart disease [39], interpreting elevated NT-

proBNP results is more problematic. Several investigators have reported BNP is effective and 

cost-effective when used to screen for systolic dysfunction [20, 21], but other studies have 

reported more equivocal results, with a high number of those screened still requiring an 

echocardiogram. Strategies aiming to improve screening with natriuretic peptide have been 

investigated. For example, Ng et al. combined major ECG abnormalities (pathological q 

waves, left bundle branch block, left ventricular hypertrophy, atrial flutter/fibrillation) with 

NT-proBNP to improve their positive predictive value for the detection of systolic 

dysfunction [50]. The use of major ECG abnormalities and NT-proBNP significantly reduced 

the number of screened individuals who required subsequent echocardiograms; however, this 
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was most effective in those with pre-existing coronary artery disease. In our study, only 50% 

of SCREEN HF participants with confirmed left ventricular systolic dysfunction had a 

background of coronary artery disease. Determining the effectiveness of the strategy of 

combining ECG abnormalities and NT-proBNP to screen in broader populations needs 

further consideration. This will be particularly important as coronary artery disease 

prevalence rates decline. 

 

Murtagh and the STOP-HF investigators examined the proportion of diastolic dysfunction 

responsible for the high rates of false positives when using BNP to screen for systolic 

dysfunction in an asymptomatic population (≥40 years + HF risk factor) [51]. They observed 

a significant proportion of diastolic dysfunction in those labeled as “false positives”. In the 

SCREEN HF study, we found a large proportion of the ventricular dysfunction was diastolic 

dysfunction without co-existent systolic dysfunction. 

 

Using natriuretic peptides to screen for diastolic and systolic dysfunction is likely to improve 

the effectiveness of any strategy. Diastolic dysfunction underlies much of HF due to 

preserved ejection fraction, also a common syndrome, but may also underlie those who go on 

to develop subsequent HF with reduced ejection fraction. The role of screening for diastolic 

dysfunction, as opposed to systolic dysfunction, is however more complex. This is because, 

once identified, there are as yet no randomized placebo controlled trials of effective therapy 

for diastolic dysfunction, and treatment remains empirical. There is some indirect evidence 

that treating hypertension and regression of left ventricular hypertrophy is associated with 

improved outcomes. Trials using newer therapeutic agents are underway. Trials using 

established HF therapies are also in progress. For example, preliminary reports on digoxin 

use in HF with preserved ejection fraction are promising, and results of the use of 
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spironalactone in this population, from the TOPCAT investigators, is expected in 2012. Thus, 

although currently specific therapy directed at diastolic dysfunction is not available, this 

situation will hopefully change. 

 

In SCREEN HF there was a significant proportion of ventricular dysfunction identified, and 

underlying risk factor profiles varied with systolic and diastolic dysfunction. NT-proBNP was 

independently associated with both impaired systolic and moderate to severe diastolic 

dysfunction. Understanding risk factor profiles and their relationship to ventricular 

dysfunction and combining this with NT-proBNP may be effective in identifying 

asymptomatic ventricular dysfunction, but this strategy will need further assessment. The 

opportunity to identify pre-symptomatic dysfunction and prevent progression to heart failure 

is important if we are to intervene to halt the rising prevalence of HF. 

 

Limitations 

The present study has some limitations. The population was recruited from health fund 

membership which may affect generalization of the findings to the general population. 

Inclusion of participants was, however, defined by HF risk factors (age plus underlying 

pathology), and these should not differ greatly from that of the general population. NT-

proBNP and heart failure risk factors were measured simultaneously at study visit 1 and 

cardiac ultrasound was measured at a second study visit. While this lack of temporal 

alignment may affect findings, >70% of participants had echocardiogram within 3 months 

and almost all within 6 months. The direction and significance of associations between 

biomarker and cardiac ultrasound did not alter with time to echo and this may reflect real 

world use of a screening blood test. 
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Conclusion 

Using a very high plasma NT-proBNP level we documented over one quarter of high risk 

elderly participants with ventricular dysfunction. This was independent of conventional risk 

factors. Targeting high risk asymptomatic populations using a combination of plasma NT-

proBNP and HF risk factors may help identify those with left ventricular dysfunction and 

thus at greatest risk of incident heart failure. This strategy may represent an effective 

approach to screening for left ventricular dysfunction and further investigation of this 

approach with clinical outcomes and cost-effectiveness is warranted. 

 

ACKNOWLEDGEMENTS AND FUNDING 

This study was funded by Bupa Australia. Dr McGrady was supported by National 

Health and Medical Research Council (NHMRC), Heart Foundation of Australia and 

Cardiac Society of Australia and New Zealand scholarships. DJC and SS are recipients 

of senior research fellowships from the NHMRC. St Vincent's Institute of Medical 

Research is supported in part by the Victorian Government’s Operational Infrastructure 

Support Program. Thank you to Graham Hillis and Justine Moss for echocardiogram 

reproducibility reporting. Finally, we wish to acknowledge the huge support and 

contribution of Dorevich Pathology, nurses and administrative staff, in particular 

Kathleen White, Louise Tourner, and Susan Montgomery. 

 

CONFLICT OF INTEREST 

Bupa Australia was involved in funding, study design, and recruitment, but was not 

involved in collection of data, analysis or interpretation, or writing of the article. Bupa 

Australia had no control or influence over the decision to submit the final manuscript 

for publication.



15 
 

REFERENCES 

1. McGrady M, Krum H. Screening: the new frontier in heart failure management. 

Cardiovascular therapeutics. 2009; 27:1-3. 

 

2. Editorial. Crunch time for heart failure care in England and Wales. Lancet. 2010; 

376:2041-2041. 

 

3. McDonagh TA, Morrison CE, Lawrence A, Ford I, Tunstall-Pedoe H, McMurray JJ 

V, Dargie HJ. Symptomatic and asymptomatic left-ventricular systolic dysfunction in 

an urban population. Lancet. 1997; 350:829-833. 

 

4. Davies MK, Hobbs FDR, Davis RC, Kenkre JE, Roalfe AK, Hare R, Wosornu D, 

Lancashire RJ. Prevalence of left-ventricular systolic dysfunction and heart failure in 

the Echocardiographic Heart of England Screening study: A population based study. 

Lancet. 2001; 358:439-444. 

 

5. Redfield MM, Jacobsen SJ, Burnett JC Jr, Mahoney DW, Bailey KR, Rodeheffer RJ. 

Burden of systolic and diastolic ventricular dysfunction in the community: 

Appreciating the scope of the heart failure epidemic. JAMA. 2003; 289:194-202. 

 

6. Abhayaratna WP, Smith WT, Becker NG, Marwick TH, Jeffery IM, McGill DA. 

Prevalence of heart failure and systolic ventricular dysfunction in older Australians: 

the Canberra Heart Study. Med J Aust. 2006; 184:151-154. 

 

7. Hajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, and control of 

hypertension in the United States, 1988-2000. JAMA. 2003; 290:199-206. 

 

8. Kengne AP, Turnbull F, MacMahon S. The Framingham Study, diabetes mellitus and 

cardiovascular disease: Turning back the clock. Progress in Cardiovascular Diseases. 

2010; 53:45-51. 

 



16 
 

9. Dixon T, Waters AM. A growing problem: trends and patterns in overweight and 

obesity among adults in Australia, 1980 to 2001. Bulletin No. 8. AIHW. Cat. No. 

AUS 36. Canberra: AIHW. 

 

10. Roger VL. Heart disease and stroke statistics--2011 Update: A Report From the 

American Heart Association. Circulation. 2011; 123:e18-209. 

 

11. SOLVD. Effect of enalapril on survival in patients with reduced left ventricular 

ejection fractions and congestive heart failure. NEJM. 1991; 325:293-301. 

 

12. SOLVD. Effect of enalapril on mortality and the development of heart failure in 

asymptomatic patients with reduced left ventricular ejection fractions. NEJM. 1992; 

327:685. 

 

13. Jong P, Yusuf S, Rousseau MF, Ahn SA, Bangdiwala SI. Effect of enalapril on 12-

year survival and life expectancy in patients with left ventricular systolic dysfunction: 

a follow-up study. Lancet. 2003; 361:1843-1848. 

 

14. Pritchett AM, Mahoney DW, Jacobsen SJ, Rodeheffer RJ, Karon BL, Redfield MM. 

Diastolic dysfunction and left atrial volume: A population-based study. JACC. 2005; 

45:87-92. 

 

15. Davis RC, Hobbs FDR, Kenkre JE, Roalfe AK, Hare R, Lancashire RJ, Davies MK. 

Prevalence of left ventricular systolic dysfunction and heart failure in high risk 

patients: Community based epidemiological study. Brit Med J. 2002; 325:1156-1158. 

 

16. Davie AP, Francis CM, Love MP, Caruana L, Starkey IR, Shaw TR, Sutherland GR, 

McMurray JJ. Value of the electrocardiogram in identifying heart failure due to left 

ventricular systolic dysfunction. Brit Med J. 1996; 312:222. 

 

17. Thomas JT, Kelly RF, Thomas SJ, Stamos TD, Albasha K, Parrillo JE, Calvin JE. 

Utility of history, physical examination, electrocardiogram, and chest radiograph for 

differentiating normal from decreased systolic function in patients with heart failure. 

Am J Med. 2002; 112:437-445. 



17 
 

 

18. Hedberg P, Lonnberg I, Jonason T, Nilsson G, Pehrsson K, Ringqvist I. 

Electrocardiogram and B-type natriuretic peptide as screening tools for left ventricular 

systolic dysfunction in a population-based sample of 75-year-old men and women. 

Am Heart J. 2004; 148:524-529. 

 

 

19. Goudie BM, Jarvis RI, Donnan PT, Sullivan FM, Pringle SD, Jeyaseelan S, Struthers 

AD. Screening for left ventricular systolic dysfunction using GP-reported ECGs. Brit 

J Gen Prac. 2007; 57:191-195. 

 

20. Heidenreich PA, Gubens MA, Fonarow, GC, Konstam MA, Stevenson LW, Shekelle 

PG. Cost-effectiveness of screening with B-type natriuretic peptide to identify 

patients with reduced left ventricular ejection fraction. JACC. 2004; 43:1019-1026. 

 

21. Nielsen OW, McDonagh TA, Robb SD, Dargie HJ. Retrospective analysis of the cost-

effectiveness of using plasma brain natriuretic peptide in screening for left ventricular 

systolic dysfunction in the general population. JACC. 2003; 41:113-120. 

 

22. Groenning BA, Raymond I, Hildebrandt PR, Nilsson JC, Baumann M, Pedersen F. 

Diagnostic and prognostic evaluation of left ventricular systolic heart failure by 

plasma N-terminal pro-brain natriuretic peptide concentrations in a large sample of 

the general population. Heart. 2004; 90:297-303. 

 

23. Cowie MR, Struthers AD, Wood DA, Coats AJS, Thompson SG, Poole-Wilson PA, 

Sutton GC. Value of natriuretic peptides in assessment of patients with possible new 

heart failure in primary care. Lancet. 1997; 350:1349-1353. 

 

24. Maisel AS, Krishnaswamy P, Nowak RM, McCord J, Hollander JE, Duc P, Omland 

T, Storrow AB, Abraham WT, Wu AHB, Clopton P, Steg PG, Westheim A, Knudsen 

CW, Perez A, Kazanegra R, Herrmann HC, McCullough PA, Rapid measurement of 

B-type natriuretic peptide in the emergency diagnosis of heart failure. NEJM. 2002; 

347:161-167. 

 



18 
 

25. McCullough PA, Nowak RM, McCord J, Hollander JE, Herrmann HC, Steg PG, Duc 

P, Westheim A, Omland T, Knudsen CW, Storrow AB, Abraham WT, Lamba S, Wu 

AHB, Perez A, Clopton P, Krishnaswamy P, Kazanegra R, Maisel, Alan S. B-type 

natriuretic peptide and clinical judgment in emergency diagnosis of heart failure: 

Analysis from Breathing Not Properly (BNP) Multinational Study. Circulation. 2002; 

106:416-422. 

 

26. Doust JA, Pietrzak E, Dobson A, Glasziou P. How well does B-type natriuretic 

peptide predict death and cardiac events in patients with heart failure: systematic 

review. Brit Med J. 2005; 330:625. 

 

27. Wang T, Martin GL, Daniel L, Emelia JB. Plasma natriuretic peptide levels and the 

risk of cardiovascular events and death. NEJM. 2004; 350:655-663. 

 

28. Porapakkham P, Porapakkham P, Zimmet H, Billah B, Krum H. B-Type natriuretic 

peptide-guided heart failure therapy: A Meta-analysis. Arch Intern Med. 170:507-514. 

 

29. Maisel A, Hollander JE, Guss D, McCullough P, Nowak R, Green G, Saltzberg M, 

Ellison SR, Bhalla MA, Bhalla V, Clopton P, Jesse R. Primary results of the Rapid 

Emergency Department Heart Failure Outpatient Trial (REDHOT): A multicenter 

study of B-type natriuretic peptide levels, emergency department decision making, 

and outcomes in patients presenting with shortness of breath. JACC. 2004; 44:1328-

1333. 

 

30. Lainchbury JG, Troughton RW, Frampton CM, Yandle TG, Hamid A, Nicholls MG, 

Richards AM. NTproBNP-guided drug treatment for chronic heart failure: design and 

methods in the BATTLESCARRED trial. Eur J Heart Fail. 2006; 8:532-538. 

 

31. Latour-Perez J, Coves-Orts FJ, Abad-Terrado C, Abraira V, Zamora J. Accuracy of 

B-type natriuretic peptide levels in the diagnosis of left ventricular dysfunction and 

heart failure: A systematic review. Eur J Heart Fail. 2006; 8:390-399. 

 

32. Leupker RV, Evan A, McKeigue P, Reddy KS. Cardiovascular Survey methods. 

2004. Geneva: World Health Organisation. 



19 
 

33. Gottdiener J, Bednarz J, Devereux R, Gardin J, Klein A, Manning WJ, Morehead A, 

Kitzman D, Oh J, Quinones MA, Schiller NB, Stein JH, Weissman NJ. American 

Society of Echocardiography recommendations for use of echocardiography in 

clinical trials. JASE. 2004; 17:1086-1119. 

 

34. Ommen SR, Nishimura RA, Appleton CP, Miller FA, Oh JK, Redfield MM, Tajik AJ. 

Clinical utility of Doppler echocardiography and tissue Doppler imaging in the 

estimation of left ventricular filling pressures: A comparative simultaneous Doppler-

catheterization study. Circulation. 2000; 102:1788-1794. 

 

35. Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, Griffin BP, Iung B, 

Otto CM, Pellikka PA, Quiñones M. Echocardiographic assessment of valve stenosis: 

EAE/ASE recommendations for clinical practice. JASE. 2009; 22:1-23. 

 

36. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine RA, 

Nihoyannopoulos P,Otto CM, Quinones MA, Rakowski H, Stewart WJ, Waggoner A, 

and Weissman NJ. Recommendations for evaluation of the severity of native valvular 

regurgitation with two-dimensional and Doppler echocardiography. JASE. 2003; 

16:777-802. 

 

37. National Heart Foundation of Australia (RF/RHD guideline development working 

group) and the Cardiac Society of Australia and New Zealand . Diagnosis and 

management of acute rheumatic fever and rheumatic heart disease in Australia - and 

evidence based review. 2006. 

 

38. Lin LK. A concordance correlation coefficient to evaluate reproducibility. Biometrics. 

1989; 45:255-268. 

 

39. Betti I, Castelli G, Barchielli A, Beligni C, Boscherini V, De Luca L, Messeri G, 

Gheorghiade M, Maisel A, Zuppiroli A. The role of N-terminal PRO-brain natriuretic 

peptide and echocardiography for screening asymptomatic left ventricular dysfunction 

in a population at high risk for heart failure. The PROBE-HF Study. J Cardiac 

Failure. 2009; 15:377-384. 

 



20 
 

40. Atisha D, Bhalla MA, Morrison LK, Felicio L, Clopton P, Gardetto N, Kazanegra R, 

Chiu A, Maisel AS. A prospective study in search of an optimal B-natriuretic peptide 

level to screen patients for cardiac dysfunction. Am Heart J. 2004; 148:518-523. 

 

41. Mueller C, Scholer A, Laule-Kilian K, Martina B, Schindler C, Buser P, Pfisterer M, 

Perruchoud AP. Use of B-Type natriuretic peptide in the evaluation and management 

of acute dyspnea. NEJM. 2004; 350:647-654. 

 

42. Krum H, Jelinek MV, Stewart S, Sindone A, Atherton JJ. 2011 Update to NHF of 

Australia and CSANZ Guidelines for the prevention, detection and management of 

chronic heart failure in Australia, 2006. Med J Australia. 2011; 194:405-409. 

 

43. Koglin J, Pehlivanli S, Schwaiblmair M, Vogeser M, Cremer P, vonScheidt W. Role 

of brain natriuretic peptide in risk stratification of patients with congestive heart 

failure. JACC. 2001; 38:1934-1941. 

 

44. Cowie MR, Jourdain P, Maisel A, Dahlstrom U, Follath F, Isnard R, Luchner A, 

McDonagh T, Mair J, Nieminen M, Francis G. Clinical applications of B-type 

natriuretic peptide testing. Eur Heart J. 2003; 24:1710-1718. 

 

45. Lam LL, Cameron PA, Schneider HG, Abramson MJ, Mauller C, Krum H. Meta-

analysis: Effect of B-type natriuretic peptide testing on clinical outcomes in patients 

with acute dyspnea in the emergency setting. Ann Intern Med. 2010; 153:728-735. 

 

46. McDonagh TA, Cunningham AD, Morrison CE, McMurray JJV. Ford I, Morton JJ, 

Dargie HJ. Left ventricular dysfunction, natriuretic peptides, and mortality in an urban 

population. Heart. 2001; 86:21-26. 

 

47. Costello-Boerrigter LC, Burnett Jr JC. The prognostic value of N-terminal proB-type 

natriuretic peptide. Nature Clinical Practice Cardiovascular Medicine. 2005; 2:194-

201. 

 



21 
 

48. Nakamura M, Tanaka F, Sato K, Segawa T, Nagano M. B-type natriuretic peptide 

testing for structural heart disease screening: a general population-based study. 

Journal of Cardiac Failure. 2005; 11:705-12. 

 

49. Dyrbye LN, Redfield MM. The role of brain natriuretic peptide in population 

screening. Heart Failure Reviews. 2003; 8:349-54. 

 

50. Ng LL, Loke I, Davies JE, Khunti K, Stone M, Abrams KR, Chin DT, Squire IB. 

Identification of previously undiagnosed left ventricular systolic dysfunction: 

community screening using natriuretic peptides and electrocardiography. Eur J Heart 

Fail. 2003; 5:775-782. 

 

51. Murtagh G, Dawkins IR, O'Connell R, Badabhagni M, Patel A, Tallon E, O'Hanlon R, 

Ledwidge MT, McDonald KM. Screening to prevent heart failure (STOP-HF): 

expanding the focus beyond asymptomatic left ventricular systolic dysfunction. Eur J 

Heart Fail. 2012; 14:480-486. 



22 
 

 

 
No further involvement n=32,954 
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Baseline Visit 1 
Demographic, PMH & medications collected 

Anthropomorphic data and BP measured 
Blood collected: EUC, FBC, random glucose, NT pro-BNP 

n= 3,550 

 
 

 
 

 

 
 
 
 
 
 
 
 

 
 
 

 
Figure 1: SCREEN-HF study design

Invitation and HF questionnaire mailed to health 
fund members ≥60 years old 

n=44,000 

HF questionnaires returned (n= 11,046) and 
n=9,256 telephone screened until recruitment 

target achieved 

Pre-existing LVD or HF at enrollment thus 
excluded from study n=15 

Stratified according to plasma NT-proBNP  
 

0 -20% 21-40% 41-60% 61-80% 
n=51  81 – 100% 

SCREEN HF highest risk 
population 

n=710 

Baseline Visit 2 
Echocardiogram and plasma stored 

Withdrew from study n=46 

Data available for analysis 
Baseline visit :1 n=3550 

Baseline visit 2: top quintile SCREEN HF, highest risk population n=664 
Baseline visit 2: representative of lowest quintile SCREEN HF, lower risk population n=51 
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Table 1: Doppler criteria for the classification of left ventricular diastolic function 

 

 
 
 
 
 
 
 
 

A minimum of two Doppler criteria required to be diagnosed as moderate or severe diastolic dysfunction. TDI, tissue 

Doppler imaging; E, peak early mitral inflow velocity; A, peak mitral filling velocity at atrial contraction; DT, deceleration 

time of the mitral E wave; e’, peak velocity of the mitral annulus motion during early diastole; MV Adur, duration of the 

mitral A wave; PV Adur, duration of the pulmonary venous reversal wave during atrial contraction; S, peak velocity of the 

pulmonary venous forward flow during systole; D, peak velocity of the pulmonary venous forward flow during diastole.

 Diastolic Function 
Doppler measures Normal Mild dysfunction Moderate dysfunction Severe dysfunction 
Mitral inflow 0.75<E/A<1.5 

DT>160ms 
E/A<0.75 
 

0.75<E/A<1.5 
DT>160ms 

E/A>1.5 
DT<160ms 

Pulmonary venous  
inflow 

S≥D  
MV Adur>PV Adur 

S≥D  
MV Adur>PV Adur 

S<D 
MV Adur+30ms<PV Adur 

S<D 
MV Adur+30ms<PV Adur 

Mitral annular TDI 
 

E/e’<10 E/e’<10 E/e’≥10 E/e’≥10 
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Table 2: Demographics of entire cohort, top NT-proBNP quintile and by left ventricular dysfunction. 

 

Values are mean±standard deviation, median (inter-quartile range), or number (%). 

  

Entire cohort 

 Top quintile  

NT-proBNP 

>30pmol/L 

 

ALVDD 

 

ALVSD 

 n=3550  n=664 n=127 n=44 

Age (years) 70.4±6.6  74±7 75±6 74±7 

Male  1961 (55%)  352 (53%) 55 (43%) 32 (72%) 

Laboratory profile      

NT-proBNP (pmol/L) 13 (7-26)  54 (39-88) 53 (39-79) 86 (57-151) 

Creatinine (umol/L) 81 (70-95)  86 (73-103) 87 (73-105) 90 (79-103) 

Haemoglobin (g/L) 13.9 (1.3)  14 (9-18) 13 (9-18) 14 (11-18) 

Anthropomorphic data and blood pressure     

Body mass index (kg/m2) 28.3±4.6  27.8±4.8 27.9±5.0 28.8±5.1 

Systolic BP (mmHg) 141±18  142±20 144±20 141±17 

Diastolic BP (mmHg) 80±10  78±11 76±11 78±10 

Pulse pressure (mmHg) 60±15  64±17 68±16 63±15 

Medical History      

Coronary artery disease 836 (24%)  247 (37%) 50 (39%) 23 (52%) 

Diabetes 654 (18%)  120 (18%) 32 (25%) 12 (27%) 

Hypertension 3018 (85%)  541(81%) 106 (83%) 31 (70%) 

Stroke 388 (11%)  112 (17%) 23 (18%) 12 (27%) 

Atrial fibrillation 352 (10%)  169 (27%) N/A 15 (37%) 

Obesity (BMI≥30kg/m2) 1119 (32%)  193 (29%) 37 (29%) 14 (32%) 
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Top quintile NT-proBNP – participants with NT-proBNP >30mmol/L and who completed echocardiogram; ALVDD – 

asymptomatic moderate to severe diastolic dysfunction; ALVSD – asymptomatic left ventricular systolic dysfunction (ejection 

fraction 45%); N/A – not available. 
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Table 3: Univariate logistic regression analyses with outcome of left ventricular systolic dysfunction (LVEF<45%) 

and explanatory variables of HF risk factors. Multivariate linear regression analyses of left ventricular ejection 

fraction and HF risk factors. 

 
 Left ventricular function 

 LVEF <45%  LVEF (%) 
    
 OR 95% CI Unadjusted 

p value 
 Coefficient 95% CI Adjusted* 

p value 
Age (years) 1.0 1.0 to 1.1 0.90  0.02 -0.06 to 0.1 0.7 
Male gender 2.5 1.3 to 4.7 0.01  -2.7 -3.8 to -1.7 <0.0001 
CAD 2.2 1.1 to 4.1 0.01  -0.6 -1.7 to 0.4 0.2 
Diabetes  1.7 0.8 to 3.3 0.14  -0.4 -1.7 to 0.9 0.2 
Hypertension  0.5 0.3 to 1.0 0.04  1.6 0.2 to 2.9 0.02 
BMI ≥30kg/m2 1.1 0.6 to 2.2 0.70  -0.9 -2.1 to 0.2 0.1 
logNT-proBNP 2.5 1.7 to 3.6 <0.0001  -1.4 -2.0 to -0.9 <0.0001 

 
LVEF - left ventricular ejection fraction; CAD – coronary artery disease; logNT-proBNP – log transformed NT-proB 

natriuretic peptide. *Adjusted for all variables in the table.
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Table 4: Univariate and multivariate logistic regression analyses of associations between HF risk factors and the 

outcome moderate to severe diastolic dysfunction. 

 
 Moderate to severe diastolic dysfunction 

 
 Unadjusted 

odds ratio 
95% CI Unadjusted 

p value 
 Adjusted 

odds 
ratio* 

95% CI Adjusted* 
p value 

Age (years) 1.0 1.0 to 1.1 0.08  1.0 1.0 to 1.0 0.5 
Male gender 0.8 0.5 to 1.2 0.3  0.7 0.5 to 1.1 0.1 
CAD 1.3 0.8 to 1.9 0.3  1.1 0.7 to 1.7 0.8 
Diabetes  1.8 1.1 to 2.9 0.01   1.9 1.1 to 3.1 0.02 
Hypertension  0.9 0.5 to 1.5 0.6  0.8 0.4 to 1.4 0.4 
BMI≥30kg/m2 1.1 0.7 to 1.6 0.8  1.1 0.7 to 1.8 0.7 
logNT-proBNP  1.7 1.3 to 2.3 <0.0001  1.7 1.3 to 2.3 <0.0001 

 
CAD – coronary artery disease; logNT-proBNP – log transformed NT-proB natriuretic peptide. *Adjusted for all 

variables in the table. 


