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ABSTRACT
Introduction The early stages of chronic progressive 
cardiovascular disease (CVD) generally cause non- specific 
symptoms that patients often do not spontaneously 
mention to their general practitioner, and are therefore 
easily missed. A proactive diagnostic strategy has the 
potential to uncover these frequently missed early stages, 
creating an opportunity for earlier intervention. This is of 
particular importance for chronic progressive CVDs with 
evidence- based therapies known to improve prognosis, 
such as ischaemic heart disease, atrial fibrillation and 
heart failure.
Patients with type 2 diabetes or chronic obstructive 
pulmonary disease (COPD) are at particularly high risk of 
developing CVD. In the current study, we will demonstrate 
the feasibility and effectiveness of screening these high- 
risk patients with our early diagnosis strategy, using 
tools that are readily available in primary care, such as 
symptom questionnaires (to be filled out by the patients 
themselves), natriuretic peptide measurement and 
electrocardiography.
Methods and analysis The Reviving the Early Diagnosis- 
CVD trial is a multicentre, cluster randomised diagnostic 
trial performed in primary care practices across the 
Netherlands. We aim to include 1300 (2×650) patients 
who participate in a primary care disease management 
programme for COPD or type 2 diabetes. Practices will 
be randomised to the intervention arm (performing the 
early diagnosis strategy during the routine visits that are 
part of the disease management programmes) or the 
control arm (care as usual). The main outcome is the 
number of newly detected cases with CVDs in both arms, 
and the subsequent therapies they received. Secondary 
endpoints include quality of life, cost- effectiveness and 
the added diagnostic value of family and reproductive 
history questionnaires and three (novel) biomarkers (high- 
sensitive troponin- I, growth differentiation factor- 15 and 
suppressor of tumourigenicity 2). Finally newly initiated 
treatments will be compared in both groups.
Ethics and dissemination The protocol was approved by 
the Medical Ethical Committee of the University Medical 
Center Utrecht, the Netherlands. Results are expected in 

2022 and will be disseminated through international peer- 
reviewed publications.
Trial registration number NTR7360.

INTRODUCTION
Diagnosing non- acute cardiovascular diseases 
(CVDs) in an early stage may be difficult 
because symptoms can be non- specific or atyp-
ical. This seems even more true in patients 
with chronic obstructive pulmonary disease 
(COPD) or type 2 diabetes mellitus (T2DM) 
because of similarities in signs and symptoms 
(eg, shortness of breath and reduced exer-
cise tolerance). Although it is well known 
that patients with COPD and T2DM are at 

Strengths and limitations of this study

 ► This is the first randomised controlled diagnostic 
trial to evaluate a symptom- focused intervention for 
detection of three cardiovascular diseases that can 
be readily implemented by trained nurses in routine 
primary care for patients with type 2 diabetes or 
chronic obstructive pulmonary disease.

 ► Patient- relevant outcomes, such as new- onset 
ischaemic heart disease, atrial fibrillation and heart 
failure, and quality of life, will be evaluated, and the 
treatment initiated.

 ► A potential limitation is the presence of cardiovascu-
lar risk disease management programmes in many 
Dutch primary care practices that already aim to im-
prove the risk profiles of community- dwelling adults 
and may, therefore, limit the contrast between our 
intervention and control arms.

 ► Providing patients and general practitioners (GPs) 
with selective information depending on the rando-
misation result will prevent GPs in the control arm 
from performing (parts) of the intervention, but may 
lead to differences in participation rate and baseline 
characteristics between groups.
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increased risk of developing CVD,1–4 a change in symp-
toms hinting at a new CVD may remain unnoticed by 
both patient and physician. Selective screening studies 
in patients with COPD or T2DM aged over 60–65 years 
showed high prevalence of unrecognised heart failure 
(HF); 21% and 28%, respectively,5 6 while unrecognised 
coronary artery disease may even be observed in up to 
65% of patients with T2DM.7

In the Netherlands, most patients with COPD or T2DM 
are managed in primary care disease management 
programmes by general practitioners (GPs) and trained 
practice nurses. Little attention is paid to proactive 
screening and recognition of CVD within these disease 
management programmes, although it is well estab-
lished that CVDs contribute significantly to morbidity 
and mortality in both COPD8 9 and T2DM.10–12 A proac-
tive diagnostic strategy could thus be useful for early 
CVD detection, before a critical acute event (eg, acute 
myocardial infarction, stroke or acute HF) occurs. Such 
an early diagnosis strategy could easily be blended with 
the existing disease management programmes and may 
improve the care of these high- risk patients in a cost- 
effective way. The strategy we propose will focus on early 
detection of coronary artery disease, atrial fibrillation and 
HF because of the availability of well- established mortality 
and morbidity reducing treatments, which are also effec-
tive in early stages of these CVDs, with the only exception 
nowadays for HF with preserved ejection fraction.

Our ‘Early Diagnosis Strategy’ comprises two stages. 
In the first stage, patients will fill out a questionnaire on 
demographic characteristics and signs and symptoms 
suggestive of CVD. Patients with a score indicating high 
risk of CVD will proceed to the second stage and will 
undergo a focused physical examination, electrocardiog-
raphy and natriuretic peptide measurements. If test find-
ings indicate presence of underlying CVD, the patient will 
be referred to a cardiologist for further investigations and 
treatment will be initiated if a novel cardiac diagnosis is 
established.

In this paper, we describe the study design of the 
Reviving the Early Diagnosis of CVD (RED- CVD) cluster 
randomised diagnostic trial, which will investigate the 
yield of this early diagnosis strategy compared with usual 
care in terms of newly recognised CVD. In addition, 
changes in treatment, the effect on health- related quality 
of life (HR- QoL) and the cost- effectiveness of the strategy 
will be evaluated. Finally, we plan to evaluate the incre-
mental value of several (novel) biomarkers and a detailed 
questionnaire on family- specific and female- specific 
history in diagnosing CVD.

Objectives
Our primary objective is to determine the diagnostic yield 
of the early diagnosis strategy compared with usual care, 
in terms of detection of previously unrecognised coro-
nary heart disease, atrial fibrillation and HF in patients 
with COPD or T2DM who participate in primary care 
disease management programmes.

Secondary objectives are to assess the effect of the early 
diagnosis strategy on HR- QOL and the cost- effectiveness 
of the early diagnosis strategy compared with usual care.

In additional exploratory analyses, we will evaluate the 
diagnostic value of family- specific and female- specific 
history taking and the diagnostic value of contemporary 
biomarkers.

METHODS
Study design
We are currently conducting a cluster randomised diag-
nostic trial with general practices as the unit of randomis-
ation. The first participant was included on 19 June 2019 
and the trial is projected to run until 1 December 2022. 
During 1 year of follow- up, the numbers of newly diag-
nosed CVD, the subsequent treatments and the treatment 
effects in terms of HR- QoL will be compared between 
the intervention and control arms. Furthermore, the 
cost- effectiveness of the early diagnosis strategy will be 
assessed. Within the intervention arm, the diagnostic 
value of the family- specific and female- specific question-
naires as well as three cardiac biomarkers will be evalu-
ated (see figure 1).

Study population, recruitment and randomisation
General practices across the Netherlands will be recruited 
over the course of 2 years. Before randomisation, GPs and 
practice nurses receive general information on the objec-
tive and purpose of the study, but no detailed informa-
tion on the actual intervention. All general practices with 
active disease management programmes for COPD and/
or diabetes will be eligible. During the recruitment phase, 
practices will be randomly allocated to either the early 
diagnostic strategy or usual care. We are using cluster 
randomisation instead of randomisation at an indi-
vidual participant level to avoid contamination of partic-
ipants and GPs between the groups. A computer- based 
block randomisation with a 1:1 allocation ratio will be 
performed based on general practice size, to avoid large 
imbalances in numbers of participants between both 
arms of the trial.13 If, during subsequent randomisation, 
there appears to be an unequal distribution of patients 
across both arms (eg, due to clustering effects or due 
to the informed consent procedure, in which patients 
receive selective information based on the randomisation 
of their general practice, also see below), the randomisa-
tion module will be adapted to a 2:1 allocation ratio.

Patients who participate in a primary care disease 
management programme for COPD or T2DM will be 
selected from the electronic medical files of participating 
GPs. In the Netherlands, all residents are registered with 
a GP, who has a gatekeeper’s position. Generally, patients 
only have access to specialist care after consultation with 
their GP. Of all patients with T2DM in the Netherlands, 
88% participate in a primary care disease management 
programme for T2DM.
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Patients with an established triple diagnosis of coro-
nary artery disease and HF and atrial fibrillation will be 
excluded. These baseline diagnoses will be considered 
present only when documented with echocardiography 
in case of HF, coronary angiography, stress tests, coronary 
CT- A or an Agatston calcium score >100 on CT scan in 
case of coronary heart disease, and with electrocardiog-
raphy (or a single lead- ECG of at least 1 min, Holter or 
loop recording) in the case of atrial fibrillation. Patients 
with one or two established CV target diagnoses will 
not be excluded, because they may still have developed 
another CVD, which may be uncovered by the early diag-
nosis strategy.

Sample size calculations
Based on the prevalence in previous screening studies 
of unrecognised HF (21%–28%) and coronary artery 
disease (65%) in patients with COPD or T2DM, and the 
prevalence of unrecognised atrial fibrillation (1.4%) in 
the elderly population,14 we estimate to uncover these 
target CVDs in at least 10% of the patients with the early 
diagnosis strategy, compared with 5% with usual care. 
To detect this 5% difference in new diagnoses, using an 

alpha of 0.05, a power of 0.80, an intracluster correlation 
coefficient of 0.0115–17 and an anticipated drop- out of 
10%, 650 participants per arm will be required. In order 
to recruit 1300 participants within a year, we estimate that 
participation of 40 general practices is needed, as approx-
imately 150 patients participate in a disease management 
programme for COPD or T2DM per (average- sized) 
general practice per year.

Blinding
The study will be conducted in a single blind manner. 
GPs will be asked to participate in a study investigating 
the early detection of CVD in high- risk patients with 
COPD or T2DM. Participating GPs will only receive 
more detailed information after their practice has been 
randomised. The design of early diagnosis strategy will 
be disclosed to GPs in the usual care arm after comple-
tion of the study. Selectively informing the GPs about the 
intervention will prevent those in the control group from 
applying (components of) the early diagnosis strategy. 
Patients in the control group will be asked to participate 
in a study on the occurrence of CVDs and their impact on 
quality of life, and will be informed on the existence of 

Figure 1 Study procedures. COPD, chronic obstructive pulmonary disease; GP, general practitioner; NT- pro- BNP, N- terminal 
pro b- type natriuretic peptide; T2D, type 2 diabetes.

copyright.
 on January 18, 2022 at U

trecht U
niversity Library. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-046330 on 26 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Groenewegen A, et al. BMJ Open 2021;11:e046330. doi:10.1136/bmjopen-2020-046330

Open access 

an intervention arm after the study has been completed, 
to prevent priming of participants. The adjudication 
panel responsible for setting the final diagnoses will be 
blinded for allocation to intervention or usual care. The 
panel will, however, receive information on the results 
of components of the early diagnosis strategy (ECG, 
N- terminal pro b- type natriuretic peptide, NT- pro- BNP) 
because these are essential for accurate diagnosing. This 
may introduce some incorporation bias, but setting a 
diagnosis as accurately as possible has higher priority.

Diagnostic intervention study
The early diagnosis strategy will be implemented in the 
existing primary care disease management programmes. 
No additional patient contacts are necessary, as all study 
procedures will take place during the routine consulta-
tions of the disease management programmes.

Participating GPs will send a letter to all eligible 
patients. A prescreening log counting all eligible and 
ineligible patients will be kept. Those who are interested 
in participating will receive further information and will 
be asked for informed consent by the researcher before 
any study procedure is undertaken. Before their next 
routine practice visit, patients in both arms will fill out the 
EQ- 5D- 5L questionnaire about HR- QoL18 19 at home. In 
addition, patients in the intervention arm will fill out the 
Early Diagnosis Questionnaire and family questionnaire. 
Women will also fill out the reproduction questionnaire. 
During the routine visit, the practice nurse will apply step 
2 of the early diagnosis strategy (physical examination, 
ECG and NT- pro- BNP measurement) in patients whose 

questionnaires indicate (increased risk of) CVD. Partic-
ipants in the control arm will receive usual care. After 
1 year of follow- up, medical files of all participants will be 
reviewed for documented new CV diagnoses, changes in 
CV medication status, CVD- related hospitalisations and 
use of the primary care facility during the past year. Addi-
tionally, they will be asked to fill out the EQ- 5D- 5L ques-
tionnaire again.

The Early Diagnosis Questionnaire
As described above, the early diagnosis strategy is a 
two- stage intervention. The first step comprises a ques-
tionnaire on demographic characteristics, and signs or 
symptoms suggestive of one of the three target CVDs (see 
table 1). The Early Diagnosis Questionnaire was devel-
oped using data from the Lifelines cohort study, which 
includes information on patient characteristics, signs, 
symptoms, self- reported diseases, electrocardiography, 
lung function and laboratory tests of 167 000 inhabitants 
of the northern region of the Netherlands.20 The ques-
tions included in the questionnaire, as well as the corre-
sponding scoring model and cut- off values, were based on 
analyses of the LifeLines data, and are reported in more 
detail elsewhere.21

The early diagnosis strategy in the intervention arm
The Early Diagnosis Questionnaire will be filled out at 
home by the participants in the intervention arm, prior 
to the routine visit scheduled for the COPD or T2DM 
primary care disease management programmes. The GP 
or the practice nurse will discuss the answers with the 

Table 1 Early Diagnosis Questionnaire (translated from Dutch) and scoring model for eligibility in intervention arm

Score (for positive answers)

Demographic variables COPD T2DM

  1. Age per year, starting at 40 1 1

  2. Male sex 9 9

  3. BMI ≥30 kg/m2 3 3

  4. Current smoking 5 5

Questions COPD T2DM

  1. In the past 3 months, have you experienced palpitations or an unpleasant pounding of the 
heart?

12 12

  2. In the past 3 months, have you experienced any chest pain or discomfort while 
exercising? (eg, while hurrying or walking slightly uphill or bicycling)

4 4

  3. In the past 3 months, were you troubled by shortness of breath while exercising? (eg, 
while hurrying or walking slightly uphill or bicycling)

NA 4

  4. Do you experience more difficulties during exercise than you did three months ago? 3 3

  5. Has your health caused you worries or stress during the last year? 4 4

  6. Do you expect your health to get worse in the coming year? 3 3

  7. In the past 3 months, have you experienced pain or a heavy feeling in your legs that 
occurred while walking and disappeared at rest?

2 2

Breathlessness during exercise (question 3) had insufficient discriminatory value in patients with COPD and was therefore considered not 
applicable (NA) in COPD participants in the intervention arm.
BMI, body mass index; COPD, chronic obstructive pulmonary disease; NA, not applicable; T2DM, type 2 diabetes mellitus.
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participants. All participants with a score ≥24 (see table 1) 
will proceed to the second stage of the intervention and 
will undergo a focused physical examination, ECG and 
blood measurement of NT- pro- BNP.

The physical examination includes auscultation of heart 
and lungs, palpation of the apical beat and radial pulse, 
and inspection of the legs. Physical examinations will be 
performed by either a trained practice nurse or the GP, 
in a standardised manner. Signs of fluid overload (ankle 
oedema, pulmonary crepitation), irregular pulse or tachy-
cardia (>100 bpm in rest), abnormal heart murmurs, or 
a broadened/sustained apical beat in left decubital posi-
tion will be considered abnormal.5 22 23 A standard 12- lead 
ECG will be recorded by a trained employee of the GP or 
a primary care laboratory and will be interpreted by an 
experienced GP or cardiologist. ECG findings considered 
abnormal include rhythm disturbances (atrial fibrillation 
or atrial flutter), left axis deviation, serious conduction 
abnormalities (second and third degree atrioventricular 
block (AV- block), complete left bundle branch block, 
trifascicular block), pathological Q- waves, voltage criteria 
for left ventricular hypertrophy, T- wave abnormalities 
and ST- deviations. Venous blood samples will be taken 
and circulating NT- pro- BNP levels will be determined. 
An NT- pro- BNP ≥125 ng/L will be considered abnormal 
as recommended in the 2016 European Society of Cardi-
ology (ESC) guidelines on HF.24

In case of one or more abnormal findings in the second 
stage of the intervention (ie, prespecified ECG abnor-
malities, elevated NT- pro- BNP and/or signs suggestive of 
CVD on physical examination), the GP is asked to refer to 
a cardiologist for additional investigations, for example, 
echocardiography, Holter monitoring and/or imaging of 
the coronary arteries to come to a final diagnosis.

In addition, in the patients in the intervention arm who 
undergo blood sampling for NT- pro- BNP measurement, 
an extra 10 mL blood sample will be drawn during the 
same venepuncture. After centrifugation, EDTA plasma 
and serum will be aliquoted and stored at −80°C. At the 
end of the follow- up period, serum samples will be thawed 
and levels of three cardiac biomarkers (growth differen-
tiation factor- 15 (GDF- 15), suppressor of tumourigenicity 
2 (ST- 2) and high sensitive troponin I (hs- Tn I)) will be 
determined. Remaining samples are stored in a biobank 
to enable future biomarker studies.

Control arm: usual care
Patients in the control arm will receive usual care in the 
disease management programmes for COPD or T2DM. It 
is not common practice to proactively ask patients for symp-
toms but if patients spontaneously complain of symptoms 
such as mentioned in table 1, the GP will provide usual care 
likely including further CV investigations and/or referral.

Outcome measures
Newly diagnosed HF, atrial fibrillation and coronary artery disease
The composite outcome of new cases of the three types 
of target CVDs will be determined up to 1 year after the 

baseline visit. Using an approach similar to the prospec-
tive, randomised, open- label, blinded end- point design, 
the final diagnoses are set by a joint panel consisting of 
three members (either two cardiologists and one GP 
or three cardiologists) who will evaluate the results of 
all diagnostic tests that took place during the follow- up 
period. Adjudication of diagnoses by a panel of physicians 
is an accepted reference standard for the evaluation of 
HF, for which a true reference standard is lacking.25 In 
line with the 2016 ESC guideline on HF, the presence 
of symptoms and signs as well as echocardiographic 
evidence of left ventricular dysfunction (structural and/
or functional) will be necessary for establishing the diag-
nosis of HF. This means that HF is considered present 
when the participant mentioned suggestive symptoms 
on the Early Diagnosis Questionnaire (eg, exertional 
shortness of breath and/or reduced exercise tolerance) 
or have suggestive signs with physical examination (eg, 
broadened/sustained apical beat, pulmonary crepitation, 
ankle oedema) in combination with echocardiographic 
evidence of LV dysfunction at rest. In participants who 
are already on treatment with (loop) diuretics, signs of 
volume overload may be masked, and therefore in such 
patients signs of volume overload are not obligatory.24

For coronary artery disease and atrial fibrillation, widely 
accepted criterion standards exist and will be applied by 
the panel. For the diagnosis of coronary artery disease, a 
positive stress test (eg, ST- deviation on an exercise test or 
a positive (dobutamine) stress echocardiography, stress 
single photon- emission computed tomography (stress 
SPECT), stress MRI or stress positron emission tomog-
raphy (stress PET)) or any imaging modality showing 
anatomical proof for coronary heart disease (coronary 
angiography, coronary CT- A or a calcium Agatston 
score >100 with CT- scan) is a prerequisite.26 For the diag-
nosis of (paroxysmal) atrial fibrillation, rhythm docu-
mentation is required using a standard 12- lead ECG (or 
a single lead- ECG of at least 1 min, or a Holter or loop 
recording) showing the typical pattern of atrial fibrilla-
tion: completely irregular RR intervals and no discern-
ible, distinct P waves.27

During the year of follow- up, acute forms of heart 
disease may occur. These will be included in the analyses 
if they can be categorised as acute coronary heart disease 
(eg, acute myocardial infarction) or acute HF or acute 
atrial fibrillation. In case of hospitalisation for a cere-
brovascular accident, information on the presence or 
absence of atrial fibrillation recorded with telemetry will 
be requested from the hospital in question.

In case the panel does not reach consensus, a majority 
decision will count. There will be a random sample 
retesting of 10% by the same panel, blinded to the 
outcome, to evaluate the reproducibility of the panel 
diagnoses.

Health-related quality of life
HR- QoL will be measured with the EQ- 5D- 5L ques-
tionnaire. The EQ- 5D- 5L comprises five dimensions 
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(mobility, self- care, usual activities, pain/discomfort and 
anxiety/depression), which are divided into five degrees 
of severity, ranging from ‘no problems’ to ‘extreme 
problems. In addition, the patient’s self- rated health is 
recorded on a Visual Analogue Scale. The Dutch tariff 
will be used to generate index scores (utility values) based 
on EQ- 5D- 5L outcomes.19

Costs
Care volumes regarding diagnostic investigations, outpa-
tient visits, CV hospitalisations and prescribed medication 
will be collected from the GP’s electronic medical files for 
patients in both arms. Additionally, costs of performing 
the early diagnosis strategy in the intervention group 
and usual care in the control group will be calculated, 
including costs of treatment and treatment complications 
after diagnosis. Prices will be based on market prices and 
tariffs.

Secondary endpoints: a diagnostic study within the intervention 
arm
In addition the diagnostic intervention study, a diagnostic 
study within the intervention arm will be performed. All 
patients in the intervention arm will be asked to fill out 
questionnaires on family history of CVD in first- degree 
and second- degree relatives. Women will be asked to 
complete a questionnaire on reproductive history and 
pregnancy complications. The additional questionnaires 
will be provided together with the Early Diagnosis Ques-
tionnaire prior to the patient’s routine visit, but they are 
not a part of the strategy and will be analysed separately 
against the newly detected CVDs.

At the end of the study, the added diagnostic value of 
hs- Tn I, GDF- 15, and ST- 2 will be evaluated for the clin-
ical endpoint of presence or absence of previously unde-
tected HF, atrial fibrillation or coronary heart disease.

The added diagnostic value of a positive family history 
for CVDs in first- degree or second- degree relatives will be 
assessed using a questionnaire. In women, the additional 
diagnostic value of detailed information on reproductive 
history (eg, early menopause, gestational hypertension 
or (pre- )eclampsia, gestational diabetes, miscarriages or 
preterm birth) will also be evaluated.

Data analyses
Diagnostic intervention study
The yield in terms of previously unrecognised CVD 
will be calculated as a proportion with 95% CIs in 
both study arms, as well as the absolute difference in 
yield between the arms with 95% CI. A random effects 
regression model will be used with clusters (practices) 
introduced as frailty term, to account for the clustered 
design. The difference in mean HR- QoL (with 95% CI) 
between the intervention and control arm at baseline 
and after 1 year of follow- up will be compared using a 
linear mixed effects model, again applying the random 
cluster effect.

Cost-effectiveness analyses
The cost- effectiveness of the early diagnosis strategy 
will be evaluated in comparison with usual care and 
expressed in terms of costs or cost savings per addi-
tional correct diagnosis and per quality- adjusted life- year 
gained. For measuring direct costs, data on resource use 
will be collected based on observed volumes of each of 
the included tests, the number of consultations (with 
cardiologists and GPs) and additional investigations, 
and the volumes of preventive medication and treatment 
prescribed. A decision analytical model will be developed 
to estimate long- term consequences for which actual CVD 
risks from the current study will be complemented with 
evidence on treatment effects, CVD risks and long- term 
consequences of CVD events from literature. Probabilistic 
analyses will be performed to determine the robustness 
of the cost- effectiveness results. Results will be presented 
in incremental cost- effectiveness ratio planes and as cost- 
effectiveness acceptability curves, separately for men and 
women.

Secondary endpoints: a diagnostic study within the intervention 
arm
In the intervention arm, detailed family history and 
reproductive history for women will be considered as a 
diagnostic variable. The value added to the early diag-
nosis strategy will be evaluated with multivariable logistic 
regression analyses for the outcome of presence or 
absence of coronary heart disease, atrial fibrillation and 
HF.

The added diagnostic information from three 
biomarkers (GDF- 15, hs- Tn I and ST- 2) will be quanti-
fied also by multivariable logistic regression analyses, 
with newly detected CVD during follow- up as the binary 
outcome of the model. Biomarkers will be added as 
continuous variables to a model including the results of 
the early diagnosis strategy.

Missing values
For the composite outcome of newly detected CVDs, 
information on new diagnoses will be requested from 
GPs, hospitals and the Dutch death registries. Therefore, 
very few missing values are to be expected and a complete 
case analysis will be performed. For the second endpoints 
based on questionnaires of HR- QoL, family history and 
female- specific history, multilevel multiple imputation 
will be used to estimate missing data, as that will reflect 
the lack of independence usually found in clusters.

Patient and public involvement statement
During a series of user committee meetings, patients were 
involved in designing the informed consent procedure 
and informed consent letters. In addition, they delivered 
input together with practice nurses and GPs for prac-
ticalities of the early diagnosis strategy; how to use the 
early diagnosis questionnaire and perform the physical 
examination.
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ETHICS AND DISSEMINATION
This study will be 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. The study was approved 
by the medical ethics committee of the University Medical 
Center Utrecht, the Netherlands. Results of the trial are 
expected in 2022 and will be disseminated through peer- 
reviewed publications.

At the study’s conclusion, former participants and 
healthcare providers will be informed of the results 
through local presentations and patient- friendly publi-
cations. Patients will be actively approached to discuss 
outcomes. If effective, this practical protocol can be easily 
implemented in other primary care facilities. Practices 
who were randomised to the control arm will be offered 
training and material to perform the intervention. 
Promotion of the intervention will be achieved through 
the infrastructure of the Dutch Heart Foundation, which 
is widely recognised for its dissemination activities.

Research data will be made publicly available to the 
scientific community after publication of the main results. 
Researchers are encouraged to apply for subanalyses in 
our biobank samples, and requests will be reviewed by the 
principal investigator and the University Medical Centre 
Utrecht biobank regulatory committee.

DISCUSSION
The RED- CVD trial will demonstrate if an early diagnosis 
strategy is effective in terms of detection of coronary artery 
disease, HF and atrial fibrillation, in primary care patients 
with COPD or T2DM. Comparison with usual care will 
reveal whether the two- staged early diagnosis strategy will 
result in substantially more diagnoses. Incremental costs 
and cost- effectiveness will be assessed. In addition, we will 
evaluate the added diagnostic value for diagnosing HF, 
coronary artery disease and atrial fibrillation of family 
and reproductive history taking and selected biomarkers.

If effective, subsequent targeted treatment with estab-
lished therapies may result in prognostic benefits for this 
population regarding morbidity and HR- QoL, but this 
must be prospectively tested in subsequent studies.

Potential limitations
A potential limitation of this study is the modified 
informed consent procedure, in which patients and GPs 
receive selective information, based on the allocation of 
their general practice to intervention or control arm. 
This may lead to imbalances in participation rate and 
even baseline characteristics but was deemed necessary to 
prevent priming of patients and dilution of the effect of 
the intervention. Second, many Dutch primary care prac-
tices have CV risk management programmes, which aim 
to improve the risk profiles of community- dwelling adults 
and may, therefore, limit the contrast between our inter-
vention and control arms. However, these programmes 

focus on risk factor modification, rather than on suspected 
symptoms or yet unrecognised CVD.

Relation to other studies
It is well established that CVD contributes significantly to 
both morbidity and mortality in COPD and T2DM. Even 
so, opportunistic screening studies reported that unrec-
ognised, new- onset CVD is still highly prevalent in these 
high- risk individuals.2 5 16 23 28 29 In many of these studies, a 
large proportion of patients did indicate having symptoms 
when asked pro- actively, suggesting that the early phases 
of CVD might often be symptomatic but overlooked, 
rather than asymptomatic.2 23 28 Since many cardiac 
pathologies can be slowed but not easily reversed, waiting 
for patients to present themselves with clear symptoms 
seems a missed opportunity. GPs and practice nurses, who 
see patients with COPD and T2DM on a regular basis, 
can play a unique role in identifying individuals who 
show progression on the CVD continuum. Nevertheless, 
primary care disease management programmes focus 
primarily on risk factor assessment rather than on detec-
tion of early symptoms as direct markers of disease, and 
studies investigating doctor- initiated strategies including 
proactive symptom- monitoring are rare.

The second step of the intervention combines several 
diagnostic tests that have already proven to be effective 
or promising as a screening strategy in previous studies 
including similar populations. For example, the natri-
uretic peptides NT- pro- BNP and BNP are increasingly 
recognised as powerful tools for screening and preven-
tion of HF. Two large randomised controlled trials (RCTs) 
have reported on the use of natriuretic peptides for the 
identification of elevated- risk patients and the implemen-
tation of CV prevention strategies. The Screening TO 
Prevent HF trial randomised 1374 asymptomatic, primary 
care patients with at least one CV risk factor (eg, hyper-
tension, diabetes, obesity, hyperlipidaemia or prior CVD) 
to BNP- guided therapy versus usual care. Patients in the 
BNP- guided group had plasma levels measured annually 
and received echocardiography and specialised collabo-
rative care with individualised uptitration of renin–angio-
tensin system (RAS) antagonists and beta- blockers, for 
BNP values >50 ng/L. After 4.2 years of follow- up, the 
intervention had reduced the occurrence of the primary 
outcome of asymptomatic left ventricular dysfunction or 
overt HF (8.7% vs 5.3%, OR: 0.55; 95% CI: 0.37 to 0.82; 
number needed to treat: 29 per 4.2 years).30 In 300 patients 
with T2DM, no history of cardiac disease and NT- pro- BNP 
levels of 125 ng/L or higher in the PONTIAC study, upti-
tration of RAS- antagonists and beta- blockers in an outpa-
tient cardiology clinic reduced the risk of hospitalisation 
or death due to cardiac disease by a remarkable 65% (HR: 
0.35; 95% CI: 0.13 to 0.98). Of note, the event rates in 
the ‘uptitration’ arm were similar to those in patients who 
had NT- pro- BNP levels <125 ng/L at the start of the trial 
and were not randomised but followed for CV events.4 
These studies indicate that there is an important role for 
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natriuretic peptides in both screen- detection and therapy 
guidance of HF.

Screening for atrial fibrillation has been the subject of 
much recent debate. The most feared complication of atrial 
fibrillation is stroke, which is often fatal or debilitating yet 
largely preventable with anticoagulants. Stroke registries 
show that unknown and untreated or undertreated atrial 
fibrillation accounts for most of the strokes.31 32 In patients 
with atrial fibrillation and coexisting T2DM33 or COPD,34 
there is an even larger risk of stroke and other CVDs. Data 
from RCTs are lacking, but large cohort studies suggest that 
screen- detected atrial fibrillation, particularly in the presence 
of additional risk factors, is not harmless and often requires 
anticoagulant treatment. For example, in a cohort of 5555 
asymptomatic patients with atrial fibrillation, detected inci-
dentally in primary care, treatment with anticoagulants was 
associated with a reduced adjusted risk of stroke (4%–1%, 
adjusted HR 0.35; 95% CI: 0.17 to 0.71) and death (7% to 4%, 
adjusted HR: 0.56; 95% CI 0.36 to 0.85) over the course of 1.5 
years, compared with no treatment.35 Screening studies for 
silent atrial fibrillation in patients with T2DM and/or COPD 
are lacking, but opportunistic screening (using pulse palpa-
tion or ECG) seems cost- effective in elderly populations ( eg, 
>65 years)36 and in other at risk populations.37 In individuals 
>65 years, screening revealed previously undetected atrial 
fibrillation in 1.4%,14 corresponding to a number needed 
to screen of 70. Because both COPD and T2DM are inde-
pendently associated with atrial fibrillation,38 39 we expect the 
number needed to screen to be lower in this population.

Trials investigating routine screening for coronary 
artery disease have had mostly neutral results on major 
cardiac outcomes, even in high- risk individuals.40 These 
trials included asymptomatic patients only; trials including 
screening for symptoms or stepwise screening methods are 
lacking, even though history taking is generally regarded 
as a cornerstone of coronary artery disease diagnosis. For 
example, the large population- based Rotterdam Study 
demonstrated a strong association between Rose question-
naire angina pectoris and the amount of coronary calcifica-
tion found with CT scanning.41 In another study including 
11 223 patients with stable angina referred for coronary 
angiography, symptoms of stable ischaemic heart disease 
were predictive of increased risk of adverse CV outcomes 
after adjusting for traditional cardiac risk factors, even in the 
absence of obstructive coronary artery disease.42

Nonetheless, whether (opportunistic) screening for 
CVD is useful remains controversial, even in populations 
at increased CV risk, and international guidelines on this 
subject vary. Potential harms include the risk of additional 
(invasive) diagnostic techniques and treatments, the negative 
consequences of being labelled ‘unhealthy’ and the related 
cost. The American College of Cardiology, therefore, recom-
mends against screening of asymptomatic high- risk patients 
owing to a lack of outcome benefit, and emphasises the 
potential risk of procedural harms since abnormal screening 
results often require additional (invasive) investigations.43 
Indeed, because it targets individuals who did not already 
select themselves as being symptomatic, proactive CV care is 

per definition less precise than reactive care and holds the 
risk of excessive use of cardiac follow- up tests and referrals. 
However, by performing our diagnostic strategy in a staged 
manner, the presence of symptoms or a very high- risk profile 
becomes a precondition for any additional testing, thereby 
minimising the risk that the additional tests in question are 
unnecessary. The recently published ESC guideline on (pre- )
diabetes and CVD recommend ECG screening for atrial 
fibrillation in diabetes patients >64 years old.44 In contrast, 
the updated US Preventive Services Task Force recommen-
dations cite a lack of evidence to assess the net benefits vs 
net harms of screening ECGs in high- risk patients.45 Thus, 
our study could be one of the building blocks for this much 
needed evidence.
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