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Abstract

Objectives: This article aims to describe the rationale, study design, and the recruitment process of the Dutch
Risk or Benefit in Screening for Cardiovascular Disease (ROBINSCA) trial, worldwide the first population-based
randomized-controlled Computed-Tomography (CT) screening trial for cardiovascular disease, powered to detect a
benefit of 15% reduced Coronary Heart Disease (CHD) morbidity and mortality.

Methods: Addresses of men (aged 45-74 years) and women (aged 55-74 years) were obtained (n=394,058) from
the national population registry. All received a mailing with an information brochure, a questionnaire and waist
measurement tape and an informed consent form. Asymptomatic people with an expected high-risk for developing
CHD were included in this study: 1) a waist circumference of = 102 cm (men) or = 88 cm (women), 2) Body Mass
Index of = 30 kg/m?, 3) current smoker and/or 4) a family history of CHD. Eligible respondents were Randomized
(1:1:1) to one of the study arms: intervention arm A (screening traditional risk factors), intervention arm B (screening
by Coronary Artery Calcium scoring only) or the control arm (usual care). Screened participants with a high risk for
developing CHD were referred to the general practitioner for cardiovascular risk management. Linkages with
national registries will be performed to measure (CHD-related) morbidity and mortality.

Results: A total of 87,866 (22.3%) people responded to the questionnaire, of which 43,447 (49.4%) were
Randomized to intervention arm A (n=14,478 (33.3%)), intervention arm B (n=14,450 (33.3%)), or the control arm
(n=14,519 (33.4%)). Of those who were considered to be ineligible, one had prior diagnosis of CHD (n=14,156), a
medication for hypercholesterolemia and hypertension (n=13,670), no completed informed consent (n=4,490),
previous cardiovascular surgery (n=4,146), and/or a CAC score within the last 12 months (n=393).

Conclusion: Evidence for net-effectiveness of population-based screening for cardiovascular risk in an
asymptomatic population will possibly enable large-scale implementation with large health gains.

Keywords: Population screening; Coronary artery calcium; Imaging; males; 11% in females) disability-adjusted life years (DALY) were lost

Primary care; RCT; CT due to CHD [2,3]. The total annual costs of CHD are considerable and
estimated at €59 billion annually. About 32% (€18.9 billion) is due to
Introduction health care costs, 33% (€19.8 billion) due to production losses and 35%

(€20 billion) due to the informal care of people with CHD [3].
Coronary Heart Disease (CHD) remains a major cause of morbidity

and mortality worldwide [1]. As stated by the European Heart Network Des.pite all medical adv;?nces %ast decades, one major concern is that
(EHN), about 20% (1.7 million deaths) of all-cause mortality can be CHD is (?fteg asymptomatic until Fhe presentation ofa serious event as
attributed to CHD in 2015. A further 17 million men and 13 million ~Myocardial infarction (MI) leadmg to persisting disability e‘infi/or
women suffered from CHD in 2015 and more than 35 million (14% in premature  death. The underlying process of (sub-clinical)
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atherosclerosis has one of the longest (stable) unrecognized courses,
and therefore mainly untreated. Modifying cardiovascular disease
(CVD)-related risk factors can prevent the vast majority of the CVD
events [4]. However, the combination of a high prevalence of
unhealthy lifestyles as well as the suboptimal use of prevention
measures and the ageing population remains a concern [3,5]. The
rationale of screening is to halt or delay progression of the (sub-
clinical) disease and thereby gain healthy life-years by offering
treatment options at an earlier, yet undetected, and hopefully more
efficacious stage. Although cost-effective preventive treatment options
are available for cardiovascular diseases, there is no hard evidence
from RCTs about whether the earlier detection of a high risk for
developing CHD in the asymptomatic high-risk population indeed
leads to earlier, more effective, less intensive treatment and therefore to
health benefits in terms of reduced morbidity and mortality.

The identification of asymptomatic people at risk of CVD relied
almost exclusively on traditional risk factors to subsequently stratify
individuals into low, intermediate, and high-risk to guide treatment
decisions: age, gender, smoking habits, family history of CVD, Body
Mass Index (BMI), lipids, and blood pressure [6,7]. However, the
observation that the majority of coronary events occur in the
intermediate risk group whose members are not considered candidates
for intensive treatment as their high-risk counterparts [8,9] calls for
improvement in the risk stratification. Computed Tomography (CT)
enables the non-invasive detection and quantification of calcifications
of coronary arteries [10]. This Coronary Artery Calcium (CAC) score
is argued to be useful by presenting an individualized cumulative
lifetime risk exposure of (un)known risk factors, independently of
traditional risk factors, but strongly related to both non-lethal major
adverse cardiovascular events (such as myocardial infarction and
stroke) and all-cause mortality, as shown by the Multi-Ethinic Study on
Atherosclerosis (MESA) [11,12], Framingham Heart Study [13] and
Heinz Nixdorf Recall Study [14-16]. Based on the total amount of
coronary artery calcium (Agatston score) [17], CAC scoring seems to
provide the opportunity for personalized risk assessment to identify
those who might benefit most from preventive treatment. The net
classification index after CAC scoring compared with traditional risk
scoring implies the superiority of CAC scoring above risk factor based
testing [8].

The European Guidelines on cardiovascular disease prevention in
clinical practice only recommend systematic screening in those likely
to be at high risk due to the presence of a family history of premature
CVD, familial hypercholesterolemia, major CVD-related risk factors
and/or co-morbidities (Class I recommendation; level of Evidence C)
[18]. The American College of Cardiology/American Heart
Association (ACC/AHA) and European Society of Cardiology state
that asymptomatic individuals at intermediate Framingham risk may
be reasonable candidates for coronary calcification screening “when a
risk-based decision to prescribe statins is uncertain after a patient-
physician risk discussion”, whereas the American College of Preventive
Medicine does not recommend routine screening in asymptomatic
individuals using CT [7,18-20]. The IIb recommendation (“may be
considered”) is mainly caused by the fact that data from large-scale
RCTs, indicating that CAC screening for CHD will reduce CHD-
related mortality and morbidity, are lacking. The EISNER (Early
Identification of Subclinical Atherosclerosis by Noninvasive Imaging
Research) trial is the only small RCT among 2,137 (preferentially
selected and higher educated) volunteers, comparing a group that did
undergo CAC scanning before risk counselling or a control group that
only had risk factor counselling [21]. Randomisation to CAC scanning

was associated with superior CAD factor control on FRS, blood
pressure, lipids, and medication after four years of follow-up.
Unfortunately, the study was too small to have sufficient statistical
power on hard events outcomes as CHD mortality and morbidity [22].

There is an urgent need for large-scale population-based RCTs.
Although this type of study requires a large amount of resources and
time, it is the only way to provide evidence on the balance between
potential benefits (reduction in CHD-related morbidity and mortality,
reduction in overuse of statins and aspirin) and harms (radiation risk,
overdiagnosis, overtreatment, and impact on quality of life) of CHD
screening. The aim of this article is to describe the rationale, study
design, and the recruitment process of the Dutch ROBINSCA (Risk or
Benefit IN Screening for Cardiovascular disease) trial, a population-
based randomized controlled screening trial for cardiovascular
diseases, incorporating CAC scoring in one of the intervention arms.

Methods

ROBINSCA study objectives

The ROBINSCA trial is a 3-arms trial, designed (1) to investigate
whether population-based screening for a high risk for developing
cardiovascular heart diseases by SCORE followed by risk reducing
treatment can reduce coronary artery disease-related morbidity and
mortality with at least 15% compared to no screening amongst
asymptomatic men and women after five years of follow-up and (2) to
investigate whether population-based screening for a high risk for
developing cardiovascular heart diseases by CAC scoring followed by
risk reducing treatment can reduce coronary artery disease-related
morbidity and mortality with at least 15% compared to screening by
SCORE amongst asymptomatic men and women after five years of
follow-up.

Recruitment procedure

To start the study, addresses of all men (aged 45-74 years) and
women (aged 55-74 years) who lived in one of the three selected
regions in The Netherlands were obtained (n=394,058) after a positive
advice for a linkage with the national population registry (Figure 1).
All selected people received a mailing with an information brochure, a
questionnaire and waist measurement tape to examine eligibility and
an informed consent form. The risk questionnaire was based on
validated questionnaires to assess the CVD risk [23-25]. The
questionnaire contains items on age, gender, social-economic status (5-
point scale), ethnicity, height, weight, waist circumference, CAC
screening in the preceding year (yes/no), presence of chronic diseases
and CVD (list: yes/no), surgery for CVD (list: yes/no), prescription of
medication for hypertension/ hypercholesterolemia and/or diabetics
(yes/no), list of prescribed medication, familial history of CVD (MI or
sudden death) in first of second degree relatives before the age of 65
years (6-point scale), and current smoking behavior (smoking last
week (yes/no), smoking duration (in years), smoking intensity
(cigarettes/day)).

Inhabitants received the information packet in Apeldoorn region in
July 2014, in The Hague in October 2014 and in Groningen in June
2016.
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Figure 1: Flowchart of the recruitment, randomization and
screening process in the ROBINSCA trial. Note: Smokers > 50 years
of age or with strong family history of CVD will be informed about
their risk, as well as their GP.

Selection of participants

A respondent was considered to be eligible when one or more of the
inclusion criteria were fulfilled, while none of the exclusion criteria
were met. The inclusion criteria for ROBINSCA are a waist
circumference of > 102 cm (men) or > 88 cm (women) [26], Body
Mass Index of > 30 kg/m?, current smoker and/or a family history of
MI or sudden death.

Those who had already been diagnosed with cardiovascular disease
(MI, heart attack, Cerebral Vascular Accident/Transient Ischemic
Accident, heart failure, angina pectoris, aneurysm, stenosis of the
carotid artery/femoral artery and atherosclerosis), who have had
previous cardiovascular surgery (Coronary Artery Bypass Grafting,
Percutaneous Coronary Intervention, or heart transplantation), who
were on prescribed cholesterol lowering and blood pressure-lowering
drugs, who had a CAC scoring by CT scanning in the previous year
and/or no complete informed consent form were excluded for
participating in this study. Eligible respondents were Randomized
(1:1:1) to intervention arm A, intervention arm B or the control arm
(Figure 1).

Screening

Intervention arm A: Participants were invited to one of the local
screening sites to measure their risk for developing cardiovascular
diseases. A blood sample was taken to determine non-fasted
cholesterol levels (Total Cholesterol level, High-Density Lipid-protein
(HDL) Cholesterol level; mmol/l). Mean rested blood pressure
(mmHg) was measured by two automatic consecutively measurements
using an electronic blood pressure device (Microlife WatchBP Office,
model TWIN200 AFS).

The 10 years risk for fatal and non-fatal CVD was calculated using
the SCORE risk table, as used by the Dutch College of General
Practitioners [27]. Variables included in the model are age, gender,
smoking status, systolic blood pressure and Total Cholesterol/HDL-
Cholesterol ratio). For those participants with established diabetes
mellitus, the actual age was increased with 15 years. Since data about
diagnosed rheumatoid arthritis was considered to be invalid, there was
no recalculation possible in these participants. A SCORE <10%
indicates a low 10 years risk for developing CVD, whereas a SCORE of
10-20% were classified as a moderate risk and a SCORE of 20% or
more as high risk.

Intervention arm B: All participants Randomized in intervention
arm B received an invitation for a CT scan to measure the CAC Score.
The scanning protocol has been published previously [28]. In brief, the
CAC Score was measured using dual-source CT (DSCT) without the
use of a contrast agent. According to participants’ weight and size
(small/slender or large) the radiation dose exposure was adjusted
automatically. The DSCT calcium scoring examination followed a
scout view and was performed with prospective ECG-triggering. All
scans were performed by experienced technicians, who were blinded to
the clinical data of the participants. Quantification of coronary
calcifications was performed with using dedicated CAC scoring
software and the CAC scores were determined according to Agatston
method [17] by multiplying each area of interest with a factor
indicating peak density within the individual area. The effective dose of
CAC screening (accounting for the sensitivity of exposed tissues) is
0.7-2 mSv, depending on the technology used. CAC scores were then
divided into <100 (low risk), 100-399 (high risk) and > 400 (very high
risk), since absolute scores better predicts the risk for CVD compared
with the use of percentiles according to gender, age and ethnicity [29].

Incidental findings in the chest or abdomen with expected clinical
relevance (aortic aneurysm of > 50 mm, calcified pleural plaques
and/or pleural fluid (= 2 cm thickness), large liver cyst(s) (= 10 cm),
identifiable abdominal mass) were reported at the general practitioner-
after verifying that the participant gave their written informed consent
(divided in serious incidental findings versus non-serious incidental
findings). Incidental findings with no or limited clinical relevance
(valve calcification (aortic valve, mitral valve, e.g.), valve calcification
(aortic valve, mitral valve, e.g.), pericardial abnormalities (thickening,
calcification, e.g.), hiatus hernia, small to medium size liver cyst(s))
were only reported at the screening site.

Control arm: Study participants who were Randomized in the
control arm received usual care (no screening). However, those aged
above 55 years who currently smoked and those with a family history
of CHD were prompted that they can ask for a risk scoring
measurement by their GP, confirm the national guidelines for general
practitioners [27]. The GP was also informed about this message given
to the participant.
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Referral and preventive treatment

For participants of intervention group A, a SCORE of 10% and
above indicated advice for referral to the GP for preventive treatment
according to the Dutch guideline cardiovascular risk management for
“patients without cardiovascular disease” from the Dutch College of
General Practitioners [27].

Participants in intervention group B with an Agatston score above
100 were referred to the GP for further cardiovascular risk
management. It was recognised that the lack of knowledge will
possibly impact the clinical management of the CAC score.
Information about the trial, the screening result and the recommended
treatment was provided to all general practitioners. The advice for
treatment was established in accordance with the current literature and
in consultation of the research team and local cardiologists and GPs.
The aim of the treatment study protocol was to keep it as close as
possible to the current practice in primary care. Therefore, the
recommended treatment comprises the prescription of ACE-inhibitors
and statins. This is in line with the Dutch guideline cardiovascular risk
management for “patients with CHD” from the Dutch College of
General Practitioners [27].

End points

The primary outcome is to investigate whether screening for CHD
in subjects at increased risk reduces CHD-events. A CHD event is
defined as the first occurrence, within the follow-up period after
randomization, of non-fatal or fatal coronary heart disease. These data
will be collected through linkages with Causes of Death registry and
National Hospital Discharge Registry at Statistics Netherlands. The
underlying and contributory causes of death of participants who died
will be retrieved through linkage with the Causes of Death Registry
coded according to the International Classification of Deaths. In a
subset of individuals, charts from the GPs and hospitals will be
collected and reviewed by an independent committee to assess the
validity of the official statistics, as has been done in our other RCTs
(30,31].

reclassification of individuals in risk categories and corresponding
change in treatments, the effects of CHD screening and cost-
effectiveness.

The effects of the interventions may have an effect on stroke as well.
In an extended analysis, the rate of strokes in each arm will be
incorporated in additional analyses as secondary outcome measure.
Since fatal coronary heart disease is a large proportion of all deaths,
differences in all-cause mortality between arms will be analysed too.
The sensitivity of the screen test will be evaluated using the 5-year
follow-up data and equals the proportion of subjects who developed
CHD and who were correctly identified as intermediate or high-risk
participants by the conventional risk assessment (group 2) or by CAC
score (group 3). The area under the receiver-operating-characteristic
curve, reclassification ratio, integrated sensitivity and specificity will be
used as criterions for the performance of the tests [32]. In the
intervention arms, the change in risk estimates and distribution will be
compared to the control arm. At the end of the follow-up period,
questionnaires will be sent to the participants to ask for treatments
received, compliance, lifestyle, risk perception, and impact of earlier
diagnosis. The percentage of overtreatment and/or unnecessary
treatments can be deducted.

The favourable and unfavourable effects of CVD screening (Health-
Related Quality of Life and health-related behaviour) are assessed in a
random subsample of 5000 participants from randomisation until 12
months after screening.

Power analysis

The expected annual average event rate was estimated at 1.38%,
based on data (year: 2008) for gender and age obtained from Statistics
Netherlands. Based on previous population screening trials, the
compliance rate in intervention group B was set on 90%, while the
contamination rate of CT screening in intervention group A was set on
15%. This might be overestimated, since coronary calcium scoring is
not part of the national guidelines for general practitioners. To reach a
power of 80% to detect a 15% reduction in CHD under above
mentioned conditions, a sample size of 13,028 was needed (Table 1).

Secondary outcomes
Secondary outcomes measures include extensions of the primary

outcome measures, sensitivity of the screening test(s), the
CHD-event rate comparison arm | CHD-event reduction| Screen compliance group 3| Contamination of CAC-screening group 2| N needed per arm
(%) (%) (%) (%)
1.17 15 95 5 10,682
1.17 15 95 10 11,929
1.17 15 95 15 13,414
1.17 15 90 5 12,026
1.17 15 90 10 13,524
1.38 15 95 5 9,079
1.38 15 90 10 11,496
1.38 15 90 15 13,028
1.17 20 90 20 9,554
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1.38 20 80 20 11,184
CHD-event rate control arm (%) CHD-event reduction (%) | Screen compliance group 2(%) | Contamination of classic-screening group 1| N needed per arm
(%)
1.38 15 95 20 12,922

Table 1: Power calculations under different conditions.

Some assumptions were made. The reduction in CHD that can be
showed should be at least 15% between intervention group B (CAC
score) and intervention group A (SCORE). This implies that
comparisons of intervention group A versus controls and intervention
group B versus controls should also be possible. Reasons for a 15%
reduction threshold derived from an estimated reclassification of about
35%, and the estimated higher risk categories due to screening by CAC
scanning.8 Thereby, a population screening programme with a
morbidity and mortality reduction less than 15% seems to become
never cost-effective.

Ethical Approval

The study was approved by the Minister of Health, after a positive
advice of the Dutch Health Council, because of the Dutch Population
Screening Act. All participating centres gave their approval for
conducting the study in the centres. Furthermore, the Minister of the
Interior and Kingdom Relations gave permission to obtain all
addresses from the Dutch population registry of men (aged 45-74
years) and women (aged 55-74 years) living in one of the three regions.

Results

Recruitment and randomization

A total of 394,058 addresses of men and women living in
Apeldoorn, The Hague or Groningen were obtained from the Dutch

Population Registry of which 87,866 (22.3%) people responded to the
questionnaire. Of the respondents, almost half (n=43,562; 49.6%) were
considered to be eligible for participating in the ROBINSCA trial
(Figure 1). In the region Apeldoorn and Groningen, 52.1% and 51.0%
of the respondents were considered to be eligible respectively, whereas
this was 44.4% of the respondents in the (most urban) region The
Hague. Of those who were considered to be ineligible, most of them
had prior diagnosis of CHD (n=14,156) and/or a prior prescription of
both cholesterol as well as blood pressure lowering drugs (n=13,670).
No informed consent or an incomplete informed consent form
(n=14.7%), previous cardiovascular surgery (n=4,146), and/or a CAC
score within the last 12 months (n=393) were reason for exclusion. A
total of 114 eligibles were excluded just before randomisation due to
death, emigration, diagnosed/treated CHD or withdraw/unavailability.
All other eligibles (n=43,447) were Randomized (1:1:1) to intervention
arm A (n=14,478 (33.3%)), intervention arm B (n=14,450 (33.3%)), or
the control arm (n=14,519 (33.4%)) (Figure 1). Baseline characteristics
(gender, age, educational level, region, BMI, waist circumference,
family history of myocardial infarction, smoking status, and diabetes
mellitus) of study participants were comparable (p>0.05) between the
three study arms (Table 2), concluding an adequate randomization.

Control arm n/N (%) Intervention arm A n/N (%) Intervention arm B n/N (%) p-value
Gender 0.866
Male 7044/14519 (51.5%) 7456/14478 (51.5%) 7480/14450 (51.8%)
* Female 7475/14519 (48.5%) 7022/14478 (48.5%) 6970/14450 (48.2%)
Age (median (IQR)) 61 (11) 61 (11) 61 (11) 0.696
Educational level 0.492
Low 2899/14469 (20.0%) 2980/14436 (20.6%) 3007/14399 (20.9%)
*  Medium 6476/14469 (44.8%) 6419/14436 (44.5%) 6307/14399 (43.8%)
«  Higher 5094/14469 (35.2%) 5037/14436 (34.9%) 5022/14399 (34.9%)
Region 0.447
+  Apeldoorn 5858/14519 (40.3%) 5855/14478 (40.4%) 5887/14450 (40.7%)
The Hague 3594/14519 (24.8%) 3662/14478 (25.3%) 3526/14450 (24.4%)
*  Groningen 5067/14519 (34.9%) 4961/14478 (34.3%) 5037/14450 (34.9%)
Body Mass Index (median (IQR)) 26.3 (5) 26.3 (5) 26.3 (5) 0.702
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Waist Circumference (median (IQR)) 101.5 (14.4) 101.5 (14.5) 101.5 (14.5) 0.7
Family history of CHD 0.269
+ No 7340/13302 7190/13223 7304/13213
+  Yes 5962/13320 6033/13223 5909/13213
Smoking status 0.218
+  Former smoker 11420/14519 (78.7%) 11503/14478 (79.5%) 11454/14450 (79.3%)
«  Current smoker 3099/14519 (21.3%) 2975/14478 (20.5%) 2996/14450 (20.7%)
Diabetes Mellitus 0.382
+ No 14055/14519 (96.8%) 14009/14478 (96.8%) 13949/14450 (96.5%)
*  Yes 464/14519 (3.2%) 469/ 14478 (3.2%) 501/ 14450 (3.5%)
IQR=Interquartile Range, CHD=coronary heart disease

Table 2: Baseline characteristics of study participants.

Discussion

Systematic population-based screening in an asymptomatic
population is not yet recommended in (inter)national guidelines,
although screening for several types of cancer has become a population
screening strategy, despite the much lower incidence. The European
Guidelines on cardiovascular disease prevention in clinical practice
only recommend systematic screening in those likely to be at high risk
due to the presence of a family history of premature CVD, familial
hypercholesterolemia, major CVD-related risk factors and/or co-
morbidities [18]. The American College of Cardiology/American
Heart Association (ACC/AHA) and European Society of Cardiology
stated that asymptomatic individuals at intermediate Framingham risk
may be reasonable candidates for coronary calcification screening
“when a risk-based decision to prescribe statins is uncertain after a
patient-physician risk discussion”, whereas the American College of
Preventive Medicine does not recommend routine screening in
asymptomatic  individuals using CT [7,18-20]. 'The IIb
recommendation (“may be considered”) is mainly caused by the fact
that data from large-scale RCTs, indicating that CAC screening for
CHD will reduce CHD-related mortality and morbidity, are lacking.
Long-term RCTs that evaluate hard end-points as morbidity and
mortality are needed to overcome well-known biases of screening
(lead-time and length time bias and overdiagnosis) in case of using
survival rates as reflection of programmes’ effectiveness. Evidence for
net-effectiveness of population-based screening for cardiovascular risk
in an asymptomatic population will enable large-scale implementation
with possibly exceptionally large health gains. This article presented
the rationale, study design, and the results of the recruitment process
of the Dutch large-scale population-based randomized-controlled
screening trial for cardiovascular diseases: the ROBINSCA trial.

Advantages of population-based recruitment over volunteer-based
recruitment is that it is assumed that potential differences in
background variables (morbidity and mortality, general health e.g.) are
comparable between the study population and the target population
(high-risk for developing CHD). But, self-selection might always be
present. Thereby, it is well-known that less deprived are more likely to
have higher risk, but they are less likely to attend screening or take part
in trials, although the potentially high gain from screening [33]. Future

comparison of background characteristics between the study
population (data from the questionnaire) and the general population
(data from Statistics Netherlands) is warranted to estimate the
representativeness of the study population.

Another advantage of the population-based recruitment strategy is
that those who were approached with the question to participate in the
screening trial were unaware of the in- and exclusion criteria, what
limit potential response bias that should increase the risk of study
participation.

Data of the ROBINSCA trial will provide more insight on the
balance between the harms and benefits of screening for
cardiovascular diseases.

Recently, researchers of the Multi-Ethnic Study on Atherosclerosis
found that the (absence of) an elevated CAC score is also associated
with and increased risk for (the absence of) non-cardiovascular disease
(cancer, chronic kidney disease, chronic obstructive pulmonary disease
and hip fractures), what suggest a more widespread use in risk
prevention of multiple diseases [34]. Now-a-days, CAC scoring on
low-dose CT for lung cancer screening participants is also
recommended in current guidelines [10].

The obstruction of the coronary arteries is seldom not accompanied
with an increased calcium score. In that perspective is a CAC of zero
indicative for a low risk for CHD in the near future. The absence of
CAC seems to be an overall marker for a process of healthy ageing due
to the lower risk for not only developing cardiovascular diseases, but
also other diseases as cancer and chronic lung diseases [10]. It is
needed to determine whether (current) over-treatment based on
traditional risk factors could be diminished in the asymptomatic
population with absent CAC.

The ROBINSCA trial only performed a single screening round. The
question is whether multiple CT scans might provide better
individualized risk prediction. However, Radford and colleagues [35]
found that the progression in CAC score provides no additional
prognostic information. Nevertheless, more research is needed to
further understand the impact of CAC progression on future CHD
risk.
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Conclusion

Evidence for net-effectiveness of population-based screening for
cardiovascular risk in an asymptomatic population will possibly enable
large-scale implementation with large health gains. If a population
screening programme for cardiovascular risk turns out to be
successful, CAC screening is estimated to prevent 100,000 CHD-
related death and 500.000 CHD-related hospital admissions in Europe
yearly, while considering the assumption of a 15% reduced morbidity
and mortality.

Acknowledgements

The authors would like to thank the European Union (funding
source), for their patience and support at the start of the trial, given the
Dutch legislation regarding population screening (trials). We would
also like to thank the Ministry of Health, Welfare and Sports and the
Ministry of Inferior Affairs and Kingdom Relations for the ethical
approval to start the trial and to obtain all addresses from the target
population in the three regions. We would also like to thank M. Van
Aerde and M. Quak for the research assistance. Furthermore, we would
like to thank RADventure and IVA group for their online data
management system and for handling all thousands of questionnaires
and letters, respectively. Last, but not least, we would like to thanks all
employees of the laboratory of clinical chemistry and hematology and
the department of radiology of the screening centers (Gelre Hospital
Apeldoorn, Bronovo Hospital The Hague, LabWest, Medical Centre
The Hague, University Medical Centre Groningen and Certe
diagnostics Groningen) for screening all participants.

Declaration of Helsinki

The authors declare that the ROBINSCA study complies with the
Declaration of Helsinki. Due to the Dutch Population Screening Act,
the study was approved by the Dutch Minister of Health, Welfare and
Sports after a positive advice of the Dutch Health Council. Local
Medical Ethical Committees approved the execution of the study
locally. All participants gave their written informed consent.

Funding

This work was financially supported by the European Research
Council-Advanced Research Grant [grant number: 294604].

References

1. Writing GM, Mozaffarian D, Benjamin EJ (2016) Heart disease and
stroke statistics-2016 update: A report from the American Heart
Association. Circulation 133: e38-e360.

2. Townsend N, Nichols M, Scarborough P, Rayner
Cardiovascular disease in Europe-epidemiological update
epidemiological update. Eur Heart ] 36: 2696-2705.

3. Wilkins EWL, Wickramasinghe K, Bhatnagar P, Leal ], Luengo-Fernandez
R, et al. (2017) European Cardiovascular Disease Statistics 2017. Brussels:
European Heart Network.

4, National Institute for Health and Care Excellence (NICE) (2010) Public
Health Guideline 25: Cardiovascular disease prevention.

5. Kotseva K, De Bacquer D, De Backer G (2016) Lifestyle and risk factor
management in people at high risk of cardiovascular disease. A report
from the European society of cardiology European action on secondary
and primary prevention by intervention to reduce events (EUROASPIRE)
iv cross-sectional survey in 14 European regions. Eur J Prev Cardiol 23:
2007-2018.

M (2015)
2015:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Conroy RM, Pyorala K, Fitzgerald AP (2003) Estimation of ten-year risk
of fatal cardiovascular disease in Europe: The SCORE project. Eur Heart ]
24:987-1003.

Goft DC Jr, Lloyd-Jones DM, Bennett G (2014) 2013 ACC/AHA guideline
on the assessment of cardiovascular risk: A report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines. ] Am Coll Cardiol 63: 2935-2959.

Elias-Smale SE, Proenca RV, Koller MT (2010) Coronary calcium score
improves classification of coronary heart disease risk in the elderly: The
Rotterdam study. ] Am Coll Cardiol 56: 1407-1414.

Yeboah ], Young R, McClelland RL (2016) Utility of nontraditional risk
markers in atherosclerotic cardiovascular disease risk assessment. ] Am
Coll Cardiol 67: 139-147.

Hecht H, Blaha MJ, Berman DS (2017) Clinical indications for coronary
artery calcium scoring in asymptomatic patients: Expert consensus
statement from the Society of Cardiovascular Computed Tomography. J
Cardiovasc Comput Tomogr 11: 157-168.

McClelland RL, Jorgensen NW, Budoff M (2015) 10-Year coronary heart
disease risk prediction using coronary artery calcium and traditional risk
factors: Derivation in the MESA (Multi-Ethnic Study of Atherosclerosis)
with validation in the HNR (Heinz Nixdorf Recall) Study and the DHS
(Dallas Heart Study). ] Am Coll Cardiol 66: 1643-1653.

Detrano R, Guerci AD, Carr JJ (2008) Coronary calcium as a predictor of
coronary events in four racial or ethnic groups. N Engl ] Med 358:
1336-1345.

Hoffmann U, Massaro JM, D'Agostino RB, Kathiresan S, Fox CS, et al.
(2016) Cardiovascular event prediction and risk reclassification by
coronary, aortic, and valvular calcification in the framingham heart study.
J Am Heart Assoc 5: e003144.

Erbel R, Budoft M (2012) Improvement of cardiovascular risk prediction
using coronary imaging: Subclinical atherosclerosis: The memory of
lifetime risk factor exposure. Eur Heart J 33: 1201-1213.

Kianoush S, Al Rifai M, Cainzos-Achirica M (2016) An update on the
utility of coronary artery calcium scoring for coronary heart disease and
cardiovascular disease risk prediction. Curr Atheroscler Rep 18: 13.

Hecht HS (2015) Coronary artery calcium scanning: past, present, and
future. JACC Cardiovasc Imaging 8: 579-596.

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M, et al.
(1990) Quantification of coronary artery calcium using ultrafast
computed tomography. ] Am Coll Cardiol 15: 827-832.

Piepol M, Hoes AW, Agewall S (2016) European guidelines on
cardiovascular disease prevention in clinical practice: The Sixth Joint Task
Force of the European Society of Cardiology and Other Societies on
Cardiovascular Disease Prevention in Clinical Practice (constituted by
representatives of 10 societies and by invited experts) developed with the
special contribution of the European Association for Cardiovascular
Prevention and Rehabilitation (EACPR). Eur Heart J 37: 2315-2381.
Hecht HS, Cronin P, Blaha MJ (2016) SCCT/STR guidelines for coronary
artery calcium scoring of noncontrast noncardiac chest CT scans: A
report of the Society of Cardiovascular Computed Tomography and
Society of Thoracic Radiology. ] Thorac Imaging 32: W54-W66.

Lim LS, Haq N, Mahmood S, Hoeksema L (2011) Atherosclerotic
cardiovascular disease screening in adults: American College of
Preventive Medicine position statement on preventive practice. Am J Prev
Med 40: 381 el-el0.

Rozanski A, Gransar H, Shaw LJ, Kim ], Miranda-Peats L (2011). Impact
of coronary artery calcium scanning on coronary risk factors and
downstream testing the EISNER (Early Identification of Subclinical
Atherosclerosis by Noninvasive Imaging Research) prospective
randomized trial. ] Am Coll Cardiol 57: 1622-1632.

Budoff MJ, Hokanson JE, Nasir K, Shaw L], Kinney GL, et al. (2010)
Progression of coronary artery calcium predicts all-cause mortality. JACC
Cardiovasc Imaging 3: 1229-1236.

Rahman M, Simmons RK, Harding AH, Wareham NJ, Griffin SJ (2008) A
simple risk score identifies individuals at high risk of developing Type 2
diabetes: A prospective cohort study. Fam Pract 25: 191-196.

J Clin Trials, an open access journal
ISSN:2167-0870

Volume 9 « Issue 1 « 1000361


https://www.ahajournals.org/doi/10.1161/CIR.0000000000000350
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000350
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000350
https://doi.org/10.1093/eurheartj/ehw334
https://doi.org/10.1093/eurheartj/ehw334
https://doi.org/10.1093/eurheartj/ehw334
https://doi.org/10.1177/2047487316667784
https://doi.org/10.1177/2047487316667784
https://doi.org/10.1177/2047487316667784
https://doi.org/10.1177/2047487316667784
https://doi.org/10.1177/2047487316667784
https://doi.org/10.1177/2047487316667784
https://doi.org/10.1016/S0195-668X(03)00114-3
https://doi.org/10.1016/S0195-668X(03)00114-3
https://doi.org/10.1016/S0195-668X(03)00114-3
https://doi.org/10.1161/01.cir.0000437741.48606.98
https://doi.org/10.1161/01.cir.0000437741.48606.98
https://doi.org/10.1161/01.cir.0000437741.48606.98
https://doi.org/10.1161/01.cir.0000437741.48606.98
https://doi.org/10.1016/j.jacc.2010.06.029
https://doi.org/10.1016/j.jacc.2010.06.029
https://doi.org/10.1016/j.jacc.2010.06.029
https://doi.org/10.1016/j.jacc.2015.10.058
https://doi.org/10.1016/j.jacc.2015.10.058
https://doi.org/10.1016/j.jacc.2015.10.058
https://doi.org/10.1016/j.jcct.2017.02.010
https://doi.org/10.1016/j.jcct.2017.02.010
https://doi.org/10.1016/j.jcct.2017.02.010
https://doi.org/10.1016/j.jcct.2017.02.010
https://doi.org/10.1016/j.jacc.2015.08.035
https://doi.org/10.1016/j.jacc.2015.08.035
https://doi.org/10.1016/j.jacc.2015.08.035
https://doi.org/10.1016/j.jacc.2015.08.035
https://doi.org/10.1016/j.jacc.2015.08.035
https://doi.org/10.1056/NEJMoa072100
https://doi.org/10.1056/NEJMoa072100
https://doi.org/10.1056/NEJMoa072100
https://doi.org/10.1161/JAHA.115.003144
https://doi.org/10.1161/JAHA.115.003144
https://doi.org/10.1161/JAHA.115.003144
https://doi.org/10.1161/JAHA.115.003144
https://doi.org/10.1093/eurheartj/ehs076
https://doi.org/10.1093/eurheartj/ehs076
https://doi.org/10.1093/eurheartj/ehs076
https://doi.org/10.1007/s11883-016-0565-6
https://doi.org/10.1007/s11883-016-0565-6
https://doi.org/10.1007/s11883-016-0565-6
https://doi.org/10.1016/j.jcmg.2015.02.006
https://doi.org/10.1016/j.jcmg.2015.02.006
https://doi.org/10.1016/0735-1097(90)90282-T
https://doi.org/10.1016/0735-1097(90)90282-T
https://doi.org/10.1016/0735-1097(90)90282-T
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1016/j.jcct.2016.11.003
https://doi.org/10.1016/j.jcct.2016.11.003
https://doi.org/10.1016/j.jcct.2016.11.003
https://doi.org/10.1016/j.jcct.2016.11.003
https://doi.org/10.1016/j.amepre.2010.11.021
https://doi.org/10.1016/j.amepre.2010.11.021
https://doi.org/10.1016/j.amepre.2010.11.021
https://doi.org/10.1016/j.amepre.2010.11.021
https://doi.org/10.1016/j.jacc.2011.01.019
https://doi.org/10.1016/j.jacc.2011.01.019
https://doi.org/10.1016/j.jacc.2011.01.019
https://doi.org/10.1016/j.jacc.2011.01.019
https://doi.org/10.1016/j.jacc.2011.01.019
https://doi.org/10.1016/j.jcmg.2010.08.018
https://doi.org/10.1016/j.jcmg.2010.08.018
https://doi.org/10.1016/j.jcmg.2010.08.018
https://doi.org/10.1093/fampra/cmn024
https://doi.org/10.1093/fampra/cmn024
https://doi.org/10.1093/fampra/cmn024

Citation:

Van Der Aalst CM, Vonderb M, Gratamad JW, Adriaansend HJ, Kuijpers D, et al (2019) Risk or Benefit in Screening for Cardiovascular

Disease (ROBINSCA): The Rationale and Study Design of a Population-Based Randomized-Controlled Screening Trial for
Cardiovascular Disease. J Clin Trials 9: 361. d0i:10.4172/2167-0870.1000361

Page 8 of 8

24.

25.

26.

27.

28.

29.

30.

Lindstrom J, Tuomilehto J (2003) The diabetes risk score: A practical tool
to predict type 2 diabetes risk. Diabetes Care 26: 725-731.

Nielen MMJ, Van der Meer V, Schellevis F (2010) Evaluation of the pilot
prevention consult cardiometabolic risk.

Klijs B, Otto SJ, Heine R], Van der Graaf Y, Lous JJ, et al. (2012) Screening
for type 2 diabetes in a high-risk population: Study design and feasibility
of a population-based randomized controlled trial. BMC Public Health
12: 671.

Nederlands Huisartsen Genootschap (NHG) (2011) Multidisciplinary
guideline cardiovascular risk management.

Vonder M, Van der Aalst CM, Vliegenthart R, Van Ooijen PMA, Kuijpers
D, et al. (2018) Coronary artery calcium imaging in the ROBINSCA trial:
Rationale, design, and technical background. Acad Radiol 25: 118-128.
Budoff MJ1, Nasir K, McClelland RL, Detrano R, Wong N, et al. (2009)
Coronary calcium predicts events better with absolute calcium scores
than age-sex-race/ethnicity percentiles: MESA (Multi-Ethnic Study of
Atherosclerosis). ] Am Coll Cardiol 53: 345-352.

De Koning HJ, Blom ], Merkelbach JW, Raaijmakers R, Verhaegen H, et
al. (2003) Determining the cause of death in randomized screening
trial(s) for prostate cancer. BJU Int 92 Suppl 2: 71-78.

3L

32.

33.

34.

35.

Yousaf-Khan AU, Van der Aalst CM, Aerts J, den Bakker MA, de Koning
HJ et al. (2017) Uniform and blinded cause of death verification of the
NELSON lung cancer screening participants. Lung Cancer 111: 131-134.
Pencina MJ, D'Agostino RB, D'Agostino RB, Vasan RS (2008) Evaluating
the added predictive ability of a new marker: From area under the ROC
curve to reclassification and beyond. Stat Med 27: 157-172.

Lang S], Abel GA, Mant J, Mullis R (2016) Impact of socioeconomic
deprivation on screening for cardiovascular disease risk in a primary
prevention population: A cross-sectional study. BMJ Open 6: €009984.
Handy CE, Desai CS, Dardari ZA, Al-Mallah MH, Miedema MD, et al.
(2016) The association of coronary artery calcium with
noncardiovascular disease: The multi-ethnic study of atherosclerosis.
JACC Cardiovasc Imaging 9: 568-576.

Radford NB, DeFina LE Barlow CE, Lakoski SG, Leonard D et al. (2016)
Progression of CAC Score and Risk of Incident CVD. JACC Cardiovasc
Imaging 9: 1420-1429.

J Clin Trials, an open access journal
ISSN:2167-0870

Volume 9 « Issue 1 « 1000361


https://doi.org/10.2337/diacare.26.3.725
https://doi.org/10.2337/diacare.26.3.725
https://doi.org/10.1186/1471-2458-12-671
https://doi.org/10.1186/1471-2458-12-671
https://doi.org/10.1186/1471-2458-12-671
https://doi.org/10.1186/1471-2458-12-671
https://doi.org/10.1016/j.acra.2017.07.010
https://doi.org/10.1016/j.acra.2017.07.010
https://doi.org/10.1016/j.acra.2017.07.010
https://doi.org/10.1016/j.jacc.2008.07.072
https://doi.org/10.1016/j.jacc.2008.07.072
https://doi.org/10.1016/j.jacc.2008.07.072
https://doi.org/10.1016/j.jacc.2008.07.072
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1465-5101.2003.04402.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1465-5101.2003.04402.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1465-5101.2003.04402.x
https://doi.org/10.1016/j.lungcan.2017.07.018
https://doi.org/10.1016/j.lungcan.2017.07.018
https://doi.org/10.1016/j.lungcan.2017.07.018
https://doi.org/10.1002/sim.2929
https://doi.org/10.1002/sim.2929
https://doi.org/10.1002/sim.2929
https://bmjopen.bmj.com/content/6/3/e009984
https://bmjopen.bmj.com/content/6/3/e009984
https://bmjopen.bmj.com/content/6/3/e009984
https://doi.org/10.1016/j.jcmg.2015.09.020
https://doi.org/10.1016/j.jcmg.2015.09.020
https://doi.org/10.1016/j.jcmg.2015.09.020
https://doi.org/10.1016/j.jcmg.2015.09.020
https://doi.org/10.1016/j.jcmg.2016.03.010
https://doi.org/10.1016/j.jcmg.2016.03.010
https://doi.org/10.1016/j.jcmg.2016.03.010

	Contents
	Risk or Benefit in Screening for Cardiovascular Disease (ROBINSCA): The Rationale and Study Design of a Population-Based Randomized-Controlled Screening Trial for Cardiovascular Disease
	Abstract
	Keywords:
	Introduction
	Methods
	ROBINSCA study objectives
	Recruitment procedure
	Selection of participants
	Screening
	Referral and preventive treatment
	End points
	Secondary outcomes
	Power analysis

	Ethical Approval
	Results
	Recruitment and randomization

	Discussion
	Conclusion
	Acknowledgements
	Declaration of Helsinki
	Funding
	References


