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Reduced exercise tolerance and exercise-induced dyspnoea are common 
complaints affecting many elderly. The number of studies that have examined 
the exact prevalence of these symptoms in the older population at large is, 
however, surprisingly low. The prevalences mentioned in literature vary widely: 
from 20% to 60%.1 Both symptoms often coexist and are associated with an 
increased risk of adverse health outcomes and reduced quality of life.2;3 Fragile 
or vulnerable elderly, in research often described as ‘frail’, with these complaints 
are the domain of this thesis.4;5 We defined ‘frailty’ pragmatically as having three 
or more chronic or vitality-threatening diseases (such as ischaemic heart disease 
or cancer) and/or being prescribed five or more drugs daily during the past year.6 
Importantly, only a minority of older adult persons who experience reduced 
exercise tolerance or exercise-induced dyspnoea visit their general practitioner 
for these complaints.7;8 This can be partly explained by the subjective nature 
of the complaints and the small margin (or perceived as small by the patients) 
between disease and physical deconditioning related to ageing.9 The complaints 
of reduced exercise tolerance and exercise-induced dyspnoea are frequently 
used interchangeable by both patients and physicians. Patients use a large 
variety of terms such as ‘shortness of breath’, ‘increased effort of breathing’, 
‘chest tightness’ or ‘air hunger’. Physicians, however, most often use ‘dyspnoea’, 
a term unfamiliar to lay people.10 Lack of common wording and attribution 
of these symptoms to ageing increases the risk of miscommunication and 
misinterpretation.11  
The differential diagnosis for dyspnoea and exercise intolerance is extensive, 
and contains more than 30 different medical diagnoses.9;12;13 In approximately 
two third of patients with these complaints the cause is pulmonary or cardiac, 
with heart failure and chronic obstructive pulmonary disease (COPD) as most 
common underlying disorders.14;15 Other causes include asthma, coronary 
artery disease, cardiac arrhythmias, valvular disease, interstitial lung disease, 
psychogenic causes, anaemia, gastroesophageal reflux disease or thyroid 
disease.9;12;13 
Both heart failure and COPD are in the top ten and will belong to the top five 
of medical conditions worldwide in 2030 and are the most common syndromes 
with a chronic progressive disease trajectory.1;16;17 Both chronic conditions are 
strongly associated with mortality, morbidity and a poorer quality of life.18 
Heart failure has a notoriously high mortality with a five year survival after a 
first diagnosis during hospitalization being around 50%, with a slightly better 
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survival for those with heart failure with a preserved ejection fraction (HF-
PEF) than for those with a reduced ejection fraction (HF-REF).19;20 The mortality 
risk of COPD is lower, around 20% in five years.21;22 For both diseases, effective 
interventions are available, albeit that, in general, interventions in heart failure 
exert more survival benefit than COPD.20;21 In patients with COPD, the patient’s 
quality of life and exercise tolerance can improve, while the disease progression, 
frequency of exacerbations, and the number of emergency hospitalizations 
can be reduced by lifestyle interventions (especially quitting smoking) and 
pharmacologic treatment, mainly with inhalers.21;23 Importantly, however, clear 
mortality reducing drugs are lacking for COPD. In HF-REF there are multiple 
mortality reducing drugs and non-pharmacological options, including cardiac 
resynchronization therapy and disease management programs.20 Additionally, 
these interventions also relieve symptoms with improvement in quality of life 
and increase in functional capacity, and reduce hospital admissions.20;24 For 
HF-PEF none of the interventions effective in HF-REF has yet been shown, 
convincingly, to reduce morbidity or mortality. For HF-PEF patients, guidelines 
recommend diuretics for symptom relief in case of symptoms or signs of fluid 
and salt retention, and optimization of blood pressure levels and treatment of 
co-existent atrial fibrillation with tachycardia or coronary heart disease.20

To summarize, symptoms of dyspnoea and reduced exercise tolerance are 
common, although the exact prevalence is unknown, and increase with ageing. 
The main underlying diseases (notably heart failure and COPD) are associated 
with increased morbidity and mortality.2;3;18 Thus, physicians should pay attention 
to these complaints and should actively search for underlying causes.25 Screening 
of a high-risk category of community-dwelling elderly, typically those who are frail 
and experience dyspnoea or reduced exercise tolerance, would be another, more 
pro-active approach. Such a screening strategy could result in early detection of 
COPD or heart failure, or other diseases that could be picked up easily by blood 
testing, i.e. anaemia and renal dysfunction. The question then remains whether 
such a screening strategy indeed results in changes in patient management, and 
consequently improves quality of life and prognosis of these patients.  

Is screening of frail elderly with exercise intolerance for COPD, heart failure 

or other conditions worthwhile?

Both heart failure and COPD are usually detected in primary care, although 
the minority, typically those first presenting with acute dyspnoea, are first 
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diagnosed in hospital. As mentioned earlier, there are effective treatments for 
COPD and HF-REF, while up to date, interventions in HF-PEF mainly improve 
symptoms without improving prognosis.20;21 Other possible underlying (chronic) 
diseases that may cause dyspnoea and reduced exercise tolerance are anaemia, 
thyroid disorders, renal dysfunction, and atrial fibrillation. Considering all these 
potential disorders that can be detected with blood tests in combination with 
additional tests such as electrocardiography, spirometry and echocardiography, 
screening applied in a near-home setting would be capable to uncover many of 
these latently present diseases. This would create a basis for changes in patient 
management and potentially to improved prognosis. Such a screening strategy 
has never been formally evaluated in a diagnostic randomised trial including an 
evaluation of the impact of novel screen-detected diagnoses on multiple aspects 
of the health of the screened population. Such a diagnostic trial is urgently 
needed because one cannot extrapolate the effects of (non-)pharmacological 
interventions derived from large scale randomised clinical trials to the effects 
occurring in screen-detected patients. Firstly, because screen-detected cases 
are in general less severely affected than those diagnosed after consulting a 
physician with (progressive) symptoms. Secondly, the large majority of large 
scale randomised trials performed in patients with COPD and HF-REF only 
included middle-aged persons without multimorbidity.20;21 Thus, the benefits of 
(non-)pharmacological interventions started after a screen-detected diagnosis 
of COPD or heart failure in frail elderly is essentially unknown and could be 
far less impressive than results obtained from randomized controlled trials 
including younger patients without multimorbidity and diagnosed in a later 
stage of the disease when symptoms urge patients to contact a physician. Our 
aim, therefore, was to perform a diagnostic trial in frail elderly with dyspnoea 
or reduced exercise tolerance to quantify the yield of such a screening strategy 
compared to usual care in terms of the number of patients with screen-detected 
relevant conditions (notably COPD en heart failure) and the effect of patient-
tailored management following the detection of previously unknown diseases.

Objectives of this thesis

The first objective of this thesis is to determine the yield of screening for 
previously unrecognized heart failure, COPD, and other common chronic 
diseases (such as anaemia, atrial fibrillation, renal dysfunction, and thyroid 
disease) in frail (defined as multimorbidity or polypharmacy) elderly who 
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experience reduced exercise tolerance or exercise-induced dyspnoea. The 
second objective is to assess whether screening for the aforementioned diseases 
improves clinically relevant outcomes, such as health-related quality of life 
(HRQoL), but also hospitalizations and all-cause mortality. We performed the 
TREE-study, a cluster randomized diagnostic trial, to address these objectives 
by comparing the screening strategy (intervention) with care as usual (control).

Outline of this thesis

The number of studies reporting prevalence rates of dyspnoea and the 
distribution of the underlying causes of dyspnoea in the older population at large 
are limited and often relatively small and heterogeneous in the methodology 
applied. In chapter 2, we provide a systematic review of these studies with the 
aim to obtain a more precise estimate of the prevalence.
The protocol of our study, ‘Triage of Reduced Exercise tolerance in frail Elderly 
(TREE)’, a cluster randomized trial, is described in chapter 3. In chapter 4, 
we report the yield of a near-home targeted screening strategy in terms of the 
detection of previously unrecognized heart failure, COPD, or other chronic 
diseases in frail elderly with reduced exercise tolerance or exercise-induced 
dyspnoea. Diagnosing heart failure in frail elderly is challenging in primary 
care, and in chapter 5 we assess whether some ready available biomarkers have 
added diagnostic value beyond symptoms and signs in these patients. 
The effect of the screening strategy on HRQoL, functionality, complaints, and 
health care use after six months, compared to care as usual, is presented in 
chapter 6. 
In chapter 7 we discuss the implications of the results of this thesis for primary 
care. 
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Abstract

Background: Chronic dyspnoea is common in older people and is often of cardiac 
or pulmonary aetiology. Information on the exact prevalence and distribution of 
underlying causes is scarce. Our aim was to review the literature on prevalence 
and underlying causes of dyspnoea in the older population. 

Methods: Two MEDLINE searches were conducted: the first on studies on 
the prevalence of dyspnoea in older persons aged ≥65 years using the Medical 
Research Council (MRC) dyspnoea scale and the second on the underlying 
causes of dyspnoea in this population. Quality assessment was performed for 
all included studies. Random effects models based on the logit transformed 
prevalences were used to calculate pooled prevalence with 95% confidence 
intervals (95% CI).

Results: A total of 21 articles from 20 different populations reported the 
prevalence in the general older population with a median sample size of 600 
(Interquartile range 262-1289). The pooled prevalence was 36% (95% CI 27-47%) 
for an MRC of ≥2, 16% (95% CI 12-21%) for an MRC of ≥3 and 4% (95% CI 2-9%) for 
an MRC of ≥4. Prevalence rates were higher in women than in men. 
Only one article investigated the underlying causes of dyspnoea in older 
persons; in 70% of these patients, the dyspnoea was considered to be of cardiac 
or pulmonary origin, 

Conclusion: Dyspnoea is very common in older people, but estimates vary 
considerably between studies. Only one study describes the underlying causes.
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Background

Dyspnoea comes from the Greek words ‘dys-’ and ‘pnoia’, and means difficult 
breathing.  Clinicians use the term dyspnoea, while patients rather describe 
it with terms such as breathlessness, shortness of breath, chest tightness, air 
hunger or as increased effort of breathing.1 These different terms indicate that 
defining dyspnoea is complex and will vary between patients. 
About 60% of those presenting with dyspnoea are aged 65 years or over.2 However, 
dyspnoea remains difficult to evaluate, especially in an older population, 
because of its subjective nature and the small margin between disease and 
physical deconditioning due to ageing. The reported prevalence of dyspnoea 
in the community seems to vary widely and is often described in a background 
paragraph as ‘ranging from 20 to 60% in older people’, but a systematic review 
and critical appraisal of the available studies are lacking.3

In addition, the available literature on the underlying causes of dyspnoea in 
the older population at large has not been evaluated, while many prior studies 
included selected populations or reported on only either pulmonary or cardiac 
causes.4;5 
Our review has two aims; to provide a systematic overview of studies assessing 
the prevalence of dyspnoea in the older population at large and of studies on 
examining the distribution of underlying causes of dyspnoea in this population. 

Methods 

Two separate MEDLINE searches were conducted. 

Aim 1:  Prevalence of dyspnoea by the Medical Research Council dyspnoea 

scale in the general older population 

There are several questionnaires available to assess dyspnoea. The Medical 
Research Council (MRC) dyspnoea scale is a widely used rating scale for 
dyspnoea.6 This short questionnaire measures perceived shortness of breath in 
daily physical activities using simple examples. In order to compare studies, we 
choose the MRC scale as questionnaire to measure dyspnoea.
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Search strategy 

A systematic literature search was carried out in Medline from 1950 up to March 
2012. The following keywords were used in the search: ‘dyspnoea or synonyms’ 
and ‘survey or synonyms’ (Appendix 1). Studies published in English or Dutch 
were considered. The following predefined inclusion criteria were applied: (i) 
study population derived from the general population, (ii) study report the 
prevalence in those aged 65 years or over, or prevalence can be calculated for 
this age category, and (iii) studies that applied the MRC dyspnoea scale (or a 
modified version) to quantify dyspnoea. Studies regarding acute dyspnoea were 
excluded. Reference lists of all selected articles and those of relevant review 
articles were searched.  
If more articles were published about the same study population, the most 
complete one was included. An exception was made for two articles from the 
PAQUID-study, each giving the prevalence of dyspnoea, but at a different MRC 
cut-off point. Both articles are included in the results section, and for the quality 
assessment they are considered as a single study. 

Quality assessment 

As no formal checklist was available for the quality assessment of prevalence 
studies, such a list was designed. Our list is based on the approach applied by 
QUADAS-2 (Tool for the Quality Assessment of Diagnostic Accuracy Studies)7 
as it also focuses on the risk of bias (internal validity) using three signalling 
questions and on concerns for applicability (external validity, generalizability) 
using two signalling questions. The role of the signalling questions is to identify 
potential problems in the design, conduct and analysis of a study that might 
introduce bias or raise concerns about the applicability of the findings. All 
signalling questions are scored as yes, no or unclear. For both risk of bias and 
concerns for applicability, a summary rating is given using the categories: low, 
high or unclear. The following questions were used for the quality assessment.
Signalling questions for risk of bias:
a.  Are the data collection methods standardised and are the data prospectively 

collected with the purpose of measuring the prevalence?
b. Was a consecutive or random sample of patients enrolled?
c.  Is it unlikely that the reasons for non-response have influenced the estimate 

of prevalence in a systematic way?
d. Is the instrument to measure dyspnoea valid?
Overall assessment for risk of bias: high / low / unclear
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Signalling questions for concerns about applicability;
e.  Do the included patients and setting match what is intended by the review 

question?
f.  Is the condition of interest defined or measured as intended by the review 

question?
Overall assessment on concern for applicability: high / low / unclear

Selected articles were read in full and quality rated independently by two of 
the authors. In case of discrepancies, consensus was achieved after discussion 
between the two assessors. 

Data extraction and analysis

Standardized forms were used to extract information and data from the 
individual studies.
Data are presented as numbers and proportions. Prevalence numerators and 
denominators were extracted from the studies, and if possible specified by 
gender and age categories. Because studies used different cut-off points of 
the MRC dyspnoea scale to define dyspnoea, the prevalence of dyspnoea was 
calculated for different cut-off points.

Prevalence estimates from all studies are presented in forest plots showing the 
percentage of persons with a MRC score of ≥2, ≥3 or ≥4 together with the 95% 
confidence interval (95% CI) based on the method of Wilson.8 Random effects 
meta-analysis was performed to obtain a pooled estimate across studies with 
95% CI. The random effects model is based on the assumption that the true 
underlying logit transformed prevalences come from a normal distribution 
with a mean of µ and between-study variance of τ2. The precision by which the 
prevalence has been measured in each study is added to the model based on 
the binomial distribution (within-study variance) giving more weight to larger 
studies. 
To examine whether there is a difference in prevalence between men and women, 
we first calculated prevalence ratios within each study. Next, the prevalence 
ratios were pooled across studies using standard random effect meta-analysis 
techniques.9 The benefit of this approach is that variables that may influence 
the prevalence estimates, such as setting, patient selection and measurement 
protocol are kept similar for both sexes within study. 
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Aim 2: Underlying causes of dyspnoea in the general older population

Search strategy

A systemic literature search was carried out in Medline from its inception to 
March 2012. The following keywords were used in the search: ‘dyspnoea or 
synonyms’ and ‘heart or synonyms’ and ‘lung or synonyms’ (Appendix 1). 
Studies published in English or Dutch were considered. Predefined inclusion 
criteria were: (i) study population representative of the general population, (ii) 
patients aged 65 years or over were included, and (iii) the diagnostic assessment 
included at least spirometry and echocardiography (because of the focus on, 
respectively, chronic obstructive pulmonary disease (COPD) and heart failure). 
Studies regarding acute dyspnoea were excluded. Reference lists of all selected 
articles and those of relevant review articles were searched.

Quality assessment, data extraction and analysis 

For Aim 2, we will use similar methods for quality assessment, data extraction 
and analysis as for Aim 1.

Results

Prevalence of dyspnoea by the Medical Research Council dyspnoea scale in 

the general older population 

Description of selected study population

The search yielded 9,323 publications and after reading titles, abstract and full 
text, 20 articles were selected which fulfilled all our inclusion criteria. One 
additional article was identified from the reference lists of the selected articles 
(Figure 1). 
In total, 21 articles from 20 study populations were selected. Study characteristics 
and quality parameters are shown in Table 1.10-30 Sample sizes varied between 84 
and 5,119 participants, with a combined and median sample size of 19,185 and 
600 (interquartile range 262-1289), respectively. The studies were conducted 
in the USA, Canada, Europe, and Australia. There were differences between 
studies in the setting, the method of assessment of the MRC dyspnoea scale 
(self-administered questionnaire or interview), and which threshold was used. 
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Search 1: Prevalence of dyspnoea by the Medical Research Council 
dyspnoea scale in the general older population 
 

 

 

 

 

 

 

 

 

 

Search 2: Underlying causes of dyspnoea in the general older population 
 

 

 

 

 

 

 

 

Search terms ‘Dyspnoea’ AND ‘Heart’ AND ‘Lung’ 
N = 1984 

Excluded articles  
- Not representative of the general population (1609) 
- No patients aged 65 years or over included (284) 
- Acute dyspnoea (50)  
- No echocardiography and spirometry (40) 
 
 N = 1 

Search terms ‘Dyspnoea’ AND ‘survey’ 
N = 9323 

N = 20 

Excluded articles  
- Not representative of the general population (7376) 
- No patients aged 65 years or over included (1505) 
- Acute dyspnoea (271) 
- Review (90) 
- Not using the (modified) MRC dyspnoea scale (60) 
 

Citation tracking N = 1 

N = 21 

Figure 1. Flow chart of selection of articles for inclusion

MRC, Medical Research Council.

Quality assessment

In several studies, it was unclear whether the reasons for non-response 
influenced the prevalence estimates, because information about non-responders 
was lacking. Uncertainty about the applicability was mostly attributable to the 
exclusion of the very old or older people living in institutions. Overall, there was 
a low risk of bias and there were low concerns about the applicability.
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Prevalence of dyspnoea in older people

The prevalence rates of dyspnoea in those aged 65 years or over are presented in 
Table 2. The cut-off points which could be calculated were MRC of ≥2 (short of 
breath when hurrying on the level or walking up a slight hill), MRC of ≥3 (walks 
slower than most people on the level, stops after a mile or so, or stops after 15 
minutes walking at own pace) and MRC of ≥4 (stops for breath after walking 
about ~100 yards or after a few minutes on level ground). 
The reported prevalence rates of dyspnoea with a MRC of ≥2 varied between 16.1% 
and 61.6%, for MRC of ≥3 between 8.2% and 32.3% and for MRC of ≥4 between 
4.2% and 6.6%. 
The pooled prevalence for an MRC of ≥2 was 36.3% (95% CI 27.1-46.7%), for MRC 
of ≥3 15.9% (95% CI 11.9-20.8%) and for MRC of ≥4 4.1% (95% CI 1.7-9.4%). 

Prevalence of dyspnoea in relation to age

Four studies reported the prevalence of dyspnoea in different age categories, 
but due to the use of different cut-off points a pooled prevalence could not be 
calculated.21;22;24;30 In general, the prevalence of dyspnoea increased by age (Table 3).

Prevalence of dyspnoea according to gender

Seventeen studies reported the prevalence of dyspnoea by gender.11-14;16;18-25;27-30 
One study was only performed in men.17 The pooled prevalence for an MRC of 
≥2 was 37.2% (95% CI 29.3-45.9%) in men and 39.5% (95% CI 31.1-48.6%) in women. 
For MRC of ≥3 it was 13.4% (95% CI 9.5-18.4%) in men and 16.0% (95% CI 11.422.0%) 
in women. For the MRC of ≥4 in men the prevalence was 4.3% (95% CI 2.2-8.4%) 
and in women 5.3% (95% CI 2.8-10.0%). In most studies, the prevalence was 
higher in women than in men (Appendix 2; Table 2). In six study populations 
this difference was statistically significant.10;12;14;15;19;28;30 
The pooled prevalence ratio for men versus women was 0.94 (95% CI 0.87-1.01) 
for MRC of ≥2, 0.83 (95% CI 0.76-0.91) for ≥3 and for ≥4 0.78 (95% CI 0.58-1.06).

Underlying causes of dyspnoea in the general older population

Description of selected study population

The search yielded 1,984 publications and after reading titles, abstracts and full 
text, only one article fulfilled all inclusion criteria (Figure 1). A main reason for 
exclusion was that participants in the studies were selected from hospitals and
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Table 2. The prevalence of dyspnoea in the general older population
Total n Men (%) Age range 

(years)
Prevalence

All (%) Men (%) Women (%)

MRC ≥2 Higgins (1957) 91 49.5 65-74 29.7 35.6 23.9

Ferris (1962) 216 58.8 65-74 17.4 17.6 17.2

Anderson (1965) 94 36.2 65-74 61.5 61.8 61.4

Caird (1972) 277 29.6 ≥65 55.2 50.0 57.4

Lebowitz (1975) 766 42.0 ≥65 46.2 46.9 45.7

Milne (1978) 436 46.1 62-90 18.1 15.4 20.4

Eriksson (1987) 644 100 67 33.1 33.1 -

Barberger (1992) 2762 40.4 ≥65 61.6 58.3 63.8

Isoaho (1994) 936 40.2 64-97 16.1 18.1 14.8

Abramson 
(2002) - - 65-69 31* - -

Huijnen (2005) 84 39.3 ≥70 54.8 57.6 52.9

Medbø (2007) 2464 59.3 ≥70 49.6 48.5 51.1

Pedersen (2007) 555 39.8 60-79 36.9 29.4 42.2

Currow (2009) 1028 - ≥65 16.9 - -

MRC ≥3 Ferris (1962) 216 58.8 65-74 9.9 8.8 11.5

Anderson (1965) 94 36.2 65-74 22.1 17.6 24.6

Cullen (1968) 347 50.1 ≥70 9.2 9.2 9.2

Caird (1972) 277 29.6 ≥65 19.5 18.3 20.0

Lebowitz (1975) 766 42.0 ≥65 22.1 22.7 21.6

Eriksson (1987) 644 100 67 10.3 10.3 -

Enright (1994) 5119 43.3 ≥65 10.0 8.9 10.9

Isoaha (1994) 936 40.2 64-97 8.2 9.3 7.5

Renwick (1999) - - ≥65 19.4† - -

Ho (2001) 1169 - ≥70 32.3 27.6 35.4

Tessier (2001) 2762 40.4 ≥65 25.0 21.4 27.4

Hardie (2005) 1649 51.4 ≥70 12.4 10.1 13.7

Huijnen (2005) 84 39.3 ≥70 28.6 27.3 29.4

MRC ≥4 Ferris (1962) 216 58.8 65-74 4.2 4.0 4.6

Anderson (1965) 94 36.2 65-74 6.6 5.8 7.0

Littlejohns 
(1989) 548 40.3 60-70 4.9 4.7 5.2

Medbø (2007) 2464 59.3 ≥70 4.9 4.3 5.7
*Percentage adapted from Figure 4 of the article, †Adapted from editorial (not mentioned in article). MRC, 
Medical Research Council dyspnoea scale; MRC ≥2, short of breath when hurrying on the level or walking 
up a slight hill; MRC ≥3, Walks slower than most people on the level, stops after a mile or so, or stops after 
15 minutes walking at own pace; MRC ≥4, stops for breath after walking about 100 years or after a few 
minutes on level ground; -, not reported. 
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 not from the population at large. The article by Pedersen et al. was the only study 
from the general population in which the large majority of the study population 
was above 65 years of age as the median age was 71.5 years, although ages ranged 
from 60 to 79 years (Table 1).28 There was no study that included only patients 
aged 65 years or over or studies that reported stratified data for older people. 

Quality assessment

The characteristics and quality assessment of the single selected article is 
presented in Table 1.28 The authors used a modified version of the MRC dyspnoea 
scale, and defined subjects dyspnoeic when they had complaints comparable 
with an MRC score of ≥2. 

Table 3. The prevalence of dyspnoea in the general older population according to age categories

MRC
Cut-off

Age (years)

65-69 70-74 75-79 80-84 ≥85

Lebowitz (1975)  
  ♂
 ♀
  Total

≥2 44.0%
46.5%
45.5%

52.8%
43.9%
47.9%

Huijnen (2005)    
  ♂
 ♀
  Total

≥2 54.2%
41.4%
47.2%

66.7%
68.2%
67.7%

Tessier (2001)*     
  ♂
 ♀

≥3 12.5%
18%

18.5%
22%

26%
31%

29%
35%

41%
43%

Ho (2001)*           
  ♂
 ♀

≥3 19.2%
25.7%

26.9%
38.9%

45.3%
41.8%

*Total prevalence could not be calculated. MRC, Medical Research Council dyspnoea scale. 

Causes of dyspnoea in the general older population

The only study providing relevant data on this topic found that dyspnoea was 
of cardiac origin only in 19%, of pulmonary origin in 42%, of both cardiac and 
pulmonary origin in 9%, another cause in 18% and no explanation in 12%. In 63% 
of the patients with a pulmonary origin of dyspnoea, COPD was the underlying 
cause. Heart failure was included among the group of cardiac origin, but 
separate numbers were not given. Obesity was mentioned as another cause for 
the dyspnoea (16%). Importantly, it was only mentioned as a primary cause when 
other causes could not be established. Anaemia and thyroid disorders were not 
present in this population. 
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Discussion

We only included studies that used the MRC dyspnoea scale to measure the 
prevalence of dyspnoea in the general older population because this scale has 
been extensively validated, incorporates the limitations patients experience 
with dyspnoea and is simple to use. The short MRC dyspnoea questionnaire 
allows monitoring of the changes in the severity of dyspnoea over time.31 
Of the 9,323 found articles in search 1, there were ‘only’ 20 articles that fulfilled our 
selection criteria. A major reason for the high initial number of studies was that we 
needed to use the non-specific terms ‘dyspnoea’ and ‘survey’ in our search in order 
to avoid missing relevant papers, especially publications published long time ago. 
Therefore, the majority of the papers (79%) needed to be excluded mainly because 
the study population was not representative of the general population.
Although we compared prevalence rates measured with the same instrument, 
we still found a wide range in reported dyspnoea between studies, especially 
when a cut-off of two is applied (range of prevalence with MRC of ≥2: 16% to 
62%). The wide range may be related to differences in sociodemographic 
factors or to the method applied to administer the MRC dyspnoea scale (self-
administered questionnaire or interview). Pedersen et al. could not confirm 
an MRC dyspnoea score of ≥2 during an interview in 15% of the persons with 
self-reported dyspnoea. For an MRC of ≥3 score, however, Ho et al. found that 
the agreement between self-reported and interviewer-administered dyspnoea 
was high (p <0.0001). The larger ‘uncertainty’ in diagnosing dyspnoea as an 
MRC score of ≥2 is also illustrated by the wider range of the observed prevalence 
compared to the prevalence based on MRC of ≥3 or MRC of ≥4.
In this view, it seems preferable to consider a MRC score of ≥3 as dyspnoea, as it is 
less influenced by the patients and physicians perspectives, making comparisons 
between studies more informative. On the other hand, in approximately 85% of 
patients with an MRC of ≥2 a disease (like heart failure and COPD) underlying 
the dyspnoea can be identified.28;31-33

In the individual studies there were discrepancies in the gender differences in 
dyspnoea prevalence, although for the MRC threshold of ≥4, all studies reported 
a higher prevalence in women.11;18;25;26 We showed by pooling the prevalence 
rates that women more often reported dyspnoea than men, although this was 
only statistically significant for MRC of ≥3. This higher self-report of a physical 
symptom by women is consistent with literature.34
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Four studies provided prevalence rates of dyspnoea by different age cut-off 
points, instead of only ≥65 years.21;22;24;30 These results indicate that increasing 
age had a stronger influence on the prevalence than gender.

Dyspnoea is so common in older people, that one may consider it a rather 
‘normal’ phenomenon in the aged. Our review revealed that no study specifically 
investigated the distribution of underlying causes of dyspnoea in patients aged 
65 years or over. Besides the study of Pedersen et al., three other studies looked 
at dyspnoea in the general population, with a mean or median age around 62 
years, but age ranged from 15 to 95 years.28;31-33 In these three studies cardiac 
and/or pulmonary diseases were the reason of dyspnoea in 60%, with the most 
common underlying diagnoses being heart failure and COPD. Only in about 
15% no medical reason was found. This is comparable with our single included 
study of Pedersen et al. with persons at a median age of 71.5 years, with a cardiac 
and/or pulmonary disease as reason for dyspnoea in 70% and no reason in 12% 
of the patients. It seems that in the majority of patients a treatable underlying 
cause, e.g. COPD or heart failure is present, and investigating or even selective 
screening of older people seems worthwhile. 

The first aim of this review was to provide more exact prevalence estimates 
of dyspnoea. The conclusion that dyspnoea is very common in older people, is 
not surprisingly and supports the clinical impression in the field. We hope that 
physicians pay more attention to dyspnoea in older people, as dyspnoea is highly 
prevalent leading to a high yield of potential treatable causes detectable with 
relatively simple examinations. Further studies are required to examine whether 
the yield of potential treatable causes will translate into improved patient 
outcomes in older people as the balance between intended positive effects and 
side effects of treatment may be different in this particular group of patients.

Conclusion

Dyspnoea is very common in the general older population, but estimates vary 
considerably between studies even if further classified in severity according to 
the MRC dyspnoea scale. Surprisingly given the high prevalence, only one single 
study investigated the underlying causes of dyspnoea in this age group. 
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Appendix 1. Medline searches

Search 1 Survey[title] OR surveys[title] OR populations[title] OR population[title] OR 
prevalence[title] OR sample[title] OR cohort[title] OR cross-sectional[title] 
OR longitudinal[title] OR family practice[title]

AND

Respiratory[title/abstract] OR dyspnea[title/abstract] OR dyspnoea[title/ab-
stract] OR dyspneu[title] OR shortness of breath[title] OR breathlessness[ti-
tle] OR breathless[title] OR breath[title] OR pulmonary[title] OR lung[title] 

Limits: English, Dutch N= 9,323

Search 2 Dyspnea[title/abstract] OR dyspneas[title/abstract] OR shortness of 
breath[title/abstract] OR breath shortness[title/abstract] OR breathless-
ness[title/abstract] or dyspneic[title/abstract] OR dyspneu[title/abstract] OR 
dyspnoea[title/abstract]

AND

Heart[title/abstract] OR cardiac[title/abstract]

AND

Lung[title/abstract] OR pulmonary[title/abstract] OR non-cardiac[title/
abstract]

Limits: English, Dutch, Humans N= 1,984
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Appendix 2. Forrest Plot for the prevalence of dyspnoea in Elderly 

∎ = women, ▲= men.
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Triage of frail elderly with 
reduced exercise tolerance in 

primary care (TREE). A clustered 
randomized diagnostic study

Based on:

 van Mourik Y, Moons KG, Bertens LC, Reitsma JB, Hoes AW, Rutten FH.
Triage of frail elderly with reduced exercise tolerance in primary care (TREE). A 

clustered randomized diagnostic study. BMC Public Health 2012, 12:385.
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Abstract 

Background: Exercise reduced tolerance and dyspnoea are common in the 
elderly and can result in substantial loss in functionality and health-related 
quality of life. Heart failure and chronic obstructive pulmonary disease (COPD) 
are common underlying causes, but can be difficult to disentangle due to overlap 
in symptomatology. In addition, other potential causes such as obesity, anaemia, 
renal dysfunction and thyroid disorders may be involved. 
We aim to assess whether screening of frail elderly with reduced exercise 
tolerance leads to high detection rates of heart failure, COPD, or alternative 
diagnoses, and whether detection of these diseases would result in changes in 
patient management and increase in both functionality and quality of life. 

Methods/Design: A cluster randomized diagnostic trial. General practices are 
randomized to the diagnostic-treatment strategy (screening) or care as usual.
Patient population: Frail (defined as having three or more chronic or vitality-
threatening diseases and/or being prescribed five or more drugs daily during 
the past year) community-dwelling persons aged 65 years and older selected 
from the electronic medical files of the participating general practitioners. 
Those with reduced exercise tolerance or moderate to severe dyspnoea (≥2 score 
on the Medical Research Council dyspnoea scale) are included in the study.
The diagnostic screening in the intervention group includes history taking, 
physical examination, electrocardiography, spirometry, blood tests, and 
echocardiography. Subsequently, participants with new diagnoses will be 
managed according to clinical guidelines. Participants in the control arm 
receive care as usual. All participants fill out health status and other relevant 
questionnaires at baseline and after six months of follow-up. 

Discussion: This study will generate information on the yield of screening for 
previously unrecognized heart failure, COPD and other chronic diseases in 
frail elderly with reduced exercise tolerance and/or exercise-induced dyspnoea. 
The cluster randomized comparison will reveal whether this yield will result in 
subsequent improvements in functional health and/or health-related quality of 
life.
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Background

Reduced exercise tolerance and exercise-induced dyspnoea are very common 
complaints in the elderly, with prevalence rates varying from 20% to 60%.1;2 
In many of the elderly with these complaints heart failure and/or chronic 
obstructive pulmonary disease (COPD) may be involved.2 Multiple causes, 
however, should be considered, including obesity, anaemia, renal dysfunction 
and thyroid disorders.
Because of overlap in clinical presentation3-5, it is difficult to disentangle heart 
failure and COPD in the clinical assessment, resulting in both false-negative and 
false-positive diagnoses of both diseases in primary care6-10, with subsequent 
undertreatment and unnecessary drug therapy, respectively. We suspect that 
especially in the frail, i.e. those prescribed multiple drugs and with multimorbidity, 
the prevalence of ‘unrecognized’ underlying disease causing reduced exercise 
is potentially high. For both COPD and heart failure, but also for other possible 
underlying diseases such as anaemia and thyroid disorders, effective interventions 
(i.e. life style interventions and drugs) are available that can improve symptoms, 
functionality and quality of life and may reduce hospital admissions and mortality.5;11 
Potentially, a substantial beneficial effect in health outcome can be achieved by 
performing diagnostic tests (screening) in the early course of these diseases.  
We designed a cluster randomized trial to examine whether screening frail 
elderly for heart failure, COPD, and easy to detect other diseases (such as 
renal dysfunction, anaemia and thyroid disorders) yields a high proportion of 
previously unrecognized disease and whether subsequent targeted interventions 
improves patient outcome. Moreover, we will assess whether such a strategy is 
cost-effective.

Key objectives

To determine the yield of screening for previously unrecognized heart failure, 
COPD and other chronic diseases (like anaemia, renal dysfunction, thyroid 
disorders) in frail elderly with reduced exercise tolerance and/or exercise-
induced dyspnoea.

To assess the effect of the diagnostic screening and subsequent targeted 
interventions on functional health and health-related quality of life after six 
months of follow-up.
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To assess the cost-effectiveness of screening and subsequent targeted 
management. 

To identify the most cost-effective combination of screening tests.

Methods 

Study design 

A cluster randomized trial with general practices at the unit of randomization, 
comparing the effects of the screening program (with subsequent targeted 
interventions in newly detected diseases) compared to usual care on the number 
of previously unrecognized chronic diseases and on patient outcomes and costs. 
See Figure 1 for the study scheme. 

Study population and recruitment 

Patients aged 65 years or over are selected from the electronic medical file of the 
participating general practitioners (GPs). All participants are recruited by GPs 
from the catchment area of the ‘network Utrecht care for elderly (NUZO)’. In the 
Netherlands all citizens are registered with a GP, irrespective of (co)treatment by 
a specialist, including patients living in a home for the elderly, but except those 
living in a nursing home or hospice. Our sample can therefore be considered as 
a representative sample of community-dwelling patients aged 65 year or over.  
To identify frail elderly we will use the criteria of the ‘transition project Elderly 
Care Mid Utrecht (Om-U)’; i.e. men or women who are chronically prescribed 
five or more different types of drugs during the last year, and/or have three or 
more chronic or vitality-threatening diseases. 
Patients already known with an established diagnosis of COPD (according to 
the Global initiative for chronic Obstructive Lung Disease (GOLD-criteria)11) 
and also known with established heart failure (i.e. diagnosed by a cardiologist, 
backed-up by an echocardiogram5) are excluded. Patients who are unable to 
travel to the office of the GP or with severe cognitive problems are also excluded. 
The participating GP sends a letter to all eligible frail patients, including an 
information letter about the study. Patients willing to participate fill out two 
short questionnaires concerning dyspnoea and exercise tolerance. Those who 
scored positive on reduced exercise tolerance or had a score of ≥2 on the Medical 
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Research Council (MRC) dyspnoea scale12;13 are included in the study (Appendix 1). 
Written informed consent is obtained at the first appointment before any study 
procedure is undertaken. 
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Randomized (18 general practices) 

Allocated to screening: 8 practices 
((S=5, M=1, L=2), 

N= 5369 patients 65 years or older) 

Allocated to care as usual: 10 practices 
((S=6, M=2, L=2), 

N= 6470 patients 65 years or older) 

1811 frail patients 65 years or older  2331 frail patients 65 years or older  

Excluded: 
3692 not frail 
85 having COPD and HF 
362 other#  

Excluded: 
3267 not frail 
44 having COPD and HF 
247 other#  

Excluded: 
175 no dyspnoea 
779 not willing to participate 
462 no response* 

Excluded: 
233 no dyspnoea 
995 not willing to participate 
657 no response* 

395 frail patients 65 years or older with 
reduced exercise tolerance and/or exercise 

induced dyspnoea 

446 frail patients 65 years or older with 
reduced exercise tolerance and/or exercise 

induced dyspnoea 

Questionnaires: MDS and SF36 
 

Screening with history taking, PE, blood 
tests, ECG, spirometry, echocardiography, 

VAS 
 

Questionnaires: MDS and SF36 

- Fill out MDS, SF36 and MRC 
- Check of GPs files for new diagnoses 

and medication changes 
- Panel evaluation for definite diagnosis 
 

- Fill out MDS, SF36 and MRC 
- Check of GPs files for new diagnoses 

and medication changes 
 

Figure 1. Study scheme  
#Other includes cognitive problems (such as dementia) and unable to travel to the general practice, *After 
sending 2 written invitations. COPD, chronic obstructive pulmonary disease; ECG, electrocardiogram; 
GP, general practitioner; HF, heart failure; L, large size (7200 patients); M, medium size (4800 patients); 
MDS, Minimal Data Set; MRC, Medical Research Council dyspnoea scale; PE, physical examination; S, 
small size (2400 patients); SF36, 36 Item Short-Form Health status questionnaire; VAS, visual analog scale. 
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Randomization

General practices are randomly allocated to either the diagnostic screening with 
subsequent targeted intervention strategy or care as usual. Randomization is 
considered necessary because we aim to quantify the clinical effectiveness of the 
strategy (test results followed by targeted treatment initiated by the GP). Cluster 
randomization is used to avoid contamination of GPs and participants between 
the two groups, which can occur if randomization is performed at an individual 
participant level. 
Randomization is performed by a computer-based program, using the 
minimization method. Minimization is based on the size of the general practice 
(number of enlisted men and women) and ensures that the two arms are 
balanced in the number of participants. 
 
Sample size

We estimated that with our diagnostic strategy at least 15% of the population 
under study would be diagnosed with newly detected heart failure and/or COPD. 
These numbers are based on previous diagnostic studies showing that among 
elderly with COPD 20% had previously unknown heart failure.9 
To detect a 10% difference between the two arms in diagnoses of heart failure and/
or COPD, using an alpha of 0.05, a power of 0.80 and an intracluster correlation 
coefficient of 0.0514, 301 participants per arm are needed. Considering a drop-out 
of 10% we aim to include 400 participants in each arm (total 800). We calculated 
that around 35 general practices should participate to recruit 800 participants.

Study procedures

At the first appointment, all participants fill out a questionnaire of the ‘Dutch 
National Care for the Elderly Program’, i.e. the Minimal Data Set (MDS)15 on 
functionality and a questionnaire on general health-related quality of life, i.e. 
the short form-36 (SF-36).16;17

Subsequently, participants receive detailed information on the study procedures 
in the diagnostic screening strategy arm or care as usual arm, depending on the 
random allocation of their GP practices.
After six months the electronic medical files of all participants are searched to 
document changes in medication status, new diagnoses and use of care during 
the past six months and participants are asked to fill out again the MRC dyspnoea 
scale, MDS and SF-36 questionnaires.
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Screening strategy and care as usual

The diagnostic screening includes the following tests: standardized questionnaire 
on medical history, symptoms and current drug use (participants are asked to 
bring their medication containers), physical examination with special attention 
for the heart and lungs, blood tests, electrocardiogram (ECG), spirometry with 
pre- and post-bronchodilator measurements and echocardiography including 
tissue Doppler imaging.
The physical examination is performed by a trained physician in a standardized 
manner. Venous blood samples are taken and after centrifugation specimens 
of plasma and cells will be stored at -70 degrees Celsius. The blood tests include 
measurements of plasma B-type natriuretic peptide measurements (NT-
proBNP), glucose concentration, renal function (with a calculated estimated 
glomerular filtration rate (eGFR) according to MDRD (modification of diet in 
renal disease)), haemoglobin (Hb) and Thyroid-Stimulating Hormone (TSH) 
concentrations. A standard 12-lead ECG is recorded by a trained employee of 
the GPs’ laboratory (Saltro) and classified according to the Minnesota coding 
criteria by a single cardiologist, blinded to all other test results.18

The spirometry is also performed by a trained employee of Saltro before and 
20 minutes after administration of ipratropiumbromide inhalation with an 
inhalation chamber, and subsequently read and interpreted by a pulmonologist. 
Echocardiography is performed with a mobile echocardiography (Vivid-i) by a 
trained and experienced cardiac sonographer from Saltro. All echocardiographic 
images will be stored and interpreted by a single cardiologist who is blinded to 
all other data. 
After every investigation, the participant fills out a visual analog scale to 
measure the burden experienced during the investigation (0=not burdening at 
all, 10=extremely burdening).
All investigations take place in the patient’s general practice office. Every 
participant in the diagnostic screening group receives all measurements. About 
two weeks after the investigations, the GP of the participant in the diagnostic 
screening arm will receive all results, with (preliminary) diagnoses (presence 
or absence of heart failure and/or COPD and of other diseases) including a 
treatment advice. The GP can then initiates or adjusts the treatment according 
to current clinical guidelines.
In the care as usual group, the participating GP only receives the answers to 
the questionnaires about symptoms (answers to the MRC dyspnoea scale and 
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exercise tolerance questionnaire) from the participants. It is up to the GP to 
decide whether he/she actively starts any investigations or treatment depending 
on the answers provided. 

Outcome measures

Heart failure and COPD

The presence of heart failure and/or COPD present or absent will be determined 
six months after the initial investigations by an outcome panel that will evaluate 
all diagnostic test results and the effect of treatment during six months follow-up. 
For the diagnosis of COPD, airflow obstruction with spirometry is a prerequisite 
and defined as a post-dilatory ratio of the forced expiratory volume in one second 
(FEV1) to the forced vital capacity (FVC) <0.70 (FEV1/FVC ratio <0.70). To classify 
the severity of obstruction, the GOLD-criteria11 will be applied by the panel.  
For the diagnosis of heart failure, the panel applies the criteria of the European 
Society for Cardiology.5 Heart failure is considered present when participants 
have suggestive symptoms (i.e. breathlessness at rest or on exercise, fatigue, 
tiredness, ankle swelling) and signs (i.e. pulmonary rales, raised jugular venous 
pressure, peripheral oedema, laterally displaced apical beat) in combination 
with objective echocardiographic evidence of cardiac dysfunction at rest. In 
participants who use diuretics for hypertension, signs of volume overload could 
be masked and therefore in these participants signs of fluid overload are not 
obligatory. Participants classified as heart failure by the panel will further be 
classified as heart failure with reduced ejection fraction (HF-REF), heart failure 
with preserved ejection fraction (HF-PEF) or right-sided heart failure (cor 
pulmonale). 
For HF-REF, participants need to have a left ventricular ejection fraction 
(LVEF) ≤45%. To diagnose HF-PEF, there must be echocardiographic evidence 
of diastolic structural or functional abnormalities (abnormal left ventricular 
relaxation or diastolic stiffness), left atrial enlargement or left ventricular 
hypertrophy (LVH) in combination with a LVEF >45%.19 Participants with 
echocardiographically-determined LVH and an indexed left atrial volume of 
≥34ml/m2 or tissue Doppler abnormal mitral inflow or pulmonary venous flow 
profile are also classified as having diastolic dysfunction. In participants with 
atrial fibrillation a complete diastolic assessment is not feasible and therefore 
we consider an elevated indexed left atrial volume sufficient to classify diastolic 
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dysfunction in participants with atrial fibrillation. Isolated right-sided heart 
failure is defined as increased pulmonary artery pressure (calculated systolic 
pulmonary artery pressure >40mmHg) and a LVEF >45%.
The panel also assessed the most likely cause of heart failure based on the 
information from the investigations of the diagnostic screening. 

Other  diagnoses

Other new diagnoses considered as an explanation of reduced exercise tolerance 
or dyspnoea are (persisting) asthma, pulmonary restriction, obesity, anaemia, 
renal dysfunction, thyroid disorders and atrial fibrillation.
For the diagnosis asthma a combination of symptoms (dyspnoea, wheezing, 
coughing, sputum production), allergy and/or hyperreactivity is needed, and 
an increase of >12% in FEV1 from pre- to post-dilatory measurements further 
confirms the diagnosis. The diagnosis of pulmonary restriction is based on a 
post-dilatory FVC < 80% of predicted, in the absence of a diagnoses of COPD. 
Obesity is defined as a body mass index above 30 kg/m2. 
Anaemia is considered present if Hb is below 7.0 mmol/l in women and below 
8.0 mmol/l in men aged 65 to 69 years. In patients aged 70 years or over anaemia 
is present if Hb is below 6.9 mmol/l in men and below 6.8 mmol/l in women. 
Renal dysfunction is considered present if the calculated, based on the MDRD 
formula, eGFR is below 90 ml/min/1.73m2 for men and 80 ml/min/m2 for women. 
Severity of renal dysfunction is divided into 4 stages; mild (eGFR between 60 ml/
min/1.73m2 and 80 (women) or 90 men)), moderate (eGFR between 30 and 59 ml/
min/1.73m2), severe disease (eGFR between 15 and 30 ml/min/1.73m2) and kidney 
failure (eGFR below 15 ml/min/1.73m2).20

Thyroid disorders are divided into hypo- or hyperthyroidism. When the TSH 
concentration is below 0.35 or above 5.5 mu/l, Free Thyroxin 4 (FT4) will be 
measured. Hypothyroid disease is considered present when TSH >5.5 mu/l and 
FT4 <11 pmol/l. Subclinical hypothyroid disease is when TSH >5.5 mu/l, and 
FT4 within normal limits (i.e. between 11 and 23 pmol/l). Hyperthyroid disease 
is considered present when TSH <0.35 mu/l and FT4 >23 pmol/l. Subclinical 
hyperthyroid disease is a TSH <0.35 mu/l and FT4 within normal limits. 
Atrial fibrillation is classified according to the Minnesota coding.18 
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Functional health

Functional health is measured with the MDS. The dimensions asked in the MDS 
are: living situation, perceived health and quality of life, health-related quality 
of life (questions of the index EuroQol Five-Dimensional Questionnaire (EQ-
5D_index))21, activities of daily living functioning (questions from Katz-1522) and 
health care use (hospital admissions, visits of GP outside office hours, home care 
and temporally admission to a nursing home).

Health-related quality of life

Health-related quality of life is measured by the SF-36 and the EQ-5D_index 
(included in the MDS) questionnaires. The SF-36 is divided into nine subscales: 
physical functioning, social functioning, limitations in usual role activities due to 
physical problems, limitations in usual role activities due to emotional problems, 
bodily pain, change in health, general mental health and vitality health change 
and general health perception. Scores range from 0 and 100.
The EQ-5D_index is a questionnaire with five dimensions (mobility, self-care, 
usual activities, pain/discomfort and anxiety/depression), which are divided into 
three degrees of severity, ‘no problem’, ‘some problems’ or ‘major problems’. A 
single index score can be produced using information from these five dimensions.
Higher scores are associated with a better health-related quality of life.

Costs

The electronic medical file from the GP is used to collect information about 
direct costs during the follow-up period of six months. Information about 
GP visits, investigations (i.e. blood tests, ECG, spirometry), outpatient visits, 
hospitalizations and medication use are collected in both groups. In the 
diagnostic screening group additionally costs are calculated for all performed 
test at baseline. Prices will be based on market prices or tariffs. 

Final diagnosis by the panel 

The final diagnoses are set by a joint panel consisting of three members, a 
cardiologist, a pulmonologist and a GP. Consensus diagnosis by the panel will 
be our reference test for the diagnosis of COPD and heart failure, in case of any 
discongruence with the classification described before. This is an established 
method in case an irreproachable reference standard is lacking, as is the case 
for heart failure.23 In case of no consensus the majority decision will be used. 
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In analogy with earlier studies, the panel will use all available information from 
the diagnostic and follow-up results: the latter to include the effect of targeted 
therapy in the decision whether a disease is present. The reproducibility of the 
panel diagnoses will be evaluated by re-testing a random sample of 10% by the 
same outcome panel.
The joint panel evaluation is divided in three steps; step 1 history taking, physical 
examination, blood tests, ECG and spirometry, step 2 adding NT-proBNP and 
step 3 adding echocardiography and follow-up. After step 1 and 2 the panel gives 
a percentage (0-100%) of their suspicion for the different outcomes. With this, 
we can evaluate how the panel reaches their final diagnoses (set at step 3) and 
which investigations add most in reaching this decision.  
The above evaluation is also done individually by a GP, a pulmonologist and 
a cardiologist, but the procedure is changed slightly by dividing step 3 in two 
steps whereby step 3 includes only echocardiography and at step 4 the follow-up 
is included and the final diagnoses are made. We will evaluate this individual 
approach and compare it with the more time consuming joint panel evaluation. 

Blinding

In our single blind study we apply no active measures for blinding the group 
assignment. The GPs are invited to participate in a study detecting unrecognized 
heart failure and COPD. If they agree to participate, their practice is randomized 
and they receive detailed information. This strategy of selective information 
is chosen to avoid that GPs in the control group perform all diagnostic tests 
available in the diagnostic screening program.
Participants will be aware whether their GP practice is allocated to the diagnostic 
screening arm or to usual care. Researchers are not blinded. There is no risk 
in observer bias for the outcome, because the questionnaires used to collect 
outcome measurements are filled out at home by the participants themselves.  

Statistical analyses

The yield of previously unrecognized heart failure and COPD (and other 
diseases) will be calculated as a proportion with 95% confidence intervals in both 
arms of the trial. The absolute difference in yield between the arms will then be 
calculated together with its 95% confidence interval. We will also calculate how 
many participants in the diagnostic screening group were initially incorrectly 
diagnosed with COPD or heart failure. 
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The difference in functional health and quality of life between the diagnostic 
screening and care as usual groups at six months will be compared taking 
into account potential baseline difference of relevant parameters at baseline 
(ANCOVA), although such differences are expected to be minimal because of the 
randomization procedure.
Multivariable regression analysis with receiver operating characteristic 
(ROC) curves and percentages correctly diagnosed participants will be used to 
analyze which of the test used in the diagnostic screening are most predictive 
or necessary for setting the diagnosis of heart failure and COPD in the study 
group. A multilevel approach is used in the analyses to correct for the fact that 
we randomized at the GP practice and not at the patient level.

Cost-effectiveness analysis

The cost-effectiveness of the diagnostic strategy for detection and treatment of 
(previously unrecognized) heart failure and COPD (diagnostic screening group) 
is evaluated and compared with care as usual. Cost-effectiveness is expressed 
in terms of cost per case of COPD and per case of heart failure detected, and in 
terms of cost per Quality Adjusted Life Years gained (Cost-utility analysis). For 
measuring direct cost, resource quantities are collected prospectively through 
the electronic medical files from the GPs. Prices are based on market prices or 
tariffs for the investigations performed under study. Relevant indirect medical 
costs are taken into account such as participant time invested and travel costs. 
As the population under study is older than 65 years of age, productivity losses 
will not be studied. Sensitivity analysis and multivariate uncertainty analysis 
are performed, conform current Dutch standards for pharmaco-economic 
research.24

Regulation statement

This study is conducted according to the principles of the current version of 
the declaration of Helsinki and in accordance with the Dutch law on Medical 
Research Involving Human Subjects Act (WMO).

Ethics committee approval

The study was approved by the medical ethical committee of the University 
Medical Center Utrecht, the Netherlands. 
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Results of inclusion

Eighteen general practices are included in the study, eight were randomized to 
the diagnostic screening intervention and ten to the care as usual group. 
Of the 11,839 patients aged 65 years or older (16% of all registered citizens) 
enlist with these practices, 35% met the criteria of frailty. The mean age of the 
4,142 selected frail patients is 75.6 (SD ±6.9) years and 47% is male. In Table 1 
patient characteristics, median number of co-morbidities and medication is 
given for all selected patients. Of the invited frail patients, 73% responded to 
our invitation and 30% (1,249) was willing to participate. Of those frail patients 
willing to participate, 33% had no complaints of reduced exercise tolerance 
or dyspnoea (MRC of <2) and therefore are excluded from the study. Patients 
excluded because they had no complaints were younger (p =0.04) and more often 
male (p <0.001) as compared to included patients. Eligible patients who refused 
to participate (n=3,301) were slightly older (p <0.001), but they were comparable 
on gender (p =0.09) compared to participants. 
Finally, 841 frail patients with complaints of dyspnoea or reduced exercise 
tolerance were included in the study: 24% with dyspnoea, 16% with reduced 
exercise tolerance and 60% with both symptoms. The mean age of the participants 
was 74.6 (SD ±6.3) years and 50% were male. Important co-morbidities were 
hypertension (70%), diabetes mellitus (31%), ischaemic heart disease (31%), 
hypercholesterolemia (28%), osteo-arthritis (25%) and visual impairment (25%). 
The most frequently used drugs are related to these co-morbidities. All baseline 
characteristics of the included patients are described in Table 2.
In total 395 participants were included in the diagnostic screening group and 
446 in the care as usual group. The distribution of co-morbidities and drug use 
of the two arms are shown in Table 2.
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Table 1. Characteristics of all invited frail patients (responders and non-responders)

All frail 
patients#

(n= 4142)

Patients willing to participate
(n= 1249)

Not willing^

(n= 1774)
No 

response>

(n= 1119)Dyspnoea*

(n= 841)
No dyspnoea<

(n= 408)

Age (years), mean ± sd 75.6 ± 6.9 74.6 ± 6.3• 73.8 ± 6.1‡ 76.3 ± 7.0‡ 75.9 ± 7.2‡

Male sex, n (%) 1956 (47.2) 419 (49.8)† 270 (66.2)‡ 763 (43.0)‡ 504 (45.0)‡

Co-morbidities (num-
ber), median (IQR)

3 (3–4) 3 (3–4) 3 (3–4) 3 (3–4) 3 (3–4)

Drugs (number), median 
(IQR)

5 (4–7) 6 (4–7) 5 (3–6) 5 (4–7) 6 (4–7)

#All selected frail patients aged 65 years or over, *Patients who were willing to participate and fully met 
the inclusion criteria (Medical Research Council dyspnoea scale score ≥2 and/or a positive answer on 
questionnaire about reduce exercise tolerance), <Patients who were willing to participate, but were 
excluded based on complaints (Medical Research Council dyspnoea scale score ≤1 and only negative 
answers on the questionnaire about reduce exercise tolerance), ^Patients who were not willing to 
participate, >Patients who gave no response after sending 2 written invitations, ‡P <0.05 compared to the 
patients with dyspnoea, †p =not significant in dyspnoea patients compared to patients not participating 
in the study (no dyspnoea, not willing and no response), •p <0.05 in dyspnoea compared to patients not 
participating in the study. Sd, standard deviation; IQR, interquartile range.

Table 2. Baseline characteristics†

All

(n= 841)

Diagnostic 
screening 

(n=395)

Care as usual

(n=446)

Age (years) 74.6 ± 6.3 75.4 ± 6.2 73.8 ± 6.3

Male sex 418 (49.7) 176 (44.6) 242 (54.3)

Complaints

  MRC Dyspnoea score, median (IQR) 2 (2–3) 2 (2–3) 2 (2–3)

  Reduced exercise tolerance questionnaire 
score, median (IQR)

2 (1–3) 2 (0–3) 2 (1–3)

Cardiovascular co-morbidities

  Ischaemic heart disease 259 (30.8) 127 (32.2) 132 (29.6)

  Heart failure 42 (5.0) 22 (5.6) 20 (4.5)

  Valvular disorders 59 (7.0) 24 (6.1) 35 (7.8)

  Cardiac rhythm disorders 116 (13.8) 55 (13.9) 61 (13.7)

  Hypertension 591 (70.3) 292 (73.9) 299 (67.0)

  Hypercholesterolemia 234 (27.8) 94 (23.8) 140 (31.4)

  Diabetes Mellitus 262 (31.2) 130 (32.9) 132 (29.6)

  Stroke or TIA 99 (11.8) 44 (11.1) 55 (12.3)
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Table 2. continued

All

(n= 841)

Diagnostic 
screening 

(n=395)

Care as usual

(n=446)

Non-cardiovascular co-morbidities

  Visual impairment 207 (24.6) 98 (24.8) 109 (24.4)

  Hearing impairment 93 (11.1) 43 (10.9) 50 (11.2)

  COPD 134 (15.9) 68 (17.2) 66 (14.8)

  Asthma 78 (9.3) 36 (9.1) 42 (9.4)

  Mood disorders 27 (3.2) 11 (2.8) 16 (3.6)

  Urinary tract problems 90 (10.7) 35 (8.9) 55 (12.3)

  Osteoporosis 58 (6.9) 25 (6.3) 33 (7.4)

  Malignancies 51 (6.1) 18 (4.6) 33 (7.4)

  Anaemia 14 (1.7) 9 (2.3) 5 (1.1)

  Renal dysfunction 47 (5.6) 12 (3.0) 35 (7.8)

  Thyroid dysfunction 63 (7.5) 28 (7.1) 35 (7.8)

  Osteoarthritis 212 (25.2) 126 (31.9) 86 (19.3)

  Co-morbidities (number), median (IQR) 3 (3–4) 4 (3–4) 3 (3–5)

Drugs

  Diuretics 346 (41.1) 169 (42.8) 177 (39.7)

  ACE-i/ARBs 478 (56.8) 220 (55.7) 258 (57.8)

  ß-blockers 397 (47.2) 185 (46.8) 212 (47.5)

  Digitalis 20 (2.4) 12 (3.0) 8 (1.8)

  Oral anticoagulants 117 (13.9) 49 (12.4) 68 (15.2)

  Platelet antagonists 402 (47.8) 192 (48.6) 210 (47.1)

  Treatment for hypercholesterolemia 488 (58.0) 209 (52.9) 279 (62.6)

  Anti-diabetic drugs 223 (26.5) 109 (27.6) 114 (25.6)

  Treatment for COPD or Asthma 204 (24.3) 91 (23.0) 113 (25.3)

  Drugs (number), median (IQR) 6 (4–7) 5 (4–7) 6 (4–7)

Data are mean ± standard deviation or number (%) unless otherwise indicated.
†Baseline characteristics at selection based on the electronic medical file. ACE-i, angiotensin converting 
enzyme-inhibitor; ARBs, angiotensin receptor blockers; COPD, chronic obstructive pulmonary disease; 
Ischaemic heart disease includes prior myocardial infarction, angina pectoris, coronary artery bypass 
grafting, and percutaneous coronary intervention; IQR, interquartile range; MRC, Medical Research 
Council; TIA, transient ischaemic attack; Visual impairment includes cataract, blindness or glaucoma. 
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Discussion

The screening arm of the trial will generate data on the proportion of frail elderly 
with reduced exercise tolerance and/or exercise-induced dyspnoea that have 
unrecognized heart failure, COPD and other chronic diseases (like anaemia, 
renal dysfunction, thyroid disorders). The comparison of the screened versus 
usual care arm within this clustered randomized trial will reveal whether 
screening and subsequent targeted interventions would be beneficial for frail 
elderly with respect to functional health and/or health-related quality of life after 
six months of follow-up. The cost-effectiveness will also be examined.
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Appendix 1. Inclusion criteria

• Age: 
- 65 years or over
And

• Frail:
- use of 5 or more different types of medical drugs chronically in the last year
and/or
- having 3 or more chronic or vitality-threatening diseases

And
•  Medical Research Council dyspnoea scale grade ≥2 and/or one positive answer on reduced 

exercise tolerance
Medical Research Council dyspnoea scale† 
0.  no breathlessness
1.  Not troubled by breathlessness except on strenuous exercise.
2.  Short of breath when hurrying on the level or walking up a slight hill.
3.  Walks slower than most people on the level, stops after a mile or so, or stops after 15 minutes          

walking at own pace.
4.  Stops for breath after walking about 100 yards or after a few minutes on level ground.
5.  Too breathless to leave the house or breathless when dressing or undressing.

Questionnaire about reduced exercise tolerance* 
- Do you have a reduced exercise tolerance compared to people of the same age?
- Do you feel you’re more tired than people of the same age?
- Do you feel you need more recovery after exercise than people of the same age?
-  Do you have during activities, such as walking, gardening or housework, that 

you feel your heart pounding or feel palpitations or feel agitated?

Yes
 
 
 
 

No
 
 
 
 

†Adapted from Fletcher CM, Elmes PC, Fairbairn MB et al. The significance of respiratory symptoms 
and the diagnosis of chronic bronchitis in a working population. British Medical Journal 1959;2:257-66, 
*Questions were translated, original in Dutch.
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Abstract

Background: Reduced exercise tolerance and dyspnoea are common in older 
people, and heart failure and chronic obstructive pulmonary disease (COPD) 
are the main causes. We want to determine the prevalence of previously 
unrecognized heart failure, COPD, and other chronic diseases in frail older 
people using a near-home targeted screening strategy.

Methods: Community-dwelling frail persons aged 65 years and older underwent 
a 2-step screening strategy. First, they received a questionnaire inquiring 
about dyspnoea and exercise tolerance. Those with exercise intolerance and/or 
dyspnoea were invited to visit their general practitioners office for a screening 
program, including medical history taking, physical examination, blood tests, 
electrocardiography, spirometry, and echocardiography. The final diagnosis of 
every patient was determined by a panel consisting of three physicians.

Results: Of the 570 elderly who filled out the questionnaire, 395 (69%) had reduced 
exercise tolerance or dyspnoea. Of these, 389 underwent the screening program: 
127 (33.5%, 95% confidence interval 28.9-38.4%) were newly diagnosed with heart 
failure (mainly heart failure with a preserved ejection fraction (23.5%)), and 
previously unrecognized COPD was detected in 16.8% (95% confidence interval 
13.4-20.9%). In total, 165 patients (43.9%) received a new diagnosis of either heart 
failure, COPD or both. Other new diagnoses (in 32.7% of the screening program 
patients) included atrial fibrillation (1.8%), valvular disease (21.4%), (persisting) 
asthma (3.1%), anaemia (12.7%) and thyroid disease (0.6%). No clear explanation 
for the complaints of 47 patients (12.2%) was found using our strategy.

Conclusion: Unrecognized chronic diseases might be detected in community-
dwelling frail elderly a near-home screening strategy that is simple to 
implement. It remains to be proven, however, whether optimizing treatment of 
the newly detected diagnoses in this fragile population with multimorbidity and 
polypharmacy improves quality of life and reduces morbidity and mortality. 
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Background

Reduced exercise tolerance and dyspnoea are common in the elderly, with 
varying prevalence estimates ranging from 20% to 60%.1-3 Heart failure and 
chronic obstructive pulmonary disease (COPD) are the main causes for 
these complaints and are highly prevalent in the general elderly population.2 
Prevalences vary between 4% and 16% for COPD and for heart failure between 
3% and 13%, and these proportions are suspected to be even higher in frail 
elderly.4;5 Other diseases or precipitating factors that may simultaneously cause 
these symptoms should also be considered, such as anaemia, atrial fibrillation, 
valvular disease, (persisting) asthma, thyroid disorder, and obesity. Importantly, 
both patients and physicians often do not seem to consider the development of 
another disease causing symptoms and signs similar to the patient’s known 
condition. This has been exhibited extensively by previous studies showing very 
high prevalence rates of unknown heart failure in patients with COPD.6;7 
Heart failure and COPD may be difficult to disentangle because of overlap in 
signs and symptoms, and additional investigations, such as echocardiography 
and spirometry, are required for an adequate diagnosis.8-10 Access to 
echocardiography and, to a lesser extent, spirometry is limited in the primary care 
setting in European countries, a barrier that is even larger because of difficulties 
among the frail elderly in visiting the outpatient clinic of a hospital.7;11-13 
The aim of our study was to determine the prevalence of previously unrecognized 
heart failure, COPD, and other chronic diseases (e.g. anaemia, atrial fibrillation, 
valvular disease, asthma, thyroid disorders) in frail elderly using a near-home 
targeted 2-step screening strategy, including a questionnaire and a screening 
program at the general practitioners (GPs) office. 

Methods

Study population

The study population was derived from a cluster randomised trial (www.
clinicaltrials.gov identifier NCT01148719).14 Eight group practices of GPs from the 
catchment area of the ‘network Utrecht care for elderly (NUZO)’ were included 
in the screening strategy. In the Netherlands, all citizens are registered with a 
GP, irrespective of (co)treatment by a specialist. This includes patients living in 
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a home for the elderly, but excludes those living in a nursing home or hospice.   
Frail patients aged 65 years and older were identified from the electronic 
medical files of the participating GPs. Frailty is a clinical state in which there is 
an increase in an individual’s vulnerability for developing increased dependence 
and/or mortality.15 Frailty can occur as the result of a range of diseases and 
medical conditions. Numerous instruments used to score frailty, mainly based 
on physical and physiologic deficits, exist, but a single definition is lacking.15;16 

Our definition of frail was practically operationalized as having three or more 
chronic or vitality-threatening diseases (such as ischaemic heart disease) and/or 
using five or more prescribed drugs daily during the past year.17 These variables 
could extracted easily from the electronic medical file. Patients were excluded if 
they (i) already had a dual diagnosis of heart failure and COPD (both adequately 
established), including echocardiography or spirometry, respectively, according 
to the current clinical guidelines; (ii) were unable to travel to the office of the GP; 
or (iii) had severe cognitive problems. Patients willing to participate filled out a 
questionnaire, which included the Medical Research Council (MRC) dyspnoea 
scale18 and questions about reduced exercise tolerance, that was sent by mail (the 
first step of the screening strategy) (Appendix 1). Those who scored positive on 
the reduced exercise tolerance questionnaire or had a score of ≥2 on the MRC 
dyspnoea scale were invited for the second step of the screening strategy at their 
GP’s office. 

The study was approved by the medical ethics committee of the University 
Medical Center Utrecht, the Netherlands, and all participants gave written 
informed consent. Participant recruitment started in June 2010 and ended in 
January 2012.

Near-home targeted screening program

The screening strategy consisted of the following components; (i) standardized 
medical history taking and physical examination, (ii) blood tests, (iii) 
electrocardiography (ECG), (iv) spirometry, and (v) echocardiography with a 
mobile device. 
Data on comorbidities and drug use were obtained from the electronic medical 
file at the GPs office. Current drug use was confirmed by checking the patients’ 
medication containers.
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Blood tests consisted of measurements of haemoglobin concentration, renal 
function (estimated glomerular filtration rate based on the Modification of Diet 
in Renal Disease study group equation)19, non-fasting glucose concentration, 
and concentrations of high sensitive-C-reactive protein, thyroid-stimulating 
hormone (and free thyroxin 4 in the case of values that were too low or too high), 
and N-terminal pro-B-type natriuretic peptide. 
A standard 12-lead ECG was recorded and classified according to the Minnesota 
coding criteria by a single cardiologist.20;21 
Pulmonary function tests consisted of spirometric measurements and were 
performed with a SpiroPerfect spirometer (Welch Allyn, Skaneateles Falls, 
NY, USA). Forced vital capacity (FVC), and forced expiratory volume in 1 
second (FEV1) were measured before and 30 minutes after administration of 
ipratropiumbromide inhalation via an inhalation chamber.22 
Echocardiograms were made with a mobile ultrasound machine (Vivid-I; General 
Electric, Milwaukee, WI, USA) by trained and experienced cardiosonographers. 
Images and measurements, including tissue Doppler were interpreted by an 
experienced cardiologist and reviewed by the cardiologist who was involved in 
the expert panel.  
Blood could not be collected in five patients (1.3%). The ECG and spirometry 
were not interpretable for technical reasons in one patient and three patients, 
respectively. Interpretable echocardiograms were available for 375 patients 
(96.4%). 
All measurements were performed in a near-home setting at the GP’s office by 
trained technicians and sonographers from a locally operating GP laboratory 
(Saltro, Utrecht, the Netherlands).
After the screening program, the GP of the participant received all results and 
was advised to initiate targeted interventions and/or adjust current treatments, 
according to the recommendations of (inter)national clinical guidelines. 

Final diagnoses

The final diagnoses were made during consensus meetings by a panel consisting 
of a GP, pulmonologist, and cardiologist and based on all available results from 
the screening program plus the response to treatment during the six months of 
follow-up.23 For diagnoses lacking a reference standard, such as heart failure, 
a consensus diagnosis based on expert opinion using all available diagnostic 
information was advocated.24 Diagnoses of heart failure, COPD, and other 
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possible disorders that could explain the complaints were classified as present, 
absent, or, in case of doubt “possible”.  
For the diagnosis of heart failure, the panel applied the diagnostic criteria of 
the European Society for Cardiology. Heart failure was considered present if 
symptoms and signs suggesting heart failure were present in combination with 
ventricular dysfunction on echocardiography at rest.8;25 Patients with heart 
failure were further classified as having heart failure with reduced ejection 
fraction (HF-REF), heart failure with preserved ejection fraction (HF-PEF), and 
isolated right-sided heart failure. Systolic dysfunction necessary for HF-REF was 
considered present if the left ventricular ejection fraction (LVEF) was ≤45% on 
echocardiography. Diastolic dysfunction, required for the diagnosis HF-PEF, was 
considered present when LVEF was ≥45% and the following echocardiographic 
abnormalities were present: abnormal left ventricular relaxation or diastolic 
stiffness and structural abnormalities (left atrial enlargement or left ventricular 
hypertrophy). Isolated right-sided dysfunction was defined as an increased 
pulmonary artery pressure (calculated systolic pulmonary artery pressure >40 
mmHg), when LVEF was ≥45%, and in the absence of evident diastolic dysfunction.
The presence of COPD was based on the patient’s history (i.e. coughing, wheezing, 
phlegm production, inhalation allergy and/or bronchial hyperreactivity), a 
positive history of smoking, and post-dilatory obstruction on spirometry. 
Obstruction was defined as a reduced ratio (<0.70) of the FEV1 and FVC. Severity 
of COPD was graded according to the Global Initiative for Chronic Obstructive 
Lung Disease criteria in classes I to IV.26

For the diagnosis of (persisting) asthma, symptoms of wheezing plus a history of 
allergy or bronchial hyperreactivity was needed in combination with an increase 
of >12% of the FEV1-value, or ≥200 mL in the case of smaller lung volume, from 
before to after dilatory measurement.27 The diagnosis of pulmonary restriction 
was based on a value of <80% of predicted FVC after dilation in the absence of a 
diagnosis of COPD.27

Anaemia was classified according to the World Health Organization criteria and 
was considered present if haemoglobin concentration was <8.0 mmol/l (<13 g/dL) 
in men and <7.4 mmol/l (<12 g/dL) in women. Renal dysfunction was considered 
present if the eGFR was below 60 ml/min/1.73m2.19 Thyroid disease was divided 
into hypothyroidism and hyperthyroidism. Hypothyroidism was considered 
present if thyroid-stimulating hormone concentration was >5.5 mu/L, and that 
of free thyroxin 4 was <11 pmol/L. Hyperthyroidism was considered present if 
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the thyroid-stimulating hormone concentration was <0.35 mu/L and that of free 
thyroxin 4 was >23 pmol/L. 

Blinded to their original classification, the panel re-evaluated the diagnosis of a 
random sample of 10% of the patients (n=40) to determine the reproducibility of 
their diagnoses. To minimize the chance of recall, the time interval between the 
two assessments was ≥1.5 months. In three cases with a diagnosis of heart failure 
(presence or absence of HF-PEF) and in six cases with a diagnosis of COPD, the 
diagnosis upon re-evaluation did not correspond to the original diagnosis of the 
panel (ĸ=0.74). 

Data analysis

The original diagnoses of the panel were used in our analyses, and diagnoses 
were dichotomized, considering a ‘possible’ diagnosis as ‘absent’. The prevalence 
of previously unrecognized heart failure, COPD, and other chronic diseases was 
calculated as a proportion with 95% confidence intervals (CIs) using the method 
of Wilson.28

Data were analysed using the SPSS software (version 20.0 for Windows; SPSS 
Inc., Chicago, IL, USA). 

Results

Of the 5,369 elderly that were evaluated, 1,855 (34.6%) fulfilled the criteria for 
‘frailty’. Of these, 44 (2.4%) had an already established dual diagnosis of heart 
failure and COPD and thus were excluded from the study (Figure 1). In total, 
462 elderly did not respond to the invitation and 779 elderly were not willing 
to participate in the 2-step screening program. These non-responders were, 
on average, 1.5 years older (76.7 vs. 75.1 years, p <0.0001), less often male (41.4% 
vs. 50.9%, p <0.0001), and more often had a history of diabetes mellitus (35.3% 
vs. 30.4%, p =0.04) and cancer (7.9% vs. 4.9%, p =0.03) than the participants. 
Prevalence of other co-morbidities, including hypertension and ischaemic heart 
disease, were similar. Of the frail elderly willing to participate, 395 (69.3%) had 
dyspnoea or reduced exercise tolerance. Six patients withdrew after signing 
informed consent. The mean age of the participants who visited their GP office 
for the screening investigations was 75.5 years (standard deviation 6.1 years), 
and 45% were men (Table 1). 
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1811 frail elderly invited to fill out the 
dyspnoea and exercise tolerance questionnaires 

Excluded: 
3267 were not frail 
44 dual diagnoses of COPD and HF  
247 other reasons*  

Excluded: 
779 not willing to participate 
462 non-responders† 

395 frail elderly with a reduced exercise 
tolerance and/or exercise induced dyspnoea 

History taking and physical exam 
Blood tests, ECG and spirometry 

n=389 
 

 

 

8 general practices 
n= 5369 patients 65 years or older 

570 filled out the dyspnoea and exercise 
tolerance questionnaires 

Excluded: 
175 no or insufficient scores on dyspnoea 
or exercise tolerance 

6 withdrew 

Echocardiography 
n=375 

 

Figure 1. Flow chart of inclusion 
*Other includes cognitive problems (such as dementia) and inability to travel to the office of the general 
practitioner, †non-response after two written invitations were sent. COPD, chronic obstructive pulmonary 
disease; ECG, electrocardiogram; HF, heart failure. 
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Table 1. Demographic and baseline characteristics of 389 frail elderly with dyspnoea and/or reduced 
exercise tolerance

Age (years) 75.5 ± 6.1

Male 174 (44.7)

BMI (kg/m2) 28.2 ± 4.4

Heart rate per minute 69 ± 11

Respiratory rate per minute 15 ± 3

Blood pressure (mmHg)
   Systolic 139 ± 18

   Diastolic 76 ± 9

Smoking  
   Never
   Former
   Current

138 (35.5)
214 (55.0)

37 (9.5)

Medical history*

 Comorbidities (number), median (IQR) 4 (3 – 4)

   Heart failure 22 (5.7)

   COPD 67 (17.2)

   (persistent) Asthma 36 (9.3)

   Anaemia 14 (3.6)

   Renal dysfunction 12 (3.1)

   Thyroid dysfunction 34 (8.7)

   Ischaemic heart disease 125 (32.1)

   Valvular disease 23 (5.9)

   Cardiac rhythm disorders 54 (13.9)

   Hypertension 316 (81.2)

   Diabetes Mellitus 135 (34.7)

   Stroke or TIA 44 (11.3)

Symptoms

   Orthopnoea 39 (10.0)

   Ankle swelling 105 (27.0)

   Nocturia (≥ 2 times a night) 199 (51.2)

   Loss of appetite 33 (8.5)

   Chest pain suggestive for Angina Pectoris 32 (8.2)

   Palpitations 109 (28.0)

   Cough (>3 months a year) 66 (17.0)

   Wheezing 104 (26.7)

   Inhalation allergy 79 (20.3)

   Bronchial hyperreactivity 76 (19.5)
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Medications, median (IQR)† 5 (4 – 7)

   Diuretics 212 (54.5)

   Spironolactone 18 (4.6)

   ß-blockers 187 (48.1)

   ACE-i/ARBs 239 (61.4)

   Cholesterol lowering drugs 232 (59.6)

   Inhaled long-acting ß2-agonists 60 (15.4)

   Inhaled anti-cholinergics 56 (14.4)

   Inhaled corticosteroids 73 (18.8)

Data are mean ± standard deviation or number (%) unless otherwise indicated.
*The comorbidities were based on the general practitioners electronic medical record; for the diagnosis 
of anaemia, thyroid dysfunction, and diabetes mellitus actual medication use from pharmacy records 
were added; for hypertension, the diagnosis from the electronic medical record was extended with 
self-reported hypertension, †Based on actual medication use (pharmacy records). ACE-I, angiotensin 
converting enzyme-inhibitor; ARBs, angiotensin receptor blockers; BMI, body mass index; Cardiac 
rhythm disorders included atrial fibrillation and pacemakers; COPD, chronic obstructive pulmonary 
disease; Ischaemic heart disease included prior myocardial infarction, angina pectoris, coronary artery 
bypass grafting, and percutaneous coronary intervention; IQR, interquartile range; Orthopnoea included 
paroxysmal nocturnal dyspnoea; TIA, transient ischaemic attack. 
Two instances of missing data on orthopnoea and one on loss of appetite. 

Table 2 presents the newly detected diagnoses. In the screening strategy, 525 
new diagnoses were detected in 297 patients. Age- and sex-specific prevalences 
of heart failure and COPD are presented in Figure 2. 
Heart failure was newly diagnosed in 127 patients (33.5%, 95% CI 28.9-38.4%); 
28.3% of these had HF-REF, 70.1% had HF-PEF, and 1.6% had isolated right-sided 
heart failure. Clinically relevant valvular disease was detected in 21.4% and atrial 
fibrillation in 1.8% of participants. At least one of these cardiac diseases was 
detected during screening in 168 patients (44.1%).
A new diagnosis of COPD was established in 65 patients (16.8%, 95% CI 13.4-
20.9%). Persisting asthma was newly diagnosed in 12 patients (3.1%) and 
pulmonary restriction in nine patients (2.3%). In 79 patients (20.5%), one or more 
of these pulmonary diseases was established at the screening.   
Anaemia was newly detected in 12.7% of patients and renal dysfunction (eGFR 
below 60 ml/min/1.73m2) in 25.0%. Newly detected hypertension (0.8%), diabetes 
mellitus (0.8%), and thyroid disease (0.5%) was infrequent.

Table 1. continued
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Table 2. New and ‘new plus already known’ diagnoses in 389 frail elderly with dyspnoea and/or reduced 
exercise tolerance

Diagnosed conditions New diagnoses* New plus already known*

Cardiac diseases

 Heart failure
   With reduced ejection fraction
   With preserved ejection fraction
   Isolated right-sided

127 (33.5)
36 (9.5)
89 (23.5)
2 (0.5)

145 (38.3)
46 (12.1)
97 (25.6)
2 (0.5)

 Left ventricular dysfunction†

   Systolic
   Diastolic

81 (34.6)
3 (1.3)

78 (33.3)

-
-
-

 Atrial fibrillation 7 (1.8) 44 (11.3)

 Valvular disease‡
   Aortic regurgitation (≥ grade 2/4)
   Aortic stenosis (moderate to severe)
   Mitral regurgitation (≥ grade 2/4)

81 (21.4)
10 (2.6)
14 (3.7)

67 (17.7)

93 (24.6)
14 (3.7)
16 (4.2)
74 (19.6)

Pulmonary diseases

 COPD 
   Gold I
   Gold II
   Gold III 
   Gold IV

65 (16.8)
31 (8.2)
28 (7.4)
3 (0.8)

0

134 (34.7)
53 (14.0)
59 (15.6)
11 (2.9)

0

 Persisting asthma 12 (3.1) 39 (10.1)

 Restriction 9 (2.3) -

Other diseases

 Hypertension 3 (0.8) 319 (82.0)

 Diabetes Mellitus 3 (0.8) 138 (35.5)

 Anaemia 49 (12.7) 63 (16.3)

 Hyperthyroidism 1 (0.3) 16 (4.2)

 Hypothyroidism 1 (0.3) 20 (5.2)

 Renal dysfunction 
   Between 30 and 60 ml/min/1.73m2

   Below 30 ml/min/1.73m2

86 (22.2)
85 (21.9)

1 (0.3)

97 (25.0)
96 (24.7)

1 (0.3)

Data are number (%). 
*Patients could have more than one diagnosis, †Left ventricular dysfunction without signs or symptoms 
of heart failure, ‡Patients could have more than one valve disorder. COPD, chronic obstructive pulmonary 
disease; GOLD, Global initiative for chronic Obstructive Lung Disease; -, no such diagnosis in the 
electronic medical file at the general practitioners office.
There were 525 new diagnoses detected in 297 patients: 148 had 1, 94 had 2, 38 had 3, 11 had 4, 5 had 5 and 
1 had 6. Because of an incomplete screening strategy or a non-assessable test, there were 10 instances of 
missing data on heart failure and dysfunction, 11 on valvular disease, 1 on atrial fibrillation, 3 on COPD, 
11 on GOLD classification, 4 on asthma en restriction, 3 on anaemia, and 4 on hypo-and hyperthyroidism.

The screening program at the GP’s office yielded an underlying cause for 
dyspnoea or reduced exercise tolerance in 76.6% (95% CI 72.1-80.5%) of the 
participants. Possible explanations for the complaints other than the diseases 
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presented above (in 11.2% of the participants), included (severe) obesity in 6.0%, 
angina pectoris in 4.7%, and peripheral artery disease in one patient.
According to the panel, the screening investigations did not reveal any 
explanation for the complaints in 47 participants (12.2%). 
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Figure 2. Age- and sex-specific prevalence of heart failure (HF) (A) and chronic obstructive pulmonary 
disease (COPD) (B). 

Total prevalence included new plus already known diagnoses.
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Discussion

In our 2-step near-home screening strategy among community-dwelling frail 
elderly, 69% of the elderly had complaints of dyspnoea or reduced exercise 
tolerance. Among these, screening investigations at their GP’s office established 
clinically relevant diagnoses in 77%. In particular, previously unrecognized heart 
failure and COPD were detected in many patients (34% and 17%, respectively). 
For heart failure this means a three times higher prevalence than can be expected 
in the general elderly population aged 65 year or over.5;9 Also, consistent with 
previous studies, prevalences estimates increased with age, and men were more 
affected than women. Men also had more major risk factors than women.4;5Thus, 
our study confirms the underdiagnosis of both diseases in the elderly, as was 
shown by previous studies assessing these disease separately.7;11-13 We also showed 
that these frail elderly, with multimorbidity, polypharmacy, and complaints of 
dyspnoea, still have a substantial number of remaining undetected diseases, 
especially heart failure and COPD. These outcomes are applicable to 25% of all 
persons aged 65 years or older. This substantial underdiagnosis of important 
chronic diseases seems at least partly explained by both patients and physicians 
who attribute (increasing) dyspnoea and exercise intolerance to the previously 
diagnosed disease(s).12;13 In addition, dyspnoea and reduced exercise tolerance 
are not always perceived as important symptoms, deconditioning because of 
ageing is often considered as the explanation. Re-evaluating these complaints, 
however, as we did in our study, does imply a considerable effort; as many as 
69% of all frail elderly had at least one of these complaints. The prevalence of 
dyspnoea (MRC score of ≥2) in our community-dwelling frail elderly aged 65 
years and over (60.8%) was substantially higher than that observed in an earlier 
study of the elderly population at large (37%).29 
The screening investigations in our study were relatively easy to perform 
(with the exception of the portable echocardiography), and the patient burden 
was limited. All investigations were performed in or nearby the GP’s office, in 
the vicinity of the participants’ homes. As a consequence, it seems feasible to 
implement our 2-step screening strategy in other countries with a primary-care 
based health care system, albeit that the quality of the measurements and their 
interpretation should be warranted.
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Although most general practices in Western European countries nowadays have 
spirometry and often electrocardiography available, they lack easy access to 
echocardiography. This could possibly be the main reason for the even higher 
detection rates of new heart failure than new COPD. Our study is in line with 
previous studies that showed that better access echocardiography in primary 
care facilities will increase the detection rate of heart failure in the elderly and 
thus the quality of life and prognosis of these patients. 
With our screening strategy, we focussed on diseases that are common, easily 
detectable, and can be treated with evidence-based drugs that have a potential 
beneficial effect on prognosis and quality of life, although this effect is not that 
evident for cases with HF-PEF.30 The risk of negative drug interactions and 
adverse effects in these patients, who often also have some degree of renal failure, 
need to carefully be considered. Thus, optimal, high-dose drug use according to 
the guidelines is not always possible or adequate in these patients. 
In view of the lack of evidence on the effects of targeted interventions in these 
elderly patients with newly detected diagnoses, randomized comparison 
assessing whether such intervention indeed improved prognosis should be 
available before a screening strategy such as ours can be implemented. Such 
an evaluation, the TREE-study (Triage of Reduced Exercise tolerance in frail 
Elderly), is currently underway.14

Comparison with other studies

Three previous studies screened adult patients with dyspnoea for underlying 
causes, but these were conducted in a hospital outpatient setting and not in 
primary care.29;31;32 Two separate studies by Nielsen et al.31;32 in Denmark found 
newly detected heart failure in 27% and 23% of the cases and new COPD in 32% 
and 48% of cases and no underlying reasons in 15% and 18% of cases, respectively. 
Pedersen et al.29 considered cardiac and/or pulmonary diseases present in 69% of 
the patients referred to the outpatient clinic for dyspnoea (median age 71.5 years, 
31% men), classifying 21% with a new diagnosis of heart disease and 53% with 
pulmonary disease. In our study, the number of patients with newly detected 
heart disease (44%) was much higher than in these earlier studies. Except for 
differences in patients’ characteristics, differences in the classification of 
diastolic dysfunction with echocardiography and thus the diagnosis of HF-
PEF could have at least partly created this difference. Importantly, we applied 
a composite of echocardiographic diastolic abnormalities, including tissue 
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Doppler measurements of the left ventricular wall, as advocated by the most 
recent guidelines.8;25;33;34

Strengths and limitations

A major strength of our study was that all investigations were performed in every 
patient, thus preventing work-up bias (or verification bias). Another strength 
is that all investigations were done near the patients’ homes, which certainly 
had a positive impact on the participation rate of these frail elderly, a patient 
population seldom included in large randomised trials. We did not assess all 
possible comorbidities or medications in Table 1. We preferred to focus on 
those diseases that potentially could be related to dyspnoea or reduced exercise 
tolerance.
In 14 patients (3.6%), echocardiography could not be performed, most often 
because the patients’ physical condition made it impossible for them to visit 
their GP’s office. It is possibly that not every patient adequately stopped his or 
her inhaled pulmonary drugs as instructed on the day of the spirometry. This 
might have negatively influenced the diagnosis, especially that of asthma. We 
performed only spirometry because this is the key investigation in primary 
care for diagnosing COPD and asthma. Not applying other pulmonary function 
tests could have led to some misclassification, especially of those with a FEV1/
FVC around the 0.70 cut-off point. Importantly, participants were in a stable 
condition, and thus the risk that pulmonary congestion due to heart failure that 
would reduce the FEV1 value more than the FVC value in unlikely. In general, 
in stable patients with heart failure, both the FEV1 and FVC were reduced by 
10% to 20%, but because both values were affected, the ratio is not.35;36 Finally, 
our screening strategy did not include exercise testing or other investigations 
to detect cardiac ischemia. As a result, patients with dyspnoea caused by cardiac 
ischemia may not be adequately detected by our screening strategy.
Because we had a 69% non-response rate, selection bias of participants could 
have occurred. Non-responders were, on average, 1.5 years older than responders 
and more often had a history of diabetes mellitus and malignancies. Knowing 
the impact of age and comorbidities, our prevalence estimates could therefore 
be an underestimation of the true rate of unrecognized chronic diseases.  
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Conclusion

Unrecognized chronic diseases might be detected in community-dwelling frail 
elderly using a simple-to-implement, near-home screening strategy. However, 
whether optimizing treatment of new diagnoses in this fragile population 
with multimorbidity and polypharmacy improves quality of life, and reduces 
morbidity and mortality remains to be proven.
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Appendix 1. Questionnaire on dyspnoea and exercise tolerance

Medical Research Council dyspnoea scale†

0. No breathlessness
1. Not troubled by breathlessness except on strenuous exercise.
2. Short of breath when hurrying on the level or walking up a slight hill.
3.  Walks slower than most people on the level, stops after a mile or so, or stops after 

15 minutes walking at own pace.
4.  Stops for breath after walking about 100 yards or after a few minutes on level 

ground.
5. Too breathless to leave the house or breathless when dressing or undressing.

2.1%
10.1%
44.6%
22.2%

16.5%

4.6%

Questionnaire to evaluate exercise tolerance*

- Do you have a reduced exercise tolerance as compared to others of the same age?
- Do you feel more tired than others of the same age?
-  Do you feel you need more recovery time after exercise than others of the same 

age?
-  Do you feel your heart is pounding, or feel palpitations or feel agitated during 

activities, such as walking, gardening or housework?
- All negative

Yes
51.9% 
52.7%‡

46.1%†

39.9%§

23.8%§

Medical Research Council dyspnoea scale adapted from Fletcher CM et al.18 

*Questions translated from Dutch to English; †One instance of missing data; ‡two instances of missing 
data; §three instances of missing data.
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Abstract

Background: Diagnosing heart failure is difficult, especially in the elderly with 
multimorbidity and with limited access to echocardiography. Our purpose is to 
assess the value of biomarkers in addition to symptoms and signs for diagnosing 
heart failure in frail elderly. 

Methods: Community-dwelling persons aged 65 years or over with 
multimorbidity or polypharmacy and reduced exercise tolerance or dyspnoea 
underwent a diagnostic work-up, including medical history, physical 
examination, blood tests, electrocardiography, and echocardiography. Blood 
biomarkers examined included N-terminal B-type natriuretic peptide (NT-
proBNP), matrix metalloproteinase-2 (MMP-2), high sensitive-C-reactive 
protein (hs-CRP), and red blood cell distribution width (RDW). We investigated 
the value (change in c-statistic, net reclassification index) of these biomarkers 
in addition to symptoms and signs using logistic regression analyses. The final 
diagnosis of heart failure was determined by a consensus panel who followed 
the European Society of Cardiology guidelines on heart failure. 

Results: The mean age of the 361 participants was 75.3 years, and new cases 
of heart failure were detected in 127 participants (35.2%) (89 with preserved 
ejection fraction, 36 with reduced ejection fraction, and two with right-sided 
heart failure). The clinical model including signs and symptoms had a c-statistic 
of 0.77 (95% CI 0.72-0.82). Adding NT-proBNP increased the c-statistic to 0.82 
(0.77-0.86), with a significant likelihood test ratio (p <0.001). Adding the other 
biomarkers did not improve diagnostic accuracy.

Conclusion: Only NT-proBNP had added diagnostic value beyond signs and 
symptoms in frail elderly with dyspnoea or reduced exercise tolerance, while 
MMP-2, hs-CRP and RDW did not. 
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Background

Heart failure is a chronic progressive disease, with a large negative impact on 
quality of life. It increases morbidity, hospital admission rates, and mortality. 
The prevalence of heart failure is highest among older people,1;2 and ranges from 
4.0% to 17.4% in patients aged 65 years and over and rises to 22.8% in elderly in 
long-term care.3;4 Early recognition of heart failure is challenging in the elderly 
because of comorbidities and cognitive deficit, while immobility of many elderly 
results in limited access to echocardiography. This is a common situation in the 
primary care setting, where most elderly patients suspected of heart failure are 
managed.5

Symptoms bring patients to medical attention, and careful assessment of 
symptoms and signs is the basis for further diagnostic testing in clinical 
practice. Previous studies in the elderly who contacted a physician because of 
symptoms indicative of heart failure showed that natriuretic peptides are useful 
in excluding heart failure, and selecting those who need echocardiography.6-11 
Especially in the very old with multiple comorbidity, such as hypertension and 
chronic obstructive pulmonary disease (COPD), who often use diuretics for 
hypertension, and often have early stages of heart failure with preserved ejection 
fraction (HF-PEF), N-terminal B-type natriuretic peptide (NT-proBNP) values 
can be lower or even below the exclusionary cut-off point in rest. Therefore, the 
search for novel biomarkers goes on, especially for important subgroups with a 
high risk of unrecognized heart failure. Moreover, studies that asses community-
dwelling elderly with multimorbidity or polypharmacy who have symptoms of 
dyspnoea and reduced exercise tolerance, but who do not consider themselves 
as ‘symptomatic’ are lacking.  
In several studies, biomarkers other than natriuretic peptides have 
shown discriminative power to diagnose heart failure, including matrix 
metalloproteinase-2 (MMP-2), a marker for cardiac collagen turnover. This 
marker was suggested to be especially useful for detecting or excluding HF-
PEF.12 Other biomarkers that are readily available with blood testing and that 
have showed to have diagnostic value are high sensitive-C-reactive protein (hs-
CRP) and red blood cell distribution width (RDW).13;14 The aim of our study was to 
assess the added value of biomarkers for diagnosing or excluding heart failure in 
community-dwelling frail elderly with dyspnoea or reduced exercise tolerance. 
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Methods

Study population

The study population for examining the added value of biomarkers for diagnosing 
heart failure was derived from the screening arm of a cluster randomized trial 
(www.clinicaltrials.gov identifier NCT01148719) comparing usual care with 
a diagnostic strategy and subsequent targeted interventions in frail elderly. 
The protocol of the study has been published previously.15 Ten group practices 
of general practitioners (GPs) in the vicinity of Utrecht, the Netherlands were 
randomly allocated to usual care and another eight to the screening arm. In the 
Netherlands all citizens are registered with a GP, except those living in a nursing 
home or hospice. 
From the electronic medical files of the participating GPs frail persons aged 65 
years and older were selected based on the following criteria for frailty; having 
three or more chronic or vitality-threatening diseases (such as ischaemic heart 
disease, visual impairment or osteoarthritis) and/or using five or more prescribed 
drugs daily during the last year. Patients were excluded if they (i) already had a 
dual diagnosis of heart failure and COPD, both adequately established according 
to international guidelines with echocardiography and spirometry, respectively; 
(ii) were unable to travel to the office of the GP; or (iii) had severe cognitive 
problems. Patients willing to participate filled out a short questionnaire about 
exercise tolerance and the Medical Research Council (MRC) dyspnoea scale 
(Appendix 1).16 Those who scored ‘reduced’ on the questionnaire for exercise 
tolerance or had a score of ≥2 on the MRC dyspnoea scale were eligible for the 
screening. Patient recruitment started in June 2010 and ended in January 2012.  
All participants gave written informed consent. 
The medical ethics committee of the University Medical Center Utrecht, the 
Netherlands, approved the study.

Screening strategy 

The screening strategy consisted of the following components; (i) standardized 
medical history taking and physical examination, (ii) blood tests, (iii) 12-
lead electrocardiography (ECG), (iv) spirometry (Welch Allyn SpiroPerfectTM 
spirometer), and (v) echocardiography (M-mode, 2D, pulsed and continuous 
Doppler flow, and tissue Doppler imaging) with a mobile ultrasound machine 
(Vivid-I, General Electric, Milwaukee, USA). All measurements were performed 
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in a near-home setting at the GP’s office by trained technicians and sonographers 
from a locally operating GPs laboratory (Saltro, Utrecht, the Netherlands), 
and both the ECGs and echocardiograms were interpreted by an experienced 
cardiologist. 
Venous blood samples were collected and after centrifugation specimens of 
plasma and cells were stored at minus 70 degrees Celsius. Standard laboratory 
assessment in blood included haemoglobin, RDW, electrolytes, hs-CRP, thyroid 
function and kidney function parameters (estimated by the glomerular filtration 
rate (eGFR) based on the Modification of Diet in Renal Disease study group 
equation (MDRD)).17 Plasma NT-proBNP was determined with the Elecsys® 
Immunoassay (Roche diagnostics GmbH, Mannheim, Germany). MMP-2 was 
measured with a two site sandwich enzyme-linked immunosorbent assay 
(Amersham Pharmacia Biotech, Buckinghamshire, UK). 

Final diagnosis of heart failure

A uniform reference test is lacking for heart failure. We therefore choose for 
a consensus diagnosis as formal reference. In accordance with earlier studies, 
the final diagnosis was made by a panel consisting of an experienced GP, 
pulmonologist, and cardiologist.10;18 The diagnosis was based on all available 
results from the screening strategy plus the response to targeted treatment 
during the six months of follow-up. Decisions on the presence of heart failure 
were made on all participants during consensus meetings and based on the 
recent guidelines on heart failure of the European Society of Cardiology 
(ESC),19;20 and heart failure was diagnosed if symptoms and signs suggestive 
for heart failure were present in combination with ventricular dysfunction 
on echocardiography at rest. In patients using diuretics for hypertension, 
only symptoms in combination with ventricular dysfunction were necessary 
to diagnose heart failure. Heart failure was classified by the panel as present, 
possibly present or absent.
Patients with heart failure were further classified as having heart failure with 
reduced ejection fraction (HF-REF), HF-PEF, and isolated right-sided heart 
failure. Systolic dysfunction necessary for HF-REF was considered present if 
the left ventricular ejection fraction (LVEF) was ≤45% with echocardiography. 
Diastolic dysfunction necessary for HF-PEF was considered present if (i) LVEF 
≥45% and the left ventricular were not enlarged, (ii) abnormal left ventricular 
relaxation or diastolic stiffness, and/or (iii) structural cardiac abnormalities 
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(left atrial enlargement or left ventricular hypertrophy). At least two abnormal 
echocardiographic measurements related to diastolic function were needed 
to classify positive for diastolic dysfunction. Isolated right-sided dysfunction 
was defined as an increased pulmonary artery pressure (calculated systolic 
pulmonary artery pressure >40 mmHg), when LVEF ≥45%, and in the absence of 
evident diastolic dysfunction.
If the panel decided that heart failure was present, they also decided on the most 
likely cause based on the information from the investigations of the screening 
strategy.
The reproducibility of the panel diagnosis was evaluated by a re-assessment of 
the panel diagnosis in a random sample of 10% of the patients (n=40), blinded to 
the original diagnosis. The time interval between the two assessments was ≥1.5 
month to minimize the chance of recall. In three cases, there was discordance in 
the diagnosis of HF-PEF and none for HF-REF (Cohen’s ĸ 0.81) between the re-
assessment diagnosis and the original decision of the panel. 

Data analysis

The presence or absence of heart failure was based on the consensus diagnosis 
of the panel, considering ‘possibly present’ as absent. Continuous variables 
are presented as means ± standard deviation for parametric and median with 
interquartile range for non-parametric data. Comparisons between groups 
were made using independent student’s t-test and Mann-Whitney U-test for 
continuous data, and Chi-square test for categorical variables.
Univariable and multivariable analyses were conducted using logistic regression 
with the presence of heart failure as the outcome. Overall, the number of missing 
values per variable was very low (≤1%, range 0-3%). To prevent biased results 
due to selective incomplete data, we performed multiple imputation of missing 
values prior to the logistic regression analysis, using a regression method.21

To calculate the added value, we followed the natural hierarchy of diagnostic 
investigations in the analyses. First, a clinical model was constructed including 
variables from medical history and physical examination known from 
literature.7;9;10 Fourteen variables from three previously published clinical models 
on heart failure were used to start building our multivariable clinical model: a 
history of ischaemic heart disease (yes/no), male gender, age (continuous), body 
mass index (continuous), paroxysmal nocturnal dyspnoea or orthopnoea (yes/
no), absence of wheezing (yes/no), loss of appetite (yes/no), use of loop diuretics 
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(yes/no), heart rate (continuous), irregularly irregular pulse (yes/no), rales (yes/
no), heart murmur suggestive for mitral regurgitation, laterally displaced apex 
beat, and elevated jugular venous pressure.7;9;10 Stepwise backward selection 
procedures, applying a P-value <0.10 based on the log likelihood ratio test, were 
used to select the predictors for the multivariable clinical model. 
Second, the added value of the different biomarkers on the clinical model was 
tested, by adding them each separately to the clinical model. The biomarkers 
included were NT-proBNP, MMP-2, hs-CRP, RDW, and eGFR. To improve 
linearity, we logarithmically transformed (2log transformation) NT-proBNP 
and hs-CRP values. 
Third, the added value of the biomarkers was examined by calculating the 
improvement in the c-statistic when adding each biomarker to the clinical model 
and by calculating the net reclassification index among patients with heart 
failure (event NRI, abbreviated as NRIe) and without heart failure (non-event 
NRI, NRIne). The c-statistic, also known as the area under the receiver operating 
characteristic curve, is a measure of how well a model can discriminate between 
patients with and without heart failure. The NRIe is the net proportion of 
patients with the event who are assigned a higher risk category. It is calculated 
as the difference between the proportions of individuals moving up and the 
proportion of individuals moving down among those diagnosed with heart 
failure. The NRIne is the net proportion of patients without the event who are 
assigned a lower risk category. It is calculated as the difference in proportions for 
individuals moving down and moving up among those without heart failure.22 
We defined two risk categories by applying a threshold of 25% for the probability 
of heart failure. This threshold was based on a previous study, as no evidence-
based levels exist for patients suspected or screened for new heart failure.23 
As this threshold is not uniformly advocated, we repeated the reclassification 
analysis for adjacent probability thresholds (20% and 30%). 
The multivariable model was internally validated using bootstrapping 
techniques and shrinkage factors were derived from 500 bootstrap samples.24 
The calibration (closeness between predicted and observed probabilities of heart 
failure) of the different models was assessed a calibration plot. 
Data were analysed using SPSS (version 20.0 for Windows) and R (version 2.9.2).
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Results

Of the 395 participants in the screening arm of the trial, 361 (91.4%) were included 
in the current study (Figure 1). The mean age was 75.3 (sd 6.1) years and 55% were 
female (Table 1). A new diagnosis of heart failure was established by the panel in 
127 patients (prevalence 35.2%). Thirty-six patients had a new diagnosis of HF-
REF (10.0% of all participants), 89 of HF-PEF (24.7%), and 2 (0.6%) had isolated 
right-sided heart failure.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Frail elderly patients with reduced 
exercise tolerance and/or exercise-

induced dyspnoea 
n=395 

Excluded patients: 
Withdrew: n=6 
Established diagnose of heart failure: n=18 
No echocardiography: n=10 

Participating patients: 
N=361 

Heart failure absent: 
N=234 

Heart failure present: 
N=127 

Heart failure with reduced 
ejection fraction 

N=36 

Heart failure with preserved 
ejection fraction 

N=89 

Right-sided heart failure 
 

N=2 

Figure 1. Flow chart of patients and their final diagnosis.

Table 1 shows the baseline characteristics and the results of investigations 
stratified in those with and without heart failure. Patients diagnosed with a 
novel diagnosis of heart failure were older, used more cardiovascular drugs, and 
had more comorbidities than those without.
The predictors remaining in the multivariable clinical model after backward 
selection were age, body mass index, loss of appetite, use of loop diuretics, 
elevated jugular venous pressure and a laterally displaced apex beat. This clinical 
model of six items had a c-statistic of 0.77 (95% CI 0.72-0.82). 
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Table 1. Baseline characteristics of total study population and stratified by the presence or absence of 
heart failure

Characteristics All
(n=361)

HF present
(n=127)

HF absent
(n=234)

p-value

Age (years) 75.3 ± 6.1 77.3 ± 5.8 74.3 ± 5.9 <0.001

Males 162 (44.9) 63 (49.6) 99 (42.3) 0.19

Current smoker 35 (9.7) 11 (8.7) 24 (10.3) 0.71

Comorbidities
   Ischaemic heart disease
   Hypertension
   Diabetes Mellitus
   Stroke or TIA
   Atrial fibrillation
   COPD‡

   Anaemia#

   Renal dysfunction
   Thyroid dysfunction‡  

113 (31.3)
297 (82.3)
128 (35.5)
41 (11.4)
39 (10.8)
122 (33.8)
58 (16.1)
88 (24.4)
33 (9.2)

51 (40.2)
113 (89.0)
55 (43.3)
21 (16.5)
23 (18.1)
47 (37.3)
28 (22.4)
44 (34.6)
13 (10.4)

62 (26.5)
184 (78.6)
73 (31.2)
20 (8.5)
16 (6.8)

75 (32.3)
30 (12.9)
44 (18.8)
20 (8.6)

0.009
0.01
0.03
0.04

0.002
0.35
0.02

0.001
0.57

Symptoms
   Nocturnal dyspnoea or orthopnoea†

   Absence of wheezing
   Nocturia twice or more per night
   Loss of appetite*

34 (9.4)
262 (72.6)
188 (52.1)
30 (8.3)

18 (14.3)
82 (64.6)
71 (55.9)
17 (13.4)

16 (6.9)
180 (76.9)
117 (50.0)

13 (5.6)

0.03
0.01
0.32
0.02

Cardiovascular drug use
   ACE-i/ARBs
   Diuretics
   ß-blockers
   Aldosterone antagonists

141 (60.9)
194 (53.7)
167 (46.3)

12 (3.3)

90 (70.9)
82 (64.6)
77 (60.6)

9 (7.1)

130 (55.6)
112 (47.9)
90 (38.5)

3 (1.3)

0.005
0.003

<0.001
0.005

Physical examination
   Systolic blood pressure (mmHg)
   Diastolic blood pressure (mmHg)
   Heart rate (bpm), median (IQR)
   Irregular pulse
   BMI (kg/m2)
   Laterally displaced apex beat#

   Elevated JVP
   Crepitations
   Bilateral ankle swelling*

139 ± 17
75 ± 9

68 (60-76)
64 (17.7)

28.1 ± 4.4
55 (15.2)
34 (9.4)
33 (9.1)

146 (40.4)

141 ± 19
75 ±  10

68 (60-76)
32 (25.2)

28.8 ± 4.8
34 (27.4)
24 (18.9)
19 (15.0)
62 (49.2)

137 ± 16
76 ± 8

68 (60-80)
32 (13.7)
27.7 ± 4.1
21 (9.0)
10 (4.3)
14 (6.0)

84 (35.9)

0.04
0.63
0.12

0.009
0.03

<0.001
<0.001
0.007
0.02

Laboratory biomarkers
   eGFR MDRD (ml/min)
   hs-CRP (mg/l), median (IQR)#

   MMP-2 (ng/ml)§

   NT-proBNP (pg/ml), median (IQR)ˉ
   RDW (%)~   

72 ± 18
2.3 (1.2-4.4)
1926 ± 442

137 (75-294)
13.8 ± 1.3

68 ± 20
2.4 (1.4-5.0)
2022 ± 490

275 (129-742)
13.9 ± 1.1

74 ± 16
2.3 (1.2-4.3)
1876 ± 406

113 (60-193)
13.8 ± 1.4

0.01
0.36

0.003
<0.001

0.26

Data are mean ± standard deviation or number (%) unless otherwise indicated.
*One instance of missing data, †Two instances of missing data, ‡Three instances of missing data, #Four 
instances of missing data, §Five instances of missing data, ~Eleven instances of missing data, ˉSixteen 
instances of missing data. ACE-I, angiotensin-converting enzyme inhibitor; ARBs, angiotensin II receptor 
blockers; BMI, body mass index; bpm, beats per minute; COPD, chronic obstructive pulmonary disease; 
Diuretics, includes loop diuretics and thiazides; eGFR MDRD, estimated glomerular filtration rate 
according to the Modification of Diet in Renal Disease study group equation; HF, heart failure; Hs-CRP, 
high sensitive-C-reactive protein; Ischaemic heart disease includes prior myocardial infarction, angina 
pectoris, coronary artery bypass grafting, and percutaneous coronary intervention; IQR, interquartile 
range; JVP, jugular venous pressure; MMP-2, matrix metalloproteinase-2; NT-proBNP, N-terminal pro-B-
type natriuretic peptide; RDW, red blood cell distribution width; renal dysfunction, eGFR MDRD <60 mL/
min/1.73m2; TIA, transient ischaemic attack.
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Of the evaluated biomarkers, univariable analysis showed that log-transformed 
NT-proBNP (c-statistic 0.76), MMP-2 (c-statistic 0.60) and eGFR (c-statistic 
0.61) were related to the presence of heart failure. In Table 2 we show that log-
transformed NT-proBNP had independent added value (p <0.001) beyond the 
clinical model resulting in an improvement of the c-statistic from 0.77 to 0.82 
(95% CI 0.77-0.86). The other biomarkers had no independent contribution 
to the clinical model for the prediction of the diagnosis of heart failure. The 
calibration plots showed close agreement between the predicted and observed 
risks (Appendix 2). 

Table 2. Multivariable odds ratios for each biomarker when added to the clinical model and the areas 
below the ROC curve for the different models predicting of heart failure in frail elderly

Variables OR (95% CI) P-value with LR c-statistics*

 (95% CI)

Clinical model# 0.77 (0.72-0.82)

Clinical model plus NT-proBNP 2.31 (1.74-3.08) <0.001 0.82 (0.77-0.86) 

Clinical model plus MMP-2 1.003 (0.997-1.009) 0.31 0.77 (0.72-0.82)

Clinical model plus hs-CRP 1.16 (0.89-1.52) 0.27 0.77 (0.72-0.82)

Clinical model plus RDW 1.00 (0.81-1.24) 0.94 0.77 (0.72-0.82)

Clinical model plus eGFR 1.00 (0.98-1.01) 0.75 0.77 (0.72-0.82)
#Clinical model consisting of Age, body mass index, loss of appetite, use of loop diuretics, laterally displaced 
apex, and increased jugular venous pressure, *after adjustment for overfitting by applying shrinkage 
factor (shrinkage factor is 0.93 for clinical model and clinical model plus NT-proBNP, shrinkage factor is 
0.92 for clinical model plus hs-CRP and RDW and shrinkage factor is 0.91 for clinical model plus MMP-2 
and eGFR). CI, confidence interval; LR, log likelihood ratio test; OR, odds ratio; other abbreviations as in 
Table 1. 
NT-proBNP and hs-CRP were logarithmically transformed. OR for an increase per logarithmically 
transformed 1pg/ml for NT-proBNP, increase of 10ng/ml for MMP-2, increase per logarithmically 
transformed 1mg/ml for hs-CRP,  increase of 1% for RDW, and an increase of 1ml/min for eGFR. 

Table 3 shows the reclassification table for adding NT-proBNP to the clinical 
model at a predefined predictive value cut-off of 0.25. Among patients with heart 
failure, 11 out of the 127 (9%) correctly shifted to the higher risk category when 
adding NT-proBNP to the model, and 5 out of the 127 incorrectly shifted to a 
lower risk category, leading to a net gain in reclassification proportion among 
heart failure patients (NRIe) of 5%. In patients who did not have heart failure, 
34/234 (15%) were more appropriately reclassified into a lower risk category 
when adding NT-proBNP to the model and 12/234 (5%) incorrectly shifted to a 
higher risk category, resulting in a net gain in reclassification among patients 
without heart failure (NRIne) of 10%. The reclassification tables and net gain 
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in reclassification proportion for the probability threshold of 0.20 and 0.30 are 
presented in Appendix 3.

Table 3. Reclassification table from the clinical model and extend (with NT-proBNP) model

Heart failure

CM with NT-proBNP

<0.25 ≥0.25 Total 

CM

<0.25 13 11 24

≥0.25 5 98 103

Total 18 109 127

No heart failure

CM with NT-proBNP

<0.25 ≥0.25 Total

CM

<0.25 113 12 125

≥0.25 34 75 109

Total 147 87 234

CM, clinical model; NT-proBNP, N-terminal pro-B-type natriuretic peptide. 
Patients with a model’s probability of higher than 0.25 were considered to have a high probability of 
having heart failure and further workup with an echocardiography is recommended. 

Discussion 

Our study showed that the clinical model, including medical history, symptoms 
and physical examination, is key for diagnosing heart failure in community-
dwelling frail elderly with dyspnoea or reduced exercise tolerance (c-statistic 
0.77). Only NT-proBNP had independent added diagnostic value to our clinical 
model, resulting in an improvement of the c-statistic to 0.82. Other biomarkers 
such as MMP-2, hs-CRP, RDW, and eGFR had no added value beyond our clinical 
model. 
The use of NT-proBNP can help the GP to select those frail elderly requiring 
echocardiography when heart failure is suspected based on the clinical model. 
The added value of NT-proBNP in our study seemed to be less than in previous 
studies in patients suspected of heart failure or as in some other screened 
populations.8-10;25 In our study the large majority of the detected heart failure 
cases had HF-PEF (approximately 70% of all heart failure cases), and in these 
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patients NT-proBNP is less helpful for early detection than in early cases of HF-
REF. NT-proBNP is a cardiac neurohormone that is primarily secreted from the 
ventricles in response to ventricular wall stress due to volume expansion and 
pressure overload.26 Because in HF-PEF wall stress is substantial during exercise 
and not during rest, low or normal values of natriuretic peptides can be expected 
in normovolemic HF-PEF patients who did not exercise in the 24 hours before 
the assessment. This is often the case in frail elderly with exercise intolerance 
seeking medical advice,27 and certainly so when screening these persons at a 
time that symptoms during exercise are not considered sufficient to contact a 
physician.
A study by Martos et al. showed that MMP-2 was the most sensitive and specific 
biomarker for the identification of patients with HF-PEF. This serological 
marker of cardiac interstitial collagen turnover was superior to B-type natriuretic 
peptide for detecting or excluding HF-PEF in their studied population.12 This is 
in contrast to our study where MMP-2 had no added value beyond the clinical 
model, irrespective of the fact that the majority (approximately 70%) of our 
patients with heart failure had HF-PEF. Importantly, however, in the study 
of Martos et al. patients with HF-REF and patients with comorbidities such 
as pulmonary disease, anaemia, and renal insufficiency were excluded, thus 
contrasting HF-PEF with a rather healthy elderly population.12 
We also tested red blood cell distribution width, a readily available variable 
from the standard full blood count. A previous study showed that an increased 
RDW was a strong independent predictor of morbidity and all-cause mortality 
in patients with chronic heart failure.28 In other studies, higher mean levels of 
RDW were found in heart failure patients, and high levels of RDW predicted 
presence of heart failure in patients with or suspected for coronary disease.14;29-31 
In our study, however, RDW had no added diagnostic value beyond the clinical 
model. 
In our study, elevated levels of hs-CRP had no clear diagnostic value for heart 
failure, which is in line with previously published results.10;32 
Renal dysfunction is related to heart failure and has prognostic and therapeutic 
consequences for the course of disease, but the eGFR (measured by the MDRD 
formula) had no added diagnostic value in our study.20  
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Strengths and Limitations

The strength of our study is that all investigations were performed in every 
patient and in a near-by-home setting, thus reducing the risk of incomplete data 
or selective drop-out of more severely ill persons. In only 2.7% of the frail elderly 
an echocardiography could not be performed due to personal health issues. 
These excluded patients were older (mean age 79.3 years) than the participants 
(75.3 years) and thus due to age more likely to have unrecognized heart failure.
Due to small numbers, we could not give the results of the value of the biomarkers 
in different subgroups, e.g. in the very old or selectively for gender class.
For the evaluated biomarkers NT-proBNP, hs-CRP and eGFR incorporation 
bias could have occurred since the results were available to the panel when 
making their final diagnosis. Importantly, however, signs, symptoms, and 
echocardiographic measurements weighted more heavily on the decisions of the 
panel that strictly followed the criteria of the ESC guidelines on heart failure.19;20 
Importantly, the final diagnosis by the panel was made without the knowledge 
of RDW, and MMP-2, thus precluding incorporation bias for these biomarkers.

Conclusion

NT-proBNP has added diagnostic value beyond medical history, symptoms, and
signs in community-dwelling frail elderly with dyspnoea or reduced exercise 
tolerance. MMP-2, hs-CRP, RDW, and eGFR yielded no diagnostic information 
beyond the clinical assessment. 
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Appendix 1. Questionnaire on dyspnoea and exercise tolerance#

All
(n=361)

HF present
(n=127)

HF Absent
(n=234)

Medical Research Council dyspnoea scale†

0. No breathlessness
1.  Not troubled by breathlessness except on strenuous exercise.
2.  Short of breath when hurrying on the level or walking up a 

slight hill.
3.  Walks slower than most people on the level, stops after a 

mile or so, or stops after 15 minutes walking at own pace.
4.  Stops for breath after walking about 100 yards or after a 

few minutes on level ground.
5.  Too breathless to leave the house or breathless when 

dressing or undressing.

2.2%
10.5%
45.4%

21.9%

15.4%

4.6%

1.6%
2.4%
37.8%

26.0%

22.8%

9.4%

2.6%
14.2%
50.6%

19.3%

11.6%

1.7%

Questionnaire to evaluate exercise tolerance*

-  Do you have a reduced exercise tolerance as compared to 
others of the same age?

- Do you feel more tired than others of the same age?
-  Do you feel you need more recovery time after exercise than 

others of the same age?
-  Do you feel your heart is pounding, or feel palpitations or 

feel agitated during activities, such as walking, gardening 
or housework?

- All negative

Yes
52.0% 

52.3%‡

45.7%†

39.9%§

23.9%§

Yes
59.8%

57.1%
54.0%

48.4%

17.5%

Yes
47.0%

49.4%
40.2%

35.2%

27.9%

Medical Research Council dyspnoea scale adapted from Fletcher CM et al.15 
#Responses to questionnaires at baseline, *Questions translated from Dutch to English, †One instance of 
missing data, ‡Two instances of missing data, §Three instances of missing data.

Appendix 2. Calibration plots of the clinical model and the clinical model plus NT-proBNP

Left: calibration plot clinical model. Right: calibration plot clinical model plus NT-proBNP. The dotted 
line shows the actual relation between observed outcomes and predicted risks, the dashed diagonal line 
represents perfect calibration.
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Appendix 3. Reclassification tables from the clinical model and extend (with NT-proBNP) model for the 
probability threshold of 0.20 and 0.30

 Heart failure

CM with NT-proBNP

<0.20 ≥0.20 Total 

CM

<0.20 9 5 14

≥0.20 3 110 113

Total 12 115 127

No heart failure

CM with NT-proBNP

<0.20 ≥0.20 Total

CM

<0.20 82 15 97

≥0.20 37 100 137

Total 119 115 234

Heart failure

CM with NT-proBNP

<0.30 ≥0.30 Total 

CM

<0.30 21 16 37

≥0.30 9 81 90

Total 30 97 127

No heart failure

CM with NT-proBNP

<0.30 ≥0.30 Total

CM

<0.30 141 15 125

≥0.30 22 56 109

Total 163 71 234

CM, clinical model; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
Patients with a model’s probability of higher than 0.20 (left) or 0.30 (right) were considered to have a high 
probability of having heart failure and further workup with an echocardiography is recommended. For 
the probability threshold of 0.20 the net gain in reclassification proportion for patients with heart failure 
was 2% and for patients without heart failure was 10%. For the probability threshold of 0.30 the net gain 
in reclassification proportion for patients with heart failure was 6% and for patients without heart failure 
was 3%.
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Abstract

Background: Heart failure and chronic obstructive pulmonary disease (COPD) 
often remain undiagnosed in older individuals, while both disorders lead to 
reduced physical activity and health-related quality of life (HRQoL). We assessed 
the effectiveness of a screening strategy targeted at these disorders using a 
clustered randomized trial.  

Methods: Frail (pragmatically defined by the number of comorbidities and 
drugs prescribed) subjects aged 65 years or over with complaints of dyspnoea 
or reduced exercise tolerance were eligible for inclusion. General practices 
were randomly allocated to a screening strategy consisting of history taking, 
physical examination, blood tests, electrocardiography, spirometry and 
echocardiography, or to usual care. Subsequent treatment decisions were at 
the discretion of the general practitioner (GP). At baseline and after six months 
follow-up all participants filled out questionnaires on HRQoL and functional 
health. All changes in medication and health care use during the six months 
follow-up were extracted from the electronic medical files of the GPs. 

Results: In total 18 practices were randomized with in total 829 patients; 389 
in the screening strategy group (eight practices) and 440 in the care as usual 
group (ten practices). More patients in the screening strategy received a new 
diagnosis of heart failure or COPD compared to usual care (cumulative six 
months incidence 34% vs. 2%, and 17% vs. 2%, respectively). After six months of 
follow-up, the scores for HRQoL, functional health, and health care use were 
comparable between the two strategies. 

Conclusion: Screening for heart failure and COPD in frail older people with 
dyspnoea or reduced exercise tolerance resulted in a substantial number of new 
diagnoses, but this did not result in an improved short-term functional health or 
HRQoL compared to care as usual.

Trial registration: ClinicalTrials.gov NCT01148719
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Background

Dyspnoea and reduced exercise tolerance are very common in older people, 
with prevalence rates varying between 20% and 60%.1;2 In older, especially 
‘frail’ (the latter based on the number of comorbidities and drugs prescribed) 
adults it is difficult to distinguish between disorder that could underlie these 
complaints and physical deconditioning related to ageing. As a result, the 
major causes for these complaints, i.e. heart failure and chronic obstructive 
pulmonary disease (COPD), often remain unrecognized in frail older adults.3 
Studies report percentages of 4% to 23% for unrecognized heart failure or COPD 
in (frail) older persons.4-6 These underlying disorders limit activities of daily 
living and are associated with a reduced health-related quality of life (HRQoL) 
and unfavourably influence prognosis, including surival.7 Relief of symptoms, 
improvement in HRQoL, and maintaining or improving function are key goals 
in frail older adults.
For COPD and heart failure effective interventions exist that may help improve 
symptoms, functionality, and HRQoL.8;9 Thus, potentially, a substantial benefit 
in health outcome could be achieved with screening for these diseases in older 
men and women. Since, new screen-detected diagnoses will mainly pertain to 
earlier stages of these syndromes, subsequent treatment may be less beneficial 
than might be expected based on the findings from randomized clinical trials 
(RCTs). Moreover, RCTs are in generally performed in younger populations 
with more advanced disease and low prevalence of comorbidity. Thus, whether 
new screen-detected diagnoses translate into an improved patient health status 
remains to be established, especially in an older population with multimorbidity 
and polypharmacy. To address this issue we performed a cluster RCT assessing 
the effectiveness of a screening or rather diagnostic strategy for detecting 
unrecognized heart failure or COPD in suspected primary care patients, and 
its subsequent effects on treatment decisions and subsequently on quality of 
life, physical health status and health care use after six months of follow up. 
The strength of such a trial is that all positive and negative consequences (both 
intended and unintended) associated with screening can be observed.    
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Methods

Trial design

We performed a clustered randomized trial on the effectiveness of a diagnostic 
strategy, with general practices as the unit of randomization. Eighteen group 
practices of general practitioners (GPs) from the catchment area of the ‘network 
Utrecht care for elderly (NUZO)’ were randomly allocated to either the screening 
strategy (eight practices) or care as usual (ten practices). Randomization was 
considered necessary because we aimed to quantify the clinical effectiveness 
of a diagnostic-treatment strategy (i.e. test results followed by result-based  
treatments) on patient outcomes.10-12 A cluster randomization was chosen to 
avoid contamination of the GP and participants between the two strategies 
compared. The study protocol was published previously.13 

Study population

General practices from the vicinity of Utrecht, the Netherlands were eligible for 
participation. In the Netherlands, all citizens, with the exception of those living 
in a nursing home or hospice, are registered with a GP, irrespective of treatment 
by a medical specialist. 
Community-dwelling frail persons aged 65 years and older were selected from 
the electronic medical files of the participating GPs. The definition of frail 
was pragmatically operationalized as having three or more chronic or vitality-
threatening diseases or using five or more drugs daily during the previous year. 
Patients were excluded if they (i) already had a dual diagnosis of both heart 
failure and COPD, adequately established according to recent guidelines; (ii) 
had severe cognitive problems or (iii) were unable to visit the office of the GP. 
Patients willing to participate filled out the Medical Research Council (MRC) 
dyspnoea scale and a short questionnaire about reduced exercise tolerance 
(Appendix 1).14 Those who scored positive on the reduced exercise tolerance 
questionnaire or had two or more points on the MRC dyspnoea scale (i.e. they 
were troubled by shortness of breath when hurrying on the level or walking up a 
slight hill) were eligible for inclusion. 
The study was approved by the medical ethics committee of the University 
Medical Center Utrecht, the Netherlands, and all participants signed informed 
consent
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Interventions 

At the first appointment, participants received detailed information on the 
study procedures, screening strategy or care as usual, depending on the 
randomization.  

Screening strategy

In the intervention group (consisting of eight practices) all participants 
underwent the screening strategy, consisting of the following components; (i) 
standardized medical history taking and physical examination, (ii) blood tests, 
(iii) electrocardiography (ECG), (iv) spirometry (Welch Allyn SpiroPerfectTM) 
and (v) echocardiography with a mobile device (Vivid-I, General Electric, 
Milwaukee, USA). Echocardiography was performed by a trained sonographer 
and interpreted by an experienced cardiologist, blinded to other test results. 
All tests were performed in a near-home setting of the participant, most often 
in the general practices. After the screening was completed, the GP received 
all results from the investigations, including new diagnoses established by an 
expert panel (see below). together with an advice on patient management (from 
the same expert panel) based on recommendations from international clinical 
guidelines.8;9 GPs were stimulated to follow the recommendations, but they 
were free to adapt in individual patients these to allow for tailor-made, shared-
decision based management taking into consideration the multimorbidity and 
polypharmacy of the participants.  

Care as usual

In the control group (consisting of ten practices), the participating GP only 
received the answers the participants provided to the questionnaires about 
possible symptoms (the scores on the MRC dyspnoea scale and the exercise 
tolerance questionnaire). It was up to the GP to decide whether he/she would 
pro-actively decide to perform additional investigations or change management 
based on these answers.

Outcomes

We first compared the number of newly detected clinically relevant diagnoses in 
both groups and then evaluated the effects of the screening strategy on HRQoL, 
functionality and health care use compared to care as usual, during the six 
months follow-up period.
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Newly detected disorders

In the screening strategy group, the final diagnoses were established by a panel 
consisting of three clinical experts: a cardiologist, a pulmonologist, and an 
experienced GP using all results of all investigations and the information from 
the electronic medical file of the GP during the follow-up period. Diagnoses 
were based on consensus after plenary discussion.15 The diagnosis of heart 
failure was established applying the latest criteria from the European Society 
of Cardiology.9 Importantly, special attention was paid to diagnose heart failure 
with preserved ejection fraction (HF-PEF). COPD was diagnosed according to 
the Global initiative for chronic Obstructive Lung Disease.8

New diagnoses in the care as usual group during the six months follow-up period 
were obtained by scrutinizing the electronic medical file of the GP allocated to 
this group.

Health-related quality of life

HRQoL was measured using the short form-36 (SF-36)16 and the EuroQol-5 
Dimensions (EQ-5D)17 questionnaires. The SF-36 is divided into eight subscales: 
physical functioning (PF), social functioning (SF), limitations in usual role 
activities due to physical problems (RP), limitations in usual role activities due 
to emotional problems (RE), bodily pain (BP), general health (GH), vitality (VT), 
mental health (MH); and two summary scores: physical component summary 
(PCS, consisting of PF, RP, BP and GH) and mental component summary (MCS, 
consisting of VT, SF, RE and MH), ranging from 0 and 100. 
The EQ-5D is a questionnaire with five dimensions: mobility, self-care, usual 
activities, pain/discomfort and anxiety/depression. These dimensions are 
divided into three degrees of severity; ‘no problem’, ‘some problems’ or ‘major 
problems’. A single index score can be produced using information from these 
five dimensions. 
For both questionnaires higher scores indicate a better HRQoL. All participants 
filled out both questionnaires at baseline and after six months of follow-up.

Functional health status

Self-reported Activities of Daily Living (ADL) were measured with the Katz-1518 
at baseline and after six months of follow-up. The ADL scale assesses fifteen 
functions: bathing, dressing, grooming, toileting, mobility (rising from a 
chair and walking), continence, feeding, use of telephone, transportation, 
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shopping for groceries, preparation of a meal, household, taking medications 
as prescribed, and managing money. The Katz-15 outcome was a 0-15 scale of 
number of dependencies, with a score of 15 representing dependencies in all 
activities. Participants were categorized into either ‘fully independent’ or ‘any 
grade of dependence’ for ADL. Fully independent was defined as a score of zero. 

Health care use

At baseline and after six months of follow-up all participants filled out the 
Minimal Data Set of the Dutch National Care for the Elderly Program (ZonMw-
NPO)19, which included questions about their use of home care, admission to 
home for the elderly or nursing home and GP visits during out of office hours. 
After six months, the GPs’ electronic medical files of all participants were 
scrutinized for changes in medication and health care use (i.e. GP visits, 
outpatient visits and hospitalizations) during the follow-up period of six months. 

Sample size

We estimated that with our screening strategy at least 15% of the population 
under study would be screen-diagnosed with either heart failure or COPD.20 To 
detect a 10% difference between the two groups in diagnoses of heart failure and/
or COPD, using an alpha of 0.05, a power of 0.80 and an intracluster correlation 
coefficient of 0.0521, 301 participants per group were needed. Considering a 
drop-out of at least 10%, we aimed to include 400 participants in each group 
(total 800). We calculated that around 35 general practices with each around 
2400 citizens enlisted (16% older than 65 years, of whom 6% expected to meet our 
definition of ‘frailty’) would be needed to recruit a total of 800 frail older persons 
with dyspnoea or reduced exercise tolerance.22

Randomization

General practices were the units of randomization in our cluster randomized 
trial. The allocation schedule for random assignment of either the screening 
strategy or care as usual to the general practices was computer-generated, using 
the minimization method, applied by an employee of the Data Management 
department of the Julius Center, University Medical Center Utrecht. Size of 
the practice (number of enlisted men and women) was the only factor used in 
the minimization to ensure that the two groups are balanced in the number of 
participants. 
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Blinding

We apply no active measures for blinding the group assignment. The GPs were 
invited to participate in a study aimed at detecting unrecognized heart failure 
and COPD. If they agreed to participate, their practice was randomized and 
they only received detailed information about the group their practice was 
randomized to. This strategy of selective information was chosen to avoid 
contamination (i.e. that GPs in the care as usual group could be triggered to 
deviate from care-as-usual and perform similar diagnostic tests as in the GPs 
allocated to the screening strategy.

Data analysis

Demographic and clinical characteristics of patients across the two intervention 
groups are presented as means or proportions. Subsequent treatment decisions 
during six months are presented as proportions. Comparison of the continuous 
outcomes (EQ-5D, SF-36 scales, KATZ-15) between the two strategies was done 
using a linear mixed model. The analysis included baseline measurements of 
the continuous outcomes as a covariate and a random intercept to correct for 
clustering of patients in practices and expressed as adjusted differences in 
means with 95% confidence intervals (CIs).23 Comparison of the dichotomous 
outcomes i.e. newly detected diagnoses (primary outcome) and health care use 
was analyzed applying a log binomial mixed model and expressed as adjusted 
relative risk (RR) with 95% CIs.23;24 Count outcomes (such as the number of 
hospital visits) were analyzed with generalized linear models for negative 
binomial distributions and expressed as adjusted rate ratios with 95% CIs. For 
the dichotomous and count outcomes, a residual (i.e. GEE) covariance matrix 
was incorporated in the model to account for clustering.25;26 
The number of missing values at baseline was low (≤1%). At follow-up, in 45 patients 
(5.4%) all questionnaires were missing (see Appendix 2 for differences in baseline 
characteristics), in six patients (0.8%) some questionnaires were missing. In 
patients who filled out all the questionnaires at follow-up (n=778), missings were 
low (≤1.5%). For patients who died (n=10), HRQoL scores at follow-up were imputed 
as zero. To prevent biased results due to incomplete data and selective loss to 
follow-up, we performed multiple imputation of missing HRQoL and functional 
health values prior to the regression analysis, using regression methods.27-29 From 
five imputation sets the pooled estimates were calculated. All data, except for the 
difference in means and risk ratios, are presented as crude estimates. 
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Data were analysed using SPSS software (version 20.0 for Windows SPSS Inc., 
Chicago, IL, USA) and SAS software (version 9.2). 

Results

Across all general practices a total of 1,239 frail older persons were willing to 
participate of whom 841 (68%) had complaints of dyspnoea or reduced exercise 
tolerance (see Figure 1 for the flow diagram of the study). Patient recruitment 
started in June 2010 and ended in January 2012. Of the 841 persons eligible, 
twelve patients (six per group) withdrew after having already given informed 
consent. In Table 1 the baseline characteristics of the remaining 829 randomized 
participants are presented, stratified per group (389 in the screening strategy 
group and 440 in the care as usual group). The patients in the screening strategy 
were on average one year older (75.5 vs. 74.1 years) and less often male (45% vs. 
54%) than in the care as usual group.  In the screening strategy six patients (1.5%) 
and in the care as usual group four patients (0.9%) died.

Newly detected disorders

In the screening strategy, 343 new diseases were detected in 226 participants 
(58.1%). The main diagnoses were heart failure (cumulative six months incidence 
33.5% (95% CI 28.8-38.2%), of whom 28% (36 participants) had heart failure with 
a reduced ejection fraction (HF-REF) and 70% (89 participants) had HF-PEF), 
COPD (16.8% (95% CI 13.1-20.5%)), and clinically relevant valvular heart disease 
(21.4% (95% CI 17.3-25.5%). In the usual care group there were 74 participants 
(16.8%) with one or more newly diagnosed diseases (Table 2). The cumulative six 
months incidence was 2.0% (95% CI 0.7-3.3%) for heart failure and 2.3% (0.9-3.7%) 
for COPD.

Subsequent treatment decisions

In Table 3 the changes in treatment within six months of follow-up in patients 
with a new diagnosis of heart failure or COPD in the screening strategy are 
presented. For participants in the screening strategy, the panel advised to 
start or adjust pharmacotherapy in 74 (58.3%) patients with a new diagnosis of 
heart failure. Advices were adopted by the GP in 33 (44.6%) of these patients.
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Allocated to screening: 8 practices     
S=5, M=1, L=2 

n=5369 patients 65 years or older 

Allocated to care as usual: 10 practices 
S=6, M=2, L=2 

n=6470 patients 65 years or older 

1811 frail patients 65 years or older 2331 frail patients 65 years or older 

Excluded: 
3267 were not frail 
44 diagnosed with COPD and HF 
247 other reasons#  

Excluded: 
3692 were not frail 
85 diagnosed with COPD and HF 
362 other reasons#  

395 frail patients 65 years or older with 
reduced exercise tolerance and/or exercise 

induced dyspnoea 

Excluded: 
1241 declined questionnaire* 

Excluded: 
1652 declined questionnaire* 

446 frail patients 65 years or older with 
reduced exercise tolerance and/or exercise 

induced dyspnoea 

Baseline: MDS, SF-36, EQ-5D 
n=389 

 

Follow-up at 6 months:  
- Health care use through EMD n=389 

and MDS n=368 
- HRQoL through SF-36 n=365 and  

EQ-5D n=368 
- Functionality through KATZ-15 n=366 
- Died n=6 and lost to follow-up n=15 

Follow-up at 6 months: 
- Health care use through EMD n=440 

and MDS n=416 
- HRQoL through SF-36 n=414 and  

EQ-5D n=416 
- Functionality through KATZ-15 n=413 
- Died n=4 and lost to follow-up n=20 

Analyzed (8 practices): n= 389 (98.5%) 
Excluded: n=6 (withdrew)   

    

Analyzed (10 practices): n= 440 (98.7%) 
Excluded: n=6 (withdrew) 

6 withdrew 

Screening strategy: 
- History taking, PE, blood tests, ECG 

and spirometry n=389 
- Echocardiography n=375 

Baseline: MDS, SF-36, EQ-5D 
n=440 

6 withdrew 

570 frail patients filled out the dyspnoea 
and exercise tolerance questionnaires 

669 frail patients filled out the dyspnoea 
and exercise tolerance questionnaires 

Excluded: 
175 no or insufficient scores on 
dyspnoea or exercise tolerance 

Excluded: 
223 no or insufficient scores on 
dyspnoea or exercise tolerance 

Randomized (18 general practices) 

Figure 1. Flow diagram of participants from enrolment to analysis 
#Other includes cognitive problems (such as dementia) and unable to travel to the office of the general 
practitioner, *Not willing to participate or no response after sending 2 written invitations.
COPD, chronic obstructive pulmonary disease; ECG, electrocardiogram; EMD, electronic medical 
dossier; EQ-5D, EuroQol-5 Dimensions questionnaire; HF, heart failure; HRQoL, health-related quality of 
life; L, large size (>7,200 patients); M, medium size (between 2,400-4,800 patients); MDS, Minimal Data 
Set; PE, physical examination; S, small size (<2,400 patients); SF-36, 36 item Short-Form health status 
questionnaire.
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Table 1. Sociodemographic and clinical characteristics of 829 frail elderly with dyspnoea or reduced 
exercise tolerance in the screening strategy and care as usual group

Screening strategy
(n=389)

Care as usual
(n=440)

Age (years) 75.5 ± 6.1 74.1± 6.3

Male sex 174 (44.7) 238 (54.1)

Living situation†

   Independent, alone
   Independent, with others
   Home for the elderly

128 (33.0)
256 (66.0)

4 (1.0)

146 (33.3)
289 (65.8)

4 (0.9)

Marital status†

   Never married
   Previously married
   Presently married or in marriage- like relationship

9 (2.3)
120 (30.9)
259 (66.8)

11 (2.5)
139 (31.7)
289 (65.8)

Level of education‡ 
   Primary education
   Secondary education
   Tertiary education

51 (13.1)
271 (69.8)
66 (17.0)

52 (11.9)
291 (66.7)
93 (21.3)

Medical history
   Ischaemic heart disease
   Hypertension
   Diabetes Mellitus
   Stroke or TIA
   Visual impairment
   Hearing impairment

125 (32.1)
287 (73.8)
129 (33.2)
44 (11.3)
95 (24.4)
40 (10.3)

131 (29.8)
294 (66.8)
130 (29.5)
55 (12.5)

109 (24.8)
49 (11.1)

Medication at baseline
   Diuretics
   ACE-I or ARBs
   ß-blockers
   Inhaled long-acting ß2-agonists
   Inhaled anti-cholinergic
   Inhaled corticosteroids

168 (43.2)
218 (56.0)
183 (47.0)
59 (15.2)
49 (12.6)
57 (14.7)

174 (39.5)
253 (57.5)
208 (47.3)
81 (18.4)
52 (11.8)
84 (19.1)

HRQoL score at baseline‡

   PCS
   MCS
   EQ-5D

40.5 ± 9.8
52.1 ± 9.2

0.80 ± 0.17

39.6 ± 10.2
52.2 ± 9.9

0.79 ± 0.16

Functional health at baseline*

   Katz-15 any dependency 194 (49.9) 208 (47.3)

Data are mean ± standard deviation or number (%) unless otherwise indicated.
*One instance of missing data, †two instances of missing data, ‡Five instances of missing data.   
ACE-I, angiotensin converting enzyme-inhibitor; ARBs, angiotensin receptor blockers; Diuretics 
included loop, thiazide and potassium-sparing diuretics; EQ-5D, EuroQol-5 dimensions; HRQoL, health-
related quality of life; Ischaemic heart disease included prior myocardial infarction, angina pectoris, 
coronary artery bypass grafting, and percutaneous coronary intervention; Level of education was divided 
into primary, 6 or less classes of primary school, secondary, more than primary, practical training or 
secondary school, and tertiary, (pre-)university school; MCS, mental component summary; PCS, physical 
component summary; Previously married included divorced or widower; Visual impairment included 
cataract, blindness or glaucoma.
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Table 2. Number and type of new diagnoses detected during six months of follow-up 

Screening strategy*

(n=389)
Care as usual*

(n=440)

Any new diagnose
   Heart failure
   COPD
   Atrial fibrillation
   Valvular disease
   Asthma
   Anaemia
   Hypothyroidism
   Hyperthyroidism

226 (58.1)
127 (33.5)
65 (16.8)

7 (1.8)
81 (21.4)
12 (3.1)

49 (12.7)
1 (0.3)
1 (0.3)

74 (16.8)
9 (2.0)
10 (2.3)
15 (3.4)
18 (4.1)
5 (1.1)

16 (3.6)
4 (0.9)
3 (0.7)

Data are number (%). 
*Patients could have more than one diagnosis. COPD, chronic obstructive pulmonary disease.
In the screening strategy 343 new diagnoses were detected in 226 patients: 142 patients had 1, 61 patients 
had 2, 14 had 3, 8 had 4 and 1 patient had 5 new diagnoses. In care as usual 80 new diagnoses were detected 
in 74 patients: 68 patients had 1 and 6 patients had 2 new diagnoses. 
Due to an incomplete screening strategy or a non-assessable test, we had 10 instances of missing data 
on heart failure, 3 on COPD, 11 on valvular disease, 4 on asthma, 3 on anaemia, and 6 on hypo- and 
hyperthyroidism.

Table 3. Treatment changes during six months follow-up in patients with a new diagnosis of heart 
failure or chronic obstructive pulmonary disease in the screening strategy group

Screening strategy

Treatment for heart failure New HF-REF
(n=36)

New HF-PEF
(n=89)

Use of ACE-I or ARBs
   Started

30 (83.3)
5

66 (74.2)
13

Use of ß-blockers
   Started

27 (75.0)
3

56 (62.9)
10

Use of loop or thiazide diuretics
   Started

26 (72.2)
7

53 (59.6)
14

Use of aldosterone antagonist
   Started

6 (16.7)
1

4 (4.5)
1

Treatment for COPD New COPD
(n=65)

Use of inhaled ß2-agonists
   Started

7 (10.8)
4

Use of inhaled anti-cholinergics
   Started

6 (9.2)
6

Use of inhaled corticosteroids
   Started

10 (15.4)
7

Stopped smoking 0

Data are number (%).
ACE-I, angiotensin converting enzyme-inhibitor; ARBs, angiotensin receptor blockers; COPD, chronic 
obstructive pulmonary disease; HF-PEF, heart failure with preserved ejection fraction; HF-REF, heart 
failure with reduced ejection fraction.
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For patients with a new diagnosis of COPD, the panel advised to initiate novel 
inhaled medication in 35 (53.8%) patients, and in 16 (45.7%) this advice was 
adopted by the GP. In Appendix 3 the treatment changes per study arm are 
presented in more detail. 

Health-related quality of life and functional health status

In Table 4 the baseline and follow-up scores on the SF-36, EQ-5D and KATZ-15 
are presented. The scores were in general somewhat higher for the care as usual 
group, although not clinically relevant or statistically significant. In general, the 
scores on HRQoL declined during follow-up, but the crude score on the EQ-5D 
after six months was higher than at baseline. In both groups, approximately 7% 
of the patients improved from any dependency to fully independent on ADL at 
follow-up.

Table 4. Observed baseline and follow-up scores on health-related quality of life and functional health 
in 829 frail elderly with dyspnoea or reduced exercise tolerance, divided by screening strategy and care 
as usual

Baseline† Follow-up†

Screening 
strategy
(n=389)

Care as  
usual

(n=440)

Screening 
strategy
(n=389)

Care as 
usual

(n=440)

Difference*

(95% CI)

Health-related quality of life

EQ-5D 0.80 ± 0.17 0.79 ± 0.16 0.90 ± 0.14 0.91 ± 0.11 -0.01 (-0.04 to 0.02)

SF-36 scale:
PCS
MCS
   PF
   RP
   BP 
   GH
   VT
   SF
   RE
   MH

40.5 ± 9.8
52.1 ± 9.2

59.6 ± 22.9
55.5 ± 41.8
72.5 ± 24.2
53.4 ± 16.1
61.3 ± 16.1
76.9 ± 21.8
75.5 ± 37.7
74.4 ± 15.7

39.6 ± 10.2
52.2 ± 9.9

59.4 ± 24.4
53.7 ± 41.1
69.9 ± 23.2
52.5 ± 16.1
59.5 ± 17.5
75.6 ± 23.0
76.7 ± 37.3
74.8 ± 15.9

40.5 ± 9.8
51.3 ± 9.6

58.8 ± 24.1
57.4 ± 40.9
71.5 ± 23.7
53.4 ± 16.9
58.9 ± 16.9
76.5 ± 23.5
72.4 ± 38.7
74.0 ± 15.3

40.3 ± 10.0
52.2 ± 9.0

60.9 ± 24.2
57.5 ± 39.6
70.8 ± 23.5
53.8 ± 16.9
59.9 ± 17.1
75.9 ± 20.9
78.3 ± 34.8
75.1 ± 15.6

-0.7 (-1.6 to 0.3)
-0.9 (-2.3 to 0.4)
-2.8 (-6.0 to 0.3)
-1.2 (-5.9 to 3.5)
-1.2 (-4.2 to 1.8)
-1.5 (-3.5 to 0.5)
-2.3 (-5.3 to 0.7)
-1.0 (-4.9 to 3.0)

-6.0 (-11.0 to -0.9)
-1.0 (-3.0 to 1.0)

Functional health

Katz-15 1.2 ± 1.8 1.0 ± 1.4 1.3 ± 1.9 1.1 ± 1.5 0.1 (-0.1 to 0.3)

Data are mean ± standard deviation unless otherwise indicated.
†Baseline and follow-up scores are presented as crude estimates, *Difference in follow-up scores are 
estimates from the linear mixed models taking into account clustering and baseline scores.
BP, Bodily Pain; EQ-5D, EuroQol-5 dimensions; GH, General Health; MCS, Mental Component Summary; 
MH, Mental Health; PCS, Physical Component Summary; PF, Physical Function; RE, Role-Emotional; RP, 
Role-Physical; SF, Social Functioning; VT, Vitality.
At baseline we had 1 instance of missing data on KATZ-15, 2 on PF, GH, SF and MH, 3 on RP, BP and VT, 
4 on RE and 5 on EQ-5D, PCS and MCS; at follow-up we had 45 instances of missing data on PF, GH, SF, 
MH, BP, and VT, 47 on EQ-5D, 48 on RE, 49 on RP, 50 on KATZ-15 and 53 on PCS and MCS.
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An improvement on the MRC dyspnoea scale was observed in 41.7% of the 
patients in the screening strategy and 37.5% of the patient in the usual care 
group (RR 1.1 (95% CI 0.9–1.3)).

Health care use

During six months of follow-up, there were a few differences in health care use 
between the two groups, as shown in Table 5. Of those allocated to the screening 
strategy, more patients visited the GP at least once during office hours (96.7% vs. 
91.4%; RR 1.1 (95% CI 1.0-1.1)). The mean number of visits to the outpatient clinics 
was lower in the screening strategy compared to the care as usual group (47.6% 
vs. 55.2%; RR 0.9 (95% CI 0.7-1.0)).

Table 5. Health care use of 829 frail elderly with dyspnoea or reduced exercise tolerance, divided by 
screening strategy and care as usual during six months of follow-up

Screening strategy
(n=389)

Care as usual
(n=440)

RR†

(95% CI)

GP visits‡

  mean number of visits
376 (96.7)

5.2
402 (91.4)

4.5
1.06 (1.02 – 1.11)
1.16 (0.96 – 1.40)

GP investigations
  mean number of investigations

Blood test
ECG
Spirometry
Echocardiography

212 (54.5)
0.8 

193 (49.6)
22 (5.7)
24 (6.2)
9 (2.3)

261 (59.3)
1.0 

241 (54.8)
21 (4.8)
33 (7.5)
4 (0.9)

0.95 (0.74 – 1.23)
0.91 (0.60 – 1.39)

GP visits during out of office hours* 113 (31.1) 132 (32.3) 0.99 (0.75 – 1.31)

Hospital outpatient visits
  mean number of visits

Cardiology
Pulmonary
Other

185 (47.6)
0.8

60 (15.4)
26 (6.7)

130 (33.4)

243 (55.2)
1.0

86 (19.5)
24 (5.5)

196 (44.5)

0.87 (0.74 – 1.03)
0.79 (0.64 – 0.98)

Hospital admissions
  mean number of days

Cardiology
Pulmonary
Other

50 (12.9)
1.1

7 (1.8)
4 (1.0)

39 (8.0)

52 (11.8)
0.8

13 (3.0)
2 (0.5)
37 (8.4)

1.10 (0.74 – 1.63)
1.40 (0.82 – 2.40)

Use of home care* 73 (20.1) 71 (17.4) 1.15 (0.96 – 1.38)

Admitting to home for the elderly or 
nursing home*

4 (1.1) 4 (1.0) 1.24 (0.96 – 3.41)

Data are number (%) unless otherwise indicated.
†Difference in follow-up between the two arms were adjusted for clustering, ‡Visits during office hours, 
*Self-reported, question in the minimal data set. ECG, electrocardiogram; GP, general practitioner; RR, 
relative risk for dichotomous outcomes and rate ratio for count outcomes. 
We had 57 instances of missing data on GP visits during out of office hours, 2 on hospital days, 59 on use 
of home care and on admitting to home for the elderly or nursing home.
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Discussion

To our knowledge, this is the first large scale diagnostic RCT comparing a 
screening strategy with care as usual on patient-reported relevant health 
outcomes in frail older adult persons with dyspnoea or reduced exercise 
tolerance. Screening identified many new diseases (especially HF-PEF (23.5%), 
valvular heart disease (21.4%), and COPD (16.8%)), but the large difference in 
screen-detected diagnoses did not result in clinically relevant or differences in 
the patients’ quality of life, functional status or health care consumption during 
the six month follow-up period.

Our randomized trial confirms the underdiagnosis of heart failure and COPD 
in community-dwelling older persons.30;31 In more than half of the participants 
(58%) in the screening strategy a previously unrecognized disease was detected. 
There are several plausible reasons for the ‘mismatch’ between the number of 
novel diagnoses detected and the lack of a beneficial effect of these findings on 
patient outcomes. First, because of our population of interest, most participants 
were known with diseases (i.e. hypertension, atrial fibrillation, diabetes 
mellitus) for which cardiovascular drugs were already prescribed. The same 
drugs are namely also used in the management of HF-REF, HF-PEF, and valvular 
heart disease, which leaves little room for the initiation of drugs in patients 
with a screen-detected diagnosis of heart failure or clinically relevant valvular 
disease.32 Consequently, the expert panel’s advice usually concerned adjustment 
of medication regimes. Secondly, screen-detected diseases may have less impact 
on patient outcomes than diseases detected in patients consulting physicians 
because of (an increase in) complaints. Screen-detected diseases might in 
general be less severe. Third, both the GP and the patient may be reluctant to 
change management based on a ‘non-suspected screen-detected diagnosis’ in 
older adults with multiple co-morbidity or polypharmacy, because of fear for a 
cascade of negative effects due to drug interactions or side effects such as drops 
in blood pressure or further renal deterioration. This may result in an explicit 
decision,  reached during shared-decision making, to refrain from changes in 
patient management.33 Fourth, our study population differs considerably from 
participants in large RCTs on drug treatment in heart failure and COPD. For 
example, participants in RCTs evaluating drugs for COPD or heart failure had 
a mean age of 62 years, while this was 75 years in our participants population.8;9 
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Moreover, participants in drug RCTs often have no of limited comorbidity. 
Community-dwelling elderly with multimorbidity and polypharmacy are hardly 
ever included in large drug RCTs.34 A fifth reason for the lack of changes in 
patient outcomes after six months in our study is the fact that the majority of 
newly detected cases of heart failure had preserved cardiac ejection fractions 
(70% of all new cases of heart failure) and effective evidence-based mortality 
and morbidity reducing drug treatment is lacking for these patients. Thus their 
treatment is empirically based on reduction of symptoms of fluid overload, 
controlling blood pressure, and managing heart rate in those with tachycardia.9 
Sixth, potentially beneficial effects could not have been reached the treatment 
advices provided by the expert panel were not followed by the GP in less than 
half of the cases (45%). Finally, a follow-up period of six months may have been 
too short to exert an effect on HRQoL, functional health status and use of health 
care resources. 

Strengths and limitations

The major strength of our study is that this is the first randomized trial directly 
comparing a screening strategy with usual care, while focusing on ‘real-life’ 
management changes and effects on relevant patient outcomes. This in contrast 
to nearly all previously published diagnostic and screening studies that stopped 
at the point of diagnosis.3;35 From that point onward, potential (beneficial) 
effects on patient outcomes are then often ‘extrapolated’ by applying results 
from previous drug RCTs (linked-evidence approach).36 By directly comparing 
our screening strategy, in a randomized manner to care as usual, we were able to 
quantify subsequent changes in patient management and outcomes attributable 
to the screening strategy.37 
A potential limitation of our study is that we deliberately allowed the GP to adapt 
the advice provided by the expert panel and recommended in the prevailing 
clinical guidelines, in their patient management. Although this may have 
reduced the effects on patient-outcomes, we believe such a pragmatic approach 
was important, because a patient-tailored shared-decision approach is needed in 
this high-risk population. For our trial, we selected 4,142 frail persons, of whom 
30% was willing to participate, a number that is comparable to other screening 
studies performed in community-dwelling persons, and that even could be 
considered high when realizing the frailty of the participants. Importantly, 
the number of missing variables during six months of follow up was very low. 
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Another limitation is that we used a restricted number of investigations to be 
performed within our screening strategy. We therefore could not detect other 
diseases underlying dyspnoea and reduced exercise tolerance, such as angina 
pectoris, sleep apnoea, and ‘deconditioning’. Our sample size calculation was 
based on the newly detected diseases in the screening strategy, and not on 
HRQoL and functional health. The effects on these outcomes were difficult 
to estimate for our study population. The effect that we found on HRQoL and 
functional health were small and had no clinical relevance. We think that if we 
had a larger trial, this would not have changed our conclusion.

Conclusion

Screening for heart failure and COPD in frail older persons with dyspnoea or 
reduced exercise tolerance led to a substantial number of new diagnoses, but 
did not result in changes in patient management in the majority of the cases, 
nor in improved functional health or quality of life after six months of follow-up 
compared to care as usual.
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Appendix 1. Questionnaires on dyspnoea and exercise tolerance#

Screening 
strategy
(n=389)

Care as usual
(n=440)

Medical Research Council dyspnoea scale†

0. No breathlessness
1. Not troubled by breathlessness except on strenuous exercise.
2.  Short of breath when hurrying on the level or walking up a slight hill.
3.  Walks slower than most people on the level, stops after a mile or 

so, or stops after 15 minutes walking at own pace.
4.  Stops for breath after walking about 100 yards or after a few min-

utes on level ground.
5.  Too breathless to leave the house or breathless when dressing or 

undressing.

2.1%
10.1%
44.6%
22.2%

16.5%

4.6%

4.3%
13.0%
44.8%
21.6%

11.4%

5.0%

Questionnaire to evaluate exercise tolerance*

-  Do you have a reduced exercise tolerance as compared to 
others of the same age?†

- Do you feel more tired than others of the same age?‡

-  Do you feel you need more recovery time after exercise 
than others of the same age?‡

-  Do you feel your heart is pounding, or feel palpitations 
or feel agitated during activities, such as walking, 
gardening or housework?§

yes
51.9%

52.7%
46.1%

39.9%

yes
49.2%

57.5%
47.8%

39.4%

Medical Research Council dyspnoea scale adapted from Fletcher CM et al.14. 
#Responses to questionnaires at baseline, *Questions translated from Dutch to English, †One instance of 
missing data, ‡Two instances of missings data, §Four instances of missing data. 
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Appendix 2. Differences at baseline between patients who did and did not completed follow-up 

Screening strategy Care as usual

Baseline characteristics

Completed 
FU

(n=368)

Missing all 
questionnaires FU

(n=21)

Completed 
FU

(n=416)

Missing all 
questionnaires FU

(n=24)

Age (years) 75.4 ± 6.1 78.3 ± 7.0 74.1 ± 6.2 74.8 ± 7.5

Male sex 164 (44.6) 10 (47.6) 224 (53.8) 14 (58.3)

Living independent alone 116 (31.6) 12 (57.1) 133 (32.0) 13 (54.2)

Level of education
   Primary education
   Secondary education
   Tertiary education

47 (12.8)
258 (70.3)
62 (16.9)

4 (19.0)
13 (62.0)
4 (19.0)

46 (11.1)
271 (65.6)
90 (21.8)

6 (26.1)
14 (60.9)
3 (13.0)

Medical history
   Ischaemic heart disease
   Hypertension
   Diabetes Mellitus
   CVA or TIA
   Visual impairment
   Hearing impairment

115 (31.2)
273 (74.2)
123 (33.4)
40 (10.9)
88 (23.9)
37 (10.1)

10 (47.6)
14 (66.7)
6 (28.6)
4 (19.0)
7 (33.3)
3 (14.3)

123 (29.6)
281 (67.5)
116 (27.9)
55 (13.2)

100 (24.0)
47 (11.3)

8 (33.3)
13 (54.2)
14 (58.3)

0
9 (37.5)
2 (8.3)

MRC dyspnoea scale, 
median (IQR)

2 (2–3) 3 (2–4) 2 (2–3) 3 (2–4)

Exercise tolerance
   QET 1
   QET 2
   QET 3
   QET 4

189 (51.4)
192 (52.3)
169 (45.9)
144 (39.3)

13 (61.9)
12 (60.0)
10 (50.0)
10 (50.0)

200 (48.2)
235 (56.5)
195 (47.0)
155 (37.3)

16 (66.7)
18 (75.0)
15 (62.5)
18 (75.0)

HRQoL score
   PCS
   MCS
   EQ-5D

40.8 ± 9.8
52.3 ± 9.0

0.80 ± 0.16

34.6 ± 8.9
47.4 ± 11.4

0.70 ± 0.24

39.7 ± 10.2
52.6 ± 9.5

0.80 ± 0.21

36.8 ± 11.1
45.5 ± 13.3
0.71 ± 0.21

Functional health
    KATZ-15 any 

dependency
180 (49.0) 14 (66.7) 194 (46.6) 14 (58.3)

Data are mean ± standard deviation or number (%) unless otherwise indicated.
FU, follow-up; IQR, interquartile range; MRC, Medical Research Council; QET, questionnaire to evaluate 
exercise tolerance, questions stated in Appendix 1; other abbreviations as in Table 1.
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Appendix 3. Treatment changes during six months follow-up in 819 patients* 

Screening strategy Care as usual

Treatment for heart failure All
(n=383)

All
(n=436)

ACE-I or ARBs
   No use
   Continued
   Stopped
   Started

240 (62.7)
134 (35.0)
206 (53.8)

9 (2.3)
34 (8.9)

266 (61.0)
154 (35.3)
235 (53.9)

16 (3.7)
31 (7.1)

ß-blockers
   No use
   Continued
   Stopped
   Started

191 (49.9)
172 (44.9)
160 (41.8)
20 (5.2)
31 (8.1)

215 (48.8)
209 (47.9)
193 (44.0)

15 (3.2)
22 (4.8)

Loop or thiazide diuretics
   No use
   Continued
   Stopped
   Started

209 (54.6)
145 (37.9)
138 (36.0)

29 (7.6)
71 (18.5)

218 (50.0)
193 (44.3)
147 (33.7)
25 (5.7)
71 (16.3)

Aldosterone antagonist
   No use
   Continued
   Stopped
   Started

19 (5.0)
364 (95.0)

16 (4.2)
0

3 (0.8)

26 (5.9)
410 (94.1)
22 (5.0)

0
4 (0.9)

Treatment for COPD All
(n=383)

All
(n=436)

Inhaled ß2-agonists
   No use
   Continued
   Stopped
   Started

56 (14.6)
306 (79.9)

36 (9.4)
21 (5.5)
20 (5.2)

70 (16.1)
346 (79.4)
59 (13.5)
20 (4.6)
11 (2.5)

Inhaled anti-cholinergics
   No use
   Continued
   Stopped
   Started

58 (15.1)
311 (81.2)
32 (8.4)
14 (3.7)
26 (6.8)

59 (13.5)
367 (84.2)

41 (9.4)
10 (2.3)
18 (4.1)

Inhaled corticosteroids
   No use
   Continued
   Stopped
   Started

69 (18.0)
301 (78.6)
42 (11.0)
13 (3.4)
27 (7.0)

83 (19.0)
339 (77.8)
68 (15.6)
14 (3.2)
15 (3.4)

Stopped smoking 2 (5.6) 0

Data are number (%). 
*Patients who died during follow-up were excluded (six in the screening strategy and four in care as 
usual). ACE-I, angiotensin converting enzyme-inhibitor; ARBs, angiotensin receptor blockers; COPD, 
chronic obstructive pulmonary disease.
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The main findings of this thesis are:

-  Dyspnoea is a very common complaint in the older population at large; 
the pooled prevalence of dyspnoea, defined as a score of ≥2 on the Medical 
Research Council (MRC) dyspnoea scale is 36% (95% Confidence Interval (CI) 
27-47%). Such scores indicate that individuals are troubled by shortness of 
breath when hurrying on the level or walking up a slight hill or even at lowers 
levels of exercise intensity.

-  A near-home targeted screening strategy including history taking, 
physical examination, blood tests, electrocardiography, spirometry and 
echocardiography is feasible in frail (pragmatically defined as having ≥3 
chronic or vitality-threatening diseases or using ≥5 drugs daily during the 
preceding year) older community-dwelling persons who experience dyspnoea 
or reduced exercise tolerance. In such community-dwelling high-risk older 
adults, the screening strategy showed that previously unrecognized heart 
failure and chronic obstructive pulmonary disease (COPD) are very common 
with a prevalence of 34% (95% CI 29-38%) and 17% (95% CI 13-21%), respectively. 
Other new screen-detected diagnoses were atrial fibrillation (2%), valvular 
disease (21%), (persisting) asthma (3%), anaemia (13%), thyroid disease (1%) 
and renal dysfunction (25%). In 12% of the patients no clear explanation for 
the patient’s complaints was found with our strategy.

-  N-terminal B-type natriuretic peptide (NT-proBNP) has additional value in 
diagnosing heart failure in community-dwelling frail elderly with dyspnoea 
or reduced exercise tolerance. In addition to symptoms and signs, the 
diagnostic accuracy improved.  The c-statistic, as a measure of discrimination 
between those with and without heart failure, increased significantly from 
0.77 (95% CI 0.72-0.82) for a clinical model based on signs and symptoms 
only, to 0.82 (95% CI 0.77-0.86) for a clinical model plus NT-proBNP (p-value 
<0.001 with the likelihood ratio test).

-  In our cluster randomized controlled diagnostic trial we could not detect a 
statistically significant difference in health-related quality of life (HRQoL), 
functional health, complaints or health care use during the six months 
follow-up period, between the participants that underwent the screening 
strategy followed by targeted treatment initiated by the general practitioner 
(GP) and those who received care as usual.
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In the evaluation of a screening strategy, the focus should be broader than 
the number of new diagnoses and preferably should include also the real life 
effects of such a diagnosis. Thus,  considering the overall changes in the 
management after diagnosis,  including the adherence to the initiated therapy, 
the effectiveness and side-effects of such therapy in the newly detected cases, 
but also the adverse effects of the screening itself with false positives and 
negatives.1-3 In the mid-1960s J.M.G. Wilson and G. Jungner published 10 criteria 
(Table 1) to determine whether a screening program is suitable.4 Their report 
has become a public health classic and their criteria are still considered used and 
continue to be applied worldwide, albeit that over the years some, for example 
committees or institutions, such as the UK National Screening Committee, 
US Preventive Services Task Force, and also the World Health Organization 
suggested to amend the criteria.1;5;6 This usually pertained to expanding the 
criteria for genetic screening purposes. 
In this chapter we will discuss the main findings, the strengths and the limitations 
of our screening intervention in the light of the original criteria of Wilson and 
Jungner,4 with the aim to guide general practitioners or policy makers in their 
decision whether they should apply such a screening intervention in frail elderly 
with reduced exercise tolerance or dyspnoea or whether selective case finding, 
which can be considered care as usual in many countries, is the more attractive 
approach. The primary focus will be on screen-detected heart failure and COPD, 
but also the consequences of detecting other diseases such as anaemia, renal 
dysfunction, atrial fibrillation, and thyroid disease will be discussed briefly. 

The criteria of Wilson and Jungner applied to screening for possible 

underlying conditions (notably heart failure and COPD) in frail older adults 

with reduced exercise tolerance or dyspnoea in primary care (Table 1)

  
1. The condition sought should be an important health problem

Of all persons aged 65 years or over, 35% may be considered as frail (based on 
multimorbidity or polypharmacy), and two thirds (68%) of these frail older 
adults suffer, at least to some extent, from shortness of breath during exercise 
or reduced exercise tolerance. Therefore, the results of our cluster randomized 
clinical trial may be relevant to approximately 25% of all community-dwelling 
individuals aged 65 years or over. This would mean 675,000 persons in the 
Netherlands in 2012.7 In an average general practice with 2,400 persons 
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enlisted, around 16% (384 patients) would be aged over 65 years,7 meaning that 
91 older persons per general practice would be frail and have complaints of 
breathlessness or reduced exercise tolerance (3.8% of the total general practice 
population). Thus, the number of persons ‘eligible’ to screen would be large 
enough to consider implementation of our screening strategy. 

Table 1. Principles of early detection of/screening for disease (Wilson and Jungner, 1968) applied to 
heart failure and chronic obstructive pulmonary disease

Criterion met for:

HF-REF HF-PEF COPD

1. The condition sought should be an important health problem.
2. There should be an accepted treatment for the disease.
3. Facilities for diagnosis and treatment should be available.
4.  There should be a recognizable latent or early symptomatic stage of 

the disease.
5. There should be a suitable test or examination for the disease.
6. The test should be acceptable to the population.
7. The natural history of the disease should be adequately understood.
8. There should be an agreed policy on whom to treat as patients.
9.  The total cost of finding a case should be economically balanced in 

relation to medical expenditure as a whole.
10.  Case-finding should be a continuous process, not just a “once and for 

all” project.

+
+/-
+
+

+
+
+
+/-
-

+

+
-
+
+

+
+
+/-
+/-
-

+

+
+/-
+
+/-

+/-
+
+/-
+/-
-

+

COPD, chronic obstructive pulmonary disease; HF-PEF, heart failure with preserved ejection fraction; 
HF-REF, heart failure with reduced ejection fraction; +, fully met; +/-, partly met; -, does not meet the 
criterion.

Heart failure and COPD are both important health problems with high 
prevalences, and are projected to belong to the top five of medical conditions 
worldwide in 2030.8-10 In community-dwelling adults aged 65 years or over, the 
prevalence estimates for heart failure and COPD range from 4% to 17%, and 
increases to nearly 25% in the elderly in long-term care.8;11;12 The absolute number 
of patients with heart failure is expected to increase by some for men 84% and 
for women 50% from 2011 to 2030 in the Netherlands, while the corresponding 
increase in the number of COPD patients is estimated to be 25% for women 
and 50% for men.7 Both diseases are known to often remain unrecognized, 
especially in elderly patients already known with a disease that could explain the 
compliants.13 Also, both diseases have a major impact on quality of life and health 
care budgets because of frequent exacerbations necessitating hospitalisation 
with high costs as a result.14 
Also some other new diagnoses that can be detected during our screening 
program are common in the elderly population. For example, the prevalence of 
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hypothyroidism is 2 to 3 % in the adult population at large, and in those aged 75 
years or over this is 4% for men and 14% for women.15 Hyperthyroidism is less 
common, with a prevalence of 0.8% in the general population.15 Moderate to 
severe valvular disease could be detected in up to 10% of adults aged 65 to 74 
years, and around 15% of those aged 75 years or over.16 Of adults aged 70 years or 
over, around one third has renal dysfunction (glomerular filtration rate below 
60 ml/min/1.73m2).17 The prevalence of anaemia is around 14% in patients aged 
70 years or over, and in this age category anaemia is mainly caused by a chronic 
illness.18 The prevalence of atrial fibrillation is around 9% in patients aged 65 
years or over, with prevalences of 18% for those above the age of 85 years.19;20 
Thus, we can easily consider this criterion of Wilson and Jungner to be met 
because of the high prevalence of chronic diseases (and most notably COPD and 
heart failure) that can be detected through the screening program.

2. There should be an accepted treatment for the disease

The guidelines for COPD and for heart failure with reduced ejection fraction (HF-
REF) recommend treatment for these conditions to improve HRQoL and symptoms. 
For HF-REF, also the number of hospitalisations and improved survival can be 
achieved by initiating evidence-based treatment with drugs and devices and by 
offering patients comprehensive disease management programs .21;22 Moreover, for 
patient with HF-REF it seems clear that early treatment leads to better outcomes 
than treatment initiated later during the disease trajectory.23 Recommendations 
are age-independent in the available guidelines, despite the fact that (with 
few exceptions) most evidence comes from trials with a mean age of included 
patients of around 62 years.22;24-26 Hence, one can question the generalizability 
of the effects observed in these large drug trials to older adults, especially those 
with multimorbidity and polypharmacy. Smaller net beneficial effects can be 
expected because of the higher risk of interactions with other drugs and a higher 
incidence of adverse effects.26 
For heart failure with preserved ejection fraction (HF-PEF), no convincing 
evidence exist that treatments will improve HRQoL, functionality, or all-cause 
mortality.22 Based on longstanding empirical evidence, diuretics are useful in 
case of fluid and salt retention, and the current guidelines further advice blood 
pressure lowering drugs in case of hypertension and heart rate control in case of 
tachycardia from atrial fibrillation.22 Renin-angiotensin system blocking drugs 
and smaller studies with beta-blockers show only a trend in reducing heart 

30504 Mourik.indd   124 13-10-14   10:06



General discussion

125

failure related hospital admissions and all-cause mortality.24;27-30 Importantly, 
some consider these effects to be caused by the inclusion of  patients with an ‘in 
between type of heart failure as patients with a left ventricular ejection fraction 
of 40-50% were included in these studies.31 So, undisputed evidence-based 
therapy is currently still lacking for HF-PEF, although new compounds seem at 
the border of breakthrough.32

For COPD, smoking cessation is the intervention with the greatest beneficial 
effect on the natural course, with benefits on mortality, the number of 
exacerbations and hospitalizations. Inhaled bronchodilator drugs, on an as-
needed basis or regular basis, reduce symptoms, and inhaled corticosteroids 
improve symptoms and quality of life, and also reduce the risk of exacerbations 
in moderate to very severe COPD patients, but they do not reduce mortality. 
A combination therapy of inhaled bronchodilators plus corticosteroids seems 
more effective than single treatment of any of the inhalers in improving lung 
function, health status, and reducing exacerbations.21;33 Such a combination 
therapy, however, seems to be associated with an increased risk of pneumonia.34 
None of the existing medications for COPD conclusively modifies the long-term 
decline in lung function or reduces the all-cause mortality. Finally, influenza 
vaccination can reduce serious illness and death in COPD patients.21;33

The aforementioned medical treatments as advocated by the guidelines on heart 
failure and COPD are certainly not ‘blindly’ followed by GPs. In the intervention 
arm of our screening study, for example, only approximately 45% of the changes 
in drug treatment for heart failure and COPD suggested by the expert panel were 
indeed executed by the GP. GPs mentioned fear for side-effects, unwillingness 
of the patient to change drugs (“I feel rather fine at the moment”), an expected 
high risk of interaction with other drugs, and fear for further reduction in renal 
function or too low blood pressure levels as reasons for not following the advices 
of the expert panel. While interpreting these findings it is important to consider 
that this was a screening study and, thus, our study participants apparently did 
not experience such symptoms that they decided to contact their GP. These 
aforementioned reasons could explain the reluctance of GPs to initiate or change 
drug treatment in those who received a novel screen-detected diagnosis.35 
For most other diagnoses that may be detected during the screening, notably 
thyroid disorders, atrial fibrillation, asthma and anaemia, the Dutch College 
of General Practitioners provides guidelines, where evidence-based therapy 
is recommended, albeit that usually no specific advice for the elderly is 
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included.15;20;36;37 In case of valvular disease, accompanying symptoms of heart 
failure can be treated, while the majority of patients are too vulnerable to 
undergo valvular surgery. Renal dysfunction is not a treatable disease, but must 
be considered when, for example, prescribing drugs. 
This criterion of Wilson and Jungner is certainly not fully met in our “frail” 
elderly. This criterion seems to hold for middle-aged adults with a screen-
detected diagnosis of COPD and certainly for such adults with new HF-REF. In 
our trial the large majority (70%) of those with a screen-detected diagnosis of 
heart failure had HF-PEF, however, and not HF-REF.
Thus, this criterion could be considered to be met as soon as effective drugs 
would become available for patients with HF-PEF. 

3. Facilities for diagnosis and treatment should be available   

The investigations we included in our screening strategy focussed on the most 
common and easily detectable underlying causes of dyspnoea and reduced 
exercise tolerance and could be easily performed or ordered in general practice. 
These principles reduced the number of investigations and not all possible 
causes of dyspnoea or reduced exercise tolerance could be diagnosed. In some 
cases the expert panel considered such other causes, e.g. angina pectoris, sleep 
apnoea, or ‘deconditioning’, likely contributors to the complaints. Without easy 
access to such facilities, these patients will remain undertreated when applying 
our screening strategy.
In most European countries facilities are available in primary care for the 
diagnosis and treatment of heart failure and COPD, but also for most of the 
other diagnoses considered. Because our screening strategy was developed for 
primary care, the GPs should have easy access to the relevant diagnostic. Specific 
blood tests, electrocardiography, spirometry and echocardiography are basic 
necessities for the diagnostic assessment. General practices in the Western 
world increasingly have the availability to adequately perform these blood tests, 
electrocardiography and spirometry, in their own practice and are capable to 
interpret the findings. In contrast, patients requiring echocardiography often 
need to be referred to a cardiologist, although, open-access facilities exist 
in some countries.38 In our study we showed that echocardiography can be 
performed easily in the office of the GP, operated by well trained sonographers, 
and interpreted by a cardiologist. A clear and easily to interpret summary of the 
findings will further assist the GP to use the information from echocardiography 
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for direct patient management under his/her lead, either with or without further 
co-treatment of the cardiologist in this initial phase. 
Thus, the facilities for diagnosing COPD and heart failure, plus the medical 
treatment for both diseases are in general available in primary care, and 
the treatment based on the results from the investigations would be easy to 
implement. Consequently, this third criterion is met.

4.  There should be a recognizable latent or early symptomatic stage of the 

disease

Asymptomatic ventricular dysfunction can be considered a precursor of 
heart failure. Both systolic and diastolic dysfunction can be detected with 
echocardiography, albeit that there is ongoing debate about the exact definition 
of diastolic dysfunction. Heart failure is a chronic progressive disease starting 
with ventricular dysfunction followed by an early symptomatic stage to an overt 
symptomatic stage and finally end-stage heart failure with symptoms at rest. 
This process takes in general five to ten years, unless there is a treatable cause 
that can be managed.39 
For COPD, early symptoms of the disease are subtle and can remain unrecognized 
for years. There is not a real latent stage for COPD, although patients with 
periods of acute bronchitis are at risk of developing COPD within a couple of 
years, certainly when they have a smoking history.21 
In summary, this criterion of Wilson and Jungner seems to be met for both 
‘phenotypes’ of heart failure and at least partly for COPD.

5. There should be a suitable test or examination for the disease

For heart failure, echocardiography is considered the cornerstone investigation 
and thus a suitable screening test, although, abnormalities of ventricular 
function measured by echocardiography should be accompanied by signs 
and symptoms of heart failure to fulfil the diagnostic criteria.22 Other readily 
available and cheaper tests recommended in addition to the clinical assessment 
(e.g. electrocardiography and natriuretic peptides) can help to select patients 
requiring a confirmatory echocardiography and thus potentially reduce 
screening costs. As described in this thesis, a “screening” rule based on medical 
history, symptoms, signs, and NT-proBNP seems promising to guide referral for 
echocardiography in frail elderly. For the differentiation between HF-REF and 
HF-PEF, which has important treatment consequences, an echocardiography is 
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obligatory. Finally echocardiography can be helpful in detecting treatable causes 
(i.e. valvular disease) of heart failure.
Spirometry is the key investigation in primary care to confirm the clinical 
diagnosis of COPD or asthma. For COPD, those around the 0.70 cut-off point of 
FEV1/FVC should be considered for more extensive pulmonary function testing 
with body box measurements performed in a outpatient clinic, because especially 
the ratio of residual volume and total lung capacity is useful to establish ‘true’ 
COPD.21 One should realize that bronchial obstruction with spirometry (FEV1/
FVC <70%) can be caused by other reasons than obstruction of the inner part 
of the bronchioli. Extravasation of fluid from the pulmonary capillaries (i.e. 
due to heart failure with some degree of pulmonary decongestion or more 
seldom, pulmonary artery hypertension) can cause external obstruction of the 
small bronchi and bronchioli and should therefore be considered as alternative 
diagnoses.
Atrial fibrillation is diagnosed with an electrocardiography. Thyroid disorders, 
anaemia, and renal dysfunction can be easily detected with simple blood tests.
This 5th criterion seems therefore fully met for both diseases, although for COPD 
some ‘doubtful’ cases should undergo body box measurements.

6. The test should be acceptable to the population 

Blood tests, electrocardiography, spirometry and echocardiography are 
considered not very burdensome and more or less harmless for the patient. 
We asked our participants to score the experienced burden of spirometry and 
echocardiography on a visual analogue scale (VAS). The experienced patients’ 
burden of these tests was low indeed with a median VAS-score (scale from 0 (no 
burden) to 100 (very burdening)) for echocardiography of 2 (interquartile range 
(IQR) 2 – 4) and for spirometry 14 (IQR 6 – 36). 
Thus, this criterion seems fully met for both key investigations. 

7. The natural history of the disease should be adequately understood

For heart failure, the natural history of HF-REF is adequately understood, but 
this is not the case for HF-PEF.8 Nowadays, HF-PEF is considered phenotypically 
different from HF-REF, with concentric remodelling and not eccentric 
remodelling as seen in HF-REF and with more involvement of microvascular 
abnormalities.40;41 
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For COPD, the natural history also seems adequately understood, although there 
is still some debate about the prognostic implications of (latent) cardiovascular 
disease, systemic inflammation, and systemic effects such as hypoxemia.21 
In conclusion, this criterion is met for HR-REF, and partly for HF-PEF and 
COPD.

8. There should be an agreed policy on whom to treat as patients

In the guidelines for heart failure the diagnostic criteria of HF-REF and HF-
PEF are clearly described. Heart failure is considered present if symptoms and 
signs suggestive for heart failure are present in combination with ventricular 
dysfunction on echocardiography at rest.22 For COPD, the clinical diagnosis 
should be considered in any patients who has dyspnoea, chronic cough or sputum 
production, and a history of exposure to risk factors (i.e. tobacco smoking) for 
the disease. Post-dilatory obstruction with spirometry is required to establish 
the diagnosis in this clinical context.21 Also for the other diseases we considered 
in our strategy clear diagnostic criteria exist.  
For the separate diseases the prevailing guidelines clearly state when treatment 
should be initiated in the ‘average’ patient, but whether frail elderly with such 
diagnoses should receive the same interventions can be questioned. Most doctors 
would agree that in such a high-risk older population a more personalized 
approach is preferable.35 
In our trial less than half of the patients with a new screen-detected disease 
received the drugs as recommended by the expert panel. As mentioned following 
criterion 2, the GPs had several good reasons for not treating a substantial number 
of these patients because of individual considerations. Nevertheless, also the 
panel took into consideration that the GP had to deal with frail elderly and that 
the screen-detected diagnoses could in general be considered as early stages of 
the disease in patients not actually considering their complaints worthwhile to 
visit their GP. Therefore, the panel often phrased their practical advices as “one 
could consider to start/stop with a certain drug”. When considering our results 
of the trial one has to bear in mind that when for instance a patient visits the GP 
one year later because of worsening of complaints, the GP would possibly use 
the results from the screening strategy and accordingly change the therapeutic 
management. It is understandable that screen-detected frail patients will not 
be treated as patients diagnosed after visiting their GP because of symptoms 
suggestive of either heart failure or COPD. It is very likely that the severity of 
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the underlying disease will be different between patients in these two scenarios. 
In conclusion, there currently is no undisputed agreed policy how to optimise 
treatment of frail elderly with a screen-detected diagnosis of heart failure or 
COPD. Hence we believe this criterion is not completely met.

9.  The total costs of finding a case should be economically balanced in 

relation to medical expenditure as a whole

The total cost of performing our screening strategy based on Dutch health care 
tariffs was 326 Euro per patient. The cost per case diagnosed (underlying cause for 
the complaints) was 431 Euro and cost per new case of heart failure or COPD was 
769 EUR in our study. The cost of treating these diseases with drugs is relatively 
low because the patents for these drugs have expired. Hospitalisation for 
exacerbations and devices for HF-REF treatment, however, are expensive and have 
a major impact on health care costs. Because we didn’t find a difference in HRQoL 
after six months in our trial, we could formally not perform a cost-effectiveness 
analysis and thus answer to this criterion positively. We had a follow-up period 
of six months which may have been too short to show improvement in HRQoL 
in those treated because of a screen-detected diagnosis. Moreover, the GPs who 
participated in our study received the results of the screening some weeks after 
the assessment once the panel formulated their advice (unless life threatening 
conditions were detected in case the GP was informed immediately). This delay 
further reduced the time window in which a change in management could result 
in a beneficial effect on HRQoL. Finally, the general HRQoL questionnaire (Short 
Form-36) is not very sensitive to show differences between treatment groups. We 
deliberately did not opt for a more disease-specific questionnaire because our 
screening trial involved multiple diseases and treatments. Because participants 
did not consider their complaints burdensome, or at least not severe enough to 
urge them to visit their GP, a small impact on patient outcomes of a new diagnosis 
detected with screening could be expected.
In our trial, we selected 4,142 frail older adults, of whom 30% was willing to 
participate. Some researchers would consider a 30% response rate low, but one 
has to realise the specific characteristics of the invited population and the fact 
that participants did not spontaneously decide to consult their GP for their 
dyspnoea or reduced exercise tolerance. Not surprisingly, patients willing to 
participate were younger and more likely to be male, but the median number 
of co-morbidities and drugs used were comparable between participants and 
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those who refused participation. Complaints of dyspnoea and reduced exercise 
tolerance, but also the prevalence of underlying causes can be expected to 
increase with age, being higher in the oldest females. Therefore, we presume 
that when the response rate would be higher and thus the more severe cases 
would be screened, the yield of undetected diseases would even be higher than 
we observed among the participants in our trial.  
Selection of our pragmatically defined population of frail elderly with complaints 
of dyspnoea or reduced exercise tolerance is easy and feasible in general practice. 
Even more targeted software can further facilitate the identification of such 
patients in daily practice. To finally select the eligible persons within the domain 
of frail individuals aged 65 years or over, the physician or practice assistant could 
use questionnaires to measure dyspnoea (such as the MRC dyspnoea scale) and 
on reduced exercise tolerance (for an example of the questionnaire developed 
see Table 2).

Table 2. Questionnaires on dyspnoea and exercise tolerance

Medical Research Council dyspnoea scale†

0. No breathlessness
1. Not troubled by breathlessness except on strenuous exercise.
2. Short of breath when hurrying on the level or walking up a slight hill.
3.  Walks slower than most people on the level, stops after a mile or so, or stops after 15 minutes 

walking at own pace.
4. Stops for breath after walking about 100 yards or after a few minutes on level ground.
5. Too breathless to leave the house or breathless when dressing or undressing.

Questionnaire to evaluate exercise tolerance*

- Do you have a reduced exercise tolerance as compared to others of the same age?
- Do you feel more tired than others of the same age?
- Do you feel you need more recovery time after exercise than others of the same age?
-  Do you feel your heart is pounding, or feel palpitations or feel agitated during activities, such as 

walking, gardening or housework?
†Medical Research Council dyspnoea scale adapted from Fletcher CM et al.42, *Questions translated from 
Dutch to English.

A follow-up of six months is too short to show differences in hospitalisations or 
mortality. Possible, a longer follow-up period, the use of other, more disease-
specific health-related questionnaires, a higher response rate, more explicitly 
formulated treatment advice, more ‘strictly regulated’ treatment protocol for the 
GPs, or involvement of dedicated nurse practitioners will results in improved 
prognosis of frail elderly undergoing the screening program, but this remains to 
be shown. Therefore, this criterion of Wilson and Jungner is not met for either 
diseases.
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10.  Case-finding should be a continuous process, not just a “once and for all” 

project

Currently, echocardiography is often not routinely available in primary 
care. Nevertheless, our study showed that it is feasible to make high quality 
echocardiograms in general practice.  For both COPD and heart failure, but 
also for the other screened diseases, diagnostic and therapeutic facilities could 
be made routinely available in primary care. Then, this criterion can be met, 
although the optimal time-interval to repeat the screening is unknown.

Current guidance

In this General Discussion we answered the question whether we should advocate 
screening for heart failure, COPD and some other chronic conditions in frail 
older adults with complaints of reduced exercise tolerance or dyspnoea. For this 
patient population of high-risk subjects, too many of the ten screening criteria 
introduced by Wilson and Jungner are not met (Table 1). An alternative would 
be to optimize the current practice of selective case finding in these patients. 
Knowing from our study that more or less latent forms of diseases that cause 
dyspnoea and reduced exercise tolerance are common in frail elderly, GPs could 
consider to proactively ask for these symptoms in older adults when they visit 
their office and to initiate further investigations whenever patients present such 
(progressive) symptoms. The tendency of both the GPs and patients to refrain 
from screening for and treating underlying condition, notable heart failure and 
COPD, would then possibly be overcome and patient-tailored therapies initiated 
in shared decision making with the patient. 
An important lesson from our screening intervention is that irrespective of 
the large number of screen-detected diagnoses, including chronic progressive 
diseases, no effect on HRQoL during the six months following the screening 
was observed. Another lesson is that in frail elderly GPs are not eager to follow 
treatment recommendations of guidelines in these screen-detected diagnoses. 
Thus, the prognostically beneficial effects observed in randomised clinical trials 
are unlikely to be achieved, while, in addition, one could wonder whether these 
effects are generalizable to the high-risk older population we studied. Finally, 
our study showed that it is worthwhile to consider diagnostic-therapeutic trials 
more often to evaluate the true benefits and harms of a screening strategy 
and, therefore, also measure the therapeutic and prognostic consequences of 
detecting specific diseases. 
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Reduced exercise tolerance and exercise-induced dyspnoea are common 
complaints affecting many older persons, with prevalence rates varying between 
20% and 60%. Both symptoms often coexist and are associated with an increased 
risk of adverse health outcomes and reduced quality of life. Only a minority of 
older adult persons who experience reduced exercise tolerance or dyspnoea 
visit their general practitioner (GP) for these complaints. In approximately two 
third of patients these complaints have a pulmonary or cardiac cause, with heart 
failure and chronic obstructive pulmonary disease (COPD) as most common 
underlying disorders. Other causes include asthma, coronary artery disease, 
cardiac arrhythmias, valvular disease, interstitial lung disease, psychogenic 
causes, anaemia, gastroesophageal reflux disease or thyroid disease.
Heart failure and COPD are associated with increased morbidity and mortality. 
For both diseases effective interventions are available, albeit that, in general, 
interventions in heart failure exert more survival benefit than COPD. Pro-active 
screening of high-risk community-dwelling older persons, typically those who 
are frail and experience dyspnoea or reduced exercise tolerance, could result in 
early detection of COPD or heart failure, or other diseases that could be picked 
up easily by blood testing. Early detection of these diseases could help improve 
the quality of life, and reduce morbidity and mortality by patient-targeted and 
early treatment.

The aim of this thesis was to perform a diagnostic cluster randomized trial in frail 
older persons with exercise-induced dyspnoea or reduced exercise tolerance to 
quantify the yield of such a screening strategy compared to usual care. The yield 
was defined in terms of the number of patients with screen-detected relevant 
conditions (notably COPD and heart failure) and the effect on clinically relevant 
outcomes of patients-tailored management following the detection of previously 
unknown diseases.

Two systematic searches performed in MEDLINE, an electronic medical 
database, were reported in chapter 2, with the aim to review the existing 
evidence in literature on the prevalence and underlying causes of dyspnoea in 
the older population (≥65 years). Studies were included after using predefined 
in- and exclusion criteria and their methodological quality was assessed using a 
newly designed checklist based on the approach applied by QUADAS-2 (Quality 
Assessment of Diagnostic Accuracy Studies). Prevalence and pooled estimates 
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with the 95% confidence interval were calculated. Twenty-one articles concerning 
20 study populations reported the prevalence of dyspnoea according the Medical 
Research Council (MRC) dyspnoea scale. MRC of 2 means short of breath when 
hurrying on the level or walking up a slight hill, MRC of 3 means walking slower 
than most people on the level, stopping after a mile or so, or stopping after 15 
minutes walking at own pace. Finally, MRC of 4 means stopping for breath after 
walking about 100 yards or after a few minutes on level ground. The review 
showed that dyspnoea is very common among older persons from the open 
population, with a pooled prevalence for an MRC score of ≥2 of 36%, for MRC 
of ≥3 16%, and for MRC of ≥4 4%. In all MRC categories the pooled prevalence 
estimates were higher in women than in men. The only study providing data 
on the causes of dyspnoea found that dyspnoea was of cardiac origin in 19%, of 
pulmonary origin in 42%, of both cardiac and pulmonary origin in 9%, another 
cause in 18%, and no explanation in 12%. In 63% of the patients with a pulmonary 
origin of dyspnoea, COPD was the underlying cause.

In chapter 3 we described the study protocol of the TREE-study (Triage of 
Reduced Exercise tolerance in frail Elderly); a diagnostic cluster randomized 
controlled trial (RCT). General practices were randomized to the diagnostic-
treatment strategy (screening) or care as usual. Frail community-dwelling 
persons aged 65 years and older were selected from the electronic medical files 
of the participating GPs. Frailty was defined as having three or more chronic 
or vitality-threatening diseases and/or being prescribed five or more drugs 
daily during the past year. Those with reduced exercise tolerance or moderate 
to severe dyspnoea (≥2 score on the MRC dyspnoea scale) were included 
in the study. The near-home targeted screening strategy included history 
taking, physical examination, electrocardiography, spirometry, blood tests, 
and echocardiography. Final diagnoses were set by an expert panel consisting 
of three members: a cardiologist, a pulmonologist and an experienced GP. 
Subsequently, participants with new diagnoses were managed by the own GP 
according to clinical guidelines. Participants in the control arm received care as 
usual. All participants filled out questionnaires about health status and quality 
of life at baseline and after six months of follow-up. Eighteen general practices 
were included in the study, 8 were randomized to the screening strategy and 10 
to the care as usual group. Of the 11,839 persons aged 65 years or older (16% of all 
registered citizens) enlisted in the participating practices, 35% met the criteria 
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of frailty. Of the patients willing to participate, 841 (68%) had complaints of 
reduced exercise tolerance or dyspnoea. In total, 395 participants were included 
in the screening strategy and 446 in the care as usual group. The TREE-study 
generated information on the yield of screening for previously unrecognized 
heart failure, COPD, and other common chronic diseases such as anaemia, atrial 
fibrillation, renal dysfunction, and thyroid disease. The cluster randomized 
comparison provided information whether screening for the aforementioned 
diseases improved clinically relevant outcomes, such as health-related quality 
of life, but also hospitalizations and all-cause mortality. The strength of this trial 
is that all positive and negative consequences (both intended and unintended) 
associated with screening could be observed.

In chapter 4 we reported the prevalence of previously unrecognized heart failure, 
COPD, and other chronic diseases (e.g. anaemia, atrial fibrillation, valvular 
disease, asthma, thyroid disorders) in frail older persons using a near-home 
targeted 2-step screening strategy. This was the primary aim of the TREE-study. 
Of the 570 older persons who filled out the questionnaire, 395 (69%) had reduced 
exercise tolerance or dyspnoea. Of these, 389 underwent the screening program. 
In 127 participants (34%) previously unrecognized heart failure was detected, 
mainly heart failure with preserved ejection fraction, and 65 participants (17%) 
were newly diagnosed with COPD. Of all the participants with a diagnosis of 
heart failure or COPD, in respectively 88% and 49% of the cases, this was newly 
diagnosed. In total, 165 patients (44%) received a new diagnosis of either heart 
failure, COPD or both. Other new diagnoses (in 33% of the screening program 
participants) included atrial fibrillation (2%), valvular disease (21%), persisting 
asthma (3%), anaemia (13%) and thyroid disease (0.6%). According to the panel, 
the screening investigations revealed an explanation for the complaints in 77% 
of the participants. 

Chapter 5 described the added value of biomarkers for diagnosing or excluding 
heart failure in community-dwelling frail older persons with dyspnoea or 
reduced exercise tolerance. The study population was derived from the screening 
arm of the TREE-study. Blood biomarkers examined included N-terminal 
B-type natriuretic peptide (NT-proBNP), matrix metalloproteinase-2 (MMP-
2), high sensitive-C-reactive protein (hs-CRP), estimated glomerular filtration 
rate (eGFR) and red blood cell distribution width (RDW). The value of these 
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biomarkers was investigated in addition to symptoms and signs. In 127 of the 
361 participants (35%) included in this study, new heart failure was detected (89 
with preserved ejection fraction, 36 with reduced ejection fraction, and two with 
right-sided heart failure). The clinical model including signs and symptoms (age, 
body mass index, loss of appetite, use of loop diuretics, elevated jugular venous 
pressure and a laterally displaced apex beat) had a c-statistic of 0.77. Adding 
NT-proBNP increased significantly the c-statistic to 0.82. The calibration plot 
showed close agreement between the predicted and observed risks. MMP-2, 
hs-CRP, RDW, and eGFR yielded no diagnostic information beyond the clinical 
assessment. 

In chapter 6 we reported the effectiveness of screening for heart failure and 
COPD in frail older persons with reduce exercise tolerance or dyspnoea, which 
was the second aim of the TREE-study. Eighteen practices were randomized 
with in total 829 participants; 389 in the screening strategy arm (eight practices) 
and 440 in the care as usual arm (ten practices). In the screening strategy, 343 
new diseases were detected in 226 participants (58%). In the usual care group 
there were 74 participants (17%) with one or more newly diagnosed disease. 
More patients in the screening strategy received a new diagnosis of heart failure 
or COPD compared to usual care (cumulative six months incidence 34% vs. 2%, 
and 17% vs. 2%, respectively). The treatment advice provided by the expert panel 
to the own GP of the participant were followed by the GP in less than half of 
the cases (45%). The scores for health-related quality of life, functional health, 
and health care use were comparable between the two arms after six months of 
follow-up. We concluded that screening for heart failure and COPD results in 
a substantial number of new diagnoses, but this did not result in an improved 
short-term improvement in functional health or quality of life as compared to 
care as usual. There are several plausible reasons for this ‘mismatch’. First, most 
participants were known with diseases for which cardiovascular drugs were 
already prescribed, thus, a new diagnosis of heart failure did not necessarily 
needed to be followed by a drug change. Secondly, screen-detected diseases 
possibly had less impact on patient outcomes than when such diseases would 
be detected in patients consulting physicians because of (an increase in) 
complaints. Third, both the GP and the patient may be reluctant to change 
management based on a ‘non-suspected screen-detected diagnosis’ in older 
adults with multiple co-morbidity or polypharmacy. Fourth, the participants 
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in our study differ considerably from participants in large RCTs that showed 
that certain drug treatment was effective in heart failure with reduced ejection 
fraction and COPD. For example, participants in RCTs evaluating drugs for 
COPD or heart failure had a mean age of 62 years, while this was 75 years in 
our population. Fifth, the majority of patients with newly detected heart failure 
(70%) had a preserved ejection fraction, and effective evidence-based mortality 
and morbidity reducing drug treatment is lacking for these patients. Sixth, only 
45% of the treatment advices provided by the expert panel were followed by the 
GP. Finally, a follow-up period of six months may have been too short to show 
differences between the arms.

The general discussion in chapter 7 elaborates on the observed results and 
discusses the implications of these findings for health care and current 
guidance. We discussed the suitability of our screening program in the light 
of the original ten criteria of Wilson and Jungner, focussing on heart failure 
and COPD. Approximately 25% of all community-dwelling older persons aged 
65 years or over are frail and have complaints of reduced exercise tolerance or 
dyspnoea, and thus are ‘eligible’ to screen. Screening may seem an attractive 
step, as heart failure and COPD are both important health problems with high 
prevalences. The investigations included in our screening strategy to detect 
heart failure and COPD can easily be performed or ordered in general practice 
and are available in most European countries. But at this moment no generally 
accepted treatment for improving prognosis in heart failure with preserved 
ejection fraction exist, while this type of heart failure was most often detected. 
There is neither an agreed policy about the treatment of screen-detected heart 
failure or COPD in frail older persons. At the moment, screening is not cost-
effective because no improvement in quality of life or health status was found 
in our study. Only four of the ten principles of Wilson and Jungner are fully met 
for heart failure and COPD in this high-risk patient population. Based on these 
principles of screening, we conclude that implementing our screening program 
is not suitable at this stage. We therefore advocate optimization of the current 
practice of selective case finding. GPs should consider proactively asking for 
symptoms of dyspnoea and reduced exercise tolerance in older adults when they 
visit the office and to initiate further investigations whenever patients present 
(progressive) symptoms. 
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Verminderde inspanningstolerantie en inspanningsgebonden kortademigheid 
zijn klachten die bij 20% tot 60% van de ouderen voorkomen. Deze symptomen 
komen vaak gezamenlijk voor en gaan samen met een verhoogd risico op 
nadelige gezondheidsgevolgen en een verminderde kwaliteit van leven. Slechts 
een minderheid van de ouderen met verminderde inspanningstolerantie- of 
kortademigheidklachten bezoekt hiervoor hun huisarts. Bij ongeveer tweederde 
van deze mensen wordt een oorzaak bij het hart of de longen gevonden, 
met hartfalen en chronische obstructieve longziekte (COPD) als de meeste 
voorkomende onderliggende aandoeningen. Andere oorzaken zijn onder 
meer astma, hartritmestoornissen, hartklepafwijkingen, hart- en vaatziekten, 
interstitiële longziekten, psychogene oorzaken, bloedarmoede, gastro-
oesofageale refluxziekte of schildklieraandoeningen. 
Hartfalen en COPD zijn gerelateerd aan een verhoogd ziekte- en sterftecijfer. 
Voor beide ziekten zijn effectieve behandelmethodes beschikbaar. Echter, 
behandelmethodes voor hartfalen hebben meer effect op de overlevingskans 
dan behandelingen voor COPD. Het proactief screenen van zelfstandig 
wonende ouderen, speciaal degenen die kwetsbaar zijn en klachten ervaren van 
inspanningsgebonden kortademigheid of verminderde inspanningstolerantie, 
zou kunnen leiden tot vroege opsporing van COPD of hartfalen of andere 
aandoeningen die eenvoudig zijn vast te stellen. Vroege opsporing van deze 
aandoeningen zou de kwaliteit van het leven kunnen verbeteren en zou de ziekte- 
en sterftecijfers kunnen verminderen door een patiëntgerichte en vroegtijdige 
behandeling.

Het doel van dit proefschrift is, om door middel van een clustergerandomiseerd 
diagnostisch onderzoek, een screeningstrategie voor inspanningsgebonden 
kortademigheid of verminderde inspanningstolerantie in kwetsbare ouderen 
te vergelijken met de gebruikelijke zorg die zij ontvangen. De uitkomst van het 
onderzoek is het aantal patiënten met een nieuwe diagnose, vooral COPD en 
hartfalen, vastgesteld door de screeningstrategie. Daarnaast bekeken we het 
effect van de patiëntgerichte behandeling op klinisch relevante uitkomsten van 
deze voorheen niet onderkende aandoeningen.

Twee systematische zoekstrategieën werden uitgevoerd in MEDLINE, een 
elektronische medische database, en beschreven in hoofdstuk 2. Dit hoofdstuk 
geeft een overzicht van de bestaande literatuur over de prevalentie en de 
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onderliggende oorzaken van kortademigheid bij ouderen (≥65 jaar). Studies 
werden ingesloten op basis van vooraf gedefinieerde selectiecriteria. De kwaliteit 
van de studies werd beoordeeld met behulp van een nieuw ontworpen scoringslijst, 
gebaseerd op de door QUADAS-2 toegepaste aanpak (kwaliteitsbeoordeling van 
diagnostische nauwkeurigheid van studies). De prevalentie en samengestelde 
schattingen werden berekend met een 95% betrouwbaarheidsinterval. 
Eenentwintig artikelen van 20 verschillende studiepopulaties beschreven de 
prevalentie van kortademigheid volgens de Medical Research Council (MRC) 
kortademigheidschaal. Een MRC 2 betekent kortademigheid wanneer iemand 
zich moet haasten op vlak terrein of bij het tegen een lichte helling oplopen. 
Een MRC 3 betekent dat iemand door de kortademigheid op een vlak terrein 
langzamer loopt dan andere mensen van dezelfde leeftijd of dat iemand, na 
één kilometer of na 15 minuten lopen op eigen tempo, moet stoppen om op 
adem te komen. Een MRC 4 betekent dat iemand na ongeveer 100 meter lopen 
of na een paar minuten lopen op vlak terrein moet stoppen in verband met 
kortademigheid. De studies ingesloten in dit literatuuroverzicht laten zien dat 
kortademigheid veel voorkomt bij ouderen in de algemene populatie: 36% heeft 
een MRC ≥2, 16% een MRC ≥3 en 4% een MRC ≥4. In alle MRC-categorieën was 
het aantal vrouwen hoger dan mannen. Er was slechts één studie met gegevens 
over de onderliggende oorzaken van kortademigheid en deze beschreef dat de 
kortademigheid bij 19% veroorzaakt werd door het hart, bij 42% door de longen, 
bij 9% door zowel het hart als de longen, bij 18% door een andere oorzaak en bij 
12% kon geen verklaring voor de kortademigheid gevonden worden. Bij 63% van 
de patiënten met oorzaak van de kortademigheid in de longen was COPD de 
onderliggende aandoening. 

In hoofdstuk 3 beschreven wij het studieprotocol van het TREE-onderzoek 
(Triage van verminderde inspanningstolerantie bij kwetsbare ouderen), 
een clustergerandomiseerde diagnostische trial. Huisartsenpraktijken 
werden willekeurig in de diagnostische-behandelingsstrategie (screening) of 
gebruikelijke zorg (controlegroep) ingedeeld. Kwetsbare zelfstandig wonende 
personen van 65 jaar en ouder werden geselecteerd uit het elektronische 
patiëntendossier van de deelnemende huisartsen. Kwetsbaarheid werd 
gedefinieerd als het hebben van drie of meer chronische of vitaliteit 
bedreigende aandoeningen en/of het gedurende het afgelopen jaar chronisch 
gebruiken van vijf of meer geneesmiddelen. De ouderen met verminderde 
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inspanningstolerantie of matige tot ernstige kortademigheid (score van ≥2 
op de MRC kortademigheidschaal) werden meegenomen in het onderzoek. 
De screeningstrategie, uitgevoerd in en vlakbij de huisartsenpraktijk, bestond 
uit een anamnese, lichamelijk onderzoek, hartfilmpje, longfunctieonderzoek, 
bloedonderzoek en een hartecho. Een panel van drie deskundigen, bestaande uit 
een cardioloog, een longarts en een ervaren huisarts, stelden de einddiagnoses. 
Vervolgens werden de deelnemers op basis van de nieuwe diagnoses behandeld 
door hun eigen huisarts volgens klinische richtlijnen. De deelnemers in 
de controlegroep ontvingen de gebruikelijke zorg. Alle deelnemers vulden 
vragenlijsten over gezondheid en kwaliteit van leven in bij aanvang van de studie 
en na 6 maanden opnieuw. Achttien huisartsenpraktijken werden ingesloten 
in de studie, acht werden ingedeeld naar de screeningstrategie en tien naar de 
controlegroep. Van de 11.839 personen van 65 jaar en ouder ingeschreven in de 
deelnemende praktijken (16% van alle geregistreerde burgers), voldeed 35% aan 
de criteria van kwetsbaarheid. Van de ouderen die bereid waren om deel te nemen 
aan het TREE-onderzoek hadden 841 personen (68%) klachten van verminderde 
inspanningstolerantie of kortademigheid. In totaal waren er 395 deelnemers 
in de screening strategie en 446 in de gebruikelijke zorg groep. Het TREE-
onderzoek zorgde voor gegevens over de opbrengst van screening op voorheen 
onbekend hartfalen, COPD en andere voorkomende chronische ziekten zoals 
bloedarmoede, boezemfibrilleren, nierfunctiestoornissen en schildklierziekten. 
Daarnaast gaat het TREE-onderzoek informatie geven of screening op deze 
aandoeningen klinisch relevante uitkomsten zou verbeteren, zoals gezondheid 
gerelateerde kwaliteit van leven, maar ook ziekenhuisopnames en sterfte. De 
kracht van deze studie is dat alle positieve en negatieve gevolgen (gewenst en 
ongewenst) van screening werden waargenomen.

In hoofdstuk 4 presenteerden wij de prevalentie van niet eerder herkend 
hartfalen, COPD en andere chronische ziektes (o.a. bloedarmoede, 
boezemfibrilleren, hartklepafwijkingen, astma, schildklierziekten) bij kwetsbare 
ouderen, gebruikmakend van een rondom de huisartsenpraktijk uitgevoerde 
screening strategie. Dit was het primaire doel van het TREE-onderzoek. 
Van de 570 ouderen die de vragenlijst invulden, hadden 395 ouderen (69%) 
verminderde inspanningstolerantie of kortademigheid. Van hen ondergingen 
389 de onderzoeken in de screening strategie. Bij 127 deelnemers (34%) werd 
vooraf onbekend hartfalen vastgesteld, voornamelijk diastolisch hartfalen en 65 
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deelnemers (17%) kregen COPD als nieuwe diagnose. Van alle deelnemers met 
een diagnose van hartfalen of COPD, werd dit in respectievelijk 88% en 49% van 
de gevallen nieuw vastgesteld. In totaal ontvingen 165 deelnemers (44%) een 
nieuwe diagnose van hartfalen, COPD of beide. Andere nieuwe diagnoses (bij 
33% van de deelnemers aan de screening strategie) waren boezemfibrilleren (2%), 
hartklepafwijkingen (21%), astma (3%), bloedarmoede (13%) en schildklierziekten 
(0.6%). Volgens het panel kon, door de onderzoeken in de screening strategie, bij 
77% van de deelnemers een verklaring van hun klachten gevonden worden.

Hoofdstuk 5 beschrijft de toegevoegde waarde van biomarkers voor het 
diagnosticeren of uitsluiten van hartfalen bij zelfstandig wonende kwetsbare 
ouderen met klachten van kortademigheid of verminderde inspanningstolerantie. 
De onderzoekspopulatie was afkomstig van de screeningsgroep van het TREE-
onderzoek. Bloedbiomarkers die werden onderzocht waren N-terminal B-type 
natriuretic peptide (NT-proBNP), matrix metalloproteinase-2 (MMP-2), hoog 
sensitief C-reactief proteïne (hs-CRP), geschatte glomerulaire filtratiesnelheid 
(eGFR) en rode bloedcel distributiewijdte (RDW). De waarde van deze biomarkers 
werd onderzocht als aanvulling op klachten en lichamelijke afwijkingen. In 127 
van de 361 deelnemers (35%) werd nieuw hartfalen vastgesteld (89 met diastolisch 
hartfalen, 36 met systolisch hartfalen en 2 met rechtszijdig hartfalen). Het 
klinische model met klachten en lichamelijke afwijkingen (leeftijd, body mass 
index, verlies van eetlust, gebruik van lisdiuretica, een lateraal verplaatste punt 
van het hart (apex) en een verhoogde centraal veneuze druk) had een c-statistiek 
van 0.77. Het toevoegen van NT-proBNP verhoogde de c-statistiek significant 
naar 0.82. De calibratiefiguur toonde een nauwe overeenkomst tussen de 
voorspelde en de waargenomen risico’s. MMP-2, hs-CRP, RDW en eGFR hadden 
geen toegevoegde waarde bovenop het klinische model.

Hoofdstuk 6 beschrijft de effectiviteit van het screenen voor hartfalen en COPD bij 
kwetsbare ouderen met verminderde inspanningstolerantie of kortademigheid. 
Dit is het tweede doel van het TREE-onderzoek. Achttien huisartsenpraktijken 
werden met in totaal 829 deelnemers door toeval ingedeeld; 389 in de screening 
strategie groep (8 praktijken) en 440 in de controlegroep (10 praktijken). In 
de screening strategie werden 343 nieuwe aandoeningen vastgesteld bij 226 
deelnemers (58%). In de gebruikelijke zorg (controlegroep) waren 74 deelnemers 
(7%) met één of meer nieuw gediagnosticeerde ziekte. Meer patiënten in de 
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screening strategie ontvingen een nieuwe diagnose van hartfalen of COPD 
in vergelijking met de controlegroep (opgetelde 6 maanden incidentie betreft 
respectievelijk 34% versus 2% en 17% versus 2%). Het behandeladvies, dat de 
deskundigen uit het panel aan de huisarts van de deelnemers gaf, werd bij minder 
dan de helft van de deelnemers (45%) uitgevoerd door de huisarts. De scores 
voor gezondheidsgerelateerde kwaliteit van leven, functionele gezondheid 
en zorggebruik waren zes maanden na de screening vergelijkbaar bij de twee 
groepen. Wij concludeerden dat screening op hartfalen en COPD veel nieuwe 
diagnoses opleverden, maar dat dit, vergeleken met de gebruikelijke zorg, niet op 
korte termijn heeft geleid tot een verbeterde functionele gezondheid of kwaliteit 
van leven. Voor deze conclusie kunnen verschillende redenen aangedragen 
worden. Ten eerste hadden de meeste deelnemers al een aandoening waarvoor 
zij geneesmiddelen voor hart- en vaatziekten kregen voorgeschreven, waardoor 
een nieuwe diagnose van hartfalen niet noodzakelijkerwijs resulteerde in een 
medicatiewijziging. Ten tweede hadden aandoeningen ontdekt door de screening 
minder invloed op patiëntuitkomsten dan aandoeningen die vastgesteld worden 
bij patiënten die zichzelf bij de huisarts presenteren met (verergerde) klachten. 
Ten derde waren de huisarts en de patiënt voorzichtig met het aanpassen van 
de behandeling gebaseerd op een met screening gevonden ziekte bij ouderen 
met verschillende andere aandoeningen, die veel geneesmiddelen gebruiken. 
Ten vierde, verschilden de deelnemers aan ons onderzoek van deelnemers in 
grote medicijnonderzoeken naar hartfalen en COPD. De gemiddelde leeftijd 
in deze medicijnonderzoeken was 62 jaar, terwijl dit bij onze populatie 75 jaar 
was. Ten vijfde had het overgrote merendeel van de deelnemers (70%) nieuw 
gediagnosticeerd diastolisch hartfalen. Voor deze patiëntencategorie is nog geen 
medicatie die de mortaliteit of morbiditeit verlaagt. Ten zesde werd slechts 45% 
van de behandeladviezen gegeven door het panel van deskundigen opgevolgd 
door de huisarts. Tenslotte kan een follow-up duur van zes maanden te kort zijn 
om verschillen tussen beide groepen te kunnen laten zien.

De algemene discussie in hoofdstuk 7 gaat dieper in op de gevonden resultaten en 
bespreekt de gevolgen van deze resultaten voor de gezondheidszorg en de huidige 
richtlijnen. We bediscussiëren de geschiktheid van onze screeningstrategie in 
het licht van de tien screeningcriteria van Wilson en Jungner, toegespitst op 
hartfalen en COPD. De screening betreft een belangrijk probleem, want ongeveer 
25% van alle zelfstandig wonende ouderen van 65 jaar en ouder zijn kwetsbaar 
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en hebben klachten van verminderde inspanningstolerantie of kortademigheid 
en komen dus in aanmerking voor de screeningstrategie. Screening lijkt 
een aantrekkelijke stap, omdat hartfalen en COPD beide belangrijke 
gezondheidproblemen zijn met hoge prevalenties. De onderzoeken in onze 
screeningstrategie om hartfalen en COPD vast te stellen, kunnen gemakkelijk 
uitgevoerd worden in of rondom de huisartsenpraktijk en zijn beschikbaar in de 
meeste Europese landen. Op dit moment is er nog geen algemeen geaccepteerde 
behandeling voor diastolisch hartfalen, terwijl dit type hartfalen het vaakst werd 
ontdekt. Er is ook geen standaard behandeling voor door screening gevonden 
hartfalen en COPD bij kwetsbare ouderen. Op dit moment wegen de kosten van 
screening niet op tegen de baten, omdat er in onze studie geen verbetering in 
de kwaliteit van leven of gezondheid werd gevonden. Slechts aan vier van de 
tien criteria van Wilson en Jungner wordt volledig voldaan voor screening op 
hartfalen en COPD in deze hoogrisico patiëntenpopulatie. Daarom concluderen 
wij dat invoering van onze screeningstrategie op dit moment niet haalbaar is. 
Op basis van dit proefschrift adviseren wij daarom om de huidige praktijk van 
selectieve opsporing te optimaliseren. Huisartsen moeten overwegen om bij 
ouderen proactief te vragen naar klachten van kortademigheid of verminderde 
inspanningstolerantie wanneer zij de huisartsenpraktijk bezoeken. Ook 
moeten ze een vervolgonderzoek instellen wanneer ouderen bij hen komen met 
(toenemende) klachten. 
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Dankwoord

“Love what you do and do it well”

Afgelopen juli is het gelukt om twee bevallingen met een goed resultaat af te 
ronden, de geboorte van onze prachtige dochter en het versturen van mijn 
manuscript naar de leescommissie. Nu twee maanden later kan ik beginnen 
aan het dankwoord en wat is het een fijn gevoel om na vijf jaar hiermee te 
eindigen! In dit dankwoord wil ik graag iedereen bedanken die op enige wijze 
heeft bijgedragen aan het voltooien van het TREE-onderzoek en dit proefschrift. 
Zonder jullie had ik dit nooit voor elkaar kunnen krijgen! Woorden zullen soms 
niet genoeg zijn om alles te zeggen, maar ik zal in de volgende alinea’s proberen 
mijn dankbaarheid te uiten. Zoals jullie weten kan ik nogal uitgebreid van stof 
zijn, dus ik zal proberen het kort en bondig te houden.

Prof. dr. A.W. Hoes, beste Arno. Je altijd heldere en korte opmerkingen zorgden 
ervoor dat de artikelen naar een hoger niveau werden getild. Ik heb veel van je 
geleerd over klinisch onderzoek doen in de huisartsenpraktijk en dan in het 
bijzonder om het belang van de patiënt niet uit het oog te verliezen. Ik zal mezelf 
de vraag blijven stellen “wat heeft de patiënt hieraan?”. Dank voor de begeleiding! 

Prof. dr. K.G.M. Moons, beste Carl. Jouw kritische blik op mijn artikelen 
zorgden er altijd voor dat het woordenaantal werd verminderd, het moest en 
kon bondiger. De analyses moesten daarentegen altijd uitgebreider, zodat 
alle aspecten van het onderzoek werden meegenomen. Hierdoor groeide mijn 
kennis en werd het niveau hoger. Dank hiervoor! 

Dr. F.H. Rutten, beste Frans. Met plezier denk ik terug aan al onze besprekingen, 
waar we uitgebreid spraken over het onderzoek, hartfalen, COPD, patiënten 
en alle andere huisartsenzaken. Ondanks dat je wel eens uitliep, nam je altijd 
de tijd tijdens onze overleggen. Jouw enthousiasme voor het onderzoek en de 
patiëntenzorg is aanstekelijk! Je hebt laten zien dat het combineren van deze 
twee, inclusief onderwijs, zeer leerzaam en uitdagend is. Voor mij een mooi 
toekomstperspectief! Dank voor alles!

Dr. J.B. Reitsma, beste Hans. Dank voor al je uitleg over de analyses! Het was 
zeer leerzaam dat je de tijd nam om mij de achtergronden achter de analyses 
uit te leggen, hierdoor begreep ik echt wat er gebeurde. Ook bedankt dat je, 
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in programma’s die ik niet kende, een aantal analyses hebt uitgevoerd om de 
artikelen vollediger en inzichtelijker te maken! 

Beste Loes, wat super dat ik nu hier dr. L.C.M. Bertens mag schrijven! Gedurende 
het onderzoek waren er verschillende hobbels op de weg en was het fijn dit met jou, 
zittend in hetzelfde schuitje, te kunnen bespreken en elkaar op te beuren! En kijk 
waar het ons gebracht heeft! Veel succes met je verdere carrière in onderzoeksland! 

Dr. M.J.M. Cramer, beste Maarten-Jan. De panelsessies waren gezellige en 
leerzame lunchafspraken, waar ik veel over hartfalen heb opgestoken! Tevens 
dank voor je uitgebreide, mondelinge commentaar op mijn artikelen. Prof. dr. 
J.W.J. Lammers, beste Jan-Willem, dank voor je ‘lessen’ over spirometrie en je 
scherpe commentaar bij alle longalinea’s. 
Dr. C.G.K.M. Fauser, M.J. Landman en H.J. Huidekoper wil ik bedanken voor 
hun bijdrage aan het panel.

Dit onderzoek had nooit afgerond kunnen worden zonder de vele deelnemers. 
Daarom wil ik alle ‘kwetsbare’ ouderen en hun huisartsen bedanken voor 
de bereidwilligheid om deel te nemen en voor alle gezellige en interessante 
gesprekken. Verder natuurlijk ook dank voor de medewerking en het 
enthousiasme van al het personeel van de deelnemende huisartspraktijken, de 
medewerkers van Saltro en iedereen van het NUZO.

Prof. dr. M.M.E. Schneider, prof. dr. M.J. Schuurmans, prof. dr. N.J. de Wit, prof. 
dr. M.E. Numans en prof. dr. T.A. McDonagh dank ik voor het lezen en kritisch 
beoordelen van dit proefschrift. 

Iedereen van het Huisartsenhuis, en Wendy als mijn opleider in het bijzonder, 
wil ik bedanken voor het onwijs leerzame, maar zeker ook gezellige eerste jaar! 
Door de goede sfeer en enthousiasme op het werk lukte het mij om hiernaast de 
promotie af te ronden. Bedankt hiervoor en hopelijk tot ziens! 

Een goede sfeer maakt een werkdag een stuk leuker, hiervoor wil ik alle collega’s 
van het Julius Centrum bedanken. Marise, Vincent, Hadassa, Evelien, Mark en 
alle andere promovendi bedankt voor de gezelligheid! Paula, wat was het fijn 
om jou als kamergenootje te hebben. Dank voor de gezelligheid, alle keren dat 
ik bij je mocht ‘zeuren’ en de adviezen die je me steeds gaf! Hopelijk hebben 
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we in de toekomst nog veel van deze momenten, privé en als collega’s huisarts-
onderzoeker. Wat fijn dat je mijn paranimf wil zijn! 

Al mijn lieve vriend(inn)en dank ik voor de eindeloze, gezellige en waardevolle 
momenten. Ik mocht altijd bij jullie spuien over de perikelen van het promoveren. 
Willem, Sabine en Sjoerd, bedankt voor alle gezellige avondjes en weekenden! 
Hes, het is zo fijn om alles te kunnen delen en dat al langer dan de helft van ons 
leven! Onwijs leuk dat je mijn paranimf wil zijn! Jornt, bedankt voor de prachtige 
omslag! Chantal, over de zorg voor ouderen raken we nooit uitgepraat! El en Lies, 
gelukkig kan ik altijd bij jullie op de bank ploffen om leuke, maar ook minder 
leuke dingen te bespreken. Jullie staan altijd voor me klaar! Onze vriendschap 
beschouw ik als zeer waardevol! Hopelijk komen er nog meer momenten met z’n 
drieën, met Laurens en Barend, en nu ook met de kleine dames erbij! 

(Schoon)familie is erg waardevol, dank jullie allemaal! De ‘van Elsten’, wat was 
Denemarken leuk om te doen met z’n allen! Maarten en Christel, wat fijn dat de 
‘koude’ kant voor mij erg warm voelt! Mijn schoonouders wil ik bedanken voor de 
interesse die jullie in mij tonen en voor de ondersteuning toen ik het nodig had!
Rob en Leon, wat ben ik er trots op dat jullie mijn broers zijn! Als ‘klein’ zusje 
is het niet altijd makkelijk, maar het is heerlijk om samen met jullie op de bank 
te ploffen en te kletsen! Dat we, samen met Patries natuurlijk, nog maar veel 
samen mogen meemaken.

Pap en mam, zonder jullie onvoorwaardelijke steun en geloof zou ik nooit dit 
dankwoord hebben kunnen schrijven. Jullie hebben mij altijd gestimuleerd om me 
te ontwikkelen en mijn doelen waar te maken, hiervoor mijn dank! Vergeet niet dat 
jullie (indirect) verantwoordelijk zijn voor mijn carrière en dit prachtige proefschrift!

Last but not least: Jeroen. Jouw continue geloof in mij, ook als ik het zelf niet 
had, heeft ervoor gezorgd dat er een manuscript lag voor de deadline, ‘onze’ 
uitgerekende datum. Dit proefschrift heeft niet genoeg pagina’s om mijn dank 
aan jou te beschrijven en ik had beloofd het kort te houden, dus dank voor je 
steun, begrip, geloof, humor en liefde. Het is fantastisch dat je elke dag met mij 
wilt delen! En het mooiste wat ons is overkomen, papa en mama worden! Lieve 
Femke, een lach van jou maakt elke dag nog mooier! 
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