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Introduction and outline of this thesis

1.1 Hypertrophic cardiomyopathy 

Based on: 
Christiaans I, Carrier L. Chapter 5 Hypertrophic Cardiomyopathy. In: Baars HF, 

van der Smagt JJ, Doevendans PAFM (Editors) Clinical Cardiogenetics. From basic 
science to clinical medicine. Springer (in press)

Baars HF, Christiaans I, de Nijs PT, Cramer MJ, van Langen IM, Doevendans PA. 
Hypertrophic cardiomyopathy: DNA diagnosis, genetic counselling and the risk of 

sudden cardiac death. Ned Tijdschr Geneeskd 2010;154:A698
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Preface
Hypertrophic cardiomyopathy (HCM) has been described in medical literature for several 
centuries. The resurgence of anatomy in the Renaissance allowed further study of disease 
and dissections of victims of sudden death revealed bulky hearts.1 Nowadays, HCM is still a 
major cause of sudden cardiac death (SCD) in the young, and the most common hereditary 
heart disease.2-4 This chapter discusses not only the epidemiology, diagnosis, pathophysiology 
and therapy of HCM but also deals with topics specific for cardiogenetic diseases like the 
genetic background, risk stratification for SCD, and the screening strategies in HCM families. It 
is intended to better understand the research described in this thesis and to be of help for all 
involved in the care for HCM patients and their families.

Prevalence and diagnosis
Hypertrophic cardiomyopathy is a relatively common autosomal dominant disease affecting 
at least 1 in 500 persons in the general population worldwide.5-9 The clinical diagnosis 
is made when there is a hypertrophied (often asymmetric), nondilated left ventricle on 
echocardiography (left ventricle wall thickness ≥ 15 mm) in the absence of other cardiac or 
systemic diseases that may cause cardiac hypertrophy, such as aortic valve stenosis and arterial 
hypertension.10-14 Because of the hereditary nature of the disease, relatives of a patient can 
also be affected. In a patient’s relative the diagnosis can be made if certain ECG abnormalities 
and/or a left ventricle wall thickness ≥ 13 mm are present.15

Considering the prevalence of clinical diagnosed HCM is at least 1 in 500, in the 
Netherlands with a population of 16,4 million16 at least 32,800 people must have HCM and 
many more may be at risk of developing HCM, particularly mutation carrying relatives who 
have not developed left ventricular hypertrophy yet. In a country like China the number 
of individuals with HCM would be more than 2.6 million. Many of these HCM patients are 
unaware of their disease and/or unaware of its hereditary nature. It is estimated that in the 
Netherlands only 10-20% of HCM mutation carriers have been identified. 

Pathophysiology and natural history
The British pathologist Robert Donald Teare is assumed to be the first to describe hypertrophic 
cardiomyopathy in 1958.17 Although bulky hearts and hypertrophy in sudden death victims 
have been described centuries earlier1 and subaortic stenosis (a former name for hypertrophic 
cardiomyopathy) was described earlier in literature,18, 19 Teare was the first to describe the 
asymmetrical appearance of hypertrophy together with its familial nature. He also described a 
disordered arrangement of muscle fibres at microscopic examination of the hearts of his cases, 
now known as myocyte disarray (Figure 1).17 With electron microscopy one can also notice a 
disordered arrangement of the myofilaments as well. Myocardial disarray is not confined to 
the thickened parts of the left ventricle; left ventricular regions with normal thickness can also 
be disorganised.20 Fibrosis is another feature of HCM visualised by microscopy or MRI. Both 
fibrosis and myocyte disarray are thought to be related to ventricular arrhythmias.21 Besides 
hypertrophy, fibrosis, and disarray, abnormalities in the intramyocardial small vessels are a 
pathological finding in HCM. Vessels may show a thickening of the vessel wall and a decrease 
in luminal size.22

The diagnosis of HCM is most often made in adulthood, but HCM can present at 
any age. HCM is clinically heterogeneous; patients are often asymptomatic and diagnosed in 
routine screening, but HCM can also emerge as a disabling disease giving rise to dyspnoea, 
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exertional angina, palpitations and (pre)syncope. The anatomic changes in HCM can be a 
substrate for arrhythmias, which may lead to palpitations, syncope and even sudden cardiac 
death. 

Early pathogenesis in HCM starts in the functional unit of contraction within the 
cardiomyocytes. The sarcomere is a protein complex divided into thick and thin myofilaments 
and proteins involved in the cyto-architecture of the sarcomeres, like proteins in the Z-disc 
connecting the thin myofilaments of the sarcomere (Figure 2). In response to electrical 
depolarisation of the cardiomyocyte intracellular levels of calcium rise. Calcium binds to the 
troponin complex of the thin filament and releases the inhibition of interactions between 
the thick filament (myosin) and thin filament (actin) by troponin I. The myosin head can then 
bind to actin and when ATP binds to myosin the myosin head moves along the thin filament. 
ATP hydrolysis occurs and force is generated. During relaxation, calcium is removed from the 
cytosol.23 Calcium is not only a key molecule regulating both cardiac contraction and relaxation 
but also seems to play an important role in the early pathogenesis of HCM. It is hypothesised 
that the genetic defect in a gene encoding a sarcomeric protein disrupts normal contraction 
and relaxation of the sarcomere and calcium accumulates within the sarcomere. This leads 
to a reduction of calcium re-uptake and eventually to reduced stores in the sarcoplasmic 
reticulum and increased calcium sensitivity. Myocytes in mice with HCM also display an 
inefficient use of ATP. This in combination with the increased calcium sensitivity triggers a 
remodelling process moderated by several transcription factors resulting in hypertrophy of 
cardiomyocytes. The increased mass of cardiomyocytes and inefficient use of ATP lead to an 
increased energy demand. When this energy demand cannot be met ischemia can result in 
premature myocyte death and replacement fibrosis.23, 24 

The hallmark of HCM, left ventricular hypertrophy (LVH), can appear at virtually any 
age and increases or decreases dynamically throughout life.25, 26 Studies suggest that extreme 
LVH occurs more frequently in the young, i.e. in puberty or early adulthood.27, 28 A modestly 
decreasing magnitude of LVH with increasing age has also been found, however, this inverse 
relation was largely gender-specific for women.29 These studies suggest that LVH is a dynamic 
feature of HCM, although all studies were cross-sectional in design.

There might be two possible explanations for the observation that left ventricular 
wall thickness is generally milder in patients of more advanced age than in the young. Firstly, 
young patients with marked LVH have a higher rate of premature cardiac death. This means 
that patients with extreme LVH are underrepresented in the subgroup of older patients (the so 
called healthy survivor phenomenon). Secondly, progression to ‘end-stage’ HCM may account 
in part for this.29 About 5–10 % of HCM patients progress to this end-stage, burn-out phase, 
which is characterised by systolic dysfunction, dilatation of the left ventricle and wall thinning, 
resembling the features of dilated cardiomyopathy.26 Patients with this so called dilated-
hypokinetic evolution are younger at first evaluation, and more often have a family history of 
HCM or SCD than patients who do not develop these features.30 Most of the reported patients 
with a dilated-hypokinetic evolution of HCM were 60 years or older.25

The most common location for LVH is the anterior part of the interventricular 
septum, giving rise to an asymmetrical appearance of hypertrophy. The asymmetrical septal 
hypertrophy can be divided into two subtypes: the sigmoid subtype with an ovoid LV cavity 
and a pronounced basal septal bulge and the reverse curvature subtype with a crescent 
shaped LV cavity and midseptal hypertrophy.31 Other forms of hypertrophy, for example 
concentric or neutral hypertrophy and apical hypertrophy can also be found in HCM (Figure 
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Figure 2. Main sarcomeric proteins (courtesy of Ackerman et al. Mayo Clinic).

Figure 1. A: Normal heart and heart with hypertrophic 
cardiomyopathy. B: Heart muscle on microscopy with 
structured fiber pattern in the normal heart and myocardial 
disarray in the heart with hypertrophic cardiomyopathy.

Figure derived from: Chung, MW, Tsoutsman, T, Semsarian, 
C. Hypertrophic cardiomyopathy: from gene defect to 
clinical disease. Cell Research 2003;13:9–20.
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3). The latter form seems to occur more frequently in East Asian patients.32, 33

Not only can HCM present at any age, the clinical course is also variable. Patients can 
remain asymptomatic throughout life, but the disease can also give rise to heart failure and 
other adverse advents like sudden unexpected death and embolic stroke. First symptoms 
are often exertional dyspnea, disability (often associated with chest pain), dizziness and (pre)
syncope. These symptoms are primarily caused by diastolic dysfunction with impaired filling 
of the left ventricle due to abnormal relaxation and increased stiffness of the myocardial wall, 
leading in turn to elevated left atrial and left ventricular end-diastolic pressures, pulmonary 
congestion and impaired exercise performance.34, 35 Systolic function is often spared, but 
systolic dysfunction can arise in patients with the so called ‘end stage’ form of HCM. Symptoms 
may become more disabling in the presence of other associated pathophysiological 
mechanisms, like myocardial ischemia, left ventricular outflow tract obstruction (LVOTO) and 
atrial fibrillation.

In the early descriptions of HCM, patients almost always had left ventricular 
outflow tract obstruction and the disease was also called HOCM (hypertrophic obstructive 
cardiomyopathy). Nowadays obstruction is still a frequent finding, but only a minority (20-
30%) of HCM patients have LVOTO, which is in HCM often caused by systolic anterior motion 
(SAM) of the mitral valve leaflefts (Figure 4).31, 36-39 In general LVOTO is defined as a peak 
gradient of 30 mmHg or more identified by Doppler echocardiography under basal (resting) 
conditions,31, 36-39 but the degree of LVOTO can vary in time and some patients only have 
provocable obstruction. The presence of LVOTO is a strong predictor of disease progression; 
symptoms of heart failure and death due to heart failure and stroke.38

Atrial fibrillation is another frequent symptom in HCM (about 20% of patients). It 

Figure 3. Hypertrophic cardiomyopathy septal morphological subtypes based on standard echocardiography 
long-axis views taken at end diastole (top). From left to right, sigmoid, reverse curve, apical, and neutral subtypes 
(courtesy of Ackerman et al. Mayo Clinic).
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is associated with advanced age, congestive symptoms, and an increased left atrial size at 
diagnosis.40 HCM patients with atrial fibrillation have an increased risk of heart failure related 
death, besides the risk of cerebrovascular accidents.36, 38-40

Disease penetrance
HCM has long been regarded as a disease that mainly affects young people. It was thought that 
penetrance, i.e. the presence of left ventricular hypertrophy, was complete at approximately 
20 years of age.41 Nowadays it is more and more recognised that not only symptoms but 
also hypertrophy can develop at any point in life. Looking at symptoms of the disease, in 
an unselected patient group 65% of patients aged 75 years or older had no or only mild 
symptoms.42 In this study the probability of survival for 5, 10 and 15 years for patients 
diagnosed with HCM after the age of 50 did not differ significantly from the (matched) general 
population. These data show that patients can have normal survival and that the disease may 
not give symptoms until late in life, or even may give no symptoms at all.

Although the abovementioned study is performed in an unselected population of 
HCM patients and based on the presence of symptoms, disease penetrance is not based on 
the presence of symptoms but on the presence of hypertrophy and is best investigated in 
a population with proven mutation carriers. Studies in mutation carriers show that disease 
penetrance is incomplete in adult life, but reaches 95-100% after the age of 50 years.25, 43-45 The 
relationship between disease penetrance and the genotype (defined as the mutated gene or 
a specific mutation within a gene) is still not completely resolved. Studies including a large 
number of mutation carriers show no difference in disease penetrance between carriers of 
different mutated genes.43, 46

Therapy
Management in HCM patients is directed towards control of symptoms, risk stratification for 
and prevention of SCD (see SCD and risk stratification) and screening of relatives (see Screening 
of relatives: genetic counselling and testing). Symptoms of dyspnoea, angina, syncope and 
fatigue are appraised and treated (Figure 5).34 Prophylactic pharmacological treatment in 

Figure 4. Apical four chamber echocardiography in a HCM patient.
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asymptomatic patients has not been proved to be effective in preventing progression of 
the disease. Drugs are often the only available treatment modality for symptomatic patients 
without LVOTO. Negative inotropic agents like beta-blockers and calcium antagonists have 
been shown to relieve symptoms. Beta-blockers decrease the heart rate which results in a 
prolongation of the diastole and relaxation phase of the heart and an increase in passive 
ventricular filling. Besides, beta-blockers decrease left ventricular contractibility and 
myocardial oxygen demand and can possibly reduce ischemia in myocardial microvessels. 
Verapamil, a calcium antagonist, also has favourable effects on symptoms by improving 
ventricular relaxation and filling. In patients with progressive heart failure symptoms with 
LVOTO, disopyramide, a negative inotropic and type I-A antiarrhythmic drug, can be used. It 
can decrease systolic anterior movement of the mitral valve, LVOTO, and mitral regurgitation. 
In end stage HCM load reducing drugs (ACE inhibitors, angiotensin-II receptor blockers, 
diuretics, digitalis, beta-blockers or spironolactone) can be used to alleviate symptoms from 
systolic failure.34

For HCM patients with LVOTO other treatment modalities are available if 
pharmacological treatment cannot alleviate symptoms. Ventricular septal myectomy (Morrow 
operation) is the next preferable treatment.47 Septal myectomy has been associated with a 
considerable risk of mortality and morbidity. Nowadays, isolated myectomy has low operative 
mortality and brings effective long lasting improvement of symptoms.48 An alternative more 
recently developed treatment modality for symptomatic LVOTO is percutaneous alcohol 
septal ablation. The introduction of alcohol in the septal perforator branch of the left anterior 
descending coronary artery mimics septal myectomy.49 Although both percutaneous alcohol 
septal ablation and septal myectomy can alleviate symptoms, the latter therapy is considered 
the gold standard because of a lower rate of procedural complications and more available 
knowledge on the long term outcomes.48, 50

Indirect evidence suggests an association between exercise and sudden cardiac 
death. Intense physical activity (e.g. sprinting) or systematic isometric exercise (e.g. heavy 
lifting) should be discouraged. (Young) HCM patients should be advised to avoid intense 
competitive sports and professional athletic careers. Bacterial endocarditis prophylaxis is 
recommended in HCM patients with LVOTO in resting or exercise conditions.34

Sudden cardiac death and risk stratification
One of the most used definitions of sudden cardiac death is: ‘Natural death due to cardiac 
causes, heralded by abrupt loss of consciousness within 1 hour of the onset of acute symptoms; 
pre-existing heart diseases may have been known to be present, but the time and mode of 
death are unexpected’.51 In the past HCM was seen as a disease with an ominous prognosis, 
because of severe symptoms and high rates of SCD (3-6% per year).26, 51-56 These data, however, 
came from highly selected patient populations of severely affected patients treated in tertiary 
referral centres. These populations underrepresented clinically stable and asymptomatic 
patients.57, 58 Recent reports with less referral bias indicate overall annual mortality rates from 
HCM of 1 to 2% (SCD and heart failure related death). Annual mortality from SCD alone in HCM 
patients is 0.4 to 1%.59-65

Although the overall risk of SCD for HCM patients is small in absolute terms, a small 
subset of patients is at much higher risk of SCD. Much would be gained in terms of treatment 
benefits and avoidance of diagnostic and treatment burden if this subset could be detected 
at an early stage. The ACC/ESC Consensus Document suggests that for this purpose all HCM 
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patients should be identified and undergo cardiological diagnostics, to evaluate clinical signs 
of HCM and to estimate the risk of SCD.34 Currently, six major risk factors for SCD have been 
identified which are mainly based on the outcome of various cardiological diagnostic tests: (1) 
prior cardiac arrest (ventricular fibrillation) or spontaneous sustained ventricular tachycardia, 
(2) a family history of premature sudden death, (3) unexplained syncope, (4) left ventricular 
wall thickness ≥ 30 mm, (5) abnormal exercise blood pressure and (6) nonsustained ventricular 
tachycardia. Possible minor risk factors for SCD include: (1) atrial fibrillation, (2) myocardial 
ischemia, (3) left ventricular outflow tract obstruction, (4) a high-risk mutation and (5) 
intense (competitive) physical exertion.34 Recently, myocardial fibrosis assessed by magnetic 
resonance imaging is being evaluated as a possible risk factor for SCD. Associations with 
nonsustained ventricular tachycardia and other risk factors have been found, but a prognostic 
study evaluating fibrosis as an independent predictor for SCD is still lacking.66-68

HCM patients, particularly those under the age of 60 years, should undergo a yearly 
clinical assessment including risk stratification based on the presence of the six major risk 
factors for SCD: careful personal and family history, 12-lead ECG, echocardiography, Holter 
recording and exercise test.34 The presence of two major risk factors is associated with an 
estimated annual risk of SCD of 4 to 5%.52 According to international guidelines this risk is 
regarded sufficiently high to justify primary prevention of SCD by means of an implantable 

Figure 5. Treatment strategies for patient sugroups within the broad clinical spectrum of HCM. AF = atrial 
fibrillation; DDD = dual-chamber; ICD = implantable cardioverter defibrillator; SD = sudden death. *No specific 
treatment or intervention indicated, except under exceptional circumstances.

Figure derived from: Maron BJ, McKenna WJ, Danielson GK, et al. American College of Cardiology/European Society 
of Cardiology clinical expert consensus document on hypertrophic cardiomyopathy. A report of the American 
College of Cardiology Foundation Task Force on Clinical Expert Consensus Documents and the European Society of 
Cardiology Committee for Practice Guidelines. J Am Coll Cardiol 2003;42:1687-713.
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cardioverter defibrillator (ICD). In patients with a prior cardiac arrest or spontaneous sustained 
ventricular tachycardia an ICD should be implanted for secondary prevention.34, 69, 70 Recent 
guidelines on arrhythmia and the prevention of SCD also support ICD implantation in HCM 
patients with only one of the six major risk factors who are considered to be at high risk for 
SCD by their physician.69, 70 At present the implantable cardioverter defibrillator (ICD) appears 
to be an effective prophylactic treatment modality.71, 72 However, due to the low positive 
predictive value of the major risk factors, the decision to implant an ICD in HCM patients with 
only one major risk factor for SCD remains controversial in general terms, and a difficult one 
in terms of patient care.

Genetics of HCM
HCM is inherited as an autosomal dominant trait. In more than half of the HCM patients the 
disease causing mutation can be identified currently.46, 73-79 Mutations can be located in many 
genes, but are most often found in the genes encoding sarcomeric proteins (Table 1, Figure 
2). Sarcomeric genes can be divided in genes encoding for myofilament proteins13, 14, 74, 75, 78-84 
and genes encoding for Z-disc proteins.85-90 

Most HCM patients are heterozygous for the mutation, but in 3-5% of cases, patients 
carry two mutations in the same gene (different alleles −compound heterozygous or 
homozygous−) or in different genes (digenic). This is generally associated with a more severe 
phenotype with younger age of onset (often < 10 years) and more adverse events suggesting 
a gene-dosage effect.79, 91-94 The two most frequently mutated genes are MYBPC3 and MYH7, 
encoding the sarcomeric proteins cardiac myosin-binding protein C and beta myosin heavy 
chain, respectively (Table 1). Both proteins are major components of the sarcomeric thick 
filament. In contrast to MYH7 and most of the other genes associated with HCM, 70% of 
MYBPC3 gene mutations are nonsense or frameshift and should result in truncated proteins,95, 

96 suggesting haploinsufficiency. In the other genes missense mutations are most frequent 
which create a mutant protein that interferes with normal function (dominant negative 
effect). 

Since the discovery of the first genes for HCM, many papers on genotype-phenotype 
correlations have been written. At first specific mutations, mainly in the MYH7 gene, were 
described that were associated with a ‘malignant’ phenotype (decreased survival).97-99 So called 
‘benign’ mutations were reported in families with normal longevity, as well.97, 98, 100-105 These 
suggested ‘malignant’ and ‘benign’ mutations have been contradicted in many subsequent 
studies. Nowadays it is believed that, possibly apart from rare exceptions, there are no clear 
genotype-phenotype relations with respect to magnitude of left ventricular hypertrophy and 
incidence of sudden cardiac death.46, 97, 101, 103, 106-108 Moreover, genetic studies have revealed 
that not all mutation carriers are clinically affected, using standard echocardiography. This 
suggests the existence of modifier genes, which modulate the phenotypic expression of the 
disease. Associations have been found with polymorphisms in genes for the angiotensin II 
type 1 and type 2 receptors and in the promoter region of the calmodulin III gene.109-111 

Non-sarcomeric genes have been associated with specific phenotypes which include 
besides HCM almost always a distinct non-cardiac syndromic phenotype, like the PTPN11 gene 
in Noonan syndrome and the LAMP2 gene in Danon disease. However, mutations in the GLA 
gene, associated with Fabry disease, can give rise to HCM without further symptoms of Fabry 
disease, especially in women.112 PRKAG2 is the other non-sarcomeric gene which presents 
with an exclusively cardiac phenotype. The cardiac phenotype is distinct and includes besides 
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HCM electrical pre-excitation (Table 1).113

De novo mutations and germline mosaicism occur very rarely in HCM.114-118 Because 
most mutations are private, many of the identified mutations are novel. In certain countries/
populations, however, founder mutations have been identified, in which haplotype analysis 
suggests a common ancestor. These founder mutations often comprise a large part (10-25%) 
of the detected mutations in these countries. Founder mutations have been found in the 
Netherlands,119, 120 South Africa,121 Finland,122 Italy,123 Japan,124 and in the Amish population of 
the United States.125

Like in other genetic diseases, identified mutations in HCM patients can be pathogenic 
(disease causing), silent polymorphisms, or unclassified variants of which the pathogenic 

Table 1. Genes associated with HCM and their detection rate. 74,75,78-80,85-90
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effect is still unclear. Nonsense or frameshift mutations are most often pathogenic because 
they are predicted to result in a C-terminal truncated protein that is likely to be non-functional. 
Moreover, due to the presence of two quality controls, the nonsense-mediated mRNA decay 
degrading nonsense (truncated) mRNAs126 and the ubiquitin-proteasome degrading aberrant 
proteins,127 truncating mutations most often do not result in the formation of protein at all 
and therefore lead to haploinsufficiency of the protein encoded by the mutated allele in the 
cells. Missense mutations create a mutant protein that either interferes with normal function 
(dominant negative effect) or assumes a new function. Sometimes however it remains unclear 
if a missense mutation results in a protein with no or abnormal function.

The amino acid substitution in missense mutations can give some indications for 
pathogenicity. Missense mutations at codons conserved between species and/or isoforms are 
more likely to be pathogenic than mutations at poorly conserved regions. Different in silico 
methods have been developed to assess not only conservation, but also changes in protein 
structure, chemical and biophysical characteristics and interactions. These in silico methods to 
define pathogenicity have to be validated by comparison to a gold standard. Gold standards 
can be functional assays, frequently found mutations (e.g. founder mutations) or segregation 
with the phenotype. All of these potential standards, however, have their own strengths and 
weaknesses.128, 129 Unclassified variants and even polymorphisms in HCM associated genes 
and other genes (e.g. polymorphisms in the renin-angiotensin-aldosterone system130, 131) may 
exhibit phenotype modifying effects. In most countries analysis of uncertain variants and 
modifiers in HCM patients is currently performed in research setting only and not used in 
clinical decision making.

Screening of relatives: genetic counselling and testing
Consensus documents on HCM encourage screening of relatives because of the risk of HCM 
associated sudden cardiac death.14 Identification of a disease causing mutation in a HCM 
patient (the proband) implies the opportunity of screening in relatives by means of predictive 
DNA testing. DNA testing for HCM, and especially predictive DNA testing in relatives, is not 
common practice in most countries, because health insurance does not cover the costs of DNA 
testing, and/or because genetic counselling is unavailable. DNA testing is therefore often only 
available in a research setting. Instead, most of these countries use clinical modalities such as 
echocardiography and ECG to screen relatives on the presence of disease. In the Netherlands 
diagnostic DNA testing is covered by standard health insurance and DNA testing for HCM 
has been increasing since 1996 with specialised multidisciplinary cardiogenetics outpatient 
clinics now present in all eight university hospitals. Most mutations (80%) in the Netherlands 
are found in the MYBPC3 gene, mainly because of three founder mutations (c.2373_2374insG, 
c.2827C>T and c.2864_2865delCT). 

In the Netherlands there is much experience with family screening for HCM and other 
cardiogenetic diseases as specialised outpatient clinics have been developed in the early 
stages of DNA testing. Here, systematic screening of relatives in families with a disease causing 
mutation, so called cascade screening, starts with the proband. Probands in whom a disease 
causing mutation is detected, receive a family letter to inform their direct relatives about the 
possibilities of DNA testing and its pros and cons. Predictive DNA testing in relatives >10 years 
can only be performed after genetic counselling. A genetic counselling session involves one 
session with a genetic counsellor (clinical geneticist or genetic consulent) and a cardiologist 
and takes on average between 30 and 45 minutes. An additional session with a psychologist 
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or social worker is offered to all counselees but is only mandatory before DNA testing when 
children are involved. The DNA test result can be communicated to the counselee face to face 
at the outpatient clinic, by telephone, or by mail, according to the counselee’s preference. All 
counselees receive a letter with their DNA test result and its implications for the counselee 
and his or her relatives.132

Relatives without the familial HCM mutation can be discharged from cardiological 
follow-up. Relatives who carry the familial HCM mutation are, according to international 
guidelines, like affected HCM patients with or without identified mutation, advised to undergo 
regular cardiological evaluation to evaluate the presence of left ventricular hypertrophy and 
risk factors for SCD.34 During follow-up left ventricular hypertrophy (manifest disease) can 
present at any age. The presence of risk factors for SCD in mutation carriers is associated with 
an increased risk of SCD if HCM is manifest (i.e. if left ventricular hypertrophy is present). In 
mutation carrying relatives (still) without manifest HCM, risk stratification is advised; yet it 
is unclear if the major risk factors established for clinically diagnosed HCM patients are also 
valid for mutation carrying relatives without manifest disease and if the presence of these risk 
factors is associated with an increased risk of SCD.

If no mutation can be detected in a proband with HCM, (first degree) relatives 
still have a risk to develop hypertrophic cardiomyopathy. DNA testing in these relatives is 
impossible; they are all advised to undergo regular cardiological evaluations (annual between 
12-18 years and once every five years >18 years) assessing the presence of hypertrophy or 
ECG abnormalities directing towards HCM.34

To prevent HCM associated SCD it is important to identify all relatives at risk of 
developing HCM. In families with a known disease causing mutation, the cascade screening 
method is used to identify as many mutation carrying relatives as possible. However, the 
effectiveness of this method mainly depends on family communication. From a public 
health point of view uptake of genetic counselling and testing and consecutive cardiological 
evaluations should be as high as possible to prevent SCD. On the other hand it has not been 
proven yet that risk stratification for SCD in mutation carrying relatives can prevent SCD and if 
this screening approach is desirable from a psychosocial perspective. 
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Scope and outline of this thesis
More and more HCM mutation carriers have been identified by means of predictive DNA 
testing in the last decade and it is expected that their number will continue to rise. Until today 
cardiological care for these so called ‘asymptomatic’ -they have no symptoms or not enough 
symptoms to consult a doctor, but more importantly they are not known to have manifest 
HCM before DNA-testing- mutation carriers is based on assumptions and expert opinions only 
and is not evidence based. The current consensus document, dating from 2003, advices yearly 
cardiological evaluation including risk stratification for SCD.34 Following this guideline would 
pose an enormous and increasing demand on health care and could also be burdensome 
for the mutation carriers. This advice, however, is created with the knowledge gained from 
studies on patients with manifest HCM. It is known that sudden cardiac death can occur in 
patients with manifest disease with little or no symptoms of their disease. Risk stratification 
in patients with manifest disease can identify patients at high risk and in them SCD can 
be prevented by ICD implantation. It is to be expected that this kind of risk stratification in 
‘asymptomatic’ mutation carriers who are found to have manifest disease after DNA-testing 
is also effective. There are as yet no studies on risk factors for SCD in ‘asymptomatic’ mutation 
carriers, especially not in mutation carriers without manifest disease.
 With the number of ‘asymptomatic’ mutation carriers increasing and cardiologists 
more frequently reporting the absence of manifest disease, we wondered whether following 
the guideline and regularly performing extensive cardiological evaluations in all of these 
carriers was beneficial for them. Perhaps, we could identify a subgroup of mutation carriers 
who had a low risk of SCD and in whom cardiological evaluation was unnecessary or could 
be less extensive or less frequent or in whom DNA testing was unneccessary. To answer this 
question a study was designed called ESCAPE-HCM, Evaluation of Screening of Asymptomatic 
PatiEnts with Hypertrophic CardioMyopathy. In chapter 2.1 the design of this study is 
presented. In chapter 2.2 the follow-up results of the ESCAPE-HCM study are shown, in 
particular how many mutation carriers developed a high risk status, if SCD occurred and if 
prognostic evaluation of risk factors for SCD was possible. In chapter 2.3 the present consensus 
document on cardiological care is compared on cost effectiveness with the cardiological care 
that is suggested by the results of the ESCAPE-HCM study.

Main outcome measures in the ESCAPE-HCM study are SCD and risk factors for SCD. 
Although the current guidelines direct in the use of six major risk factors in risk stratification for 
SCD in HCM patients and mutation carriers, studies on these risk factors sometimes reported 
conflicting data and a systematic overview of studies had never been published. Although 
such an overview would report on studies with a population of patients with manifest HCM 
of whom mutation status was unknown, we thought it still would be valuable for future 
guidelines on HCM and could also guide us in which other possible risk factors had to be 
studied in our population of mutation carriers. Our systematic review of established and 
possible risk factors for SCD is presented in chapter 3.1.
 In chapter 3.2 we report the prevalence of manifest HCM and of the six major risk 
factors in our asymptomatic carriers of a MYBPC3 gene mutation at the first cardiological 
evaluation after predictive DNA testing. Risk factors for SCD were present in carriers with and 
without HCM. Since risk stratification was incomplete in a considerable proportion of mutation 
carriers, we wondered if this care was given conform international guidelines. In chapter 3.3 
we evaluated Dutch cardiologists’ knowledge of and adherence to international guidelines on 
risk stratification and prevention of SCD in mutation carriers with and without manifest HCM.
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SCD is almost exclusively described in patients with manifest disease. In chapter 
3.4, however, we present two cases of asymptomatic individuals who were resuscitated from 
ventricular fibrillation who developed manifest and genetically confirmed HCM only years 
after their event, showing that relatives without manifest disease might be at risk for SCD.
 Although risk stratification focuses on clinical risk factors, genetic modifiers can 
probably also influence the phenotypic expression, like the presence of left ventricular 
hypertrophy and risk of SCD. In chapter 3.5 we assess a possible association of genetic 
polymorphisms in the rennin-angiotensin-aldosteron system and left ventricular hypertrophy 
in HCM mutation carriers.
 With the ESCAPE-HCM study designed to answer a single very important question 
other research questions arose. Our patient population consisted of relatives who were 
found to be mutation carriers after predictive DNA testing. It was unknown how many of the 
relatives at risk (first degree relatives of the proband and second degree relatives in case the 
connecting first degree relative had died) who were eligible for DNA testing, really attended 
our cardiogenetics outpatient clinic for genetic counselling and DNA testing. This so called 
uptake of genetic counselling and of DNA testing is presented in chapter 4.1.
 In the ESCAPE-HCM study all mutation carriers received the cardiological care as 
advised by the guidelines. This consists of regular extensive cardiological evaluations with 
an echocardiogram, Holter recording and exercise test. These evaluations can be quite 
burdensome especially when one is still ‘asymptomatic’. We therefore wanted to know what 
the quality of life and the levels of psychological distress were in these mutation carriers 
compared to the general population and what their opinion was on the genetic counselling 
and cardiological care. This could also serve as a baseline measurement in case the ESCAPE-HCM 
study results would suggest interventions in cardiological care, like less frequent cardiological 
evaluations. In chapter 4.2 the quality of life and psychological distress of mutation carriers 
(both probands and mutation carrying relatives) are compared to normative data of the 
general Dutch population and possible predictors of quality of life and psychological distress 
are evaluated. In chapter 4.3 we evaluated the opinions of predictively tested mutation 
carriers on received genetic counselling and testing, and cardiological care. One of the main 
disadvantages of predictive DNA testing in hereditary diseases is that disclosure of DNA 
test results may have social implications such as low access to insurance. In chapter 4.4 we 
assess frequency and type of problems encountered by HCM mutation carriers applying for 
insurance, and associations with carriers’ characteristics. 
 The results of our research may have several implications for the management of 
cardiogenetic care. These implications are discussed in chapter 5 (general discussion).
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Abstract
The ESCAPE-HCM study is a prospective follow-up study of asymptomatic mutation-carrying 
relatives of HCM patients aiming at optimising anamnestic and cardiological evaluation and 
surveillance for this group. All relatives undergo regular cardiologic evaluation and risk status 
is prospectively estimated, according to known HCM-related risk factors for sudden cardiac 
death. 
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Introduction 
Hypertrophic cardiomyopathy (HCM) is an inherited cardiac disease characterised by anatomic 
changes of the heart musculature and cardiac arrhythmias predisposing to sudden cardiac 
death (SCD) at a relatively young age. HCM is a relatively common genetic disease affecting at 
least 1 in 500 persons in the general population (32,000 persons in the Netherlands),1-5 which 
is comparable to the prevalence of familial hypercholesterolaemia (FH).6 HCM is inherited 
in an autosomal dominant mode, which implies that 50% of first-degree relatives carry the 
disease-causing mutation. The risk of sudden cardiac death is approximately 1% annually in 
unselected HCM patients, but increases to 5% or higher in high-risk patients.7, 8 

DNA-testing for HCM became possible in 1996. After routine mutation screening of 
the MYBPC3 gene became available in the Netherlands in 2003, the likelihood of detecting 
the disease-causing mutation in a proband with HCM increased from 10 to 50%. Of all HCM 
patients in the Netherlands in whom a mutation is detected, 35 to 40% carry one of the three 
Dutch founder mutations (c.2373_2374insG (25-30%),9 c.2827C>T or c.2864_2865delCT (10%)) 
in the MYBPC3 gene, a situation unique in the world. 

In the Netherlands, the current policy is that after detection of a mutation in the 
proband, relatives are invited by letter to attend the cardiogenetic outpatient clinic in a 
university hospital to discuss presymptomatic molecular or cardiological diagnostics. Almost 
all relatives who attend our clinics consent to presymptomatic DNA testing. When the 
familial mutation is detected in a relative, this mutation carrier is advised to undergo regular 
cardiological evaluation to detect potential left ventricular hypertrophy and to assess known 
risk factors for sudden cardiac death. Presymptomatic molecular and cardiological diagnostics 
supported by a stratification for risk of SCD are considered a valuable and promising approach 
to detect HCM early and to prevent SCD.10-13

Rationale of the study
According to the ACC/ESC Consensus Report on HCM, all mutation carriers should be 
identified and regularly undergo cardiological evaluation, regardless of the presence of 
HCM-related symptoms.14 A large proportion of this group consists of patients with a low 
risk of sudden cardiac death and cardiological diagnostic tools for this group are far-reaching 
and burdensome. As about 25 to 35% of asymptomatic relatives develop a prognostic 
unfavourable course,10 all mutation carriers should regularly undergo cardiological evaluation. 
Preferably, we would like to identify this subgroup with a prognostic unfavourable course in 
an asymptomatic phase by risk stratification. Since more than 90% of Dutch mutation carriers 
still await identification, timely risk stratification could be helpful to optimise the efficiency 
of diagnostic care for all these patients. Risk stratification is based on the outcome of various 
cardiac function test, medical history and family history (six risk factors according to the ACC/
ESC Consensus Report (Table 1).14 According to this guideline a patient is considered at high 
risk when at least two out of six risk factors are present. 

ESCAPE-HCM is designed to optimise care for these asymptomatic mutation carriers 
by risk stratification. The study has the following research questions: (1) Can the process 
of presymptomatic DNA-testing, cardiological follow-up and treatment be optimised by 
identifying carriers with an initial low risk and carriers with an initial high risk of SCD? (2) Can 
the prognostic accuracy of the initial risk stratification be improved if relatives carry one of the 
three Dutch founder mutations (c.2373_2374insG, c.2827C>T or c.2864_2865delCT mutation 
in the MYBPC3 gene)?
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Material and methods

Study design
ESCAPE-HCM is a multicentre prospective follow-up study. Patients from all the university 
hospitals in the Netherlands are invited to participate. Patients are seen in multidisciplinary 
cardiogenetic outpatient clinics at the university hospitals by a clinical geneticist and a 
cardiologist. All the university hospitals in the Netherlands are participating in this study. At 
this moment five centres are actively including patients.

Process of risk stratification
Relatives of a proband in whom a mutation has been detected in one of the genes associated 
with HCM are invited to visit a cardiogenetic outpatient clinic. Relatives who are found to have 
the familial mutation are advised to undergo regular (at least once biannually) cardiological 
evaluations, including an ECG, echocardiography, 24-hour ambulatory (Holter) ECG recording 
and an exercisetest. Consecutively their first-degree relatives are invited to visit a cardiogenetic 
outpatient clinic and so on (principle of cascade screening).

Mutation carriers with a family history positive for SCD, successful resuscitation or 
appropriate discharge of an internal cardiac defibrillator (ICD) are considered at initial high 
risk and relatives without these risk factors are considered to be at an initial low risk. Cardiac 
evaluation can reveal one or more additional risk factors. Initial high risk patients and initial 
low risk patients can finally be classified as high risk (at least two risk factors) if extra risk factors 
are discovered during first cardiological screening or later during follow-up (Figure 1). Follow-
up of relatives consists of cardiological diagnostics at least biannually. The patients who are 
finally classified as high risk are at considerable risk for SCD and effective preventive measures 
(i.e. ICD-implantation) should be considered.7, 14-16

Table 1. Known risk factors for SCD in HCM patients.14
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In a literature study known and possible risk factors for SCD in HCM patients will be evaluated. 
Possible risk factors that prove to be of significant incremental value will also be taken into 
account in risk stratification in our study population. These possible risk factors are age, gender, 
left ventricular outflow tract obstruction, NYHA functional class III-IV and atrial fibrillation.

Patient eligibility
Inclusion criteria are:

- asymptomatic mutation-carrying relatives of HCM probands, in whom the 
familial mutation has been identified (asymptomatic at the moment of molecular 
diagnostics);

- age of at least 10 years (or younger if the diagnosis of HCM in a relative was made 
before the age of 10);

- informed consent.

The exclusion criteria are:
- relatives of HCM probands, in whom no disease-causing mutation could be 

identified;
- relatives of HCM probands who are already being treated for HCM;
- the presence of another inherited cardiac disease in the family predisposing to 

sudden cardiac death. 

Figure 1. Flowchart of risk stratification. FU=follow-up.
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Assessment of prognosis
Outcome measures of this study are:

- a cardiac event (ventricular fibrillation, sudden cardiac death, appropriate ICD 
discharge, death due to heart failure or heart transplantation and overall mortality)

- final high-risk status (two or more risk factors)

The follow-up period is defined as the time interval between entering the study and the end 
of the study. Start of the study was in January 2005. At this moment follow-up will end in 
January 2009 and is thus limited to a maximum of 4 year. We aim at continuing follow-up after 
the end of this study.

Power
Using a one-sample test with α=0.05 (one-sided), β=1-0.80 and ρ=0.05 and an expected 
proportion of endpoint of 1%, a proportion of endpoints of 2% or higher can be excluded 
with 95% confidence if at least 268 relatives in the initially low-risk group are included. Hence 
at least 420 relatives (initial high and low risk) have to be included in the study.

Administrative aspects
All known asymptomatic mutation carriers will be informed about the nature, relevance and 
consequences of the study. Newly diagnosed mutation carriers are informed by a clinical 
geneticist or genetic counsellor at the cardiogenetic outpatient clinic. Written informed 
consent is required for participation in this study.

Data analysis
Data are recorded and stored in the nationwide GENCOR database, an internet-based 
national database for all inherited cardiac diseases under the authority of the Interuniversity 
Cardiological Institute of the Netherlands (www.gencor.nl).14, 17 Collection and storage of data 
is done by an experienced database manager. Scoring of events and outcomes as indicated 
above, will be done by a clinical event committee. 

Analysis of the cumulative number of relatives with a final high-risk status distinguished 
by initially low- versus initially high-risk status, comparison of survival curves and sensitivity 
and specificity of initial risk stratification will be performed.

Timeline
Study period is limited to four years and will end in January 2009. Follow-up and enrolment of 
patients will continue after this period. 

Additional analysis
The consequences of various diagnostic and treatment strategies for the carrier with respect 
to emotional burden, risk perception, quality of life and efficiency (cost effectiveness) will be 
evaluated. Data on the carriers’ emotional burden, risk perception and quality of life of the 
diagnostic and treatment strategies are obtained using questionnaires. 

The aim of cost effectiveness is to compare the costs of two screening methods or 
strategies relative to the gain in health status achieved with these strategies. One method is 
application of the current ACC/ESC guideline. The alternative strategy is the one that is based 
on the risk stratification described above with less frequent cardiologic evaluation in low-
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risk patients. The main objective is to identify a subgroup of mutation carriers in whom the 
frequency of cardiological diagnostics may be safely reduced without compromising early 
detection and treatment of the disease.

Expected results
We expect risk stratification to be successful in indicating true low and high risk of SCD. This 
means that asymptomatic carriers with a low-risk status may need less frequent cardiological 
evaluation. Perhaps no presymptomatic diagnostics at all are possible for these relatives without 
an increase of the risk of SCD in this group. If proper initial risk stratification is impossible to 
achieve, all carriers of HCM-causing mutations will have to be identified in the coming years 
and advised to have regular cardiological follow-up. This will imply considerable workloads for 
the departments of clinical genetics and cardiology, and pose a major financial burden to the 
health care system and may severely compromise psychosocial health for individuals. 

On 1 December 2006 we had received informed consent for participation from 457 
mutation-carrying probands and relatives from five university hospitals (Figure 2). About two 
thirds of these participants are asymptomatic relatives. About 50% of included families have 
a history of SCD in their family. At this moment the data of 114 mutation carriers have been 
entered into the GENCOR database (Table 2).

Consequences for current practice
The study results depend on cardiological evaluation of the risk status of all mutation carriers. 
At this moment there is no consensus about the frequency of cardiological evaluation, but 
current practice is that every mutation carrier is evaluated once every one to two years. 
Cardiological evaluation should comprise the following clinical assessments: careful personal 
and family history; noninvasive testing with two-dimensional echocardiography; 24- or 48-
hour ambulatory (Holter) ECG recording and blood pressure response during maximal upright 
exercise (treadmill or bicycle).14 This also holds for older asymptomatic mutation carriers.

Figure 2. Number of included patients (probands 
and relatives) per university hospital on 1 December 
2006.

Table 2. Clinical characteristics of 114 HCM mutation carriers.
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Appendix 1. Members of the ESCAPE-HCM study group.
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Abstract

Aims
We investigated the presence of a clinical diagnosis of hypertrophic cardiomyopathy (HCM), 
risk factors for sudden cardiac death (SCD), and cardiac events during follow-up in all known 
Dutch predictively tested asymptomatic carriers of a sarcomeric gene mutation.

Methods and results
136 (30%) of 447 mutation carriers were diagnosed with HCM at one or more cardiological 
evaluation(s). Kaplan-Meier curves suggested slower progression to manifest HCM in carriers 
<40 years. Male gender (hazard ratio 1.69 [95%-confidence interval 1.20-2.37]) and age 
(hazard ratio per year 1.02 [95%-confidence interval 1.01-1.03]) were independent predictors 
for manifest disease. Twenty-three percent of carriers, with and without manifest disease, had 
established risk factor(s) for SCD (no significant difference). During an average follow-up of 
3.5±1.7 years, two carriers, both with manifest disease, died suddenly (0.13%/person-year). 
This low event rate hampered prognostic evaluation of risk factors for SCD. A high risk status 
for SCD (≥2 risk factors and manifest HCM) was present in 17 carriers during follow-up (1.1%/
person-year). Age proved to be a small but significant predictor for a high risk status for SCD. 

Conclusion
Thirty percent of carriers had or developed manifest HCM after predictive DNA testing. Older 
age and male gender were independent predictors for manifest disease. Risk factors for 
SCD were frequently present. Our data suggest that SCD risk is low and risk stratification for 
SCD can be omitted in carriers without manifest disease and that frequency of cardiological 
evaluations can be decreased in carriers <40 years as long as hypertrophy is absent.
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Introduction
Hypertrophic cardiomyopathy (HCM) is a common genetic disease associated with an 
increased mortality due to heart failure, trombo-embolic complications and sudden cardiac 
death (SCD). Several factors associated with an elevated risk of SCD in HCM patients have 
been identified.3 The risk of SCD is approximately 1% annually in patients with manifest HCM 
but increases to 5% annually or more if risk factors for SCD are present.1, 2 It has been proposed 
that in patients with ≥ 1 risk factor the implantation of an internal cardioverter defibrillator 
(ICD), a therapy with proven efficacy in the prevention of SCD, should be considered, and in 
patients with ≥ 2 risk factors should be advised.3-6 

Mutations in sarcomeric genes are identified in approximately 50% of HCM patients.7 
After identification of a pathogenic mutation in an HCM patient (the proband), relatives can 
be identified or excluded as mutation carrier by means of predictive genetic testing (cascade 
screening). Proven mutation carriers should be referred for regular cardiological evaluation 
according to the ACC/ESC consensus document, including risk stratification for SCD.3 As 
predictive molecular testing is not yet widespread, most countries restrict risk stratification 
for SCD to relatives who are found to have manifest disease on echocardiography. Therefore, 
in relatives carrying the familial mutation not much is known about: (1) the risk of developing 
manifest HCM, (2) the presence and development of risk factors for SCD, and (3) the association 
of these risk factors with an increased risk of SCD. This hampers optimal management of 
mutation carrying relatives.
 This study reports the results of systematic follow-up in a large group of 
asymptomatic relatives with a proven familial mutation in one of the sarcomeric genes 
identified through cascade screening. We address the presence of a clinical diagnosis of HCM, 
of risk factors for SCD during follow-up and their associations with cardiac events.

Methods
 
Patients
From families with a putative pathogenic mutation in the MYBPC3, MYH7, TNNT2, TPM1 or 
MYL2 gene, we included relatives, carrying the familial mutation, who were asymptomatic –if 
symptoms (e.g. chest pain, palpitations) were present they had been insufficient to consult a 
physician- and without a clinical diagnosis of HCM at the time of DNA-testing. Probands and 
relatives who had been clinically diagnosed with HCM before genetic testing were excluded. 
Genetic counselling and testing of (probands and) these relatives is only provided by University 
Hospitals in the Netherlands. All eight Dutch University Hospitals included mutation carriers. 
Predictive genetic testing of children was advised from the age of 10, although exceptionally 
children have been tested at younger age (n=12 in our cohort). All included mutation carrying 
relatives (or their parents) provided written informed consent for anonymous scientific use of 
their data. 

Mutation carrying relatives were included in this prospective cohort study from 2001 
when the first asymptomatic relatives were identified as mutation carrier through cascade 
screening until December 2008. Because of the increasing number of HCM patients in whom 
DNA-diagnostics is performed and the subsequent cascade screening of the relatives, the 
inclusion of asymptomatic relatives also shows an increase in time.
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Data
From all mutation carriers a family history was recorded with information on SCD in relatives 
up to the third degree. Carriers were advised to regularly undergo cardiological evaluation 
including complete risk stratification with an ECG, echocardiogram, 24-hour ambulatory Holter 
recording, and an exercise test.3 Clinical parameters from all their cardiological evaluations 
(often performed in local hospitals) after predictive genetic testing were recorded. In adults a 
clinical diagnosis of HCM was made when on echocardiography the maximal left ventricular 
wall thickness was ≥ 13mm and/or severe systolic anterior movement of the mitral valve (SAM) 
was present.8 In children <16 years the clinical diagnosis was made when on echocardiography 
a maximal wall thickness ≥ 2 SD for their body surface area was present. 

The following risk factors for SCD were assessed:
1) Family history of premature sudden cardiac death. Unexpected non-traumatic premature 
death within one hour after the onset of symptoms and without previous severe symptoms 
in (a) relative(s), including unwittnessed unexpected nocturnal death and equivalents like 
successful resuscitation or appropriate ICD discharge. With respect to the age and degree of 
kinship and number of the relative(s) involved, we use the definition most used in literature: 2 
relatives with SCD < 40 years.9-11

2) Unexplained syncope. Unexplained syncope, judged not to be neurocardiogenic.
3) Non-sustained ventricular tachycardia (NSVT). One or more runs of 3 or more consecutive 
ventricular extrasystoles at a rate of more than 120 beats per minute lasting for less than 30 
seconds at exercise test or 24-hour ambulatory Holter recording.
4) Extreme left ventricular hypertrophy. Maximum left ventricular wall thickness of 30 mm or 
more on echocardiography.
5) Abnormal blood pressure response (ABPR) during upright exercise. A failure of the systolic blood 
pressure to rise by more than 20 mm Hg from baseline values, or a fall of more than 10 mm 
Hg from the maximum blood pressure during upright exercise (treadmill Bruce protocol or 
bicycle protocol).
The cumulative number of risk factors is the number of the above mentioned five risk factors 
for SCD that are positive. Carriers were defined to be at high risk for SCD when manifest HCM 
and ≥ 2 risk factors for SCD were present or when they had previously experienced an aborted 
cardiac arrest (ventricular fibrillation) or sustained ventricular tachycardia (VT).

Duration of follow-up since the DNA test result was on average (±SD) 3.5±1.7 years. 
Outcome measures during follow-up were a clinical diagnosis of HCM, death, cardiovascular 
death, SCD, heart transplantation, and appropriate ICD discharge. As a proxy outcome for SCD 
we used a high risk status for SCD. 

Genetic analysis
Mutation analysis in probands was performed according to a previously published protocol.12 
Nonsense or frameshift mutations were considered to be pathogenic based on descriptions 
in literature, cosegregation with the phenotype, absence in at least 200 ethnically matched 
controls, the predicted probability of nonsense-mediated mRNA decay and the results 
of functional assays. Missense mutations were defined as (probably) pathogenic based on 
descriptions in literature, cosegregation with the phenotype, absence in at least 200 controls, 
evolutionary conservation of the amino acid, and chemical differences between the involved 
amino acids.
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Statistical analysis
Data were analysed with SPSS (version 15.0) statistical software. Data are expressed as means 
(SD) or as a frequency. Student’s t-test or one way ANOVA was used for the comparison 
of normally distributed continuous variables, non-parametric methods for not-normally 
distributed continuous variables and Pearson’s χ2 for comparisons between dichotomous 
or categorical variables. Survival analysis was used to describe the relationship between the 
presence of outcome measures and clinical variables during follow-up. Carriers were censored 
when information on that specific outcome was no longer available. Figures show cumulative 
incidence until inclusive the last event. The magnitude of the risk (hazard ratios) associated 
with the presence of clinical variables was calculated using Cox regression analysis with a 95% 
confidence interval. Hazard ratios were calculated for variables significantly associated with the 

Table 1. Clinical parameters of 447 mutation carrying relatives at first cardiological evaluation.
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following (proxy) outcome measures: a clinical diagnosis of HCM, death, SCD, and appropriate 
ICD discharge. The variables age and gender were always included. We expected some of 
our outcome measures to be very infrequent, which could hamper prognostic evaluation. 
Therefore as a proxy outcome measure for our main outcome, SCD, we used a high risk status 
for SCD. For this proxy outcome measure, however, hazard ratios of (a) risk factors for SCD 
and (b) the presence of a clinical diagnosis of HCM could not be evaluated even when they 
were significantly associated since they are part of this proxy outcome measure (circularity). A 
P-value <0.05 (two-sided) was considered significant. 

Results

First cardiological evaluation
In the period between 2001 and 2008, 447 asymptomatic relatives were identified as 
mutation carrier. Table 1 displays their clinical parameters at first cardiological evaluation. 
Clinical parameters at first evaluation from part of the carriers have been published.13, 14 
Mean age (±SD) of carriers was 39.3±17.6 (range 1-86) years and 195 (44%) were male. At first 
cardiological evaluation a diagnosis of HCM was made in 107 (24%) carriers. Risk factors for 
SCD were frequently present; 33% of all carriers had one or more risk factors (29% had one risk 
factor, 4% had more risk factors). 
 Differences between carriers with versus those without a clinical diagnosis of HCM 
at first cardiological evaluation are displayed in Table 1. Carriers in whom a clinical diagnosis of 
HCM was made at first evaluation were significantly older than carriers in whom hypertrophy 
was absent at that time (45.4±17.8 vs. 37.6±18.0 years, P-value <0.001) and were more often 
of male gender (57.0% vs. 39.4%, P-value 0.001). Extreme left ventricular hypertrophy was by 
definition only present in carriers with a clinical diagnosis of HCM. NSVT was significantly more 
often detected during Holter recordings in carriers with a clinical diagnosis of HCM (P-value 
<0.001), irrespective of their age. There was no significant difference in the cumulative number 
of risk factors between carriers with and without a clinical diagnosis of HCM.

Risk stratification for SCD was incomplete in 41% of mutation carriers at first 
cardiological evaluation. The risk factors ABPR and NSVT were evaluated in only 66% and 71% 
of carriers, respectively. There were no significant associations between clinical characteristics 
and incomplete risk stratification, except for the mutated gene, the presence of NSVT, and 
the cumulative number of risk factors. Risk stratification was more often incomplete in TNNT2 
gene mutation carriers compared to carriers of a mutation in another gene (P-value <0.001). 
Surprisingly, NSVT was significantly more frequently registered in carriers with incomplete risk 
stratification compared to carriers with complete risk stratification (14% vs. 6% respectively, 
P-value 0.035). As expected, the cumulative number of risk factors for SCD was significantly 
higher in carriers who had been evaluated for all risk factors (P-value 0.002). Twenty-four 
percent of carriers with incomplete risk stratification had ≥ 1 risk factor for SCD compared to 
39% of the carriers who had been completely evaluated.  

Cardiological evaluation during follow-up
239 mutation carriers were evaluated by cardiac-function testing more than once during 
follow-up (Table 2). Between first and last evaluation of these 239 carriers (average (±SD) 
duration: 2.5±1.5 years) the percentage of clinically diagnosed carriers increased from 32% to 
44% (P-value 0.011) and more carriers were evaluated for all risk factors (61% at first evaluation 
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and 75% at last evaluation, P-value <0.001). The cumulative number of risk factors also increased 
with more carriers having one or more risk factors at last cardiological evaluation, but this 
increase in risk factors was not significant. Eventually, 25 carriers (of whom 16 with manifest 
HCM) had or developed ≥ 2 risk factors for SCD. Eighteen carriers had an ICD implanted: 6 
had a high risk status for SCD, and the remaining 12 were regarded by their cardiologist as 
patients with a high risk as they carried a TNNT2 mutation previously described as malignant 
(n=4), had manifest HCM and 1 risk factor for SCD and SCD in their relatives but insufficient to 
meet our definitions (n=5), had extreme LVH (n=1), and had manifest HCM and SCD in close 
relatives but insufficient to meet our definitions (n=2).

We also compared clinical characteristics at first evaluation between carriers who did 
not receive additional cardiological evaluations and carriers who did. As expected, a clinical 
diagnosis of HCM was more often present (P-value <0.001) and the cumulative number of risk 
factors was higher (P-value 0.021) at first evaluation in carriers who had been evaluated more 
than once. 

During the average (±SD) follow-up time of 3.5±1.7 years four (0.9%) mutation carriers 
died (mortality rate of 0.25% per person-year). Two died of non-cardiovascular causes and two 
(0.4%) died unexpectedly (SCD rate of 0.13% per person-year). One was a female who died 
at the age of 80 years with documented VF. She had been diagnosed with HCM at the first 
evaluation at age 76 and had no risk factors for SCD, but both NSVT and ABPR had never been 
evaluated. The other unexpected death was a man of 59 years who died during his sleep and 
who had had no complaints the previous day. He had been diagnosed with HCM at the first 
cardiological evaluation at age 58. He had one risk factor for SCD; NSVT was present during 
Holter recording and exercise testing. We regard both unexpected deaths as SCD. None of the 

Table 2. Clinical parameters of 239 mutation carriers with more than one cardiological evaluation at first and last 
cardiological evaluation.



48

2₂

ESCAPE-HCM

Figure 1. Clinical diagnosis of HCM and high 
risk status for SCD (manifest HCM and ≥ 2 risk 
factors) during follow-up.

Figure 2. Clinical diagnosis of HCM during 
follow-up in mutation carriers from different 
age categories. 

Figure 3. Clinical diagnosis of HCM during 
follow-up in mutation carriers from different age 
categories not diagnosed with manifest HCM at 
first cardiological evaluation. 
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carriers received a heart transplantation and appropriate ICD discharge did not occur in the 18 
carriers who had an ICD implanted. A high risk status for SCD, our proxy outcome measure for 
SCD, was present in 17 (3.8%) carriers during follow-up (1.1% per person-year).

Kaplan Meier analysis and hazard ratios
In total, 136 (30%) mutation carriers were diagnosed with HCM at first cardiological evaluation 
or during follow-up. A clinical diagnosis of HCM was made after 4.5 years of follow-up in 50% 
of carriers (95%-CI: 2.7-6.3 years) (Figure 1). 
 The presence of a clinical diagnosis in time (disease penetrance) differed by gender 
and age. In male carriers 50% had a clinical diagnosis after 2.5 years, whereas in female carriers 
50% had a clinical diagnosis only after 5.4 years of follow-up (P-value 0.002). Initial Kaplan-Meier 
analysis for age in six different age categories with almost similar numbers of carriers (<15, 15-
30, 30-40, 40-50, 50-65 and >65 years) showed overlapping curves in some age categories. Age 
categories with similar disease penetrance were joined, resulting in a significantly different 
disease penetrance in the age categories <40, 40-65, and >65 years (Figure 2). Fifty-percent 
of carriers had a clinical diagnosis after 7.2, 2.3 and 0.5 years of follow-up respectively. Since 
manifest disease could have been present long before the first cardiological evaluation, we 
also assessed disease penetrance in the 163 carriers who had no clinical diagnosis at first 
cardiological evaluation and received at least one further cardiological evaluation (Figure 3). 
During a follow-up of 3 years after the first cardiological evaluation, 12.8% of carriers aged <40 
years developed HCM, 31.3% of carriers aged between 40-65 years and 33.3% of carriers aged 
>65 years. 

Both gender and age were independent predictors for a clinical diagnosis of HCM 
(Table 3). Male carriers had a 1.69 higher probability of a clinical diagnosis of HCM (95%-CI: 
1.20-2.37, P-value 0.003). The probability of a diagnosis of HCM increased 1.02 per year increase 
in age (95%-CI: 1.01-1.03). The multivariate model including gender and age category (<40, 
40-65 and >65 years) had the same fit as the model including age as a continuous variable 
and shows the relative risk of age with a multivariate hazard ratio of 1.77 for age category 
(Table 3).

Table 3. Hazard ratios of gender, manifest disease and age for different outcomes.
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Although our aim was to estimate the hazard ratios of the clinical parameters and risk 
factors for SCD on the outcome measures death and SCD, the low number of deaths (n=4) 
and SCDs (n=2) prevented us to do so. Only age was significantly associated with a high risk 
status for SCD and not part of the definition of this proxy outcome measure. During follow-
up, 17 mutation carriers developed a high risk status for SCD (Figure 1). Age, but not gender, 
proved to be a significant predictor for a high risk status of SCD (Table 3). 

Discussion
A considerable proportion of asymptomatic HCM mutation carriers identified after predictive 
genetic testing had manifest HCM at first cardiological evaluation or developed manifest 
disease during follow-up. Penetrance of manifest HCM is known to be age dependent and 
HCM is detected more often in males.10, 15-17 This is also shown by our data because older 
age and male gender were independent risk factors for developing manifest HCM. The 
overrepresentation of males with a clinical diagnosis of HCM in the literature and in this 
study could also in part be due to the fact that diagnostic echocardiographic criteria are not 
adjusted for body surface area, which is in general smaller in females.

Risk factors for SCD were frequently present both in predictively tested carriers both 
with and without manifest disease. A majority (53%) of the carriers was evaluated cardiologically 
more than once. These carriers had significantly longer follow-up –they had received their 
DNA test longer ago-, increasing the likelihood of an additional evaluation. A recent study 
of our group, however, showed that a considerable proportion of carriers received no 
cardiological follow-up because the cardiologist deemed follow-up unnecessary or because 
first evaluation showed no manifest disease.18 The present study also demonstrated that 
carriers who received additional evaluations more often had manifest disease and a higher 
number of risk factors. Likely, the presence of risk factors and hypertrophy are reasons for the 
cardiologist for further evaluation, since they are associated with an unfavourable prognosis 
in HCM patients in literature.

The prognostic impact of risk factors for SCD in HCM patients (i.e. with manifest 
disease) has been confirmed in many studies and they can therefore be used in risk stratification 
in mutation carriers with manifest disease. However, it is still unclear if these risk factors are 
also associated with SCD in mutation carriers without manifest disease, although SCD has 
been described in this group.19 Due to the low incidence of SCD in our study, we were unable 
to evaluate the prognostic impact of these risk factors on SCD. While our study with medium-
term follow-up suggests that the risk of SCD is probably small in this population, a longer 
follow-up is needed to draw more definite conclusions. The low risk of SCD in our cohort may 
also be the result of selection bias. Since relatives or mutation carriers with an unfavourable 
prognosis are either dead or diagnosed with manifest disease because of symptoms and 
therefore excluded from this study, predictively tested mutation carriers at study onset are 
probably more likely to be healthy or asymptomatic until they were tested at a mean age of 
39 years and probably have a relatively favourable prognosis. 

Since the risk of SCD in predictively tested carriers is probably very low, one could 
argue that intensive cardiological evaluation including risk stratification as recommended in 
international guidelines is unnecessary. The guidelines recommend yearly evaluation including 
risk stratification for SCD when HCM is manifest. In mutation carriers without manifest HCM it 
is recommended to also include risk stratification preferably on a yearly basis. As SCD occurred 
only twice, both times in carriers with manifest HCM, our study suggests that risk stratification 
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for SCD may be omitted as long as HCM is not yet manifest. Our results on the clinical 
diagnosis of HCM in time (disease penetrance) in mutation carriers provide more insight in 
the optimal frequency of cardiological evaluations. The penetrance of a clinical diagnosis of 
HCM during follow-up after the first cardiological evaluation differs per age group, with less 
carriers per year developing HCM under the age of 40 years (Figure 3). It is unlikely that this is 
due to the screening interval, since this is not different from that in the other age categories. 
Our data therefore suggest that in carriers <40 years without hypertrophy at first evaluation 
hypertrophy develops more slowly. Therefore we propose to decrease the frequency of 
cardiological evaluations to, for example, once every two years in mutation carriers <40 years 
without manifest disease. Our data also show that HCM can still become manifest at higher 
age and that cardiological evaluations should therefore continue until advanced age.

Study limitations
Although our group of mutation carriers is of considerable size, distribution of a few 
characteristics was skewed. Significantly less men than women were included. This could be 
due to the fact that males are more often affected, and affected relatives and probands were 
excluded from this study. Most carriers had a mutation in the MYBPC3 gene. Although there 
was no association between the mutated gene and outcome measures, definite genotype-
phenotype correlations with respect to age of diagnosis and risk factors for SCD cannot be 
made and it is uncertain if our results can be generalised to predictively tested carriers of a 
mutation in other sarcomeric genes. Mutations in the MYBPC3 gene, however, are worldwide 
one of the most frequent causes of HCM, accounting for about 30% of all identified HCM 
mutations.7, 20, 21 

Unfortunately not all mutation carriers received a Holter recording and/or exercise 
test at first cardiological evaluation. Other studies show that complete stratification of all six 
risk factors is not customary practice in HCM patients,5, 22, 23 not to mention the practice in 
asymptomatic HCM mutation carriers. Complete risk stratification was significantly less often 
performed in carriers of a TNNT2 gene mutation compared to carriers of other mutated genes. 
This is probably due to the fact that in five of the 20 TNNT2 gene mutation carriers the mutation 
(R92W) has been described as very malignant with respect to the incidence of SCD.24 For this 
reason they immediately received an ICD and remaining risk factors for SCD were not further 
evaluated. Because one or more risk factors were less often present in the carriers without a 
complete evaluation of risk factors, it seems likely that the cumulative number of risk factors 
for SCD as found in the entire cohort is underestimated. Other clinical characteristics were not 
associated with completeness of risk stratification making selection bias unlikely.

Predictive genetic screening occurred in tertiary care centres. Because this is the 
only setting where genetic testing for HCM is possible in the Netherlands, we do not expect 
selection bias based upon the type of centre. 

With the current follow-up and population size the incidence of SCD is too small 
to draw meaningful conclusions on the prognostic significance of risk factors for SCD in this 
group of asymptomatic mutation carriers. 

Conclusions
Of the mutation carrying relatives, 107 (24%) had manifest HCM at first cardiological evaluation, 
which increased to 30% during follow-up. Older age and male gender were independent 
risk factors for manifest disease. Manifest HCM appears to develop more slowly in carriers 
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<40 years, allowing less frequent cardiological evaluations (for example biannually instead of 
annually) in this age group as long as hypertrophy is absent. 

One or more risk factors for SCD were present in 33% of carriers at first evaluation. 
Seventeen (3.8%) carriers had a high risk status at first evaluation or during follow-up. The low 
SCD event rate suggests that the risk of SCD is very low in asymptomatic mutation carriers 
especially when disease is not manifest yet. Risk stratification for SCD could therefore probably 
be omitted in HCM mutation carriers as long as manifest disease is absent. 

Our results suggest that the SCD event rate in asymptomatic mutation carrying 
relatives is lower than in probands, and that the ACC/ESC recommendations need revision to 
accommodate for mutation carrying relatives, i.e. the recommended screening policy appears 
unnecessary intensive and frequent. 

Prolonged follow-up is needed to 1) evaluate the prognostic impact of risk factors for 
SCD, and 2) to determine the optimal screening policy (risk stratification, screening interval) in 
asymptomatic mutation carrying relatives.
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Abstract

Introduction
Hypertrophic cardiomyopathy (HCM) is a hereditary heart disease associated with sudden 
cardiac death (SCD). Patients are advised to undergo yearly risk stratification for SCD since an 
implantable defibrillator can prevent SCD in high risk patients. Asymptomatic relatives carrying 
the disease causing mutation can also be at risk for SCD. Although yearly risk stratification is 
also recommended for this group, this is not evidence based. Our aim was to identify a more 
optimal cardiac screening strategy for asymptomatic mutation carrying relatives by means 
of a cost-effectiveness analysis, which compares several screening strategies with the above 
described reference strategy.

Methods and results
We modelled observed data on manifest disease, risk factors for SCD, and ‘interval' SCD in 
a cohort of 423 asymptomatic carriers. 75% of carriers showed manifest HCM at the age of 
75 years and almost 5% developed a high risk for SCD. Average costs per carrier per year 
varied between €701 and €942 for the different screening strategies. The most cost-effective 
screening strategy –with lowest costs per case of ‘interval’ SCD compared to the reference 
strategy- involved yearly risk stratification in carriers with manifest HCM and every two year an 
ECG and echocardiography in the rest.

Conclusions
The most cost-effective cardiac screening strategy in asymptomatic mutation carriers involves 
yearly risk stratification for SCD in carriers with manifest HCM and ECG and echocardiography 
every two years in carriers without manifest HCM. 
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Introduction
Hypertrophic cardiomyopathy (HCM) is the most common genetic heart disease affecting 
about 1 in 500 people worldwide.1  Sudden cardiac death (SCD) is the most feared compli-
cation, often occurring in asymptomatic young patients. Several clinical risk factors have 
been associated with an increased risk of SCD in patients with manifest disease –that is 
left ventricular hypertrophy-, including a previous cardiac arrest, nonsustained ventricular 
arrhythmias, a family history of premature SCD, unexplained syncope, an abnormal blood 
pressure response during exercise testing, and extreme left ventricular hypertrophy.2 

In patients at high risk for SCD, implantation of an internal cardioverter defibrillator 
(ICD) has been shown an effective intervention to prevent SCD.3, 4 Consensus documents 
advise implantation of an ICD in every patient with manifest HCM with either a previous 
cardiac arrest, or with two of the other clinical risk factors being present. In patients with only 
one of the other clinical risk factors an ICD can be discussed.2, 5, 6

 Nowadays diagnostic genetic testing can reveal a causative mutation in about 
half of the HCM patients.7 In these cases predictive genetic testing can detect relatives at 
risk of (developing) HCM and associated SCD. The ACC/ESC consensus document on HCM 
recommends yearly cardiac screening including risk stratification for SCD in proven mutation 
carriers.2 This recommendation is based on the assumption that mutation carriers have the 
same risk of SCD and that risk factors for SCD have the same prognostic value –even when a 
mutation carrier shows no hypertrophy yet.
 Recent studies showed a delayed development of clinical disease –that is, left 
ventricular hypertrophy- in asymptomatic mutation carrying relatives.8, 9 Besides, the risk of 
SCD is probably also considerably lower compared to patients with manifest disease, although 
SCD has been described in relatives without clinical disease.10 Since predictive genetic testing 
is disseminating, more asymptomatic mutation carriers are detected, which stresses the 
need for guidelines on how, when and how often cardiac screening should be performed, 
in an efficient way such that a considerable portion of SCD is avoided at reasonable costs. 
Annual cardiac screening is potentially effective in detecting high risk carriers which enables 
prevention of SCD by an ICD; however, it may give rise to health capacity problems and can 
have far-reaching psychosocial effects (anxiety/distress, depressed health and quality of life).
 In this study we aim to develop a more optimal screening strategy for asymptomatic 
mutation carrying relatives by means of cost-effectiveness analysis. Such an analysis aims to 
compare all health effects –intended and unintended- for various strategies, and to find that 
strategy of –in this case- cardiac screening and treatment to prevent SCD which gives best 
value for money, as a useful point of departure in the development of guidelines.

Methods

Cost-effectiveness analysis approach
We used a decision tree for all the relevant possible screening strategies and their costs and 
outcomes (Figure 1). Because our focus is on the optimal cardiac screening strategy our starting 
point is the newly detected mutation carrying relative. Analysis starts after predictive genetic 
testing; the costs of genetic counselling and testing are therefore excluded from analyses as 
they are invariant under any of the screening strategies. The decision tree shows all possible 
outcomes. The probabilities for each branch or pathway have to be determined; here we 
derived these data from clinical data of all known Dutch predictively tested mutation carriers 
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(n=423, to be published) and we extrapolated these data to be used for lifelong follow-up 
(conveniently defined as the age of 75 years). 

The primary choice to be made is on the extensiveness of cardiac screening, which 
can be ‘elementary’ consisting of echocardiography and ECG detecting manifest disease 
only, or ‘extended’ with besides echocardiography and ECG also 24h Holter recording and an 
exercise test to achieve risk stratification for SCD. In strategy A all mutation carries with and 
without known manifest disease undergo ‘extended’ cardiac screening, in strategy B ‘extended’ 
screening is only performed in mutation carriers with manifest HCM, where others receive 
‘elementary’ screening. 

Besides the extensiveness of cardiac screening we also added different frequency 
parameters: 
(1) cardiac evaluation once every year in all mutation carriers (combined with strategy A 
conform the consensus document ),2 
(2) cardiac evaluation yearly in carriers with manifest disease and once every two years in 
carriers without manifest disease,
(3) and cardiac evaluation yearly in carriers with manifest disease and in carriers without 
manifest disease > 40 years, and once every two years in carriers without manifest disease 
<40 years.
In this way six different screening strategies will be analysed (A1, A2, A3, B1, B2, and B3). In 
the analysis we use strategy A1, which is advised in the consensus document as reference 
strategy. We also show data of a strategy without any form of cardiac screening (strategy C).
 
Data – clinical data
Clinical data were derived from the ESCAPE-HCM study population.11 From families with a 
(probably) pathogenic mutation in one of the sarcomeric genes we included asymptomatic 
relatives with a proven familial mutation. All eight Dutch University Hospitals included patients. 
Probands and relatives who had been clinically diagnosed with HCM before genetic testing 
were excluded. For this study we included only asymptomatic mutation carriers between 10 

Figure 1. Decision tree. Strategy A: all mutation carries with and without known manifest disease undergo cardiac 
screening including risk stratification. Strategy B: risk stratification is only performed in mutation carriers with 
manifest HCM. 
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and 75 years old at the moment of DNA-diagnostics (n=423). 
From all mutation carriers a family tree was constructed including data on SCD in 

relatives up to the third degree. In the Netherlands carriers are advised to undergo cardiac 
evaluation including complete risk stratification with an ECG, echocardiogram, 24-hour 
ambulatory Holter recording, and an exercise test regularly.2 Clinical parameters from all their 
cardiac evaluations (often performed in local hospitals) after predictive genetic testing were 
recorded in a clinical database. 

Mean age of the 423 mutation carriers was 39±16 years and 182 (43%) were male. 
Mean follow-up time between first and last cardiac screening was 2.86±1.58 years; some 
carriers received only one cardiac screening. 

Data - costs
The total costs were estimated as total of resource volumes used multiplied with estimated 
costs per unit. The resource volumes were the elements of screening (‘elementary’ or 
‘extended’ screening) and ICD implantation. The costs per unit estimates were based on the 
‘true economic costs’-principle12 and obtained from the 2004 hospital management and 
accounting systems and indexed for the year 2007. The costs of ICD consisted of the costs 
associated with ICD surveillance (twice a year), ICD replacement (once every 5 years), and 
replacement of ICD leads (once every 20 years). Table 1 displays the cost estimates as used in 
our study.

Table 1. Estimated costs per unit of resource volume.
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Assumptions
From the clinical database of the ESCAPE-HCM study we obtained distributions of incidences of 
any of the risk factors and manifest disease, according to age of detection and follow-up time. 
In the ESCAPE-HCM study a clinical diagnosis of HCM is made when on echocardiography the 
maximal left ventricular wall thickness was ≥ 13mm and/or severe systolic anterior movement 
of the mitral valve (SAM) was present.13 In children the clinical diagnosis is made when on 
echocardiography a maximal wall thickness ≥ 2 SD for their body surface area was present. All 
clinical risk factors are assessed using definitions according to medical literature.8

The clinical data showed age dependent expression of manifest disease. In the 
decision tree, age is therefore an important factor. Data on disease expression per age category 
showed a biphasic curve suggesting that our population of asymptomatic HCM mutation 
carriers consisted of two different populations; one population of mainly older mutation 
carriers (>20-30 years) who had not developed manifest disease yet and a second population 
of mainly younger mutation carriers, who might have become our future probands if they 
had not been detected as mutation carrier by genetic testing before the onset of disease. We 
therefore decided for disease expression to rely on a combined curve based on cumulative 
disease expression in asymptomatic mutation carriers and symptomatic probands (n=126). 
Based on pedigree information and clinical experience for each age category we made an 
assumption on the proportion of mutation carriers that would otherwise have become 
probands and also used information on disease expression from probands (these probands 
were not subjected to the decision tree). For example, in asymptomatic mutation carriers 
aged between 10 and 15 years, we assumed 30% of them would show cumulative disease 
expression as seen in probands and 70% as seen in our cohort of asymptomatic mutation 
carrying relatives. In carriers aged between 60 and 65 years this ratio was 5%/95%. In this 
way a higher proportion of carriers detected at young age had manifest disease at age 75 
compared to asymptomatic carriers detected at age 50. 

Data on high risk status for SCD (manifest disease and ≥ 2 risk factors for SCD) were 
modelled from the clinical data of our cohort. We assumed all mutation carriers who develop 
manifest disease and two or more clinical risk factors for SCD are at high risk for SCD and 
invariably have an ICD implanted, which prevents SCD effectively.2, 4 We assumed ICD to be 
fully (100%) protective of SCD at all ages. Without ICD implantation, we assumed SCD to be 
always lethal. However, before ICD implantation, carriers can develop a high risk for SCD in 
the time period between cardiac evaluations and can still experience SCD (‘interval’ SCD). To 
estimate the number of ‘interval’ SCDs we assumed a SCD rate of 5% per year for mutation 
carriers with a high risk status.14 Part of the carriers with high risk status also originate from the 
group who did not have manifest HCM at their last evaluation. We used three assumptions: 
a low proportion (0.5%) of high risk carriers and thus of all ‘interval’ SCD derived from non-
manifest mutation carriers), a medium proportion (1.0%) and a high proportion (2.0%). The 
number of ‘interval’ SCDs in non-manifest mutation carriers was assumed to double when 
cardiac evaluations did not include risk stratification or when cardiac evaluations were 
performed on a two-year basis. Moreover, we assumed that SCD does not occur in carriers 
without a high risk status.

Analysis
The differences in costs and in ‘interval’ SCDs between the reference strategy (strategy A1) and 
the other strategies were calculated. Efficacy was measured in terms of ‘interval’ SCD. Cost-
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efficacy of each strategy was calculated by the difference in costs with the reference strategy 
divided by the difference in ‘interval’ SCD.

Results
According to our model, 75% of all carriers developed manifest HCM at the end of follow-up 
at the age of 75 years. Almost 5% of carriers also had two or more risk factors for SCD and 
were therefore at high risk for SCD and had an ICD implanted. Distribution of the proportion 

Table 2. Proportions of manifest HCM and high risk status for SCD in all mutation carriers at the end of screening at 
age 75.

Table 3. Screening strategies, their costs and 
‘interval’ SCDs.
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of carriers developing manifest disease and a high risk status per age category can be found 
in Table 2.

Table 3 shows that the number of ‘interval’ SCDs in our cohort, assuming all 423 
mutation carriers are followed until the age of 75 years, is extremely low. Depending on the 
screening strategy and the assumed proportion of SCD victims in the group of mutation 
carriers without manifest HCM the absolute number of unprevented SCDs varies between 
0.523 and 0.554 (or 0.124-0.131% of the entire cohort). Only strategy C, which involves no 
cardiac screening or prevention measures, harbors 19 SCDs (4.5% of our cohort), showing that 
no cardiac screening of mutation carriers is not a feasible option. From the remaining screening 
strategies, strategy B2, the least extensive screening strategy, is the most cost-effective. This 
strategy saves the most money per case of ‘interval’ SCD compared to the reference strategy 
A1. 

In all screening strategies, carriers with manifest HCM and ≥ 2 risk factors for SCD 
were the most costly patient group (Table 4). In strategies A2 and B2, the lowest costs were 
made by mutation carriers without manifest HCM. Average costs per mutation carrier vary 
between €24,502 and €32,929 for a mean cardiac screening period (until 75 years of age) of 
35 years, or on average €701 to €942 per carrier per year.

Discussion
This cost-effectiveness analysis shows that the least extensive and intensive cardiac screening 
strategy, strategy B2, is the most cost-effective. This screening strategy involves yearly risk 
stratification for SCD only in mutation carriers with manifest HCM; carriers still without manifest 
disease are to be screened on a two-year basis by ECG and echocardiography, irrespective of 
their age. However, average costs for cardiac screening per carrier per year are small and do 
not differ considerably between screening strategies. The number of ‘interval’ SCDs under any 
form of cardiac screening is extremely low compared to the 4.5% SCD rate under no cardiac 
screening, showing that cardiac screening of asymptomatic mutation carriers is strongly 
recommended. 
 Our study also reveals that all strategies are cost saving and do not create considerable 
numbers of ‘interval’ SCDs compared to the reference strategy (A1), which is based on the ACC/

Table 4. Distribution of total costs per type of mutation carrier per screening strategy.
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ESC consensus document. The outcomes of our model also support that risk stratification 
should only be performed in carriers with manifest HCM. This outcome was expected since 
we assumed no SCD in carriers without manifest HCM, as supported by the clinical data of our 
cohort. We made this assumption because SCD in carriers without manifest disease is a very 
rare event, because the prognostic impact of risk factors for SCD has never been validated 
in mutation carriers without manifest disease, and because this assumption was supported 
by the clinical follow-up data of the ESCAPE-HCM study cohort. We feel it is therefore not 
only cost-effective but also safe to perform risk stratification only in carriers without manifest 
disease. 
 The frequency of screening did not greatly affect the number of ‘interval’ SCDs, due 
to the assumed low event rate of 5% per year in carriers with a high risk status without an 
ICD implanted which is based on literature. Further research is needed to investigate if the 
frequency of cardiac screening can even be reduced beyond once every two years from a 
cost-effectiveness point of view. 
 The carriers’ age was taken into account to determine the frequency of screening 
in two of the strategies (A3 and B3), with a higher frequency of screening in carriers >40 
years. This age dependent strategy was deduced from our observational data showing an age 
dependent penetrance of disease with an age independent penetrance of the risk factors. 
A high risk status was therefore more often present in older carriers and there was a clear 
difference in the rate of development of a high risk status between carriers under and over 40 
years of age. Our observational data in asymptomatic carriers assume a milder disease course 
(lower proportion of high risk status for SCD) in the young, but literature on HCM shows SCD 
to occur frequently in asymptomatic patients (with manifest disease) in adolescence. SCD, 
however, was often the first symptom of the disease in these youngsters who were often 
not known to have HCM before the event. If these youngsters had been evaluated by ECG 
and echocardiography manifest disease would have been present. We feel it is therefore 
safe to reduce cardiac screening to once every two years in youngsters as our observational 
data suggest no faster development of manifest disease or risk factors over time in younger 
carriers.

Limitations
We have to be aware that our results may be subject to bias for several reasons. Firstly, long 
term follow-up data of mutation carrying relatives currently are unavailable. Secondly, the 
natural history of HCM is largely unknown and absence of external long term follow-up data 
disables a formal model validation. Our study was performed on observed data from the 
largest known cohort of asymptomatic mutation carriers currently available. We expect that 
our results, especially related to the frequency of SCD, can become more accurate when our 
cohort is expanded and follow-up extended. 
 We made several assumptions to develop our model. One of them is that only 
carriers with a high risk can experience SCD. Medical literature, however, describes cases of 
SCD in carriers without manifest HCM or in HCM patients without any of the risk factors. Since 
we did not take these case studies into account, we may therefore have underestimated the 
number of SCDs and possibly also costs, if for example all carriers with one risk factor and 
manifest disease would have an ICD implanted.
 We also assumed a 100% uptake of cardiac screening in mutation carriers. Previous 
studies have shown that uptake of genetic testing is only 40% and that not all mutation 
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carriers receive regular cardiac screening.15, 16 This is disturbing since our study clearly shows 
that no cardiac screening cannot be regarded a viable strategy. When adjusting for incomplete 
uptake, the costs would be lower but the number of SCDs would definitely be higher. 
 We did not take into account quality of life of mutation carriers. An impact on quality 
of life may be expected, especially when manifest disease and symptoms become present, 
when an ICD is implanted and when screening is frequent (anxiety related to the process of 
screening). These outcomes have never been evaluated under the various screening strategies. 
Previous studies show that carriers often have a positive attitude towards genetic and cardiac 
screening and that quality of life is only depressed in carriers with manifest disease.16, 17  

Our analysis started when asymptomatic relatives were identified as mutation carrier 
since we were interested in the most cost-effective cardiac screening strategy. The costs of 
genetic counselling and DNA diagnostics were therefore excluded. Unpublished data have 
already shown that cascade genetic testing of relatives of HCM patients is cost-effective for 
the primary prevention of SCD (www.herc.ox.ac.uk/research/genetics/suddencardiacdeath).

Conclusions
The most cost effective cardiac screening strategy in asymptomatic mutation carriers involves 
extensive yearly screening including risk stratification for SCD in carriers with manifest HCM 
and ECG and echocardiography every two years in carriers without manifest HCM. This 
recommendation differs from the currently proposed ACC/ESC Consensus Document. The 
most cost-effective screening strategy is mainly determined by the costs of the screening 
strategy since the number of ‘interval’ SCDs is very small regardless of strategy. Since SCD is 
extremely rare in mutation carriers without manifest disease, we feel it is also safe to implement 
this cardiac screening strategy.



65

2₃

Cost-effectiveness in hypertrophic cardiomyopathy

References

1.  Maron BJ, Gardin JM, Flack JM, et al. Prevalence of hypertrophic cardiomyopathy in a general population of young 
adults. Echocardiographic analysis of 4111 subjects in the CARDIA Study. Coronary Artery Risk Development in 
(Young) Adults. Circulation 1995;92:785-9.

2.  Maron BJ, McKenna WJ, Danielson GK, et al. American College of Cardiology/European Society of Cardiology 
clinical expert consensus document on hypertrophic cardiomyopathy. A report of the American College of 
Cardiology Foundation Task Force on Clinical Expert Consensus Documents and the European Society of 
Cardiology Committee for Practice Guidelines. J Am Coll Cardiol 2003;42:1687-713.

3.  Maron BJ, Shen WK, Link MS, et al. Efficacy of implantable cardioverter-defibrillators for the prevention of sudden 
death in patients with hypertrophic cardiomyopathy. N Engl J Med 2000;342:365-73.

4.  Maron BJ, Spirito P, Shen WK, et al. Implantable Cardioverter-Defibrillators and Prevention of Sudden Cardiac 
Death in Hypertrophic Cardiomyopathy. JAMA 2007;298:405-12.

5.  Epstein AE, Dimarco JP, Ellenbogen KA, et al. ACC/AHA/HRS 2008 Guidelines for Device-Based Therapy of Cardiac 
Rhythm Abnormalities: Executive Summary. A Report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (Writing Committee to Revise the ACC/AHA/NASPE 2002 Guideline 
Update for Implantation of Cardiac Pacemakers and Antiarrhythmia Devices). Circulation 2008;117:e350-e408.

6.  Zipes DP, Camm AJ, Borggrefe M, et al. ACC/AHA/ESC 2006 Guidelines for Management of Patients With 
Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death: a report of the American College of 
Cardiology/American Heart Association Task Force and the European Society of Cardiology Committee for 
Practice Guidelines (writing committee to develop Guidelines for Management of Patients With Ventricular 
Arrhythmias and the Prevention of Sudden Cardiac Death): developed in collaboration with the European Heart 
Rhythm Association and the Heart Rhythm Society. Circulation 2006;114:e385-e484.

7.  Van Driest SL, Ommen SR, Tajik AJ, et al. Sarcomeric genotyping in hypertrophic cardiomyopathy. Mayo Clin Proc 
2005;80:463-9.

8.  Christiaans I, Birnie E, van Langen IM, et al. The yield of risk stratification for sudden cardiac death in hypertrophic 
cardiomyopathy Myosin-Binding Protein C gene mutation carriers: focus on predictive screening. Eur Heart J 
2010;31:842-8.

9.  Michels M, Soliman OI, Phefferkorn J, et al. Disease penetrance and risk stratification for sudden cardiac death in 
asymptomatic hypertrophic cardiomyopathy mutation carriers. Eur Heart J 2009;30:2593-8.

10.  Christiaans I, Lekanne dit Deprez RH, van Langen IM, et al. Ventricular fibrillation in MYH7-related hypertrophic 
cardiomyopathy before onset of ventricular hypertrophy. Heart Rhythm 2009;6:1366-9.

11.  Christiaans I, Dijksman LM, Birnie E. ESCAPE-HCM study: Evaluation of SCreening of Asymptomatic PatiEnts with 
Hypertrophic CardioMyopathy. Neth Heart J 2007;15:216-20.

12.  Finkler SA. The distinction between cost and charges. Ann Intern Med 1982;96:102-9.
13.  McKenna WJ, Spirito P, Desnos M, et al. Experience from clinical genetics in hypertrophic cardiomyopathy: 

proposal for new diagnostic criteria in adult members of affected families. Heart 1997;77:130-2.
14.  Elliott PM, Poloniecki J, Dickie S, et al. Sudden death in hypertrophic cardiomyopathy: identification of high risk 

patients. J Am Coll Cardiol 2000;36:2212-8.
15.  Christiaans I, Birnie E, Bonsel GJ, et al. Uptake of genetic counselling and predictive DNA testing in hypertrophic 

cardiomyopathy. Eur J Hum Genet 2008;16:1201-7.
16.  Christiaans I, van Langen IM, Birnie E, et al. Genetic counseling and cardiac care in predictively tested hypertrophic 

cardiomyopathy mutation carriers: the patients’ perspective. Am J Med Genet A 2009;149A:1444-51.
17.  Christiaans I, van Langen IM, Birnie E, et al. Quality of life and psychological distress in hypertrophic cardio-

myopathy mutation carriers: A cross-sectional cohort study. Am J Med Genet A 2009;149A:602-12.





67

3₁
Risk stratification in hypertrophic cardiomyopathy
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cardiomyopathy: systematic review of clinical risk markers.
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Abstract
We performed a systematic literature review of recommended ‘major’ and ‘possible’ clinical risk 
markers for sudden cardiac death (SCD) in hypertrophic cardiomyopathy (HCM). We searched 
Medline, Embase and Cochrane databases for articles published between 1971 and 2007. 
We included English language reports on HCM patients containing follow-up data on the 
endpoint (sudden) cardiac death using survival analysis. Analysis was undertaken using the 
quality of reporting of meta-analyses (QUORUM) statement checklist. The quality was checked 
using a quality assessment form from the Cochrane Collaboration. Thirty studies met inclusion 
criteria and passed quality assessment. The use of the six major risk factors (previous cardiac 
arrest or sustained ventricular tachycardia, non-sustained ventricular tachycardia, extreme 
left ventricular hypertrophy, unexplained syncope, abnormal blood pressure response, and 
family history of sudden death) in risk stratification for SCD as recommended by international 
guidelines was supported by literature. In addition, left ventricular outflow tract obstruction 
seems associated with a higher risk of SCD. Our systematic review provides sound evidence 
for the use of the six major risk factors for SCD in the risk stratification of HCM patients. Left 
ventricular outflow tract obstruction could be included in the overall risk profile of patients 
with a marked left ventricular outflow gradient under basal conditions. 
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Introduction
Hypertrophic cardiomyopathy (HCM) is a genetically heterogeneous heart muscle disorder 
characterised by myocardial hypertrophy in the absence of abnormal loading conditions.1, 

2 While it has been recognised for many decades that some patients with the disease die 
suddenly from ventricular arrhythmia, data from contemporary studies suggest that the 
overall risk is relatively small with annual sudden cardiac death (SCD) rates of 1% or less in 
most series.3-5 The challenge for clinicians is to identify the small cohort of patients who are at 
risk in order to target potentially lifesaving therapy with implantable cardioverter defibrillators 
(ICD).

In a joint consensus report of the American College of Cardiology (ACC) and the 
European Society of Cardiology (ESC) dating from 2003, it is recommended that all patients with 
HCM should be assessed using an algorithm based on a small number of readily determined 
clinical parameters that are thought to reflect the severity of the underlying myocardial 
disease and therefore the risk of sudden cardiac death (Table 1).6 Based on the assumption 
that the number of risk factors corresponds to the magnitude of the risk of SCD, the report 
recommends consideration of an ICD in patients with one or more of the suggested clinical 
markers. While data from observational studies of patients with HCM that have received an ICD 
suggest that this approach to risk stratification identifies a cohort that benefits from therapy, a 
major limitation of the ACC/ESC guidelines is the lack of any systematic review of the relative 
predictive power of individual risk factors in different populations. In this study we set out to 
perform such a review, focusing on the validity of individual risk factors.

Methods

Literature search 
Published studies on natural history, risk factors, and prognosis were identified by searching the 
electronic databases of Medline (1971 to December 2007), Embase (1980 to December 2007) 
and the Cochrane Library (all years). The search strategy was developed by the researchers and 
a clinical librarian. The search strategy was broad (high recall and low precision) and focused 
on the combination of three main search topics: HCM; death; and prognosis. A detailed search 
strategy was developed for use in Medline and then adapted for each database (Supplement 
1). A manual follow-up search of key authors encountered most frequently in the field and of 
reference lists of included papers was performed.

Inclusion criteria
We included English language reports on a cohort of patients with HCM containing follow-
up data on the endpoints cardiac (or cardiovascular) death or sudden death. Only articles 
analysing major or possible risk factors for SCD according to the ACC/ESC guidelines were 
included (Table 1).6 We required that possible correlations between the presence of a risk 
factor and the endpoint were investigated using a survival analysis (e.g. Cox regression) to 
limit heterogeneity between studies based on different methods of analysis. In many studies 
that used Cox regression analysis, the hazard ratio was presented as relative risk, risk ratio or 
odds ratio, although such terminology refers to relative probabilities at a fixed cumulative 
time interval, for example, after 2 years of follow-up. When referring to included studies, we 
left the risk term used in the study unaltered. In the figures, however, we used hazard ratios 
for the sake of uniformity.
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Data collection and analysis
Analysis was undertaken using the QUORUM (Quality Of Reporting Of Meta-analyses) 
statement checklist (Supplement 2). Meta-analysis of the data was performed (RevMan 4.3, 
Cochrane, Copenhagen, Denmark), but showed substantial heterogeneity (I2 test) between 
the studies -the percentage of variance due to heterogeneity ranged from 34 to 95% for the 
major risk factors for SCD. Two reviewers (IC and KvE) independently checked the list of titles 
and abstracts identified by the search to determine whether an article contained relevant 
data. Selected articles and articles without abstract were read in full to confirm eligibility. All 
articles were subject to a quality assessment form for systematic reviews and meta-analyses 
from the Cochrane Collaboration. We extracted the following data from the selected articles: 
inclusion and exclusion criteria, patient characteristics (age, gender, presence of risk factors), 
study design (prospective or retrospective), follow-up duration, number of patients lost to 
follow-up, univariate and/or multivariate Cox regression analysis, type of endpoint (e.g. SCD 
and/or cardiovascular death), and hazard ratios. 

An average value for the hazard ratio for SCD of each risk factor, extracted from the 

Table 1. Risk factors for sudden cardiac death in hypertrophic cardiomyopathy.

Figure 1. Search results.
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meta-analysis, is provided in the text. Some studies only report the significance level and 
not the hazard ratio. As these studies are not included in the meta-analysis and the included 
studies are heterogeneous, this average hazard ratio should be interpreted with caution. 
Average hazard ratios were not calculated for the possible risk factors because of the low 
number (≤ 2) of studies reporting the hazard ratio. 

The authors had full access to the data and take responsibility for its integrity. All 
authors have read and agreed to the manuscript as written.

Results
Figure 1 summarises the search results. Our search identified 1376 unique articles. By reading 
the titles and abstracts, 1208 were excluded because they did not meet our inclusion criteria. 

Table 2. Included articles.
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Of the remaining 168, the full text version of the paper was obtained and evaluated. This 
excluded another 135 articles. Reasons for exclusion are listed in Figure 1. Of the 33 remaining 
articles, three did not pass quality assessment. Two of the three studies were excluded because 
they assessed only children. The third article included only HCM patients with symptoms 
of myocardial ischemia. Thus, the remaining 30 articles were subjected to data extraction 
(Figure 1, Tables 2 and 3). Several articles reported data collected from the same population of 
patients. Because these studies seemed to use different sub-samples, they were considered 
as separate studies.
 Twelve of 30 studies reported on risk factors for SCD, 13 on risk factors for cardiovascular 
death (including SCD, heart transplantation, and death due to stroke or heart failure), and 5 
reported on both endpoints. 

Major risk factors
Prior aborted cardiac arrest and spontaneous sustained ventricular tachycardia 
Prospective data on survival of patients with HCM who survived a cardiac arrest are limited, 
and none of the included studies reported data on this risk factor. Studies only including 
HCM survivors of a cardiac arrest reported a significant association with future SCD,7 a 7-year 
mortality rate of ~33%8 or a 5-year SCD or ICD discharge rate of 41%.9

Table 3. Definitions of risk factors for sudden cardiac death used in included studies.
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Non-sustained ventricular tachycardia 
Most included studies did not find a significant relation between non-sustained ventricular 
tachycardia (NSVT) and SCD 10-14 or HCM-related death.15-20 With increasing patient numbers 
in more recent studies, NSVT proved to be a significant independent risk factor for SCD, 
especially in the young (Figure 2).21-24 The average reported hazard ratio for NSVT was 2.89 
[95% confidence intervals (CI): 2.21-3.58].

Unexplained syncope 
Most studies did not demonstrate a statistically significant relation between unexplained 
syncope and either SCD 12-14, 21, 22, 24, 25 or HCM-related death (Figure 3).16, 18 Three studies reported 
a significant increase in SCD in patients with unexplained syncope.10, 23, 26 The average reported 
hazard ratio for unexplained syncope was 2.68 (95% CI: 0.97-4.38). 

Extreme left ventricular hypertrophy 
The number of studies reporting extreme left ventricular hypertrophy (LVH) as a significant 
risk factor for cardiac death15, 27, 28 or SCD12, 13, 24, 27, 29 approximates the number of studies that 
found no or a non-significant relationship between extreme LVH and cardiac death18, 30-33 or 
SCD (Figure 4).10, 14, 22, 23, 25, 28, 31 The average reported hazard ratio for extreme LVH was 3.10 (95% 
CI: 1.81-4.40).

Abnormal blood pressure response to exercise testing 
Some of the included studies found significantly more SCD in HCM patients with an abnormal 
blood pressure response (ABPR),18, 25 but in one study the risk was only increased for patients 
aged 50 or younger.18 Other studies demonstrated only a non-significant increase in SCD or 
appropriate ICD discharge with ABPR, even in young patients (Figure 5).12, 13, 23, 24 The average 
reported hazard ratio for ABPR was 1.30 (95% CI: 0.64-1.96).

Family history of SCD 
Most included studies did not demonstrate a significant relationship between family history 
of SCD (FHSCD) and cardiac death15, 16, 18, 27 or SCD12-14, 24-26, 29. Three recent studies demonstrated 
that FHSCD was an independent but weak predictor for SCD (Figure 6).21-23 The average 
reported hazard ratio for FHSCD was 1.27 (95% CI: 1.16-1.38).

Combination of major risk factors
Several studies investigated the risk of SCD in the presence of combinations of major risk 
factors. The combination of a history of syncope with FHSCD was a significant predictor of 
SCD risk.12 Another study (using logistic regression) reported a significantly increased risk of 
a cardiac event (SCD, cardiac arrest or ICD discharge) in patients with a history of cardiac 
arrest, syncope and/or presyncope.7 The same combination of risk factors did not show to be 
a significant predictor for HCM-related death.17 

Some studies investigated the number of risk factors in relation to the risk of SCD. 
One study found that two or more of the studied risk factors (ABPR, NSVT, extreme LVH, 
FHSCD, and syncope) in multivariate analysis provided a risk ratio of 5.6 (95% CI: 2.43-13.1, P = 
0.002). Patients with two or more risk factors (12%) had an estimated annual SCD risk of 4-5%.12 
In 2001, a relative risk of 2.00 (95% CI: 1.43-2.79, P = 0.0001) was reported per additional risk 
factor (one to three).13 
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Figure 2. Hazard ratios for sudden cardiac death 
(filled square) or cardiovascular death (filled circle) 
for non-sustained ventricular tachycardia.
The size of the squares and circles corresponds 
with the number of patients in the study. The bars 
represent the upper and lower 95% CI. Hazard 
ratios with CI >1 indicate a significant association 
with sudden cardiac death. When the hazard ratio 
is not specified in the article the significance level is 
provided; ‘s’ for a significant relationship and ‘ns’ for 
a non significant relationship are used. *, univariate 
analysis; †, hazard ratio for sudden cardiac 
death and appropriate implantable cardioverter 
defibrillator discharge; ‡, hazard ratio for sudden 
cardiac death and resuscitated cardiac arrest; §, 
hypertrophic cardiomyopathy patients ≤ 30 years.  

Figure 3. Hazard ratios for sudden cardiac death 
(filled square) or cardiovascular death (filled circle) 
for unexplained syncope.
Use of symbols as in Figure 2. ||, hypertrophic 
cardiomyopathy patients ≤ 50 years.

Figure 4. Hazard ratios for sudden cardiac death 
(filled square) or cardiovascular death (filled circle) 
for extreme left ventricular hypertrophy.
Use of symbols as in Figure 2. ||, hypertrophic 
cardiomyopathy patients ≤ 50 years; #, extreme left 
ventricular hypertrophy defined as maximal wall 
thickness ≥ 25 mm.



75

3₁

Systematic review of risk factors for SCD

Possible risk factors
Atrial fibrillation
Atrial fibrillation was associated with a higher risk of cardiovascular death in several studies.16, 

18, 27, 28, 34-38 However, only one included study reported a significant correlation between atrial 
fibrillation and SCD (RR: 4.90, 95% CI: 1.49-16.67, P = 0.008).37 In contrast, three larger studies 
did not identify a significant relationship between atrial fibrillation and SCD.10, 25, 28 

Myocardial ischaemia
Three of the included studies assessed the prognostic impact of ischaemia using different 
clinical methodologies. A history of myocardial infarction35 proved to be a significant predictor 
for cardiac death, as well as microvascular dysfunction (HR: 0.14, 95% CI: 0.03-0.78, P = 0.02).30 
In one study, severe coronary artery disease was a significant predictor for cardiac death (RR: 
2.15, 95% CI: 1.27-3.70, P = 0.004) and SCD (RR: 2.77, 95% CI: 1.23-6.25, P = 0.01).37

Left ventricular outflow tract obstruction 
Several studies with large patient populations demonstrated a significant relationship 
between left ventricular outflow tract obstruction (LVOTO) and SCD23, 25, 28 or between LVOTO 
and HCM-related death.27-29 Smaller studies could not find such a relationship for SCD10, 18, 21, 22, 

39 or cardiovascular death.15, 30, 33, 39 

Figure 5. Hazard ratios for sudden cardiac death 
(filled square) or cardiovascular death (filled 
circle) for abnormal blood pressure response. 
Use of symbols as in Figure 2. ||, hypertrophic 
cardiomyopathy patients ≤ 50 years; **, 
hypertrophic cardiomyopathy patients ≤ 40 
years.

Figure 6. Hazard ratios for sudden cardiac death 
(filled square) or cardiovascular death (filled 
circle) for family history of sudden cardiac death.
Use of symbols as in Figure 2. ||, hypertrophic 
cardiomyopathy patients ≤ 50 years. 
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Genotype
None of the studies included in the search investigated genotype as separate risk factor. 
Since the discovery of the first HCM-related genes, many papers on genotype-phenotype 
correlations have been published. At first, specific mutations, mainly in the MYH7 gene, were 
described that were associated with a ‘malignant’ phenotype (decreased survival)40-42 or a 
‘benign’ phenotype (normal longevity).40, 41, 43-48 Later studies have contradicted this suggested 
classification into ‘malignant’ and ‘benign’ mutations.40, 44, 46, 49-51 

Mutations in the MYH7 gene were reported to cause a more severe phenotype with 
a younger age of onset, more LVH, and more sudden death than mutations in the MYBPC3 
gene.44, 46, 52-55 However, all of these studies had the same limitations: small population size, 
low prevalence of each mutation, intra- and inter-familial variability in expression of the 
phenotype, and have been contradicted in more recent studies.56, 57 Some genotype-
phenotype correlations still hold. In families with a TNNT2 gene mutation, SCD can also occur 
at a younger age, even before ventricular hypertrophy is present.58 More recently, systematic 
genotyping revealed patients with two mutations in the same gene or in different genes, who 
have a more severe phenotype with a younger age of onset and more adverse events.55, 59-62

Physical exertion
None of the studies included evaluated this possible risk factor. Three studies reported on 
the circumstances preceding death. In two studies, about two-thirds of SCD occurred during 
exertion (32-44% during mild exertion and 22-32% during moderate to severe exertion).12, 25 

Discussion
This is the first systematic analysis of the literature supporting current international guidelines 
on the assessment of sudden death risk in patients with HCM. The findings suggest that all 
recommended major risk factors are associated with an increased risk of sudden death, with 
the proviso that the power of some risk markers is substantially modified by age. The analysis 
provides few data to support the use of ‘possible’ risk factors, with the possible exception 
of LVOTO, which was associated with a higher risk of SCD in several large studies. Although 
LVOTO, unlike most other risk markers, is potentially modifiable with drug therapy, surgery, or 
alcohol septal ablation, there currently is only limited evidence that therapy for LVOTO has 
a beneficial effect on survival.63-65 Although we believe that the analysis does not support a 
move away from current practice guidelines that recommend invasive gradient reduction 
only in patients with severe drug refractory symptoms, our findings also suggest that LVOTO 
may be associated with an increased risk of SCD and could be included in the overall risk 
profile of patients with a marked left ventricular outflow gradient under basal conditions.

The approach to risk stratification recommended in the ACC/ESC consensus guidelines 
is based on the concept of global risk burden, whereby treatment decisions are determined 
by the presence of a small number of risk factors. The ACC/ESC guidelines for prevention of 
sudden death recommend ICD implantation in people with a history of sustained ventricular 
arrhythmia and in patients with one or more of the recommended risk factors. This review 
supports the notion that a prior cardiac arrest (ventricular fibrillation) or spontaneous VT as 
sole risk factor seems to be associated with a considerable increase in SCD risk, sufficient to 
advocate an ICD. Patients with only one of the other five major risk factors can also be at risk 
for SCD (or ventricular arrhythmias), but the wide CI suggest that the majority is probably 
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at low risk and the decision to implant an ICD for prophylactic reasons should be made on 
a case-by-case basis including the clinical presentation of the risk factor and other clinical 
parameters affecting prognosis and health status. There are data to show that patients with 
multiple risk factors are at greater risk, but these are mostly derived from one centre. However, 
all major risk factors have been shown to increase the risk of SCD independently and there 
is sufficient evidence to support the assumptions that patients with two or more risk factors 
have a higher risk of SCD than patients with only one risk factor.

Limitations
An accurate meta-analysis is prevented by the large heterogeneity between studies and the 
fact that many studies do not report their non-significant hazard ratios. Looking at our figures, 
and the average hazard ratios we can conclude that all major risk factors indeed are associated 
with an increased risk of SCD. The large CI due to the low event rate and small populations in 
many studies require cautious interpretation. Other factors biasing meta-analysis results are 
the possible overlap in patients between different studies from the same institutions and the 
use of univariate as well as multivariate hazard ratios in our estimation.

Prognostic studies on risk factors included in this systematic review all suffer from the 
same problems: (1) heterogeneity in the studied population, the studied risk factors, and the 
definition of risk factors (Table 3); (2) selection bias - data are almost exclusively from specialised 
centres with populations large enough to perform prognostic studies; (3) the modifying effect 
of therapy on risk factors is difficult to assess, for example, in LVOTO or ischaemia; (4) the large 
CI due to low event rates and small impact differences, making large patient cohorts and 
long follow-up necessary; and (5) studied risk factors are always clinically heterogeneous even 
when there is a strict definition, for example, incidental NSVT or recurrent NSVT. 

Ideally, cardiologists would like to know the risk of SCD for their individual patient. It is 
a noble goal to be able to determine the risk of SCD at the individual level. Unfortunately, such 
a risk classification system is currently unavailable. As a first step, we need studies on group 
level to determine which risk factors appear to be associated with SCD. Our systematic review 
was designed to investigate the evidence for certain clinical markers being associated with 
a higher risk for SCD, but we are unable to develop a risk prediction model for the individual 
patient based on literature. We therefore stimulate further research on risk factors for SCD, 
especially on combinations and number of risk factors on the one hand and the risk of SCD 
on the other.

Conclusion
In this systematic review, we have validated the use of the six major risk factors in risk stratification 
for SCD as recommended in international guidelines, since they all seem to be associated with 
an increased risk of SCD. Left ventricular outflow tract obstruction is possibly associated with 
SCD and could be included in the overall risk profile of patients with a marked left ventricular 
outflow gradient under basal conditions. Further research into the risk associated with LVOTO 
and with the combined presence of >1 major risk factors is necessary.
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Supplement 1. Search strategy.

Medline database
1 AND 2 AND 3

1) HCM
hypertrophic cardiomyopath* OR hypertrophic obstructive cardiomyopath* OR asymmetric 
septal hypertroph* OR idiopathic hypertrophic subaortic stenosis OR idiopathic hypertrophic 
subvalvular stenosis OR IHSS*

2) death
mortality OR death

3) prognosis
incidence [MeSH:noexp] OR mortality [MeSH Terms] OR follow up studies [MeSH:noexp] OR 
prognos* [Text Word] OR predict* [Text Word] OR course* [Text Word] OR risk OR risks OR 
natural history

Embase database
1 AND 2 AND 3

1) HCM
hypertrophic cardiomyopathy or asymmetric septal hypertrophy or aorta subvalvular stenosis 
or idiopathic hypertrophic subaortic stenosis

2) death
death or mortality

3) prognosis
incidence or follow up studies or prognosis or prediction or disease course or risk or natural 
history

Cochrane library
Search 1 gave zero results.
1) HCM
hypertrophic cardiomyopathy or asymmetric septal hypertrophy or aorta subvalvular stenosis 
or idiopathic hypertrophic subaortic stenosis
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Supplement 2. QUORUM statement checklist
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3.2 The yield of risk stratification for sudden cardiac death in 
hypertrophic cardiomyopathy Myosin-Binding Protein C gene 

mutation carriers: focus on predictive screening. 
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Abstract

Aims 
We investigated the presence of a clinical diagnosis of hypertrophic cardiomyopathy (HCM) 
and of risk factors for sudden cardiac death (SCD) at the first cardiological evaluation after 
predictive genetic testing in asymptomatic carriers of a MYBPC3 gene mutation.

Methods and results 
Two hundred and thirty-five mutation carriers were cardiologically evaluated on the presence 
of HCM and risk factors. A clinical diagnosis of HCM was made in 53 carriers (22.6%). Disease 
penetrance at 65 years was incomplete for all types of MYBPC3 gene mutations. Women were 
affected less often than men (15% and 32% respectively, P=0.003) and disease penetrance 
was lower in females than in males (13% and 30% at 50 years, respectively, P=0.024). One risk 
factor was present in 87 carriers and 9 had two or more risk factors. Twenty-five carriers (11%) 
with one or more risk factors and manifest HCM could be at risk for SCD. 

Conclusion 
At first cardiological evaluation almost one-quarter of asymptomatic carriers was diagnosed 
with HCM. Risk factors for SCD were frequently present and 11% of carriers could be at risk for 
SCD. Predictive genetic testing in HCM families and frequent cardiological evaluation on the 
presence of HCM and risk factors for SCD are justified until advanced age.
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Introduction
Hypertrophic cardiomyopathy (HCM) is a common genetic disease affecting at least 1 in 
500 persons in the general population.1, 2 The clinical diagnosis rests on the presence of a 
hypertrophied, non-dilated left ventricle on echocardiography (left ventricle wall thickness 
≥15 mm or ≥13 mm in relatives of a patient) in the absence of other cardiac or systemic 
diseases that may cause cardiac hypertrophy, such as aortic valve stenosis and hypertension.3, 

4 
The risk of sudden cardiac death (SCD) is ~1% annually in unselected HCM patients 

but increases to 5% or more if risk factors are present.5, 6 Several risk factors associated with 
an elevated risk of SCD in HCM patients have been identified.7 It has been proposed that in 
patients with one or more risk factor(s) the implantation of an internal cardioverter defibrillator 
(ICD), a therapy with proven efficacy in the prevention of SCD, should be considered.7-10 

Hypertrophic cardiomyopathy is an autosomal dominant trait. Nowadays, a disease 
causing mutation is detected in about 50-60% of probands in diagnostic molecular testing.11 
These mutations are most often found in the genes encoding sarcomeric proteins. DNA-
diagnostics in the Netherlands is possible since 1996 in HCM patients and predictive DNA-
diagnostics in relatives started in 2001. In the Netherlands the majority of mutations are located 
in the cardiac myosin-binding protein C (MYBPC3, MIM *600958) gene. This high proportion is 
mainly caused by the presence of three Dutch founder mutations (35-40%: c.2373_2374insG 
12, c.2827C>T and c.2864_2865delCT) in the MYBPC3 gene.
 Identification of a disease causing mutation implies the opportunity of systematic 
predictive genetic testing in relatives (cascade screening). While proven mutation carriers 
should be referred for cardiological evaluation according to the ACC/ESC guidelines, 
prognosis-dependent care is difficult.7 Indeed, in carriers of a familial mutation not much is 
known about: (1) the risk of developing HCM, (2) the presence of risk factors for SCD in this 
group, (3) the association of these risk factors with an increased risk of SCD in carriers, and (4) 
whether the type of mutation involved, affects prognosis. Optimal management of mutation 
carriers is therefore unclear.
 In this paper, we report the results of the first cardiological evaluation in a group 
of asymptomatic relatives with a proven familial mutation in the MYBPC3 gene identified 
through active cascade screening and we address the clinical diagnosis of HCM, the presence 
of risk factors for SCD, and the different types of mutations in the MYBPC3 gene.

Methods

Patients
In 83 families with a (probably) pathogenic MYBPC3 gene mutation we included asymptomatic 
relatives not known to have HCM with a proven familial MYBPC3 gene mutation from four 
Universitary Hospitals. Probands and relatives who had been clinically diagnosed with HCM 
before genetic testing were excluded. The majority of asymptomatic relatives tested for the 
familial mutation were first-degree relatives of the proband or of an already detected mutation 
carrier, who had an a priori risk of carriership of 50%. If the connecting first-degree relative 
had died, second-degree relatives were also tested. All included mutation carriers provided 
written informed consent for anonymous use of their data for research purposes. 

We started this prospective cohort study in 2001 when the first asymptomatic relatives 
were identified as mutation carrier through cascade screening. Because of the still increasing 
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number of HCM patients in whom DNA-diagnostics is performed and the successive nature of 
cascade screening of the relatives, the inclusion of asymptomatic relatives shows an increase 
in time.

Data
From all mutation carriers a family tree was recorded with data on SCD in relatives until the third 
degree. Carriers were advised to have cardiological evaluation with an ECG, echocardiogram, 
24-hour ambulatory Holter recording, and an exercise test regularly.7 Clinical parameters from 
their first cardiological evaluation (often performed in local hospitals in the proximity of their 
home) after predictive genetic testing were recorded. A clinical diagnosis of HCM was made 
when on echocardiography the maximal left-ventricular wall thickness was ≥ 13mm and/
or severe systolic anterior movement of the mitral valve (SAM) was present.4 In children the 
clinical diagnosis was made when on echocardiography a maximal wall thickness ≥ 2 SD for 
their weight was present. All cardiological evaluations were reviewed by the authors.

The following risk factors for SCD were assessed:
1) Family history of premature SCD. Unexpected non-traumatic premature death within 1 h 
after the onset of symptoms and without previous severe symptoms in relatives, including 
unwittnessed unexpected nocturnal death and equivalents like successful resuscitation or 
appropriate ICD discharge. With respect to the age and degree of kinship and number of the 
relative(s) involved, we use the definition most used in literature: two relatives with SCD <40 
years.13-15

2) Unexplained syncope. Unexplained syncope, not judged to be neurocardiogenic.
3) Prior aborted cardiac arrest or sustained ventricular tachycardia (VT). Cardiac arrest (ventricular 
fibrillation) in history or spontaneously occurring sustained VT at exercise test or Holter 
recording.
4) Non-sustained ventricular tachycardia (NSVT). One or more runs of three or more consecutive 
ventricular extrasystoles at a rate of more than 120 b.p.m. lasting for <30 s at exercise test or 24 
h ambulatory Holter recording.
5) Extreme left-ventricular hypertrophy. Maximum left-ventricular wall thickness of 30 mm or 
more on echocardiography.
6) Abnormal blood pressure response (ABPR) during upright exercise. A failure of the systolic 
blood pressure to rise by more than 20 mmHg from baseline values, or a fall of more than 10 
mmHg from the maximum blood pressure during upright exercise (treadmill Bruce protocol 
or bicycle protocol).
The cumulative number of risk factors is the number of the above mentioned six risk factors 
for SCD that is positive. 

Follow-up after the first cardiological visit was on average 3.2 (SD 1.3; median 3.0; 
interquartile range 2.3) years. Endpoints in follow-up were death, cardiovasculair death, 
sudden cardiac death, heart transplantation, and appropriate ICD discharge.
 
Genetic analysis
Mutation analysis in the probands was performed according to a previously published 
protocol.16 Truncating mutations were defined as (probably) pathogenic based on 
descriptions in literature, cosegregation with the phenotype, absence in at least 200 controls, 
the predicted probability of nonsense-mediated mRNA decay and the results of functional 
assays. Missense mutations were defined as (probably) pathogenic based on descriptions in 
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literature, cosegregation with the phenotype, absence in at least 200 controls and chemical 
differences in the amino acid.

In this study we distinguished three types of MYBPC3 gene mutations: the 
c.2373_2374insG truncating mutation, which is the most prevalent Dutch founder mutation, 
other truncating mutations (including splice site mutations) and missense mutations. The 
different MYBPC3 gene mutations in the asymptomatic mutation carriers are described in 
Table 1. 

Statistical analysis
Data were analyzed with SPSS (version 15.0) statistical software. Data are expressed as means 
(SD) or as a frequency. Student’s t-test or one-way ANOVA was used for the comparison 
of normally distributed continuous variables, non-parametric methods for not-normally 
distributed continuous variables, and Pearson’s χ2 for comparisons between dichotomous 
variables. Kaplan-Meier analysis was used to describe the relationship between the clinical 
diagnosis of HCM (event) at the first cardiological evaluation and the carrier’s age at that time 
(time to event). Carriers without a clinical diagnosis of HCM were censored after time (age) 
of first evaluation. Disease manifestations by type of MYBPC3 gene mutation and by gender 
were compared using the log-rank test. A two sided P-value <0.05 was considered to indicate 
statistical significance.

Results

Clinical parameters
The mean age of 235 mutation carriers was 39.7 (SD 17.9, range 2-86) years at first cardiological 
visit; 108 (46%) were men. Clinical parameters are summarized in Table 2. 

In 130 of 235 mutation carriers all six risk factors were evaluated. In the remaining 105 
carriers on average 4.6 risk factors for SCD were evaluated. Carriers with complete evaluation 
were significantly younger than carriers with incomplete analysis of all risk factors (mean age 

Table 1. The different MYBPC3 gene mutations in asymptomatic mutation carriers.
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38.6 years and 41.1 years, respectively, P=0.016). In carriers with complete evaluation a family 
history of SCD was more often present than in carriers with incomplete evaluation (24.6 and 
13.3%, respectively, P=0.030). There were no differences in the other clinical parameters, the 
proportion diagnosed with HCM and the total number of risk factors.

Men and women did not differ with respect to most clinical parameters, except that 
women reported palpitations more often than men (P=0.016). A family history of SCD was less 
often present in females (P=0.010)

There was no significant difference in clinical parameters between different types of 
MYBPC3 gene mutations (Supplement 1).
 
Diagnosis of HCM
At first evaluation, a diagnosis of HCM was made in 53 of 235 asymptomatic mutation carriers 
(22.6%). Clinical parameters at first evaluation in mutation carriers with or without a clinical 
diagnosis at first visit are summarized in Table 2. Carriers who were diagnosed with HCM at 
first evaluation were significantly older than carriers without left-ventricular hypertrophy. 
Mean age of diagnosis was 47.0 years. Significantly less women than men were diagnosed 
with HCM (15.0 and 31.5%, respectively, P=0.003). Mean age of diagnosis was not different 
in men and women; 45.5 years in men and 49.7 years in women (P=0.437). However, disease 
penetrance of HCM with age was earlier in men than in women (log-rank test, P=0.024, Figure 
1). This difference between men and women holds for all types of mutations, but was not 
significant for each separate type of mutation. 
 The proportion of mutation carriers diagnosed with HCM did not differ significantly 
between the different types of MYBPC3 gene mutations. Mean age of diagnosis was 46.9 

Table 2. Clinical parameters of 235 mutation carriers at first cardiological evaluation.
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(n=42) years in carriers of the c.2373_2374insG Dutch founder mutation, 48.0 (n=8) years in 
carriers of other truncating mutations, and 45.7 (n=3) years in carriers of a missense mutation 
(P=0.982). There was also no significant difference in age-related disease penetrance of HCM 
for different types of MYBPC3 gene mutations (Table 3). 

Risk factors for SCD
The cumulative number of risk factors for SCD (ranging from zero to six) was calculated for 
all 235 mutation carriers; 139 carriers (59%) had no risk factors, 87 carriers (37%) had one, and 
9 (4%) showed two or more (Table 2, Figure 2). There was no difference in the proportion 
of different risk categories between men and women, between carriers of different types of 
mutations, between carriers of different ages, and between carriers with or without a clinical 
diagnosis of HCM. Twenty-five mutation carriers had a clinical diagnosis of HCM and one or 
more risk factors for SCD and could therefore be at high risk for SCD. Only three of them 
received an ICD. There were also 71 mutation carriers with one or more risk factors for SCD in 
whom HCM was not clinically diagnosed. 

A family history of SCD was the risk factor most frequently present. Because of the 
echocardiographic criteria for a diagnosis of HCM, extreme left ventricular hypertrophy was 
only present in mutation carriers with a clinical diagnosis of HCM. NSVT was also significantly 
more often present in carriers with a clinical diagnosis of HCM. This difference was only present 
in carriers younger than 50 years.  
 
Complete evaluation of all six risk factors for SCD
Not all risk factors were evaluated in all mutation carriers; particularly NSVT and ABPR were 
not assessed. If analysis was restricted to the 130 mutation carriers who had a complete 

Figure 1. Disease penetrance of hypertrophic 
cardiomyopathy in male (♂) and female (♀) mutation 
carriers.

Table 3. Disease penetrance: percentage of carriers with a clinical diagnosis of HCM at different ages.
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assessment of all risk factors at first evaluation,  65 carriers (50%) had no risk factors, 60 (46%) 
had one risk factor, and 5 (4%) had two or more risk factors for SCD (Figure 2). In these 130 
carriers there was no difference in the proportion of different risk categories between men 
and women, between carriers of different types of mutations, between carriers of different 
ages, and between carriers with or without a clinical diagnosis of HCM. 

In the comparison between the 130 carriers with complete evaluation of all six risk 
factors and the 105 with incomplete evaluation there was no difference in the proportion 
diagnosed with HCM. In the group of 130 mutation carriers with complete evaluation 
significantly more carriers had one or more risk factor compared to the 105 mutation carriers 
with incomplete evaluation of risk factors (P=0.005). There was no difference in maximal left-
ventricular wall thickness between the carriers in whom all risk factors had been assessed 
and carriers who had been incompletely evaluated. From the evaluated risk factors only the 
presence of a family history of SCD was significantly different. This risk factor was more often 
present in carriers with complete evaluation than in carriers with incomplete evaluation 
(P=0.030).

Follow-up
During a mean follow-up of 3.2 years two mutation carriers died. One was a female who was 
diagnosed with HCM at first evaluation. Five years after her first evaluation she died at the age 
of 80 years after an unsuccessful resuscitation from ventricular fibrillation. Autopsy showed 
marked hypertrophy of the left ventricle. The other mutation carrier died at the age of 50 years 
from metastasized colon cancer. She died more than three years after her first cardiological 
evaluation which showed no signs of HCM. Both mutation carriers had no risk factors for 
SCD.

Discussion
This is to the best of our knowledge the first study assessing not only the presence of left-
ventricular hypertrophy but also risk factors for SCD in asymptomatic carriers of MYBPC3 
mutations identified through cascade screening. In our group of 235 carriers HCM was 
diagnosed in almost one-quarter at their first evaluation. Mean age of diagnosis was higher 
than in studies of HCM patients previously reported in literature, probably because mutation 

Figure 2. Cumulative number of risk factors for sudden cardiac death in mutation carriers.
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carriers screened in a predictive setting represent an asymptomatic subgroup within the total 
population of affected HCM patients.14, 17-20 

Besides age, gender was an apparent cofactor in the clinical manifestation of HCM. 
At first evaluation a clinical diagnosis was less often made in female than in male mutation 
carriers. Male and female mutation carriers did not differ with respect to age at first visit. 
Although the mean age of diagnosis between males and females is not significantly different, 
the Kaplan-Meier curve, which also takes into account the mutation carriers in whom a 
clinical diagnosis could not be made and their age at that time, showed that women were 
diagnosed at an higher age than men. This is in agreement with literature, which shows an 
overrepresentation of men with HCM in almost all studies and females diagnosed at an older 
age.14, 20 

In patients with the c.2373_2374insG Dutch founder mutation the clinical diagnosis 
of HCM was just as often made as in other types of MYBPC3 mutations and at the same age, 
showing that the c.2373_2374insG mutation is just as potent in causing HCM as other MYBPC3 
gene mutations. This is in line with the suggested pathogenetic mechanism of MYBPC3 
mutations, being total or partial haploinsufficiency.21 Kaplan-Meier curves demonstrated 
that disease penetrance was age dependent and far from complete in all types of MYBPC3 
mutations at the age of 65 years. The majority of mutation carriers were even diagnosed with 
HCM after the age of 50 years. These data contrast with the literature on MYBPC3 mutations, 
showing that disease penetrance for MYBPC3 mutations is incomplete but highly penetrant 
22, 23 with disease penetrance over 40% at the age of 30 (around 5% in our mutation carriers) 
and in mutation carriers older than 60 years around 90% (<50% in our mutation carriers).23 
Our data suggest that cardiological evaluations should be continued until advanced age in 
mutation carriers, irrespective of the type of MYBPC3 mutation.
 Data on the prevalence of risk factors for SCD in asymptomatic mutation carriers 
have not been described earlier. We showed that these risk factors appeared to be frequently 
present in this population and the cumulative number of risk factors was not related to age, 
sex, mutation type, and presence of left-ventricular hypertrophy. Because NSVT and ABPR 
were not measured in all mutation carriers -as appears to be daily practice all over the world-,9, 

17, 19 the total number of risk factors was presented for the 130 mutation carriers in whom all 6 
risk factors were evaluated and for the 105 carriers with incomplete evaluation. This showed 
a significantly lower prevalence of one or more risk factors for SCD in the latter group, which 
suggests an underestimation of the cumulative number of risk factors due to incomplete 
evaluation. 

In the literature, the presence of one or more risk factors for SCD in HCM patients (i.e. 
with a clinical diagnosis of HCM) is significantly associated with an increased risk of sudden 
death compared with HCM patients with no risk factors.7, 8, 10  In 25 of 96 mutation carriers with 
one or more risk factors (11% of the entire group and 47% of carriers diagnosed with HCM), 
although asymptomatic, a diagnosis of HCM was made and they could be at high risk for SCD. 
Recently, Maron et al.9 described that in HCM patients with an ICD the likelihood of appropriate 
discharge was similar in patients with one, two, three or more risk factors. These data suggest 
that the risk for SCD is as high in patients with one, two or more risk factors, although risk 
stratification in the above-mentioned study was incomplete not taking into account ABPR and 
with NSVT not being evaluated in almost 20% of patients. Current guidelines advocate that 
ICD implantation can be effective and is reasonable for the prevention of SCD in HCM patients 
with one or more risk factors.8, 10 If these guidelines would be implemented straightforward, 
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at least 25 (11%) asymptomatic patients identified through cascade screening should receive 
an ICD directly after their first cardiological visit. We feel that in HCM patients -and mutation 
carriers with a clinical diagnosis of HCM- with only one risk factor, the decision to implant an 
ICD should be made on a case-by-case basis because of the limited positive predictive value 
of a single risk factor.

In mutation carriers without a diagnosis of HCM, NSVT was present in 5.6% and an 
ABPR in 15.6%. In asymptomatic apparently healthy individuals NSVT is present in 0-3%.24 It 
is known that NSVT can be the first manifestation of cardiomyopathy.25 An ABPR has been 
shown in 2% of patients from an university medical centre.26 These two risk factors seem to 
occur more frequently in our unaffected mutation carriers than in healthy subjects and are 
therefore likely to be related to HCM, although HCM was clinically not (yet) detectable. 

In follow-up only one SCD was recorded in a mutation carrier with a clinical diagnosis 
of HCM but without risk factors for SCD. No SCD or HCM-related death occurred in mutation 
carriers without a diagnosis of HCM during a follow-up of 3 years. In both subgroups no 
conclusions can be drawn about the prognostic impact of risk factors. The prognostic 
significance of risk factors for SCD needs to be further evaluated in HCM mutation carriers and 
especially in carriers without left-ventricular hypertrophy. 

The definition used for a positive family history of SCD is the most stringent and most 
used definition in literature. None of the definitions used in literature, including the one we 
used, takes into account the size of the family or the death of a young child.  If we would have 
used a different definition for a positive family history of SCD in our cohort, the total number 
of mutation carriers with this risk factors would not differ, but in the individual carrier the total 
number of risk factors would vary according to the used definition of a family history of SCD. 
The prognostic impact of a family history for premature SCD in HCM patients has to be defined 
in future studies using different definitions for a family history of SCD in the same study.

Study limitations
Although our group of mutation carriers was of considerable size, distribution of a few 
characteristics was skewed. Significantly less men than women were included. One possible 
explanation is that more female relatives attend for predictive genetic counselling and testing. 
Results may be biased because of this, although only few clinical parameters were significantly 
different between men and women. 

Most carriers had the c.2373_2374insG Dutch founder mutation. Although there was 
no association between the type of mutation and most clinical parameters, definite genotype-
phenotype correlations with respect to age of diagnosis and risk factors for SCD can not be 
made. Because we only included carriers of a MYBPC3 gene mutation, our conclusions can not 
be generalized to carriers of mutations in other genes associated with HCM. Mutations in the 
MYBPC3 gene, however, are worldwide one of the most frequent causes of HCM, accounting 
for 15-30% of all identified HCM mutations.11, 21, 27 

Because we referred mutation carriers to a local hospital in the proximity of their home 
not all mutation carriers received a Holter recording and/or exercise test at first cardiological 
evaluation. Other studies also show that complete risk stratification is not a customary practice 
in HCM patients, not to mention in asymptomatic HCM mutation carriers.9, 17, 19 We ruled out 
the possibility of absence of a clinical diagnosis of HCM being a cause for an incomplete 
cardiological evaluation. There was also no association between other clinical parameters and 
the completeness of the cardiological evaluation, except the presence of a family history of 
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SCD, giving us no reason to believe that the evaluation of a risk factor was systematically not 
performed. Because one or more risk factors were less often present in the carriers without a 
complete evaluation of risk factors, we even think that the cumulative number of risk factors 
for SCD in the entire cohort is an underestimation.

Predictive genetic screening occurred in tertiary care centres. Because this is the 
only setting where genetic testing for HCM is possible in the Netherlands, we do not expect 
selection bias based upon centre. 

Because asymptomatic relatives were only sent to a cardiologist after the detection 
of the familial mutation and because affected relatives and probands were excluded, the age-
related disease penetrance does not reflect the natural history of HCM. Detection of clinical 
HCM in this study is also related to the age people were tested. It is possible that those with 
a clinical diagnosis of HCM had HCM at an earlier age but the diagnosis was not made until a 
later age when the DNA testing became available.

At present follow-up is too short and the number of SCDs is too small to draw 
meaningful conclusions on the prognostic significance of risk factors for SCD in this group 
of asymptomatic mutation carriers. However, we do intend to continue follow-up in this 
cohort to learn more about risk stratification especially in HCM mutation carriers without left-
ventricular hypertrophy.

Conclusions
We can conclude that in a substantial proportion of the asymptomatic mutation carriers of 
a MYBPC3 gene mutation, identified through cascade screening, a diagnosis of HCM can be 
made at the first cardiological evaluation. Disease penetrance, however, is far from complete 
until advanced age and women are diagnosed at an older age than men. Risk factors for 
SCD are frequently present and 11% of asymptomatic mutation carriers could be at risk for 
SCD (a diagnosis of HCM and the presence of one or more risk factors). Risk factors are also 
present in mutation carriers without a clinical diagnosis of HCM, but longer follow-up studies 
are needed to assess if these risk factors are also associated with an increased risk of SCD in 
carriers without a clinical diagnosis of HCM. The type of MYBPC3 gene mutation does not 
seem to have a major role in clinical expression. 

Our data justify predictive DNA testing in HCM families with a pathogenic mutation, 
regular cardiological evaluations on the presence of HCM and risk factors for SCD until 
advanced age.
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Supplement 1. 

Supplementary table. Clinical parameters and risk factors for SCD for different types of MYBPC3 gene mutations
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Abstract

Background
Patients with hypertrophic cardiomyopathy (HCM) and HCM mutation carriers are at risk of 
sudden cardiac death (SCD). Both groups should therefore be subject to regular cardiologic 
testing -including risk stratification for SCD- according to international guidelines. We 
evaluated Dutch cardiologists’ knowledge of and adherence to international guidelines on 
risk stratification and prevention of SCD in mutation carriers with and without manifest HCM. 

Methods
A questionnaire was sent to 1109 Dutch cardiologists (in training) containing case-based 
questions. 

Results
The response rate was 21%. Own general knowledge on HCM care was valued insufficient by 
63% of cardiologists. The percentage of correct answers (i.e. in agreement with international 
guidelines), on the case-based questions ranged from 37 to 96%, being lowest in cases with 
an unknown number of risk factors for SCD. A substantial portion of correct answers was 
based on the correct answer ‘ask an expert opinion’. Significantly more correct answers were 
provided in cases with manifest HCM. There was little difference between the answers of 
cardiologists with different self-reported levels of knowledge, with different numbers of HCM 
patients in their practice or with different numbers of carriers without manifest HCM. 

Conclusion
Knowledge on risk stratification and preventive therapy was mediocre, and knowledge gaps 
exist, especially on HCM mutation carriers without manifest disease. Fortunately, experts 
are frequently asked for their opinion which might bring patient care to an adequate level. 
Hopefully, our results will stimulate cardiologists to follow developments in this field, thereby 
increasing quality of care for HCM patients and mutation carriers.
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Introduction
With a prevalence of about one in 500, hypertrophic cardiomyopathy (HCM) is one of the 
most common genetic diseases.1  HCM is inherited as an autosomal dominant trait caused 
by a large variety of mutations –around 450 different mutations in more than 11 genes 
have been reported.2 HCM is clinically classified as a (usually asymmetric) thickening of the 
myocardial wall of the left ventricle, often involving the interventricular septum, which cannot 
be accounted for by other clinical diseases.3, 4 Most patients experience few if any symptoms. 
If present, symptoms are diverse. Common symptoms are chest pain during exertion and 
dyspnoea.5 

The most feared complication of HCM is sudden cardiac death (SCD) with an annual 
incidence of 1% in unselected HCM patients.6 Although SCD in HCM predominantly occurs in 
young asymptomatic adults (i.e. below 35 years of age), available evidence suggests the risk 
to continue throughout life.7, 8 Currently, six major risk factors for SCD in individuals with  a 
clinical diagnosis of HCM have been identified: (1) prior cardiac arrest (ventricular fibrillation) 
or spontaneous sustained ventricular tachycardia, (2) family history of premature sudden 
death, (3) unexplained syncope, (4) left ventricular (LV) wall thickness ≥30 mm, (5) abnormal 
exercise blood pressure and (6) nonsustained ventricular tachycardia.9 

According to a consensus document from the American College of Cardiology (ACC) and 
the European Society of Cardiology (ESC), HCM patients (with manifest disease) and mutation 
carriers (with or without manifest disease) should be regularly (probably yearly) evaluated by 
12-lead ECG, two-dimensional echocardiography, ambulatory (Holter) ECG and an exercise 
test.9 If a HCM patient has two or more of these risk factors, the estimated annual risk of SCD 
increases to 4 to 5%.10 In that case, according to guidelines on risk stratification, antiarrhythmic 
treatment with an implantable cardioverter defibrillator (ICD) should be considered.9 Recent 
guidelines on arrhythmia and the prevention of SCD also support ICD implantation in HCM 
patients with only one risk factor who are considered to be at high risk for SCD.11, 12 

The optimal treatment of mutation carriers with manifest HCM is probably the same as of 
any HCM patient with respect to risk stratification and preventive therapy. In mutation carriers 
without clinical diagnosis (based on LV hypertrophy or  ECG abnormalities),13 left ventricular 
hypertrophy may still emerge at any point in life.14 Consequently repeated rather than singular 
clinical evaluation and testing is thought to be mandatory in carriers still without manifest 
HCM. However, it is uncertain if risk stratification for SCD and subsequent risk-dependent 
preventive therapy is effective in the prevention of SCD in mutation carriers without manifest 
disease. This is also reflected in our observation that not all mutation carriers known to us 
receive (regular) follow-up including risk stratification. Therefore, the aim of this study is 
to gain insight into and evaluate the current status on risk stratification in HCM mutation 
carriers based on the current knowledge of and adherence to the present guidelines, and the 
surveillance practice in everyday cardiology practice in the Netherlands. 

Methods

Participants
Dutch cardiologists and cardiologists in training (n=1109) were contacted by use of the 
membership records of the Netherlands Society of Cardiology, the NVVC, in 2008.
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Questionnaire
Data were collected by sending a questionnaire to home addresses of all cardiologists and 
cardiologists in training using regular mail. Additionally, a reminder was sent twice using two 
different editions of the NVVC newsletter. The questionnaire was developed for this particular 
study and a translation is available as supplementary material. A pilot study (n=13) had been 
conducted to optimise the questionnaire.

The first part of the questionnaire addressed standard sociodemographic and professional 
data. The next part addressed respondents’ knowledge with respect to risk stratification and 
preventive therapy by eliciting responses on 4 hypothetical realistic patients (the vignette 
method). The approach was interactive, gradually disclosing more information.

First, two HCM mutation carriers without cardiac complaints who had not been cardiologically 
evaluated for HCM in the past were described, one 25-year-old (case A) and the other 50-year-
old (case B). We asked each cardiologist (in training) what tests they would perform at a first 
visit of each of these patients. In the next questions, two additional cases were introduced, 
both HCM mutation carriers clinically diagnosed with HCM, again one 25-year-old (case C) and 
one 50-year-old (case D). The echocardiography results of case A and B were provided (no 
LV hypertrophy). We asked the cardiologists (in training) for each of the four cases what he 
or she would do when presented with: (1) an unknown number of risk factors for SCD (after 
ECG and echocardiography research, but before more extensive testing), (2) one risk factor 
for SCD present and (3) two risk factors for SCD present. We used multiple-choice response 
options. Cases of different ages were introduced for two reasons: (1) according to literature 
SCD occurs mainly in young patients and (2) early literature suggests that HCM does not 
become manifest after early adulthood.

Finally, cardiologists’ opinion on the possible (dis)advantages of frequent risk stratification 
of mutation carriers without manifest HCM was asked for. 

Analysis
Data were analysed with SPSS (version 15.0) statistical software. The answers to the case-based 
questions were dichotomised into correct and incorrect according to the guidelines.9, 11, 12 
These guidelines advise, irrespective of age, performing yearly risk stratification in HCM patient 
and mutation carriers with manifest disease and periodically (probably yearly) for mutation 
carriers without manifest disease.9 Although the guidelines advise yearly risk stratification, our 
clinical experience and previous research has shown that only a minority of HCM patients 
and mutation carriers received these yearly evaluations without any adverse events. We 
therefore relaxed the criterion for a correct answer: ‘extra diagnostics every 2-3 years’ was also 
considered a correct answer alongside ‘extra diagnostics every year’. Extra diagnostics involved 
ECG, echocardiography, Holter recording and exercise test. In cases with manifest HCM with 
one or more risk factors for SCD, answers supporting ICD implantation were considered 
correct according to the guidelines.9, 11, 12 HCM mutation carriers with manifest disease were 
regarded as HCM patients. There are no specific guidelines on HCM mutation carriers without 
manifest disease with risk factors and no studies on the prognostic significance of risk factors 
for SCD in this group. We therefore assumed the best and correct answer was to continue 
extra diagnostics on a yearly basis or once every two to three years. We also accepted the 
option of asking the opinion of an expert on HCM as a correct answer in all cases.

The association between correct answers and cardiologists’ demographic and clinical 
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variables were tested using χ2- and t-tests. We considered two-sided  P-values smaller than 
0.05 to be significant. 

Results
Out of the 1109 questionnaires that were sent to the members of the NVVC, 237 cardiologists 
and cardiologist in training responded (21% response rate). The sociodemographic and 
professional characteristics of the participating cardiologists and cardiologists in training are 
displayed in Table 1, as well as their level of experience with HCM and their self-estimated 
knowledge of HCM. From the NVVC we obtained data on gender, age and affiliation from all 
Dutch cardiologists. There were no significant differences on these characteristics between 
the cardiologists who responded our questionnaire and the cardiologists from the NVVC 
database.

Table 1. Characteristics of participating cardiologists (in training), experience with HCM and own estimated 
knowledge of HCM.
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Case-based questions
Of cardiologists (in training), 52% provided a ‘correct’ answer when first presented with the 
25-year-old carrier (case A), and 53% followed the guidelines when first presented with the 
50-year-old carrier (case B). The respondents’ clinical experience (i.e. trainee or senior, number 
of HCM patients and HCM mutation carriers seen) and self-reported level of knowledge did 
not affect the proportion of correct answers. 

Figure 1 shows the responses to the question on what to do when confronted with 
case A (25-year-old mutation carrier without manifest HCM), B (50-year-old mutation carrier 
without manifest HCM), C (25-year-old mutation carrier with manifest HCM) and D (50-year-
old mutation carrier with manifest HCM) with an unknown number of risk factors for SCD for 

Figure 1. Answers from cardiologists (in training) 
to the question on how they would proceed 
when confronted with these four cases with an 
unknown number of risk factors. 
On x-axis: Case A: 25-year-old HCM mutation 
carrier without manifest HCM, Case B: 50-year-old 
HCM mutation carrier without manifest HCM, 
Case C: 25-year-old HCM mutation carrier with 
manifest HCM, Case D: 50-year-old HCM mutation 
carrier with manifest HCM. On y-axis: possible 
answers to this question. Fully coloured circles 
represent the correct answers. Extra diagnostics 
involves ECG, echocardiography, Holter recording 
and an exercise test.

Figure 2. Answers from cardiologists (in training) 
to the question on how they would proceed 
when confronted with these four cases with one 
risk factor. For explanation see Figure 1.

Figure 3. Answers from cardiologists (in training) 
to the question on how they would proceed 
when confronted with these four cases with two 
risk factors. For explanation see Figure 1.
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each case (after ECG and echocardiography, but before any more extensive cardiological 
evaluation). For case A, 40% of the answers were correct, for case B 37%, for case C 87% 
and for case D 85%. Figure 2 shows the answers given to the question on what to do when 
confronted with each of the four cases but now with one risk factor for SCD present. For case 
A, 67% of the answers were correct, for case B 63%, for case C 96% and for case D 95%. Finally, 
Figure 3 shows the answers to the same question, however in each case two risk factors for 
SCD are present. For case A, 74% of the answers were correct, for case B 74%, for case C 94% 
and for case D 92%.  

Cardiologists (in training) provided significantly more correct answers for both carriers 
with manifest HCM (case C, D) compared to both carriers without manifest HCM (case A, B). 
No significant difference in correct answers was found when comparing the 25-year-old to 
the 50-year-old within the same group with or without manifest HCM (Table 2).

In general, the accuracy of response did not differ between cardiologists and cardiologists 
in training. Only in case C and D with two risk factors for SCD present, cardiologists in training 
more often provided the correct answer than cardiologists (p=0.018 for case C, and p=0.045 
for case D). Response of cardiologists (in training) did not differ significantly according to 
experience with HCM patients (n< 6 HCM patients vs. n≥ 6). Similarly, there was no difference 
according to experience with mutation carriers (n< 6 HCM carriers vs. n≥ 6). There was no 
correlation between the accuracy of answers of cardiologists (in training) and their level of 
self-estimated knowledge of HCM in any of the cases.

Opinions on extensive and repeated medical evaluations
When asked their opinion on extensive and repeated medical testing of mutation carriers 
without manifest HCM in order to assess their risk of SCD, about half of the cardiologists and 
cardiologists in training (55%) indicated that these tests are absolutely necessary. Almost 
one third (31%) thought that these evaluations should be discussed with and advised to 
the patient, but that these evaluations are not absolutely necessary. Five percent indicated 
that these evaluations should be discussed with the patient, but not advised. Eleven percent 
thought that the risk of SCD did not justify extensive evaluations for carriers without manifest 
HCM: 6% responded that the patient’s burden of extensive cardiological evaluations would be 
too large, while another 5% thought the stress on hospital resources would be too high.

Table 2. Differences in proportion of correct answers between cases.
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Discussion
A 2003 questionnaire showed that Dutch cardiologists valued their own general knowledge 
of genetic heart disorders and of HCM as insufficient.15 Despite the fact that cardiologists 
in our study reported their level of knowledge as low, it looks like they provided in general 
reasonably good answers to the case-based question with a range of 37% to 96% of correct 
answers. However, a substantial portion of the cardiologists gave the answer ‘Ask the opinion 
of an expert’. This answer could be an indication of insufficient knowledge of risk stratification, 
but we considered this to be a correct answer because this is common practice and will 
lead to good patient care. However, it probably covers up true knowledge of the guidelines 
and looking at answers that follow the guidelines, one should conclude that knowledge on 
risk stratification and preventive therapy is mediocre and that cardiologist are aware of that 
considering their self-reported levels of knowledge. The high frequency of the answer ‘Ask 
the opinion of an expert’ and the relatively low number of cardiologists who indicate to have 
more than 10 HCM patients or mutation carriers under surveillance plead for more specialised 
cardiologists or specialised centres who can function as an expert or expert centre for their 
colleagues.

The response rate of our questionnaire (21%) is in the same range as similar questionnaire 
studies among physicians.15-17 The specialised subject of our questionnaire could have 
contributed to the low response, but it is also likely that our study overestimates the average 
level of knowledge of cardiologists. Doctors are more likely to fill out a questionnaire on 
a subject that they are knowledgeable about. Although there were no differences in age, 
gender and affiliation between responding cardiologists and all NVVC cardiologists, selection 
bias can not completely be excluded.

There is little difference in correct answers between cardiologists and cardiologists in 
training. Surprisingly, a higher self-reported level of knowledge did not correspond with an 
increased proportion of correct answers to the case-based questions. Respondents’ clinical 
experience, i.e. the number of HCM mutation carriers with or without manifest HCM a 
cardiologist had under surveillance, made no difference in the proportion of correct answers 
either. 

Our HCM cases differed on three levels: the number of risk factors for SCD present, the 
presence of LV hypertrophy (manifest HCM) and their age. With an increasing number of risk 
factors for SCD the proportion of correct answers also increased. Moreover, cardiologists’ 
knowledge of risk stratification and preventive therapy was smaller in carriers without manifest 
disease compared to carriers or patients with manifest HCM. One possible explanation might 
be that most respondents had little or no experience with mutation carriers without manifest 
HCM (81% had less than six  and 48% even had no mutation carriers without manifest HCM) 
and consequently may not read or search for information and thus may not be aware of the 
(latest) guidelines and studies. But answers are also in line with the fact that the evidence 
level of the guidelines is higher for manifest HCM. This is exemplified by the fact that there 
are no guidelines regarding carriers without manifest HCM and one or two risk factors for 
SCD. Although we do assume risk factors to be of prognostic significance in mutation carriers 
without manifest disease because we evaluate them, this has never been investigated. The 
risk for mutation carriers without manifest disease to die suddenly seems to be small but 
probably cannot be neglected completely. Prognostic significance of risk factors in this 
subgroup should be the subject of future research, especially since the number of mutation 
carriers without manifest HCM is rapidly increasing.
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When comparing the answers for the 25-year-old carriers and patients to the answers 
for the 50-year-old carriers and patients, we found no significant difference. This could be a 
sign that the message in recent literature that HCM can become manifest at any age and SCD 
can also occur in advanced age, has come across. However, this message is still important, 
because our research shows that 14% would incorrectly discharge a 50-year-old mutation 
carrier without manifest HCM from further follow-up. In comparison, only 3% would discharge 
a 25-year-old mutation carrier without manifest HCM from follow-up. 

Conclusions
Our study suggests that overall knowledge on risk stratification and preventive therapy in HCM 
is mediocre, and that knowledge gaps exists, especially with respect to HCM mutation carriers 
without manifest disease. Fortunately, experts are frequently asked for their opinion which 
might bring patient care to an adequate level. We hope our results will stimulate cardiologists 
(in training) to read and apply the guidelines on risk stratification for SCD in their clinics 
and to develop guidelines for carriers without manifest disease. Given the frequency of the 
answer ‘Ask the opinion of an expert’ on our case-based questions, specialised cardiologists or 
specialised centres, should be open to every patient and doctor.
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Introduction
Hypertrophic cardiomyopathy (HCM) is one of the most frequent genetic diseases, affecting 
approximately 1 in 500 persons.1 Many patients have familial disease, inherited as an autosomal 
dominant trait and most often associated with a mutation in one of the genes encoding for 
sarcomeric proteins. The clinical diagnosis is made when an hypertrophied, nondilated left 
ventricle (maximal left ventricular wall thickness ≥ 15 mm) is seen by echocardiography or 
magnetic resonance imaging in the absence of loading conditions sufficient to cause the 
observed abnormality, such as aortic valve stenosis and hypertension.2, 3 HCM can present at 
any age and is clinically and genetically heterogeneous.

The anatomic changes in HCM can be a substrate for arrhythmias, which may lead 
to palpitations, syncope, and sudden cardiac death (SCD). The annual mortality rate of SCD 
is approximately 1%.4 SCD can be prevented by means of an implantable cardioverter-
defibrillator (ICD) in high-risk patients with left ventricular hypertrophy identified by the 
evaluation of six known major risk factors for SCD.5 

We describe two patients resuscitated from a cardiac arrest caused by ventricular 
fibrillation (VF). In one patient, left ventricular hypertrophy was noted only years after the 
cardiac arrest. The other patient still has no hypertrophy, but her mother is diagnosed with 
HCM. Molecular genetic testing revealed a missense mutation in the beta-myosin heavy chain 
(MYH7) gene in both patients.

Methods

Study design
Both patients provided informed consent for molecular genetic testing. Only clinical relevant 
investigations were performed. 

Case 1
Patient 1 is a 43-year-old woman, who originally was admitted to our hospital at age 31 years. 
She had collapsed on the street near a health center, and resuscitation had been started by a 
general practitioner. When the ambulance arrived, VF was present. After receiving two shocks, 
the patient was back in sinus rhythm. Resuscitation-related abnormalities were present on 
the initial ECGs (Figure 1A). Follow-up ECGs showed only abnormal q waves in the inferior 
leads. Echocardiography showed no abnormalities, in particular, no evidence of structural 
heart disease or segmental movement abnormalities. Creatine kinase level was 27,600 units/L, 
and creatine kinase-MB level was 552 units/L. No intoxications were found. Exercise test, 
methoxyisobutyl isonitrile (MIBI) stress scintigraphy, and cardiac catheterization showed no 
abnormalities. Medical and family histories were unremarkable.

No arrhythmias were inducible during electrophysiologic study, and the patient 
received an ICD. Almost 9 months after ICD placement, she received two inappropriate 
shocks because of sinus tachycardia. Seven years later, a malsensing lead caused another set 
of inappropriate shocks, and the ICD and lead were replaced. Significant hypertrophy of the 
left ventricle was identified on echocardiography (Figure 2) 5.6 years after the cardiac arrest. 
Since then, ECG has shown repolarization abnormalities but no other signs of left ventricular 
hypertrophy. A diagnosis of HCM could be made, and molecular genetic testing was 
performed. No mutations were found in the troponin T2 (TNNT2) and myosin-binding protein 
C3 (MYBPC3) genes. In the MYH7 gene, the c.1550T>G (p.Leu517Arg) mutation was identified 
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(Figure 3A). This mutation is located in the myosin head motor region of the protein. Leu517 is 
well conserved between species (up to C. elegans) and different isoforms (skeletal and smooth 
muscle). This mutation has not been found in 110 Dutch control alleles or 800 alleles from 
cardiology patients. The physicochemical difference between Leu and Arg is considered to 
be moderate, with a Grantham distance of 102 (range 1-215). The PolyPhen (Polymorphism 
Phenotyping) tool (available at http://genetics.bwh.harvard.edu/pph/) considers this amino 
acid change to be probably damaging.

Case 2
Patient 2 is a 37-year-old woman. At age 28 years, she had collapsed while walking her dog and 

A

B

Figure 1. ECG recordings after ventricular fibrillation at first presentation in the hospital. A: patient 1. B: patient 2.
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had been resuscitated from VF. Upon admission, she could be extubated, and she regained 
consciousness the next day. Neurologic recovery was excellent. The presenting ECG showed 
sinus rhythm with left ventricular hypertrophy and secondary repolarization disturbances 
(Figure 1B), which did not change during follow-up. Echocardiography of the heart showed no 
left ventricular hypertrophy (Figure 2) and normal left ventricular function. The left atrium was 
mildly enlarged. Coronary angiography showed normal coronary arteries. No intoxications 
were found. The patient had a history of hyperventilation. Her family history revealed that a 
brother and sister of her mother had died suddenly when they were in their early 20s.
 Electrophysiologic study showed easily inducible VF, and an ICD was placed. Two 
months after the cardiac arrest, the patient’s mother was admitted to our hospital with heart 
failure. Echocardiography performed on the mother showed a hypertrophied left ventricle 
with left ventricular maximal wall thickness of 17 mm. Three years after ICD placement, 
patient 2 received an appropriate shock. Besides the ECG, cardiologic evaluations remained 
unremarkable. Seven years after the cardiac arrest, maximum left ventricular wall thickness 
on echocardiography was only 10 mm, not enough for a clinical diagnosis of HCM even in a 
familial setting (Figure 2). 

Molecular genetic testing did not show mutations in the TNNT2 and MYBPC3 genes. 
In the MYH7 gene, the c.2573G>T (p.Arg858Leu) mutation was found (Figure 3B). Arg858 is not 
located in a known functional domain of the protein and is moderately conserved between 
species (not in C. elegans) and different isoforms (conserved in MYH6, MYH7, and MYH13, but 
not in MYH1, MYH2, MYH3, MYH4, MYH5, and MYH11). This mutation has not been found 

BA

Figure 2. Maximal left ventricular (LV) wall 
thickness (interventricular septum) on echo-
cardiography during follow-up.

Figure 3. Mutations in the MYH7 gene. A: patient 1. B: patient 2. WT = wild type.
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in 110 Dutch control alleles or 800 alleles from cardiology patients. The physicochemical 
difference between Arg and Leu is considered to be moderate, with a Grantham distance 
of 102 (range 1-215). Polyphen considers the amino acid change to be benign. The patient’s 
mother, who was diagnosed with HCM, also carried the mutation. 

Discussion
We report two patients with a cardiac arrest caused by VF, in whom a clinical diagnosis of 
HCM could not be made at the time of the event. One patient fulfilled the criteria for a clinical 
diagnosis of HCM only years later; the other patient still has no hypertrophy of the heart, 
although her mother does. VF is known to occur in patients with sarcomeric mutations as 
well as in nongenotyped or genotype-negative HCM patients. However, SCD occurs almost 
always in patients with ventricular hypertrophy and risk factors for SCD.5 A few cases of SCD 
in patients with HCM but normal ventricular mass have been reported in literature. These 
patients all showed disorganized cardiac muscle cells, also known as myocardial disarray, 
which is believed to be associated to ventricular arrhythmias (not assessed in our patients).6, 

7 Indeed, with the exception of TNNT2 gene-related HCM patients,8 VF is unlikely to occur in 
patients without discernable hypertrophy. 

Neither of our patients harbored a mutation in the TNNT2 gene, and the extent of 
hypertrophy found during follow-up in patient 1 is uncommon for a TNNT2 mutation. In both 
patients (and the mother of patient 2), a missense mutation in the MYH7 gene was identified. 
Almost all mutations in this gene are missense mutations, and the majority are unique for the 
individual family.9, 10 Initially, mutations in the MYH7 gene were reported to cause HCM with a 
more severe phenotype with younger age at onset, more severe left ventricular hypertrophy, 
and a greater incidence of sudden death.9, 11, 12 However, more recent larger studies and 
pooled data show no direct genotype-phenotype correlations with respect to the extent of 
hypertrophy and incidence of SCD.13-15 

The MYH7 mutations identified in our patients likely are pathogenic. The p.Leu517Arg 
mutation in patient 1 has not been reported in literature. Nanni et al.16 described a mutation 
in the same codon resulting in a methionine (p.Leu517Met). This mutation was found in a 
female Italian patient diagnosed with HCM at age 20 years, who showed progression to left 
ventricular dilatation with New York Heart Association class III symptoms. Her father had died 
suddenly. Nanni et al.16 did not find this mutation in 100 normal control subjects and qualified 
the mutation as malignant. Codon 517 is located close to the helix connecting two reactive 
cysteine residues required for ATPase activity. Mutations at this level might alter the nature 
and timing of conformational changes during the contractile cycle.17 

The p.Arg858Leu mutation found in patient 2 and her affected mother is also a 
novel mutation. Two groups have described a different mutation in the same codon in their 
HCM patient population. The p.Arg858Cys mutation was found once in 389 unrelated North 
American HCM patients and not in 200 normal control subjects.10 The p.Arg858His mutation 
was found once in a population of 100 unrelated Chinese HCM patients as a novel mutation, 
was not found in 120 control subjects, and co-segregated with affected family members.18 

The finding of VF in the absence of manifest HCM in our patients who carried 
sarcomeric mutations that likely are pathogenic has two major implications. First, in (young) 
patients with VF, a diagnosis of HCM should be reconsidered even in the absence of hypertrophy 
on echocardiography or a positive family history. Follow-up of patients with idiopathic VF 
should therefore include an echocardiogram at regular intervals. Second, family members and 
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mutation carriers from HCM families who do not have cardiac hypertrophy might be at risk for 
SCD. Although it is unclear whether risk factors for SCD are also of prognostic significance for 
HCM mutation carriers without manifest disease, we suggest regular risk stratification for SCD 
in these carriers, as advised in international guidelines.5 
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Abstract

Background
Hypertrophic cardiomyopathy (HCM) is the most common inherited cardiac disorder 
characterized by profound clinical heterogeneity, even in patients carrying the same 
pathogenic HCM mutation. The RAAS system is a plausible candidate for modifying expression 
of left ventricular hypertrophy (LVH) because of its regulatory role in cardiac function, blood 
pressure, and electrolyte homeostasis. 

Methods
 Family based association analyses were performed on five RAAS polymorphisms (DD-ACE, CC-
AGTR1, AA-CMA, M235T-AGT, and CC-CYPB11B2) in 403 subjects carrying functional identical 
truncating mutations in the MYBPC3 gene.

Results 
Septum thickness was influenced by increasing age and male sex. Analyzing the five RAAS 
SNPs separately corrected for sex, age, and proband status showed that only the M235T-AGT 
SNP had a significant (P=6.1E-04) effect on septum thickness and was significantly (P=8,83E-04) 
associated with a thickened septum The association analyses for septum thickness according 
to pro-LVH score showed no significant effect in the probands or relatives. 

Conclusions 
Septum thickness in Dutch MYBPC3 mutations carriers is influenced by the M235T-
AGT polymorphism, progressive age and male sex. The pro-LVH score did not influence 
hypertrophy. 
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Introduction
Hypertrophic cardiomyopathy (HCM) is the most common inheritable cardiac disorder with a 
phenotypic prevalence of 1:500.1 It is defined by the presence of left ventricular hypertrophy 
(LVH) in the absence of loading conditions (hypertension, valve disease) sufficient to cause 
the observed abnormality.2 Mutations in more than 14 genes, mostly encoding sarcomeric 
proteins, are known to cause HCM and are found in up to 60% of cases. In the Netherlands, 
approximately one third of all HCM cases are caused by the truncating c.2373_2374insG, 
c.2864_2865delCT and c.2827C>T founder mutations in the myosin binding protein C gene 
(MYBPC3).3 These mutations lead to haplo-insufficiency and are thought to be functionally 
identical.4 
 Several studies have tried to establish genotype-phenotype relations; these 
have been hampered by the clinical heterogeneity of HCM and the private nature of HCM 
mutations.5 Even individuals with the same genetic substrate express a wide spectrum of 
phenotypes.6, 7 This indicates that disease course is not solely determined by the pathogenic 
gene and environmental factors and genetic modifiers must play an important role. The 
most important subgroup of polymorphisms studies to date involves the major components 
of the renin-angiotensin-aldosteron system (RAAS). The RAAS system contributes to LVH 
through effects mediated by circulating angiotensin as well as local activation of RAAS in 
the myocardium.8 Angiotensin (Ang) I is produced from angiotensinogen (AGT) which is 
converted to Ang II predominantly by angiotensin-coverting enzyme (ACE) and partly by 
chymase (CMA). Ang II binds primary to Ang II type 1 receptor (AGTR1) to promote cell growth 
and hypertrophy. It is also converted to aldosterone by aldosterone synthase (CYP11B2) which 
promotes fluid retention and cardiac fibrosis.9 Polymorphisms in the RAAS pathway (DD-ACE, 
CC-AGTR1, AA-CMA, M235T-AGT, and CC-CYPB11B2) appear to influence the severity of LVH 
in HCM patients.10-12 Furthermore, a combined 'pro-LVH' profile of 5 RAAS polymorphisms was 
associated with a higher degree of LVH in one particular, founder MYBPC3 HCM pedigree and 
in a large cohort of myofilament-negative patients.11, 12  
 Previous studies were hampered by small numbers and genetic heterogeneity. 
We used a large cohort of subjects carrying functional identical truncating mutations in the 
MYBPC3 gene, to analyze whether RAAS polymorphisms are modifiers of disease severity in 
MYBPC3 gene associated HCM.

Methods

Subjects 
In the Netherlands genetic counseling and genetic testing are offered to all HCM patients 
visiting cardiogenetics outpatient clinics. After the detection of the causal mutation in 
the proband predictive genetic testing of relatives is possible (cascade screening).13, 14 For 
the current study, 403 subjects carrying a truncating mutation in the MYBPC3 gene (both 
probands and mutation carrying relatives) were included from two university hospitals in the 
Netherlands; the Amsterdam Medical Centre and the Erasmus Medical Centre in Rotterdam. 
All subjects provided informed written consent.  The study complies with the declaration of 
Helsinki and the local review board did approve the study.

Echocardiographic evaluation
Echocardiographic studies were recorded from all subjects using commercially available 
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equipment. The acquired data were digitally stored and subsequently analyzed by 2 physicians, 
who were blinded for the clinical and genetic data. Interventricular septum thickness (IVS) 
was measured in diastole from the parasternal short-axis view at the level of the papillary 
muscles. For subjects ≥ 16 years a IVS thickness ≥ 13 mm was abnormal.15 For subjects < 16 
years IVS thickness was corrected for length and height and abnormal if the z-score was > 
2. The extent of hypertrophy was assessed by a semiquantitative score method developed 
by Wigle at al.16 A maximum of 10 points are given: 1 to 4 points for IVS hypertrophy based 
on magnitude of thickness, 2 points for extension of hypertrophy beyond the level of the 
papillary muscles (basal two thirds of the IVS), 2 points for extension of hypertrophy to the 
apex (total IVS involvement), and 2 points for extension of hypertrophy into the lateral wall.

SNP selection and genotyping
Five 'pro-LVH' RAAS polymorphisms previously described in the literature (DD-ACE, CC-AGTR1, 
AA-CMA, M235T-AGT, and CC-CYPB11B2) were genotyped in 403 subjects.11, 12 The five SNPs 
had a call rate >95%.

Statistical analyses 
Phenotypic data for mutation carriers were normally distributed and are reported as the 
mean ± standard deviation. Pedigree information was available for all related subjects. To 
correct for the relatedness of our subjects we used a family based association program, a 
linear mixed effect model function (lmekin) in the Kinship package (version 1.1.0-22, Atkinson 
and Therneau, 2008) in R. Initially, we assumed that each SNP-phenotype relationship had 
an additive genetic model. To check our assumption we added a heterozygosity indicator 
variable to the additive model. In the cases were there was a significant (P<0.1) deviation from 
additivity, depending on the direction of the deviation a more fitting model was selected, 
either a dominant or recessive genetic model. Our model was adjusted for covariates sex, age 
and proband status. The significance threshold was calculated by dividing α (0.05) by 5 SNPs 
and the 'pro-LVH' score x 4 phenotypes and x 2 models, resulting in a (bonferroni corrected) 
significance threshold of P<1.04E-03.

Results

Study population 
For this study, DNA and echo data were available for 403 subjects; 113 probands and 290 
relatives. The age distributions in probands and relatives were similar. As expected, probands 
had more profound hypertrophy according to IVS thickness and Wigle score. There also was 
a higher frequency of males in the proband group. Only 11 subjects (10 probands) had an 
IVS thickness ≥ 30 mm. There were 26 children under the age of 16 which were analyzed 
separately (Table 1).

Influence of age, sex and proband status 
Both age and gender had a significant effect on IVS thickness in our population. On average 
men had a thicker IVS than women, and IVS thickness increased with age in both sexes. In 
family based association studies, probands are usually more heavily affected than their 
relatives. This can result in an ascertainment bias due to non-random sampling of cases. In 
this study a large proportion of subjects are probands and this resulted in a big ascertainment 
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bias effect. To compensate for this ascertainment bias we corrected for proband status.

Association analyses 
The association analyses for septum thickness according to 'pro-LVH' score showed no 
significant effect in probands or relatives (Table 2). Analyzing the five RAAS SNPs separately 
corrected for sex, age, and proband status showed that only the M235T-AGT SNP has a significant 
(P=6.1E-04) effect on septum thickness and was significantly associated (P=8,83E-04) with a 
thickened septum (Table 3). Interactions analyses between the five SNPs were negative.
 The DD-ACE SNP significantly influenced the Wigle score, but not the IVS thickness. 
Extreme IVS thickness ≥ 30 mm was present in 3 subjects with the DD-ACE polymorphism, 
4 subjects with the DI-ACE polymorphism and 4 subjects with the II-ACE polymorphism. 
Profound hypertrophy indicated by a Wigle score > 8 was present in 10 subjects; 4 subjects 
with the DD-ACE polymorphism, 2 subjects with the DI-ACE polymorphism and 4 subjects 
with the II-ACE polymorphism.

Table 1.  HCM population characteristics.

Table 2. Septum thickness according to pro-LVH score.
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Discussion
In a large cohort of subjects carrying functional identical truncating mutations in MYBPC3 IVS 
thickness was significantly related with the M235T-AGT polymorphism, increasing age, and 
male sex. DD-ACE had a significant effect on the Wigle score, but not on the IVS thickness. 
There was no effect of the previously described 'pro-LVH' score on any parameter.11

 The M235T-AGT polymorphism has been described as a predisposing factor for cardiac 
hypertrophy in hypertension patients, endurance athletes and in sporadic cases of HCM.17-19 
In our study of familial HCM it had a significant effect on IVS thickness. Angiotensinogen is a 
glycoprotein synthesized mainly in hepatocytes and secreted into the circulation. Jeunemaitre 
et al. showed that a specific variant leading to the substitution of a methionine (M) for a 
theonine (T) at the codon 235 was associated with elevated AGT serum concentrations.20 The 
concentration of AGT is rate limiting in the production of Ang I, which is further converted in 
Ang II, the biologically vasoconstrictive peptide with potent myoptrophic action. 
 Tissue levels of ACE are increased in patients with DD-ACE and DD-ACE is considered 
to be a pro-LVH genotype.21 In accordance with a previous report, describing 63 HCM patients 
with single mutations in the MYBPC3 gene, DD-ACE is a significant modifier of the extent of 
hypertrophy as described by the Wigle score.12 However, DD-ACE did not have an influence on 
the IVS thickness in our large and geneticly homogeneous cohort. In contrast to the previous 
report, subjects with extreme hypertrophy (IVS thickness ≥ 30 mm), which is known to be 
a risk factor for sudden cardiac death, were equally divided among subjects carrying DD-
ACE, ID-ACE and II-ACE polymorphisms.12, 22 In accordance with this previous study. we did 
not find an effect of the RAAS 'pro-LVH' score in this group with an identified myofilament 
mutation.12 As has been previously reported IVS thickness in HCM mutation carriers increases 
with progressive age.6, 7 Males and females differ in their presentation of HCM, with cohorts 
usually having a predominance of males.23, 24 Estrogens are known to play a protective role 
in the hypertrophic response, while there is evidence that exposure of cardiac myocytes to 
androgen results in hypertrophy.25, 26 Furthermore the HCM phenotype is influenced by sex 
hormone receptor variants.27

 The present study has several limitations. Although the approach to look at these five 
SNPs is plausible, we are currently not informed on the presents of other genetic variations 
and their effect on septum thickness.
 Overall this study shows that the HCM phenotype is in part influenced by the M235T-
AGT and DD-ACE RAAS polymorphisms and that identification of RAAS modifier genes may 
help to risk-stratify patients with HCM and possibly provide therapeutic options with the use 
of ACE-inhibitors or AGTR1-antagonists in selected patients.

Table 3. Significant associations.
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4.1 Uptake of genetic counselling and predictive DNA testing 
in hypertrophic cardiomyopathy.
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Abstract
Hypertrophic cardiomyopathy is a common autosomal dominant disease, associated with 
heart failure and arrhythmias predisposing to sudden cardiac death. After the detection of 
the causal mutation in the proband predictive DNA testing of relatives is possible (cascade 
screening). Prevention of sudden cardiac death in patients with a high risk by means of 
an implantable cardioverter defibrillator is effective. In 97 hypertrophic cardiomyopathy 
families with a sarcomere gene mutation we retrospectively determined uptake of genetic 
counselling and predictive DNA testing in relatives within 1 year after the detection of the 
causal mutation in the proband. Uptake of genetic counselling was 39% and did not differ 
significantly by proband’s or relative’s gender, nor by young age of the relative (<18 years) 
or a family history positive for sudden cardiac death. In second degree relatives, eligible for 
predictive DNA testing when the first degree relative had died, uptake was 27.5% (P=0.047). 
Uptake of predictive genetic testing was 39%; conditional uptake of predictive genetic testing 
was 99%. Uptake of genetic counselling in hypertrophic cardiomyopathy is comparable to 
uptake in oncogenetics. Conditional uptake of predictive DNA testing, however, is much 
higher. Because sudden cardiac death can be prevented uptake of genetic counselling in 
hypertrophic cardiomyopathy should be as high as possible. To achieve this research into the 
determinants of uptake is needed.
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Introduction
Hypertrophic cardiomyopathy (HCM) is a relatively common genetic disease, affecting about 1 
in 500 persons and characterized by asymmetric left ventricular hypertrophy.1-3 Many patients 
are asymptomatic initially and some of them are diagnosed in adult life through routine 
screening. However, HCM can also be a very disabling and potentially lethal disease giving 
rise to dyspnoea, exertional angina, palpitations, (pre)syncope and sudden death at young 
age often without prior warning.4 Annual mortality rate from sudden cardiac death (SCD) is 
1-5%.5, 6 In the general population aged 20-75 years annual mortality from SCD was 0.1% in 
the 1990s in the Netherlands.7 
 HCM is inherited as an autosomal dominant trait. Mutations in 11 genes, mainly 
coding for sarcomeric proteins, are now known to predispose for HCM. In more than half of 
the HCM patients the disease-causing mutation is currently detected.8, 9 In the Netherlands 
90% of mutations are identified in the myosin-binding protein C (MYBPC3) gene, in about 35-
40% of families this concerns the c.2373_2374insG mutation, one of the three Dutch founder 
mutations.10 
 Mean age of diagnosis of HCM patients reported in literature is in their late thirties.11 – 

13 Genetic DNA testing in HCM patients and their relatives, however, has taught us that disease 
penetrance is incomplete and mutation carriers can be diagnosed with HCM even in their 
sixties.14 There is no difference in disease penetrance between carriers of the Dutch founder 
mutation and carriers of other MYBPC3 mutations (I Christiaans, unpublished data).
 Predictive genetic testing in relatives of HCM patients can be performed in two ways; 
predictive cardiological evaluation (electrocardiography (ECG) and echocardiogra- phy) or 
predictive molecular testing (DNA testing). The latter is only possible after the identification 
of a disease- causing mutation in an HCM patient and is also known as cascade screening. 
When the disease-causing mutation is unknown, only cardiological evaluation of relatives is 
possible. In this way relatives showing the phenotype will be identified, but relatives in whom 
the disease is not (yet) penetrant will be missed, implying that cardiological evaluation has 
to be repeated regularly and exclusion from risk of the disease in offspring is not possible.15 
Although there is as yet no treatment that affects the progression of the disease importantly 
and it is unknown if detection of the disease in an early stage affects prognosis, primary 
and secondary prevention in patients with a high risk of SCD by means of an implantable 
cardioverter defibrilla- tor is effective and individuals at risk should be identified.16,17

 In families with a disease-causing mutation predictive DNA testing with subsequent 
cardiological evaluation of mutation carriers has two main advantages. From a public health 
point of view, it is important to identify as many mutation carriers as possible, including 
individuals who may be at high risk for sudden death.18 These individuals are eligible for 
preventive strategies if they appear to be at high risk whereas non-carriers can be discharged 
from further cardiological evaluations. In addition, children with the familial mutation who 
aim at a professional career in sports can be advised against this. From a genetic counselling 
point of view, it is important to identify and inform relatives about the value of predictive 
DNA testing. For this reason we have chosen to systematically and proactively offer genetic 
counselling and predictive DNA testing to all eligible relatives in families with a disease- 
causing mutation.19

 The aims of prevention and counselling can only be achieved if both the uptake of 
genetic counselling and predictive DNA testing are optimal. As part of an evalua- tion of our 
current strategy we assessed the uptake of genetic counselling and predictive DNA testing in 
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our population of HCM families with a disease-causing mutation.

Methods

Setting
In our multidisciplinary cardiogenetics outpatient clinic genetic counselling and cascade 
screening for HCM starts with a proband, the HCM patient. Counselling sessions, in probands 
and relatives, always combine the consultation of a cardiologist and a clinical geneticist (or 
genetic counsellor). Support from a psychosocial worker is actively offered. After the detection 
of a pathogenic mutation we ask the proband to inform the first-degree relatives -or second-
degree in case the first-degree relative is deceased- by means of a family letter, about the aims, 
opportunities and possible drawbacks of predictive genetic testing.20 If necessary, psychosocial 
support and suggestions for strategies to approach the family are actively offered.  
 In the family letter relatives are also referred to our website, where more information 
about the disease and predictive DNA testing can be found (www.cardiogenetica.nl) and all 
close relatives are invited for referral to our clinic for genetic counselling, including discussion 
of the pros and cons of DNA testing. We use adapted Huntington guidelines for predictive 
testing  in heritable heart diseases, like HCM (Table 1).19 In a counselling session for predictive 
DNA testing in our cardiogenetics outpatient clinic the relative is informed about the disease, 
the risk of SCD and the pros and cons of predictive cardiological and DNA testing. An ECG is 
made before the session that can, after counselling, be interpreted by the attending cardiologist 
as a predictive clinical test (with low sensitivity and specificity however) on demand of the 
counselee. Before DNA testing psychosocial support is offered actively. A session with a social 
worker can take place directly after the counselling session or at a second appointment or by 
telephone. Psychosocial support is not obligatory before genetic DNA testing, except when 
minors are tested. DNA testing can, on demand of the counselee, take place directly after 
the first session, but if the relative needs more time to consider testing, this is also possible 
after a second appointment. In our experience most counselees already decided in favour 
of predictive testing before attending, on the basis of the information supplied before the 
visit. The test result is given personally at the cardiogenetics outpatient clinic, by telephone 
or by mail depending on the preference of the relative. Follow-up appointments including 
psychosocial care are offered to mutation carriers, especially to those having children. Carriers 
of the familial mutation are referred for subsequent cardiological evaluation and regular 
follow-up aiming at reduction of SCD. 
 The process from the detection of a disease-causing mutation in a proband towards 
predictive DNA testing of the proband’s relatives consists of five different phases (Figure 1). 
The first phase (I) concerns informing the proband about the possibility of predictive DNA 
testing in his or her relatives. In the second phase (II) the relatives should be made acquainted 
with this information. A proband can do this himself, either orally or by means of a family letter 
written by the clinical geneticist. This family letter can also be sent directly to all the eligible 
relatives by the clinical geneticist or relatives can be directly invited for genetic counselling by 
the clinical geneticist. Probands can be advised in ways to contact their relatives and can be 
guided which relatives to contact first. In the third phase (III) informed relatives should schedule 
an appointment for genetic counselling. The fourth phase (IV) is the genetic counselling of 
the relative. In this phase the pros and cons of the fifth phase (V), predictive DNA testing, are 
discussed. Carriers of the familial mutation are referred for regular cardiological screening.



129

4₁

 Uptake of genetic counselling and predictive DNA testing 

Study population
For this study we included all HCM families (n = 
97) with a pathogenic mutation of the Academic 
Medical Centre, Amsterdam identified between 
1996, when molecular diagnostics became 
available in our hospital, and November 2005. A 
relative was defined eligible for this study when 
predictive DNA testing was offered. Qualifying 
for predictive DNA testing in our centre are first-
degree relatives, and second-degree relatives 
in case of a deceased first-degree relative, of 10 
years of age or older.

Analysis
Data were collected through retrospective audit 
of pedigrees and medical records and databases. 
The number of relatives that came for genetic 
counselling and/or predictive DNA testing in 
the first year after the detection of the mutation 
in the proband and their degree of kinship with 
the proband were assessed. In the Netherlands 
DNA  testing of relatives is always performed 
in the DNA laboratory where the proband was 
tested even when genetic counselling took 
place in another cardiogenetics outpatient clinic, 
and mutation carriers are lodged into a national 
database (www.gencor.nl), which makes tracking 
of all relatives counselled and tested possible.21  
  

Table 1. Protocol used for genetic DNA-based cascade screening in HCM (adapted from the Hunting-ton guidelines 
and used by the authors since 1996).

Figure 1. From the detection of a causal mutation 
in the proband towards cardiological evaluation of 
mutation carrying relatives.
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 Uptake of genetic counselling was defined as ‘the number of eligible relatives who 
attended (phase IV) in the first year after the detection of the mutation relative to the number 
of all eligible relatives’. Uptake of predictive DNA testing was defined as ‘the number of eligible 
relatives who were genetically tested (phase V) in the first year after the detection of the 
mutation relative to the number of all eligible relatives’. The conditional uptake of predictive 
DNA testing was defined as ‘the number of eligible relatives who were genetically tested in 
the first year after the detection of the mutation (phase V) relative to the number of eligible 
relatives who attended for genetic counselling (phase IV)’. In the result section we report the 
different kinds of uptake as a mean of the uptake in all families.
 Variables collected of the proband were gender, mutated gene and occurrence of 
SCD in the family, defined as SCD in at least one first-degree relative of the proband under 
the age of 40 years. Variables recorded in relatives were carrier status, age, gender and 
degree of kinship. Data were statistically analysed with SPSS (version 14.0) statistical software. 
Student’s t-test was used for the comparison of normally distributed continuous variables, 
non-parametric methods for not-normally distributed continuous variables and Pearson’s χ2 
for comparisons between dichotomous variables. A P-value <0.05 (two-sided) was considered 
statistically significant.

Results
 
Study population
In the 97 families with a pathogenic mutation 84 families have a mutation in the MYBPC3 
gene (of which the c.2373_2374insG Dutch founder mutation in 55 families), 9 families have 
a myosin heavy chain 7 mutation, 2 have a Troponin T2 mutation and a mutation in the AMP-
Activated noncatalytic Gamma2 gene was present in 2 families. Families were white Caucasian, 
except for one family of Indian descent. The index patient was male in 57 (59%) families. The 
total number of eligible relatives for genetic counselling and predictive genetic testing was 
621 (mean (median) 6.40 (5.00) per family), consisting of 507 first-degree relatives and 114 
second-degree relatives.

Uptake of genetic counselling
In total 235 (mean (median) 2.42 (2.00) per family) eligible relatives attended for genetic 
counselling in the first year. Hence, the uptake of genetic counselling in relatives was 39.0%. 
In first-degree relatives uptake was 40.4% and in the second-degree relatives, who were 
eligible if the connecting first-degree relative had died, uptake of genetic counselling was 
27.5% (P=0.047). The uptake of genetic counselling did not differ by the relative’s gender 
(38.7% in male relatives and 39.6% in female relatives, P=0.97) nor did the uptake differ 
significantly between families with or without SCD (49.2% in SCD positive families and 35.3% 
in SCD negative families, P=0.14). The number of eligible relatives was not different in families 
with and families without SCD. The proband’s gender did not influence uptake of genetic 
counselling as well (mean uptake of genetic counselling 38.2% in male probands and 40.0% 
in female probands, P=0.80). Uptake of genetic counselling in relatives aged 10-18 years was 
56.1% (in 22 of 97 families) and in adult relatives uptake was 37.2% (P=0.090). In 29 (30%) 
families no relative attended the outpatient clinic for genetic counselling in the first year. In 16 
families relatives attended after this year, but from 13  families (13%) the relatives have never 
visited our outpatient clinic; mean follow-up was 53 months (range 16-103).
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Uptake of predictive genetic testing
Of the 235 relatives who attended counselling 233 also proceeded with predictive DNA 
testing. Two first-degree relatives did not volunteer for predictive DNA testing for reasons of 
life insurance application. Hence uptake of predictive DNA testing in first-degree relatives was 
38.6%. The conditional uptake of predictive DNA testing was 99% (233 of 235). 

Discussion
Our study, that is the first to systematically evaluate uptake in a cardiogenetic disease, 
shows that less than half of the eligible relatives from HCM families attended for genetic 
counselling (phase IV) in the first year after the detection of a pathogenic mutation in the 
proband. Conditional uptake of predictive DNA testing however was high (phase V). Neither 
the proband’s gender nor the relative’s gender did influence uptake of genetic counselling. A 
positive family history for SCD and young age (<18 years) did not influence uptake significantly. 
A larger study must be conducted to show whether uptake of genetic counselling is higher in 
families with SCD or in young relatives, as the small numbers in our study suggest.

Uptake in other diseases
Our findings are comparable to uptake of genetic counselling in other genetic late-onset 
diseases that have preventive options, like hereditary breast cancer and hereditary non-
polyposis colorectal cancer, in which uptake varies between 23 and 45%.22-26 With an active 
approach (directly contacting all relatives by telephone or mail) for research purposes uptake 
rates of 51% and even 78% have been reported.22, 27 Uptake of counselling in relatives from 
families with Duchenne or Becker muscular dystrophy, myotonic dystrophy or a balanced 
chromosome translocation also reveals similar uptake percentages (30%).28 
 Only Charron et al29 provide information on the results of counselling and genetic 
testing for HCM in 70 subjects (29 adults attending for predictive testing, 9 couples requesting 
predictive testing for their children, 22 couples consulting for prenatal counselling and 10 
probands who came for diagnostic testing). A counselling session consisted of consecutive 
interviews with a cardiologist, a clinical geneticist and a psychologist in the same place and 
during the same visit. There was a delay before the decision about genetic DNA testing, 
following the Huntington guidelines. In total 10 out of 29 adults chose to decline predictive 
genetic testing after one genetic counselling session. Conditional uptake of genetic DNA 
testing was not reported as so, but was 45% when calculated. After the announcement of 
the result, follow-up consisted of regular interviews and psychosocial support if necessary. No 
adverse effects were reported during a mean follow-up of 8 months, except for one woman 
with subdepressive syndrome.

What determines uptake?
Since the conditional uptake of predictive DNA testing in our study is almost 100% (phase 
IV/V in Figure 1), the reasons for suboptimal uptake in our HCM families must therefore relate 
to phase I, II or III. In phase I the proband must be informed about the possibility of predictive 
DNA testing in relatives. As genetic counsellors we must ascertain that the proband fully 
understands the information received. In phase II, the information from phase I should be 
disseminated to the proband’s relatives. Differences in uptake in phase II may originate from at 
least three sources: which information is disseminated, how the information is transferred and 
by whom. The counsellor can also be significant in safeguarding this process. In our setting 
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the probands were informed about the possibilities of predictive DNA testing in relatives by 
a genetic counsellor. Eligible relatives were identified in the pedigree and a family letter was 
provided to help inform the relatives. If necessary the proband could get help from a social 
worker to give social support and strategies in informing his or her relatives. Informing the 
relatives (phase II) can also be done in a more active way by the genetic counsellor, but this 
was not our common practice in the families in our study.  Studies that use active recruitment 
as part of their research protocol generally report higher uptake rates.22, 24, 25, 27 The study of 
Suthers et al26 demonstrates the rise in uptake of genetic testing for familial cancer syndromes 
(from 13 to 40%) when relatives are informed by a letter directly sent to them by the clinical 
geneticist. They report that 7% of relatives did not want further information after receiving the 
letter and none of the 351 relatives complained of a breach of privacy or autonomy.26 In the 
Netherlands cascade screening for familial hypercholesterolemia with a direct active approach 
in contacting the relatives is well accepted.30 Interviews of probands and relatives referred 
for genetic counselling for Duchenne or Becker muscular dystrophy, myotonic dystrophy or 
a balanced chromosome translocation showed that 98% of probands and 94% of relatives 
thought it was acceptable for relatives to be informed of their risk status by another family 
member, and 78% of probands and 90% of relatives had no objection to this information 
coming directly from the clinical genetic service.28, 31 Factors influencing uptake in phase III, 
relatives making an appointment for genetic counselling, can be found in a model of health 
care developed by Andersen. According to Andersen’s model, suboptimal uptake may relate 
to either of the following three characteristics influencing the use of health services: need 
variables (variables influencing the need for care, eg health education programmes or a family 
letter from the clinical geneticist), predisposing variables (age, gender, social structure, health 
beliefs, perceptions) and enabling variables (community and personal enabling resources, 
eg income, health insurance or travel time).32  We could not demonstrate that uptake was 
influenced by variables like age, gender or a family history of SCD. Degree of kinship did 
influence uptake in our study.
 The uptake of phase IV, genetic counselling of the relatives, mainly depends on how 
successful the first two phases were and on the personal motives or life events that may affect 
a relative’s decision to enter phase III. We retrospectively measured uptake within the first year 
after the mutation was detected in the proband, in order to be able to compare families and 
to give relatives some time for reflection. This time horizon, however, may exclude relatives 
with personal motives or life events preventing them to attend within the first year.
 In the counselling session (phase IV) the relative is informed about the advantages 
and disadvantages of DNA testing. This can be performed in one session or in several sessions 
with time for reflection. Uptake of predictive genetic testing (phase V) may be influenced 
by the information given by the clinical geneticist, treatment options for the disease and 
time given for reflection. Unlike in literature on uptake in oncogenetics, in other late onset 
hereditary diseases, and in the relatives from HCM families described by Charron et al,29 in our 
outpatient clinic almost all relatives who attend for genetic counselling for HCM proceeded 
in predictive genetic testing.33, 34 In most studies reported in literature the counsellors used 
several counselling sessions, according to the Huntington guidelines. In contrast to these 
guidelines, we chose for several reasons to reduce the time for reflection before predictive 
DNA testing. This might not give relatives sufficient time to think over all consequences and 
undeliberately coerce them to get tested. Brain et al35, however, demonstrated that a shortened 
counselling process in oncogenetics without a reflection period did not cause  psychological 
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harm and did not affect the decision-making process of undergoing DNA testing. Currently 
the counselling process experienced by the counselees from HCM families in our centre is 
being evaluated. 
 For late-onset disorders generally the prognosis and the opportunities of preventive 
measures determine the rate of uptake of DNA testing.23 The age of disease onset might 
also be a determinant of the uptake rate. Because HCM is a disease that can already become 
manifest in adolescence and is associated with unexpected SCD that can be prevented, 
uptake of DNA testing can theoretically expected to be higher than in other preventable late-
onset disorders.

Should uptake be increased?
From a public health point of view uptake of predictive DNA testing (phase V) in HCM should 
be as high as possible in order to prevent SCD in identified high-risk individuals.18 From a 
clinical genetic point of view we also emphasize to inform all relatives about the possibility 
of predictive testing, but proceeding with genetic testing should be their own well-informed 
choice. Uptake of genetic counselling (phase IV) should from both viewpoints ideally be 100%. 
However, after being well-informed it is to be expected that not all relatives will proceed with 
predictive testing. 
 In our outpatient clinics we can ascertain that the proband fully understands the 
possibilities of DNA testing of his or her relatives (phase I). Contacting the proband’s relatives 
(phase II) either through the proband or actively by the clinical genetic service raises ethical 
and legal issues. In particular, there could be an ethical tension between maximising the 
utility of cascade screening and respecting the interests of probands and their relatives. 
Relatives are said to have ‘the right not to know’ and clinicians have an obligation to protect 
the confidentiality of the proband, but this must be balanced with the central purpose of 
cascade testing; informing relatives and promoting autonomous decision-making by relatives 
about their genetic risk. This purpose is counteracted by inefficient or ineffective family 
communication processes.36 It is also important to recognize that the legal applicability of the 
two contact strategies may vary between countries depending on legal rules and a country’s 
system of health care.37 In our HCM families, relatives were informed by means of a family 
letter and uptake of genetic counselling was not optimal, but conditional uptake of predictive 
DNA testing was almost 100%. This could imply that offering relatives counselling (phase II), 
for example by means of a family letter in which the disease and options for predictive genetic 
testing and prevention are already explained, is some sort of genetic counselling in itself. 
 To increase uptake of genetic counselling, determinants that can be influenced 
should be looked for in phase I, II and III. Further research into the determinants of uptake 
with a prospective design is needed. A comparison with other late-onset hereditary diseases, 
in which uptake has been studied more thoroughly, could provide more information as well.
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Abstract
Hypertrophic cardiomyopathy (HCM) is a common hereditary heart disease associated with 
heart failure and sudden death. Quality of life and psychological distress were found to be 
impaired in HCM patients but have never been assessed in mutation carriers, with or without 
manifest HCM. We aimed to assess quality of life and psychological distress, using standardized 
questionnaires, and to identify sociodemographic, clinical, risk and illness perception related 
predictors thereof in 228 HCM mutation carriers. HCM carriers’ overall quality of life and distress 
scores did not differ from the Dutch population. Quality of life and distress were worst in 
carriers with manifest HCM before DNA testing and best in predictively tested carriers without 
HCM. The latter group had even significantly better quality of life than the general population. 
Substantial determinants of impaired physical quality of life were symptoms (β=5.2, P=0.001) 
and stronger belief in serious consequences of carriership (β=3.5, P<0.001); determinants 
of impaired mental quality of life were physical comorbidity (β=3.0, P=0.020) and a higher 
perceived risk of symptoms (β=0.9, P=0.001). Female gender (β=1.4, P=0.004) and stronger 
emotional reactions (β=1.2, P=0.002) were associated with more anxiety. Less understanding 
of carriership (β=0.9, P=0.007) and stronger belief in serious consequences (β=0.8, P=0.008) 
increased depression. Levels of quality of life and distress were not impaired compared to the 
Dutch population. Illness and risk perception related variables were major determinants of 
quality of life and distress. Because these variables can be addressed and adjusted during pre- 
and post-test counseling, genetic counseling should focus on these determinants. 
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Introduction
Hypertrophic cardiomyopathy (HCM) is a common autosomal dominant cardiac disease 
affecting at least 1 in 500 persons worldwide,1-3 characterized by hypertrophy of the ventricular 
myocardial wall with variable age at onset. Symptomatic patients may show dyspnea, 
exertional angina, palpitations and (pre)syncope and sudden cardiac death (SCD) at a young 
age.4 The average annual risk of SCD is about 1% in unselected HCM patients.5 Although HCM 
is incurable, an effective therapy, the implantation of a cardioverter defibrillator, is available 
for patients with a high risk of SCD.6 This risk can be assessed through regular cardiological 
evaluation. Intense (competitive) sports are discouraged because of the associated risk of 
SCD.7

 In specialized cardiogenetics outpatient clinics the aim of so called 'cascade 
screening' is to detect mutation carriers among relatives of a proven HCM patient (i.e., those 
with a clinical diagnosis of HCM) with a proven disease causing mutation (proband).8 Because 
of the risk of SCD screening is actively offered to all relatives of the proband. Cascade screening 
followed by regular cardiological evaluations can prevent SCD by detecting mutation carrying 
relatives with manifest disease and a high risk of SCD. However, it is unclear if early detection 
of the disease decreases future morbidity, if risk stratification for SCD is efficient in mutation 
carriers without manifest disease, and if this screening approach including DNA testing is 
desirable from a psychosocial perspective. Only if the benefits outweigh the disadvantages 
this screening approach should be continued.9, 10 
 In HCM patients more psychological distress and impaired quality of life compared 
to the general population have been reported.11-13 Psychological distress in at risk relatives 
(not specified if they were mutation carriers) was not significantly different from distress in 
HCM patients.14 In relatives at risk for hereditary cardiac diseases emotional distress did not 
differ from the normal population before and after DNA testing15 and in relatives from long 
QT syndrome families predictive testing led to distress, but distress levels normalized within 
eighteen months.16 Carriers of a mutation predisposing them to HCM may show similar 
distress as HCM patients as they face the probability of many high impact events, like the 
imminent threat of disease and its progression, the threat of SCD and the possibility of having 
transmitted the disease to offspring. The required adjustment of life style and the occurrence 
of HCM related events in relatives may add to the distress. 
 The aim of this study is to assess long-term quality of life and psychological distress in 
HCM mutation carriers, both with and without manifest disease or symptoms, by comparing 
these with normative data of the general population. Specifically, we want to assess the effect 
of DNA testing on quality of life and psychological distress in a cohort of predictively tested 
relatives, since these individuals only became aware of their disease status because of DNA 
testing. Our second aim is to identify sociodemographic, clinical and risk and illness perception 
related factors that are associated with deteriorations in mutation carriers’ quality of life and 
psychological distress. 

Materials and methods

Participants
The study was performed at the cardiogenetics outpatient clinic of the Academic Medical 
Center in Amsterdam. Genetic counseling and identification of a disease causing mutation 
in the HCM proband is followed by actively offered cascade screening in the proband’s 
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relatives. DNA diagnostics for HCM comprises the MYBPC3, MYH7, TPM1, TNNT2, TNNI3 and 
GLA genes, while the PRKAG2 and LAMP genes can be tested depending on the phenotype. 
Counseling sessions combine the consultation of a genetic counselor and a cardiologist and 
take a minimum of 30 min using adapted Huntington guidelines. Psychosocial care is actively 
offered but not obligatory before DNA testing.17

 Study participants were all proven carriers of a pathogenic mutation in one of the 
genes associated with HCM identified since the start of our clinic in 1996. Disclosure of their 
DNA test result occurred at least more than 18 months ago. Cardiological evaluation was 
performed and carriers could be divided in three groups: (1) mutation carriers with manifest 
HCM before DNA testing (probands and affected relatives), (2) predictively tested relatives 
with manifest disease detected after DNA testing, and (3) predictively tested relatives still 
without manifest disease (Figure 1). Participants had to be Dutch speaking and at least 16 
years of age. No mutation carriers were excluded because they did not speak Dutch. Fifteen 
children were excluded because they were aged younger than 16 years. Two hundred sixty-
three HCM mutation carriers could be included.

Figure 1. Subgroups of hypertrophic cardiomyopathy mutation carriers in the process of cascade screening for 
hypertrophic cardiomyopathy.
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 Each participant was sent a questionnaire, an explanatory letter, and a reply paid 
envelope. After two weeks a reminder was sent to all participants. The investigation took place 
from 2007 to 2008.

Outcome variables

Quality of life
Quality of life was assessed using the Short Form 36 Health Survey (SF-36). The SF-36 is a 
multidimensional measure developed in the Medical Outcomes Study.18, 19 A Dutch 
translation has been validated and normative data from the Dutch general population have 
been published.20 The SF-36 covers eight dimensions of health-related quality of life: physical 
functioning, role limitations owing to physical problems, role limitations owing to emotional 
problems, social functioning, mental health, general health perceptions, vitality and bodily 
pain. Scores of the eight dimensions were coded, summed, and transformed onto a scale 
from 0 (worst possible health) to 100 (best possible health). Internal consistency of the eight 
subscales ranged from 0.83 to 0.94. A summary physical (SF-36PC) and a summary mental 
component (SF-36MC) of quality of life can be calculated which are standardized for the 
general population with a mean score of 50 and SD of 10 points.

Psychological distress
Psychological distress was measured using the Hospital Anxiety and Depression Scale (HADS).21, 

22 A Dutch translation and normative data are available.23 Generalized anxiety (HADS-A) and 
depression (HADS-D) are each measured with seven items and have Cronbach’s alpha’s of 
0.84 and 0.83 respectively. Response options range from 0 (not at all) to 3 (very much), adding 
up to a maximum score of 21 for each subscale. A score of ≥8 indicates elevated distress and 
a score ≥11 indicates potentially clinically significant distress for each of the two subscales 
separately.11-13, 22 

Determinants

Demographic and clinical variables
Demographic (age, gender, having a partner, having children) and clinical variables (physical 
comorbidity, manifest HCM, having symptoms of HCM, SCD in the family) of the participants 
were collected via the questionnaire. Time since the DNA test result was derived from clinical 
records. 

Perceived risks 
The perceived risks of developing (more) symptoms, of SCD, and of developing limitations 
in daily activities were measured with two items for each event, assessing (1) the risk of 
that event occurring with 10-point response options ranging from 0% to 100%, and (2) the 
perceived magnitude of the risk of that event occurring with 10-point response options 
ranging from 'very small' to 'very large'.24 For each of the three events a total perceived risk 
score was calculated by summating the two item scores and dividing this sum by two. 

Illness perceptions
To measure carriers’ illness perceptions, the revised version of the Illness Perception 
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Questionnaire (IPQ-R) was used.25 The IPQ-R provides an assessment of the key components 
of patients’ perceptions of illness based on Leventhal’s Self-Regulatory Model and has been 
used in hereditary diseases before.26-29 The subscales of the IPQ-R are 'timeline acute/chronic', 
'timeline cyclical', 'consequences', 'personal control', 'treatment control', 'illness coherence', 
and 'emotional representations'. An adjusted mean score (sum of the scale items divided 
by the number of items) can be calculated, with a possible maximum score of 5 for each 
subscale. Higher scores on these subscales refer to a stronger belief in a chronic/stable or 
more changing/episodic time course respectively; a stronger belief in serious consequences 
of being a mutation carrier; a stronger belief that the illness is controllable either by self-
care or medical care; a better understanding of carriership; and stronger emotional reactions 
triggered by carriership, respectively. The IPQ-R was adapted for use in HCM mutation carriers 
so that it could be completed by both participants with and without manifest disease. The 
subscale 'timeline acute/chronic' was removed because it was not possible to adapt the 
formulation of the items to make them applicable for all mutation carriers (probands and 
relatives, with and without manifest HCM). The internal consistency of the subscales ranged 
from 0.67 to 0.84.

Data analysis
Data were analyzed using SPSS (version 15.0) statistical software. Comparison of carriers’ 
quality of life and psychological distress with normative data of the general population was 
done using t-tests. Comparisons between subgroups of carriers (Figure 1) were made using 
Wilcoxon-Mann-Whitney tests. Main outcome variables, the summary physical and mental 
component of the SF-36 and the anxiety and depression subscale of the HADS, were non-
normally distributed continuous variables. Univariate associations between dichotomized 
determinants and outcome measures were examined using Wilcoxon-Mann-Whitney tests 
and associations between categorical determinants and outcome measures were assessed 
using Kruskal-Wallis tests. Spearman’s rank correlation coefficients (rs) were used to examine 
associations between continuous determinants and outcome measures. Associations between 
determinants and outcome measures were assessed for (1) all mutation carriers (group 1+2+3 
in Figure 1) and (2) the predictively tested mutation carriers (group 2+3 in Figure 1). In multiple 
linear regression analyses determinants were included with P-value <0.1 as threshold. In the 
regression models of the four different outcome measures multiple members from the same 
family were included (85 families). To account for the potential correlation between members 
from the same family generalized estimating equations were created for all linear regression 
analyses. All models showed correlation coefficients for family as <0.01, indicating that 
correlation between family members was almost absent. Therefore normal linear regression 
was performed using a stepwise selection strategy for model-fit with a P-value of 0.05 for 
entry in the model and 0.1 for removal. Multicollinearity of determinants was checked and no 
problems were detected. 

Results
We retrieved 228 of the 263 (87%) mailed questionnaires. The mean age of responders was 49 
(SD 15) years of whom 49% (112) were male. Demographic and clinical characteristics of all 
responders and of the subgroup of predictively tested carriers (group 2 and 3 from Figure 1) 
are summarized in Table 1. Twelve mutation carriers reported that they did not know if they 
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had manifest disease despite being seen by a cardiologist after being identified as mutation 
carrier. 
 Thirty-seven (17%) of the 224 patients of whom an anxiety score could be calculated, 
showed signs of anxiety (generalized anxiety score ≥8). Depression (generalized depression 
score ≥8) was present in 28 (12%) of 227 carriers of whom a depression score could be 
calculated. Gender, age, and ethnicity were also known from non-responders (n=35). Gender 
and ethnicity were not different between non-responders and responders, but non-responders 
were significantly younger (mean age 44 (SD 18) years, P=0.037).

Comparisons with the general Dutch population
Overall, carriers (n=228) had significantly lower general health perceptions, lower vitality and 
less bodily pain compared to the general Dutch population. However, summary mental and 
physical quality of life in carriers did not differ significantly from the general Dutch population. 
With respect to psychological distress, carriers reported significantly less anxiety than the 
Dutch population. The subgroup of mutation carriers with manifest HCM before DNA testing 
(n=135, group 1 in Figure 1) scored significantly worse than the general population on four 
out of eight subscales and on the physical component of the SF-36. Predictively tested carriers 
(n=123, group 2 and 3 in Figure 1), that is carriers in whom HCM appeared to be manifest 
after DNA testing (group 2, n=34) and carriers in whom disease was not (yet) manifest (group 
3, n=89), did not score worse than the general population. In fact, quality of life scores were 

Table 1. Sociodemographic and clinical characteristics of HCM mutation carriers.



144

4₂

Cardiogenetic care in hypertrophic cardiomyopathy

significantly better on five subscales and on the physical component of the SF-36. Predictively 
tested carriers (group 2 and 3) also had significantly lower levels of generalized anxiety and 
depression than the general population. These findings were even more explicit in predictively 
tested carriers without manifest disease (group 3) (Table 2).

Comparisons between subgroups 
When comparing the different subgroups from Figure 1, a similar picture arises as in the 
comparison with the general population. Carriers with HCM already manifest at DNA testing 
(group 1) have worse quality of life, physical quality of life mainly, and more psychological 
distress, specifically depression, compared to the predictively tested carriers (group 2 and 3). 
Moreover, the predictively tested carriers in whom HCM appeared to be manifest after DNA 
testing (group 2) have in general better quality of life and less psychological distress compared 
to carriers with manifest disease before DNA testing (group 1) but worse compared to carriers 
still without manifest disease (group 3). Differences between group 1 and 2 were generally 
larger than differences between group 2 and 3 (Table 2).

Table 2. Quality of life and psychological distress in HCM mutation carriers (SF-36 and HADS).
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Determinants of the physical component of quality of life
Multiple regression analyses showed seven determinants to be related to physical quality of 
life in the entire group of carriers (group 1, 2, and 3), explaining 39% of variance. Variables 
associated with decreased physical quality of life included: the presence of symptoms, more 
perceived negative consequences of carriership, the presence of physical comorbidity, the 
presence of manifest HCM, a belief in a more changing time course of HCM, a higher perceived 
risk of developing limitations in daily activities and a higher perceived risk of SCD. In the 
subgroup of predictively tested carriers (group 2 and 3) only two determinants were related 
to physical quality of life, being the presence of physical comorbidity and more perceived 
negative consequences of carriership. These two determinants explained 17% of the variance 
(Table 3).

Determinants of the mental component of quality of life
The regression model for the mental component of quality of life in all carriers contained 
three determinants and explained 13% of the variance. Carriers with physical comorbidity, 
those who had more emotional reactions triggered by their carriership and those who 
perceived the risk of developing symptoms as higher reported lowest mental quality of life. In 
the subgroup of predictively tested carriers only the perceived risk of developing symptoms 
of HCM turned out to be an independent determinant of mental quality of life, explaining 3% 
of the variance (Table 4).

Determinants of generalized anxiety 
Determinants associated with generalized anxiety in the final regression model explained 

Table 3. Linear regression results for variables determining the physical component of quality of life.

Table 4. Linear regression results for variables determining the mental component of quality of life.
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24% of the variance in anxiety for the entire group of mutation carriers (group 1, 2, and 3). 
The level of generalized anxiety was higher in females and in carriers with more emotional 
reactions triggered by their carriership. A stronger belief in serious consequences of carriership 
and a higher perceived risk of SCD were also significantly associated with higher levels of 
generalized anxiety. The same four determinants explained 15% of the variance in anxiety in 
the predictively tested mutation carriers (Table 5).

Determinants of generalized depression 
The five determinants in the final regression model for generalized depression explained 
19% of the variance in depression scores in the entire group of mutation carriers. A lower 
level of understanding carriership was associated with a higher level of depression, as was a 
stronger belief in serious consequences of carriership. Other determinants of higher levels of 
depression were: having symptoms, a higher perceived risk of SCD and a longer time since the 
DNA test result. In predictively tested carriers only the presence of physical comorbidity was 
associated with higher levels of depression (Table 6).

Discussion

Quality of life and psychological distress in HCM mutation carriers
We assessed quality of life and psychological distress in a heterogeneous group of HCM 
mutation carriers and found these to be comparable to scores of the Dutch general 
population. Hence, HCM carriership does not seem to affect quality of life and psychological 
distress to a considerable extent. The high response rate in our cohort of mutation carriers 
indicates a representative sample of HCM mutation carriers. Because there was a difference 
in age between responders and non-responders, we cannot exclude response bias in other 
determinants.

Table 5. Linear regression results for variables determining generalized anxiety.

Table 6. Linear regression results for variables determining generalized depression.
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 Since people attending for genetic counseling are known to be relatively 
well educated, we checked for any relevant differences in education level and other 
sociodemographic characteristics between our sample of mutation carriers and the norm 
populations. Only the proportion of females in our sample was significantly higher than in 
the SF-36 norm population. However, female gender was not an independent determinant of 
quality of life in our sample. 
 Interestingly, in the three subgroups of mutation carriers quality of life and 
psychological distress were different than in the general Dutch population. In the subgroup 
of mutation carriers with manifest HCM before DNA testing (group 1) physical quality of life 
was worse than in the general population and predictively tested carriers (group 2 and 3) 
surprisingly reported better quality of life and less psychological distress than the general 
population. This was even clearer in the subgroup of predictively tested carriers without 
manifest disease (group 3). Considering the impacting issues predictively tested carriers are 
confronted with, we expected worse or similar levels compared to the general population. 
We checked for differences in demographic characteristics that could explain our findings. 
Compared to the SF-36 norm population, carriers without manifest disease were significantly 
younger. In our mutation carriers a younger age was associated with a better physical quality of 
life. On the other hand, there was a significant overrepresentation of females in the subgroup 
of carriers without manifest HCM compared to the norm populations. With female gender 
being an independent determinant of higher levels of anxiety in our sample, the lower anxiety 
levels of carriers without manifest disease could not be explained by the difference in gender 
distribution.
 We are not the first to find that patients value their health higher than members of the 
general public.30 Stiggelbout and de Vogel-Voogt31 provided a framework for understanding 
and studying possible mechanisms that may explain these counterintuitive results. First, this 
could be due to differences in interpretation; patients answer questions in the light of their 
experience with the disease, an experience that the general population lacks. In addition, 
patients often do not value their health with the disease, but their life with the disease. 
Positive aspects like meaning of life and goals may be more related to well-being than the 
impact of impairments. Moreover, the judgment of patients’ health status might be affected 
by adaptation to and the ability to anticipate poor health, commonly known as response 
shift.31-33 Some of the above mentioned mechanisms might apply to our predictively tested 
mutation carriers without manifest disease before DNA testing. However, we would expect 
these mechanisms also to be present in mutation carriers with manifest disease before DNA 
testing. Therefore these mechanisms are not a likely explanation for the better scores in our 
subgroup of predictively tested mutation carriers.
 The effect of reassurance in predictively tested carriers may provide an additional 
explanation. Participants come from families with much uncertainty about who is going to 
be affected and at risk for SCD. Genetic counseling and cardiological diagnostics can take 
away some of their uncertainties and may provide a greater sense of control. Cardiological 
evaluations showing the absence of manifest disease or disease in an initial (asymptomatic) 
phase might also be very reassuring. Several respondents addressed this issue in the free 
text of the questionnaire, for example, as one respondent wrote: 'I do not worry that much, 
because I have HCM in my genetic background only.'. Other respondents addressed the 
benefits of knowing that they are a HCM mutation carrier: 'Since I received my DNA test result, 
I have found more peace and I am more positive.' and 'I do not feel inferior, I even feel stronger. 
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Sometimes I think I handle with more sense than others.'. 
 A second explanation might be that HCM patients and relatives from HCM families 
with a relatively good quality of life and low levels of psychosocial distress are more inclined 
to attend the cardiogenetics outpatient clinic for DNA testing. Such a selection bias is difficult 
to assess, but we do know that only a minority of relatives visit our cardiogenetics outpatient 
clinic.17 
 Quality of life and psychological distress were worst in carriers with manifest HCM 
before DNA testing (group 1) and best in the predictively tested carriers without HCM (group 
3). Disease duration is probably shorter in predictively tested carriers with manifest HCM -HCM 
was only detected after DNA testing and fewer years have passed since the DNA testing- 
compared to the carriers with manifest disease before testing. This suggests that in addition 
to the presence of manifest HCM, the duration of manifest disease may also affect (physical) 
quality of life and psychological distress.

Previous studies
Quality of life and psychological distress are only reported on in British HCM patients with 
manifest disease and in Australian patients and at-risk relatives.11-14 Although our subgroup 
of mutation carriers with manifest disease (group 1) most closely resembles the British HCM 
patients, our carriers score better on all subscales and components of physical quality of life 
and have less psychological distress. 
 Signs of anxiety and depression were present in 17% and 12% of our respondents 
respectively. These proportions are smaller than in British and Australian HCM patients, and 
also smaller than in patients visiting a general practitioner (a population that closely resembles 
the general population).12-14, 34 
 Cox et al.11 measured quality of life and psychological distress using the same 
questionnaires (SF-36 and HADS) and their HCM patients were approached for participation 
in a similar way as our mutation carriers. Hence, the similarity in methodology makes this an 
unlikely cause for the differences in outcomes. Looking at sociodemographic differences only 
the difference in gender distribution could have shown more favorable results in our carriers 
with manifest disease. We had more male carriers with male gender being associated with 
lower levels of anxiety. Differences in counseling procedures may also explain our findings. 
Only one study involving HCM patients describes counseling.14 Their cardiac genetic service 
incorporates a genetic counselor and at risk relatives are cardiologically evaluated. It is unclear 
if DNA diagnostics is part of risk assessment in relatives. Besides these, differences in disease 
duration and stage and sociocultural differences might also account for the differences in 
quality of life and psychological distress between our carriers with manifest HCM and HCM 
patients reported on in literature.

Determinants of quality of life and psychological distress
As expected, we found the presence of symptoms and physical comorbidity (varying from 
high blood pressure to cancer) to be associated with worse physical quality of life, the latter 
also with worse mental quality of life. 
 In addition, illness and risk perception related variables turned out to be major 
determinants of both quality of life and psychological distress. The continuous nature of these 
variables -illness perception scores have a maximum of 5 and risk perceptions range from 
0 to 10- makes the effect on the outcome measures larger than that of the dichotomous 
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variables (being 0 or 1) like the presence of symptoms, even if the beta is lower. Knowledge of 
determinants of quality of life and psychological distress can be used in genetic counseling. 
Unlike other determinants as gender and the presence of symptoms, perception related 
variables are not static. They can be addressed and corrected if needed during pre- and post-
test counseling by the genetic counselor, the social worker, and/or cardiologist.35-38 This may 
be especially needed if risks and consequences of carriership are perceived as too high or too 
detrimental.
 We expected experience with SCD in the family to be a determinant of psychological 
distress. Earlier studies in carriers of an hereditary heart diseases found such an association.16, 

39 Likewise, in oncogenetics experience with cancer in the family has been mentioned as a 
predictor of distress.40, 41 Although experience with SCD in the family was not an independent 
determinant of quality of life or psychological distress, the perceived risk of SCD was. This 
perceived risk of SCD was significantly higher in the carriers who experienced SCD in their 
family than in carriers who did not (P=0.024). 

The effect of DNA testing on quality of life and psychological distress
Because of the cross-sectional nature of this study, relationships between carriers’ quality of 
life and psychological distress and determinants give little information on causation. However, 
we tried to look at the causal effect of DNA testing on quality of life and psychological distress. 
One would expect this effect, if present, to be the most apparent in predictively tested relatives 
who were diagnosed with manifest disease during cardiological diagnostics initiated after 
DNA testing (group 2), because they are the only subgroup in whom disease status changes 
as a consequence of DNA testing. In this subgroup, quality of life was better and levels of 
psychological distress were lower than in the general population. Follow-up studies in other 
late onset genetic diseases report an increase in psychological distress directly after testing 
which decreases to baseline within a year.16, 42-47 We therefore may assume that in HCM, also a 
late onset genetic disease, long-term quality of life and psychological distress are not impaired 
by DNA testing. However, studies using a longitudinal design, controlling for baseline levels of 
quality of life and psychological distress, are needed to draw firm conclusions. 

Conclusions and implications for clinical practice
To the best of our knowledge, this is the first study to investigate quality of life and psychological 
distress in HCM mutation carriers. HCM mutation carriers’ quality of life and psychological 
distress only differed on a minority of subscales from that in the general Dutch population. 
Therefore we can conclude that HCM carriership does not seem to negatively affect quality of 
life and psychological distress. The better levels of quality of life and psychological distress in 
predictively tested carriers with manifest disease being detected after DNA testing suggest no 
negative effects of DNA testing after on average 3 years after DNA testing. 
 Not surprisingly, the presence of manifest HCM and HCM related symptoms appeared 
to be important determinants of impaired physical quality of life. Overall, perceptions of 
risk and carriership, like the perceived risk of SCD or the belief in serious consequences of 
carriership, were the main determinants of quality of life and psychological distress. Because 
perception of risk and disease probably can be addressed and corrected if needed during 
pre- and post-test counseling, genetic counseling should also focus on these determinants of 
quality of life and psychological distress. Further studies should be performed to investigate 
which factors are associated with disease and risk perception in HCM.
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Abstract
Hypertrophic cardiomyopathy (HCM) is a common hereditary heart disease associated 
with sudden cardiac death. Predictive genetic counseling and testing are performed 
using adapted Huntington guidelines, that is, psychosocial care and time for reflection are 
not obligatory and the test result can be disclosed by telephone or mail. Proven mutation 
carriers detected by predictive DNA testing are advised to undergo regular cardiac follow-up 
according to international guidelines. We evaluated the opinion of 143 predictively tested 
HCM mutation carriers on received cardiogenetic care using questionnaires (response rate 
86%). Predictive genetic counseling and DNA testing were evaluated on four domains: 
information provision, satisfaction with counseling, social pressure in DNA testing and regret 
of DNA testing. Opinions on cardiac follow-up were assessed pertaining to communication, 
nervous anticipation, reassurance, and general disadvantages. Genetic counseling was valued 
positively and only four carriers would rather not have known that they were a mutation 
carrier. A majority received their DNA test result by mail or telephone, and almost all were 
satisfied. Only 76% of carriers received regular cardiac follow-up. Those who did, had a positive 
attitude regarding the cardiac visits. General disadvantages of the visits were valued as low, 
especially by older carriers, men and carriers with manifest HCM. We conclude that our 
adapted Huntington guidelines are well accepted and that cardiogenetic care is generally 
appreciated by predictively tested HCM mutation carriers. To better understand the cause 
of the substantial portion of mutation carriers not receiving regular cardiological follow-up, 
although recommended in international guidelines, further research is needed.
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Introduction
Hypertrophic cardiomyopathy (HCM) is a common autosomal dominant heart disease, 
affecting at least 1 in 500 persons worldwide.1, 2 It is characterized by ventricular hypertrophy 
and can give rise to symptoms at any age. Symptomatic patients may show dyspnea, exertional 
angina, palpitations, (pre)syncope, and sudden cardiac death (SCD) at young age, but patients 
can also be asymptomatic throughout life.3 The average annual risk of SCD in a HCM patient is 
1%.4 In HCM patients with a high SCD risk, SCD can effectively be prevented by an implantable 
cardioverter defibrillator.5

 First-degree relatives have a 50% risk of inheriting the familial mutation. In the 
Netherlands, HCM probands and their relatives visit specialized cardiogenetics outpatient 
clinics where 50-60% of the probands have a disease causing mutation detected. Detection 
enables so called 'cascade screening' involving predictive genetic counseling and DNA 
testing of at risk relatives. Because of the risk of SCD and the availability of preventive therapy, 
cascade screening is offered actively to all relatives of the proband, starting with the first-
degree relatives. 
 According to international consensus documents set up by professional organizations, 
mutation carrying relatives should have extensive regular follow-up (preferably annually): a 
12-lead ECG, two-dimensional echocardiography, ambulatory (Holter) ECG and an exercise 
test should be carried out to assess the presence of hypertrophy and risk of SCD.6 Cascade 
screening followed by cardiac follow-up is able to identify mutation carriers with manifest 
HCM at high risk for SCD, at a preventable stage.5 However, the recommended lifelong cardiac 
follow-up could also be a burden, especially for the large group of mutation carriers still 
without manifest disease (about 75% in our population) in whom the risk of SCD is unknown 
and the benefits of regular cardiac follow-up on morbidity and mortality are still unclear. 
 In this study we evaluate counselee’s views and opinions on predictive genetic 
counseling and DNA testing, and the cardiac follow-up in HCM mutation carriers (1), its 
intensity and procedural routes (2), as well as identifying associations between counselees’ 
sociodemographic and clinical characteristics and their attitude towards cardiogenetic care (3). 
Insight in their views and opinions may help to gain a better view on the experienced process 
of cardiogenetic care and to identify possible problems or areas needing improvement. 

Methods

Participants
Setting
This cross-sectional study was performed at the cardiogenetics outpatient clinic of the 
Academic Medical Center in Amsterdam, the Netherlands. Genetic counseling discusses the 
pros and cons of predictive DNA testing in the context of psychosocial issues, like in other 
genetic conditions. Relevant psychosocial issues for relatives from HCM families include 
the fear to be a carrier, and being a carrier, the threat of developing the disease or of its 
progression, coping with the risk of SCD, adaptation to the preventive activity restrictions, 
concerns on transmitting the disease to offspring, and problems in obtaining insurances. 
In cardiogenetic diseases we commonly observe anxiety for SCD which urges relatives to 
test at short term. To comfort these relatives we adapted the Huntington guidelines for 
predictive genetic counseling in HCM and other cardiogenetic diseases. Before counseling 
the relative is provided with written information on the disease and the testing protocol, and 
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is referred to our website (www.cardiogenetica.nl) for additional education. During the first 
counseling session for predictive DNA testing the relative is again informed about the disease, 
the risk of SCD, and the pros and cons of predictive cardiological and DNA testing. Genetic 
counseling sessions for HCM are multidisciplinary, combining the consultation of a genetic 
counselor and a cardiologist and take on average 30 min. An ECG is made and judged by the 
cardiologist, provided that the counselee gives consent. No judgment on HCM carriership 
is made based on the ECG; only (rare) cardiological problems needing immediate care are 
discussed. Echocardiography, considered to be the best predictive clinical test, is not part 
of our protocol because predictive DNA testing determines with certainty which relatives 
are at risk for developing HCM and which are not. DNA testing enables us to discharge non-
carriers from cardiological follow and to advise carriers (also those still without hypertrophy 
on echocardiography) cardiac follow-up. Psychosocial support, although actively offered, is 
not obligatory before predictive DNA testing, except when minors are tested. A session with 
a social worker can take place immediately following the counseling session, at a second 
appointment, or by telephone. DNA testing can, on the counselee’s wish, take place directly 
after the first counseling session. However, if the counselee needs more time for reflection, 
testing is also possible after a second or third appointment. Communication of the DNA test 
result can be by telephone, by mail or face-to-face at the outpatient clinic, depending on the 
counselee’s preference. If any psychosocial problems or additional questions arise during the 
first counseling session, the DNA test result is preferably communicated at the outpatient 
clinic often combined with a session with a social worker or psychologist. When giving the 
result by phone or mail, an additional appointment at the outpatient clinic is always offered 
in case of questions or problems. Follow-up appointments including psychosocial care are 
offered to mutation carriers, especially to those having children. All counselees and their 
medical caregivers receive a confirmation of their DNA test result in an explanatory letter. For 
carriers this letters includes besides the information provided during genetic counseling, the 
advice for regular cardiac evaluation in a specified hospital located near their home. We also 
send a referral letter to the local hospital asking to invite the carrier for cardiac evaluation. 
 Summarizing, the adaptation of the Huntington guidelines to HCM and other 
cardiogenetic diseases consists of three procedural changes: (1) psychosocial consultation, 
although actively offered, is not a strict prerequisite before DNA testing (it is when minors 
are involved); (2) time for reflection is reduced and DNA testing can, on the counselee’s wish, 
take place directly after the first counseling session; and (3) communication of the DNA test 
result can be by telephone, by mail or at the outpatient clinic, depending on the counselee’s 
preference.7, 8 
 Predictive DNA testing involves sequence analysis or mutation specific PCR analysis 
of the familial disease causing autosomal dominant mutation. DNA testing of probands 
comprises the MYBPC3, MYH7, TPM1, TNNT2, TNNI3 genes, while the PRKAG2, GLA and LAMP2 
genes can be tested depending on the phenotype. We only screen probands for a second 
mutation in case of severe HCM and/or a young age at diagnosis.

Study population
Genetic DNA testing was performed in relatives from 95 HCM probands with a single 
pathogenic mutation. As expected about 50% of first degree relatives were identified as 
mutation carriers. All HCM mutation carriers counseled at our outpatient clinic were invited 
to participate. DNA testing had to occur in a predictive setting -all were asymptomatic (i.e., 
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without subjective symptoms or with minor symptoms insufficient for the relative to contact a 
physician) relatives at the time of genetic counseling and DNA testing- and disclosure of their 
DNA test result had occurred at least 18 months ago. Ten carriers had undergone predictive 
clinical cardiac evaluation (ECG and echocardiography) before DNA testing, ranging from 1 
month to 10 years before DNA testing. In none of them a clinical diagnosis of HCM could be 
made at that time. Participants had to be Dutch speaking and at least 16 years of age. 

Procedure
Each counselee was sent a questionnaire, an explanatory letter, and a reply paid envelope. 
After two weeks a reminder was sent to all counselees. The investigation took place in 2007 
and 2008.

Measures
Demographic and clinical variables
Standard sociodemographic and clinical variables (physical comorbidity, clinical diagnosis of 
HCM, having symptoms of HCM, SCD in the family, and method of communication of the 
DNA test result) were collected via the questionnaire. Time since the DNA test result and the 
identity of the counselor were derived from clinical records.

Genetic counseling and DNA testing
Questions on genetic counseling and DNA test procedure addressed the way the counselee 
was informed about the possibility of DNA testing, reasons for being tested, and the selected 
mode of communication of the DNA test result. 
 Thirteen statements in a self-developed questionnaire evaluated the attitudes of the 
counselees towards genetic counseling and DNA testing, covering four domains: information 
provision, satisfaction with counseling, experienced social pressure with respect to DNA 
testing and regret of testing (see Table 3 for details). Response options were 'agree', 'neutral', 
and 'disagree'. Cronbach’s alpha ranged from 0.69 to 0.82 for the four subscales. Scores for 
the various subscales were summed and rescaled to 0-100. A higher score means greater 
satisfaction with the information provided during counseling, more satisfaction with the 
counseling, more social pressure to proceed with DNA testing and more regret afterwards. 

Cardiac follow-up
We asked counselees about the frequency of their cardiac follow-up and their opinion on 
this frequency. Follow-up was considered 'regular' if a carrier had at least two follow-up 
visits, or one follow-up visit and an appointment for a second visit. The attitude towards 
the cardiac follow-up was assessed using an adapted 16-item questionnaire derived from a 
study assessing follow-up of colorectal cancer patients.9 This questionnaire distinguishes four 
subscales: communication with the physician, reassurance, nervous anticipation and specific 
perceived disadvantages of follow-up (see Table 5 for details). In our study Cronbach’s alpha 
for the disadvantages scale was 0.27. We therefore only retained the question 'Do you think 
the cardiac investigations at the visits are burdensome?'. Cronbach’s alpha for the anticipation 
scale improved to 0.61 when one item was removed ('Would you rather have your follow-up 
visits less frequently?'). Internal consistencies of the reassurance and communication subscale 
were 0.68 and 0.86 respectively. Scores for the different subscales were summed (leaving 
out the scores on the excluded questions) and rescaled to 0-100. For the communication 
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and reassurance scales, a higher score means a more positive valuation and for the nervous 
anticipation and disadvantages scale a higher score indicates a more negative valuation.

Statistical analysis
The results of the questionnaires are presented using descriptives (mean, SD; or median, 
interquartile range [IQR]). Univariate associations between counselees’ characteristics and 
their attitudes towards (1) genetic counseling and DNA testing, and (2) cardiac follow-up were 
tested using Spearman’s rank correlation coefficient (rs), Wilcoxon-Mann-Whitney tests and 
Kruskal-Wallis tests as appropriate. 

Results
Questionnaires were sent to 143 predictively tested HCM mutation carriers and 123 (86%) 
were returned. Mean age of the responders was 47 years of whom 42% were male. In 28% of 
mutation carriers a clinical diagnosis of HCM could be made during the three year follow-up 
time period. Demographic and clinical characteristics of the respondents are summarized in 
Table 1. There were no significant differences in age, gender, and ethnic background between 
responders and non-responders.

Genetic counseling and DNA testing
Most mutation carriers learned about the possibility of DNA testing from their relatives; they 
were either told in person or received a standard family letter composed by the cardiogenetics 
team (Table 2). Predictively tested carriers were counseled by six experienced genetic 
counselors.

Table 1. Sociodemographic and clinical characteristics of predictively tested HCM mutation carriers (n=123).
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 The large majority of mutation carriers agreed with the statement that they opted for 
DNA testing because of the hereditary nature of the disease (90%) and because they wanted 
to know for themselves whether they carried the gene (87%). Many mutation carriers with 
children also had decided to test in their children’s interest (64%). About one third of the 
carriers indicated a neutral or positive answer to the statement that they felt family pressure 
(negative feeling, which in its extreme form could be defined as coercion) in the decision to 
proceed with DNA testing and almost half of the carriers reported a neutral or positive answer 
to the statement that one of the reasons for DNA testing was to show solidarity with relatives 
(positive feeling) (Table 3). Only four carriers (3%) did not feel free in their choice to undergo 
DNA testing, but only one of them regretted being tested afterwards. In total three carriers 
admitted that they rather would not have known that they were a HCM mutation carrier and 
three that they would rather not have known that HCM runs in their family. At their request, 
the majority of carriers did not receive their DNA test results in person at the outpatient clinic: 
more than two third preferred the telephone or mail (Table 2). Ninety-five percent of carriers 
were satisfied with the method of communication. Four carriers indicated that afterwards 
they would have preferred to receive their DNA test result at the outpatient clinic instead of 
by mail or telephone.

Table 2. Genetic counseling and DNA testing in predictively tested HCM mutation carriers.
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 Genetic counseling was valued positively by a large majority of the respondents 
(Table 3 for details). In general, scores were high on the information provision (mean 90, SD 
16; median 100, IQR 10) and satisfaction with counseling subscales (mean 91, SD 18; median 
100, IQR 13), both positive subscales, and low on the social pressure (mean 30, SD 35; median 
0, IQR 0) and regret subscales (mean 7, SD 20; median 0, IQR 0), both negative subscales.
 Women valued the information received during counseling as more positive than 
men (P=0.038). Older mutation carriers reported more social pressure in the decision to 
undergo DNA testing (P=0.002) than younger mutation carriers. Satisfaction with counseling 
was significantly higher in mutation carriers who were older (P=0.003), had a partner 
(P=0.017), and/or comorbidity (P=0.028). Satisfaction with counseling was lowest for carriers 
who had received their genetic test result at the outpatient clinic (mean 84, SD 21, median 
88) as compared to those who received results by mail (mean 91, SD 21, median 100) or  by 
telephone (mean 93, SD 14, median 100; P=0.032). 

Cardiac follow-up 
Three quarters of mutation carriers had regular follow-up by a cardiologist. The reasons for not 
having regular follow-up most often mentioned were: 'not having symptoms of the disease', 
'not necessary according to the cardiologist' and 'cardiac tests showed no abnormalities'. The 
majority of mutation carriers having regular follow-up were content with the frequency of 
these visits, on average once every 16 months (Table 4). 

Table 3. Opinion of predictively tested HCM mutation carriers on genetic counseling.

Table 4. Cardiac care in predictively 
tested HCM mutation carriers.
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 Mutation carriers receiving no follow-up were older (P<0.001) and more often female 
(P=0.035) compared to carriers receiving follow-up. They also indicated more social pressure 
in DNA testing than carriers receiving follow-up (P=0.008).
 In general, mutation carriers value the communication with their cardiologist as 
positive (mean score 65, SD 22; median 67, IQR 25) and obtain a sense of reassurance from 
their visits (mean score 60, SD 24; median 58, IQR 25), whereas they do not perceive the 
disadvantages as large (mean score 10, SD 12; median 0, IQR 0), nor do they experience much 
nervous anticipation (mean score 9, SD 19; median 0, IQR 0) (Table 5). 

 Women indicated a stronger sense of nervous anticipation (P=0.030) and experienced 
more general disadvantages of the follow-up (P=0.001) than men. Older mutation carriers 
experienced less general disadvantages (P=0.003) and indicated better communication with 
their cardiologist (P=0.027). Carriers who had experienced sudden cardiac death in their family 
felt more reassured than carriers without such a family history (P=0.033). Mutation carriers in 
whom HCM was detected after DNA testing reported less disadvantages than carriers without 
manifest disease (P=0.008). 

Discussion
The first counseling sessions in our department for predictive DNA testing in HCM started in 
2001 and already followed adapted Huntington guidelines, developed at the cardiogenetics 
outpatient clinic not long after its start in 1996. We showed that the procedure used in our 
cardiogenetics outpatient clinic is well accepted by predictively tested HCM mutation carriers. 
Carriers were pleased with the counseling and they felt free in their choice to undergo DNA 
testing. Still a few relatives reported regret of being tested afterwards. As a result of this small 
number, we could not identify sociodemographic characteristics associated with regret, 

Table 5. Opinion of predictively tested HCM mutation carriers on cardiac follow-up.
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making it difficult to identify individuals that might need extra psychosocial care or time for 
reflection in advance. Although about one third indicated family pressure in the decision to 
undergo DNA testing, this did not negatively affect satisfaction with counseling and only 3% 
of carriers did not feel free in their decision to undergo DNA testing. This suggests that family 
pressure is in general not felt as coercion. Social pressure was associated with older age; in 
our experience especially elderly people often indicate their (grand)children as the reason 
for DNA testing, making this type of social pressure in cascade screening unavoidable. Our 
procedure to leave the communication method of the DNA test result to the counselee was 
appreciated. Those who received their DNA test result by telephone were the most satisfied 
with counseling, carriers who received their result at the outpatient clinic the least. The latter 
group of carriers probably represents counselees with psychosocial problems or relatively 
many questions at first visit who therefore have been suggested by the counselor to receive 
their DNA result at the outpatient clinic.
 Overall, carriers were satisfied with the provision of information, although some 
carriers desired more information before testing or had not understood everything that was 
told. We recommend that in every counseling session the counselor should specifically ask for 
comprehension and completeness of the information provided. Other modes of information 
provision before the counseling, for example, a family letter or website, and enough time for a 
counseling session could also improve results. The assessment of comprehension and correct 
recall of the information provided during counseling should be the subject of future study.
Although all carriers had been referred to a cardiologist for regular follow-up, and despite 
general acclaim, a quarter of the mutation carriers had never seen a cardiologist after 
DNA testing or had no follow-up appointments. Many carriers gave external reasons (e.g., 
not necessary according to the cardiologist) for not receiving follow-up. This might be an 
indication of inappropriate cardiac care according to international guidelines. Alternatively, the 
findings that 10% of carriers had never visited a cardiologist, that carriers receiving no follow-
up reported significantly more social pressure in DNA testing, and that they were older, could 
indicate that other (internal) motivations resulting in non-compliance with cardiac follow-up 
also play a role. This could indicate a need for better patient and/or physician education. The 
counseling procedure was not different in carriers not receiving follow-up. However, given the 
frequency of family pressure and its association with an absence of cardiological follow-up, 
genetic counseling should explicitly discuss personal consequences of carriership in relatives 
indicating to perform testing for their children or to be solidary with the family. 
 Overall, mutation carriers experienced cardiac follow-up as positive and reported few 
disadvantages. Carriers with manifest HCM indicated even less disadvantages most probably 
because they see more benefits in monitoring and treating progression and symptoms of 
their now manifest disease. Not surprisingly, carriers who experienced sudden cardiac death 
in their family were particularly reassured by the cardiac follow-up. This suggests more anxiety 
related to the condition, although they did not reported this. 

Study limitations
Although the response rate was very high and there were no differences in age and gender 
between responders and non-responders, we cannot exclude response bias in other variables. 
The questionnaire was sent only to proven mutation carriers who attended our cardiogenetics 
outpatient clinic. It is likely that relatives with a positive attitude towards medical care are 
more inclined to attend the cardiogenetics outpatient clinic for DNA testing. Such a selection 
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bias is difficult to assess; we do know that about half of eligible relatives attend for genetic 
counseling and decide for DNA testing in the first year after being informed, but the precise 
reasons for non-attendance are yet unclear.7 Because we wanted to assess the counselees’ 
views regarding genetic as well as cardiac care we only send questionnaires to HCM mutation 
carriers. We therefore do not know the attitude of non-carriers towards genetic counseling 
and DNA testing. 
 The low frequency of cardiac follow-up combined with an average time span of 
3 years since the DNA test results, suggests that a considerable proportion of carriers only 
had one cardiological follow-up visit even when they indicated to receive regular follow-
up (due to scheduled visits). For these carriers it could be difficult to answer some of the 
questions on cardiological follow-up, especially regarding the general disadvantages, which 
might explain the low internal consistency on this subscale. Internal consistencies of the 
cardiological follow-up subscales were in the same range as in the original questionnaire from 
Stiggelbout et al..9 However, this instrument and the one assessing the attitude on genetic 
counseling and testing have not been formally validated. A recent systematic review on 
outcome measurement in clinical genetics services excluded 538 studies because they did 
not use validated instruments. Still, none of the 58 studies using validated outcome measures 
encompassed all potential patient benefits from using a clinical genetics service, showing the 
difficulty in finding/designing useful evaluation measurements.10

Conclusions
Genetic counseling and predictive DNA testing at our cardiogenetics outpatient clinic are 
valued positively by predictively tested HCM mutation carriers. From this, we may conclude 
that our adapted guidelines are well accepted in this cohort. Carriers also have a positive 
attitude towards cardiac follow-up. However, a point of concern for the risk management 
in mutation carriers is the relatively low proportion receiving regular cardiac follow-up. This 
could indicate a need for better patient and/or physician education and should be the subject 
of further study.
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Abstract
Hypertrophic cardiomyopathy (HCM) is a common hereditary heart disease associated with 
increased mortality. Disclosure of DNA test results may have social implications such as low 
access to insurance. In the Netherlands, insurance companies are restricted in the use of genetic 
information of their clients by the Medical Examination Act. A cross-sectional survey was used 
to assess frequency and type of problems encountered by HCM mutation carriers applying for 
insurance, and associations with carriers’ characteristics. The response rate was 86% (228/264). 
A total of 66 carriers (29%) applied for insurances of whom 39 reported problems (59%) during 
an average follow-up of 3 years since the DNA test result. More problems were encountered by 
carriers with manifest disease (P<0.001) and carriers with symptoms of HCM (P=0.049). Carriers 
identified after predictive DNA testing less frequently experienced problems (P=0.002). Three 
carriers without manifest HCM reported problems (5% of applicants). Frequently reported 
problems were: higher premium (72%), grant access to medical records (62%), and complete 
rejection (33%). In conclusion, HCM mutation carriers frequently encounter problems when 
applying for insurances, often in case of manifest disease, but the risk assessment of insurance 
companies is largely justified. Still, 5% of carriers encounter potentially unjustified problems, 
indicating the necessity to monitor the application of the existing laws and regulations by 
insurance companies and to educate counselees on the implications of these laws and 
regulations. 
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Introduction
Hypertrophic cardiomyopathy (HCM) is a hereditary heart disease affecting at least 1 in 
500 persons worldwide.1, 2 HCM is manifest when a hypertrophied non-dilated left ventricle 
is present in the absence of other cardiac or systemic diseases that may cause cardiac 
hypertrophy.3, 4 Patients with manifest HCM may remain asymptomatic, but HCM can also 
give rise to dyspnoea, exertional angina, palpitations and (pre)syncope. HCM patients have 
an increased risk of cardiovascular death, including sudden cardiac death (SCD, 1% per year) 
with excess mortality especially at young age.5 Relatives at risk can be identified by predictive 
DNA testing. Mutation carriers may develop HCM at any point in life and are therefore at 
increased risk for disease-associated death. In HCM, death due to heart failure or stroke is most 
likely related with the presence of manifest disease, that is left ventricular hypertrophy. SCD, 
however, is caused by ventricular arrhythmias and it is not well determined whether mutation 
carriers without manifest disease are at increased risk for SCD.
 DNA testing, especially in a predictive setting, may have negative social consequences, 
such as problems in obtaining access to insurance.6-10 This especially holds for insurances of 
which the premium or access is based on an individual risk assessment, like life and disability 
insurances. In the Netherlands, individual risk assessment can take into account current and 
past health, specific diseases that run in the family, and risk behaviour (eg, smoking, sport 
activities). Such risk assessment is performed by insurance companies when an individual 
applies for a life, disability, individual pension, or additional health insurance. Basic (social) 
health insurance in the Netherlands is obligatory and the standard fixed premium is based on 
the average disease risk in the population. 
 Since 1990, Dutch insurance companies adhere to a moratorium on the use of 
DNA tests and genetic information in the application for specific insurances. In 1998, this 
moratorium was implemented by law in the form of the Medical Examination Act (MEA) 
to protect individuals who want to obtain a civil employment contract, a pension or a life 
or disability insurance.11 This act states that at the commencement or modification of an 
insurance below predefined sums (<€160,000 for life insurance and <€32,000 for disability 
insurances in the first year and <€22,000 in subsequent years) no questions may be asked 
about untreatable hereditary diseases or about the results of genetic tests for such diseases 
in the applicant and his/hers relatives. An untreatable disease is defined as a disease without 
possibilities to treat, to prevent, or to inhibit its progression. Insurance companies are legally 
obliged to disregard available genetic test results for insurances below the predefined sums, 
except in case of manifest disease. Applicants in turn are legally obliged to report any manifest 
disease. 
 As HCM is an untreatable hereditary disease according to the MEA definition and 
problems in obtaining insurance have been previously reported by individual HCM mutation 
carriers, we wanted to assess: (1) how many HCM mutation carriers experience problems 
when applying for an insurance, (2) what type of problems they encounter, (3) which of these 
problems are most prevalent, and (4) whether problems are related to sociodemographic or 
clinical characteristics of the applicant.

Methods
This cross-sectional study was performed in 2007-2008 at the cardiogenetics outpatient 
clinic of the Academic Medical Centre, Amsterdam, The Netherlands. All HCM mutation 
carriers counselled and tested for an autosomal dominant single pathogenic mutation at our 
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outpatient clinic were invited to participate (n=264). Participants had received their DNA test 
result at least eighteen months ago, had to master Dutch, and were at least 16 years of age. 
The survey consisted of two questionnaires. Questionnaire I, part of a larger study,12 asked 
mutation carriers whether they had applied for insurances since their DNA test result and 
whether they had experienced any problems in this regard. Respondents who reported 
problems were invited to complete questionnaire II containing questions on the insurance 
sum, the nature of the problems, and the final application result. Both questionnaires 
were accompanied by an explanatory letter and a reply paid envelope. After two weeks all 
counselees received a reminder. 
 The results of the questionnaires are presented using descriptive measures (mean, 
SD). Univariate associations between carriers’ sociodemographic and clinical characteristics 
and presence of insurance problems were tested using χ2-tests, Fisher exact tests, and t-tests 
as appropriate.

Results
Of the 264 initial questionnaires, 228 (86%) were returned. Mean (±SD) age of respondents 
was 49±15 years, 49% were male and 59% had manifest HCM (Table 1). Since their DNA test 
result (mean (±SD) time 3.3±1.4 years), 66 mutation carriers (29%) had applied for one or 
more insurances of whom 39 (59%) reported problems. In total, 88 applications were reported 
of whom 59 resulted in problems (67%). Problems did not relate to the type of insurance 
(P=0.055, Table 2).

Table 1. Sociodemographic and clinical characteristics of HCM mutation carriers and a comparison of mutation 
carriers applying for an insurance without and with experienced problems.
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 No associations were found between sociodemographic characteristics and 
experienced problems when applying for an insurance (Table 1). However, problems were 
more frequently encountered by applicants with manifest disease (left ventricular hypertrophy) 
(P<0.001) and applicants with symptoms of HCM (P=0.049) (Table 1). Problems were less 
frequently encountered by carriers who had undergone DNA testing in a predictive setting 
(P=0.002).
 Of the 39 mutation carriers who encountered problems, 26 (67%) indicated they 
wanted to receive questionnaire II and 21 (81%) returned this questionnaire. Problems most 
frequently encountered by these respondents were the requirements (1) to pay a higher 
premium (76%), (2) to grant insurance companies access to cardiological records (62%) or to 
the DNA test results (5%), and (3) of a medical examination (19%). In 33%, the application was 
completely rejected. Reasons for the extra requirements or rejection were (more than one 
answer possible): manifest HCM (58%), carriership of a HCM mutation (21%), the presence 
of another serious or chronic disease (16%), the occurrence of DNA testing for HCM (11%), 
family history (11%), lifestyle (11%), and an increased mortality risk (11%). Reasons given for 
requirements were not significantly different from reasons given for rejection. In total, 44% of 
the carriers experiencing problems when applying for a life insurance and 33% of the carriers 
experiencing problems when applying for disability insurance applied for insurance below 
the predefined sums stated in the MEA. 
 According to the MEA, unjustified requirements can only be made in mutation 
carriers without manifest HCM who apply for insurance below the predefined sum. Three 
carriers without manifest disease experienced problems applying for insurance. At least in 
one carrier unjustified requirements were made and possibly in another carrier (in the latter 
case the insurance sum was unknown); in total 1.5-3% of all applicants.

Discussion
Despite legal restrictions on the use of genetic test results in insurance applications, HCM 
mutation carriers in the Netherlands frequently encounter problems when applying for 
insurances. During the 3 years of follow-up since disclosure of the DNA test result, a substantial 
part of the mutation carriers (29%) applied for insurances and 59% of them experienced 
problems. Most problems were reported by mutation carriers with manifest disease, a group 
known to be at increased risk of cardiovascular death. As the MEA requires applicants to 
report manifest disease, insurance companies’ risk assessment is judged to be correct in most 
carriers. 

Table 2. Applications for insurance (n=88) by 66 HCM mutation carriers.
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 In total, 33-44% of respondents reporting problems applying for a life and/or disability 
insurance applied for insurance below the predefined sum of the MEA. Most of them had 
manifest disease and they were therefore legally obliged to report their disease irrespective 
of the insurance sum. However, problems were also reported by three carriers without 
manifest disease (5% of applicants). This is worrisome because there is no clear evidence for 
an increased mortality risk in these individuals. In at least one of them (and possibly in two) 
additional requirements were also unjustified according to the MEA, as the insurance sum 
applied for was below the predefined sums of questioning. 
 The insurance problems encountered by these three carriers without manifest 
disease, could be due to an incorrect risk assessment by the insurance company. However, 
these problems may also result from carriers having difficulties filling in the insurance 
companies’ health questionnaires. The line of questioning in these questionnaires is often 
unclear and genetic risks and family history are often addressed regardless of the predefined 
sum. Although genetic counselling also addresses insurance issues, particularly in case of 
predictive DNA testing, it is unknown to what extent counselees are familiar enough with 
the MEA and act accordingly when filling in insurance companies’ health questionnaires. The 
statement in questionnaires that insurance coverage is lost when incorrect information is 
provided may result in over-response although law does not require this. 
 Our data might underestimate the true frequency of additional requirements for 
insurance as not all mutation carriers may experience a medical examination or access to 
medical records as a problem. On the other hand, the experienced problems reported by 
our carriers might not be classified as ‘problems’ from the perspective of the MEA. Higher 
premiums can be expected in mutation carriers with manifest disease and are in agreement 
with the law. 
 In summary, our data suggest that insurance companies’ risk assessment of HCM 
mutation carriers is most often correct (95%); additional requirements and rejection mainly 
occur in carriers with manifest disease who are known to be at increased mortality risk. 
Nevertheless, some individuals encountered potentially unjustified problems (5%). Therefore, 
we propose that application of the existing laws and regulations on the use of genetic 
information by insurance companies should be monitored. Secondly, individuals who attend 
a clinical genetics clinic for predictive DNA testing for untreatable disorders should always be 
informed about existing laws and regulations, and the possibility of insurance problems.
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Identification of relatives at risk for hypertrophic cardiomyopathy
Worldwide 1 in 500 persons has hypertrophic cardiomyopathy (HCM), but due to the hereditary 
nature and the incomplete penetrance of the disease the actual prevalence of people at 
risk for HCM must be higher. Especially relatives of HCM patients are at risk of developing 
or having hitherto unnoticed manifest disease. The morbidity and disease related mortality 
(death due to heart failure and thrombo-embolic complications and sudden cardiac death 
(SCD)) suggests detection of these relatives at risk is worthwile, assuming valid treatment/
prevention options and acceptable characteristics of the detection (screening) program 
(Wilson and Jungner criteria). As implantation of an internal cardioverter defibrillator (ICD) is 
an effective prevention option in selected patients at high risk for SCD, the principal is how to 
identify these relatives at risk, and among those how to identify candidates for an ICD. 
 Identification of relatives can be achieved in two ways, and starts in first degree 
relatives of a patient with manifest HCM, the index patient or proband. In first the degree 
relatives the probability of a ‘hit’ is high, and, usually, these relatives are readily accessible 
through the known proband. Echocardiography can detect non-invasively left ventricular 
hypertrophy, the hallmark of HCM. However, given the age related penetrance of HCM, in 
relatives who do not show hypertrophy this test has to be repeated every several years. In 
this strategy no DNA testing is carried out. Another way of identifying relatives is through 
DNA testing. This option is only possible in families in which a pathogenic mutation has been 
identified. Relatives can be tested for carriership of the familial mutation starting with the first 
degree relatives and subsequently more distant relatives can be tested (cascade screening). 
Non-carriers and their offspring can be discharged from further cardiological evaluations. 
Carriers, who are at risk of developing HCM, are offered regular cardiological evaluations 
for testing the presence of hypertrophy and risk factors for SCD. Carriers who do not have 
hypertrophy yet probably have a low risk of SCD and cardiological evaluations can be planned 
less frequently. 
 In terms of costs only, currently the best way to detect relatives is probably by 
echocardiography. However, because of the age related penetrance of the disease and large 
phenotypic variability not all relatives at risk will be detected this way, and consequently not 
all disease associated death will be prevented. Therefore the best way in terms of effectiveness 
is probably to start with DNA diagnostics in the proband of the family (Figure 1). Following this 
approach, in about half of the families a disease causing mutation will detected, which enables 
predictive DNA testing in relatives as described above. To be more cost-effective predictive 
DNA testing could be preceded by echocardiography. In relatives with overt hypertrophy DNA 
testing may then be omitted. If DNA diagnostics cannot detect a disease causing mutation in 
a HCM patient, first degree relatives can then be offered echocardiography at regular intervals 
and more distant relatives only on clinical grounds (heart complaints, SCD in the connecting 
relative, detection of manifest HCM in the connecting relative).
 The approach described above is currently common practice in all Dutch 
cardiogenetic outpatient clinics. In some clinics echocardiography precedes predictive DNA 
testing. The main difference between clinics is in the cardiological evaluation. Some clinics 
advise carriers to undergo cardiological testing in a local hospital in the proximity of their home, 
other clinics do all cardiological evaluations in their own university hospital. This difference 
seems to be based mainly on the number of identified mutation carriers and the distance 
to the university hospital, and possibly on the capacity of the university hospital. It is known 
that not all mutation carriers attend for genetic counselling and testing. Our research showed 
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that quality of life is not affected in identified mutation carriers, and that cardiogenetic care 
is generally appreciated. Since we did not evaluate the opinion of non-attending relatives, 
reasons for non-attendance can only be speculated on. It would probably be worthwhile to 
evaluate reasons for non-attendance since this could help to identify more relatives at risk for 
HCM and SCD.

Cardiological evaluation of HCM mutation carriers
In the former paragraph I describe the optimal way to identify relatives at risk of developing 
HCM. The detection of relatives is justified by the evidence that the disease associated risk 
of SCD can effectively be prevented by means of an ICD in patients who are at high risk of 
SCD. Several major risk factors for SCD (previous cardiac arrest or ventricular tachycardia, non-
sustained ventricular tachycardia on 24 hour Holter recording, unexplained syncope, extreme 
left ventricular hypertrophy, abnormal blood pressure response during exercise, and family 
history for SCD) have been identified in patients with manifest HCM. Although the presence 
of one or more of these clinical risk factors is associated with an increased risk of SCD, their 
positive predictive value is low. Besides, there are several other limitations to the use of these 
risk factors in clinical practice. Existing evidence on the relevance of risk factors often uses 
different definitions, e.g. a family history can be defined as positive for SCD if one relative 
has died suddenly at any age or if two first degree relatives have died suddenly before the 
age of 40 years. A general issue is the incomparability of study cohorts with respect to both 
prognostic factors and unrelated factors, which can only be adjusted for to the extent these 

Figure 1. Schematic presentation of detection of relatives at risk for HCM.
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factors are known and measured. Some risk factors like extreme hypertrophy can vary during 
follow-up and it is unclear if the risk is still increased when the risk factor is no longer present. 
Finally, the risk of SCD associated with the presence of risk factors sometimes seems to be 
age-related. For some risk factors the risk of SCD is higher in younger patients.
 All studies on risk factors for SCD have been performed in patients with manifest 
disease. The relatives at risk for HCM who are identified as mutation carrier often do not have 
manifest disease (left ventricular hypertrophy) yet. As the pathophysiological mechanism 
for the ventricular arrhythmias causing SCD is still unknown, it is also unknown if manifest 
disease is prerequisite to be at risk for SCD and if risk factors for SCD are also associated with 
an increased risk of SCD in mutation carriers without manifest HCM. There are several case 
reports of relatives from HCM families, and one of HCM mutation carriers (this thesis) who 
died suddenly or were resuscitated from ventricular fibrillation in the absence of hypertrophy. 
Mutation carrying relatives can therefore be at risk for SCD even when manifest disease is 
absent. However, the small number of cases in literature and the absence of SCD in mutation 
carriers without hypertrophy during follow-up (this thesis) suggest that the risk of SCD in 
this group is likely to be very small. Consequently, it will be difficult to identify risk factors for 
SCD specific for this group. Because of the small risk of SCD, risk stratification can possibly be 
omitted in relatives and mutation carriers without manifest disease (Figure 1), although for 
research purposes it would be useful to regularly perform a complete cardiological evaluation 
including risk stratification as this allows to derive better prognostic significance of risk factors 
for SCD and other clinical variables in this group. Until now, the only studies on this subject 
originate from the Netherlands. In relatives or mutation carriers with manifest disease risk 
stratification should be performed regularly. Considering the high negative predictive value 
of risk factors, even in mutation carriers with manifest disease the risk of SCD is extremely low 
when risk factors for SCD are absent.

Cardiologists’ and clinical geneticists’ responsibilities
In the Netherlands DNA diagnostics for cardiogenetic conditions in probands and relatives can 
only be requested by a clinical geneticist by law. However, cardiologists increasingly request 
(predictive) DNA diagnostics. Once a mutation carrier is detected by a cardiologist, this carrier 
is often referred to a clinical geneticist, a different pattern of utilisation of genetic expertise. 
Clearly a transition is apparent in the application of genetic expertise and tools, possibly 
with a slight change in presentation of the results to the patient. Cardiologists are often not 
fully aware of or educated in the possible psychosocial and insurance consequences of DNA 
testing, especially when testing occurs in a predictive setting. They do not always discuss the 
consequences of genetic testing for relatives of the patient. Cardiologists often experience 
difficulties in interpreting DNA test results. On the other hand it is the cardiologist (and not the 
clinical geneticist) who maintains regular contacts with mutation carriers. When sufficiently 
aware of the familial situation, regular contacts can stimulate the detection of other relatives 
at risk of HCM by cascade screening thereby increasing the uptake of DNA testing. Regular 
contacts can also provide insight in the long term findings in mutation carriers, e.g. the risk 
to develop manifest HCM for mutation carriers and the prognostic significance of risk factors 
for SCD.
 The clinical geneticist, on the other hand, is professionally trained in dealing with the 
family, signalling possible psychosocial problems, discussing the consequences of predictive 
DNA testing, and interpreting DNA test results. However, clinical geneticists’ last contact with 



177

5

carriers and non-carriers is often when the DNA test result is discussed. Therefore it can be 
difficult to stimulate ongoing cascade screening of relatives. Besides, the clinical geneticist 
is not always informed about the results of cardiological evaluations and possible long term 
complications.
 The strengths of both professions are already joint in specialised cardiogenetics 
outpatient clinics. Here, multidisciplinary teams of a clinical geneticist, a cardiologist and a 
psychosocial worker bear joint responsibility for the intake, genetic counselling and follow-up 
of relatives. Interpretation of DNA test results can also be discussed by the multidisciplinary 
team of caregivers. Cardiological evaluation and follow-up should ideally take place in the 
same outpatient clinic. It is important to have a case-manager appointed to monitor the 
planning of follow-up visits and the process of informing relatives and of cascade screening in 
the patient’s family, a ‘cardiogenetic nurse’ for instance. 
 Besides, as genetic knowledge will probably become more easily available in 
the near future and used not only in monogenetic disorders, it can be expected that the 
role of the clinical geneticist will change. We should expand our knowledge by joining in 
multidisciplinary clinics and be readily available for consultation. 

Counselling before predictive DNA testing
In clinical genetic practice, counselling before predictive DNA testing is always guided by a 
protocol. The first counselling protocol was developed for Huntington’s disease, a progressive 
incurable neurological disease. This protocol consisted of several counselling sessions by 
a clinical geneticist and a psychosocial worker to guarantee that the counselee was well 
informed not only of the clinical consequences of DNA testing but also of the psychosocial 
consequences. As Huntington’s disease is incurable and cannot be prevented, the protocol 
has been developed to make the patient aware of all the possible drawbacks of knowing that 
he/she is a mutation carrier and that DNA testing does not provide any clinical benefits, and it 
has not been developed to ‘stimulate’ predictive DNA testing.
 The Huntington protocol has been adapted for counselling in other late onset 
hereditary diseases, like hereditary breast cancer and cardiogenetic diseases. In many of 
these diseases some form of therapy or prevention is available, implying that predictive 
genetic testing can be (partially) beneficial for the counselee’s health state. In these diseases 
the original Huntington protocol is theoretically too strict and if applied in its original form 
counselees might unduly decide not to pursue in predictive DNA testing, not only individually 
but also from a public health point of view. 
 In HCM symptoms of the disease can be treated and SCD can be prevented. 
Counselees often express anxiety as the disease is associated with a risk of SCD. Chapter 4.2 
shows that health related quality of life is probably not affected in mutation carriers identified 
by predictive DNA testing (this thesis). Besides, counselees in later stages of their life only 
occasionally regret being tested (this thesis). These findings support a more lenient predictive 
counselling protocol in ‘treatable’ late onset hereditary disease like HCM. In HCM we already 
implemented such a protocol and, as Chapter 4.3 shows, carriers appreciated this (this 
thesis). 
 It seems that genetic counselling in HCM following a more lenient adapted protocol 
has no overt negative consequences. Although in our experience psychosocial problems 
related to DNA testing for HCM are minimal, attention for possible psychosocial problems 
before and after predictive testing should not be slackening. We believe that psychosocial 
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consequences of DNA testing should always be discussed during genetic counselling and 
preferably the DNA test result should be explained in person by telephone or at the outpatient 
clinic. Predictive DNA testing in children should always involve psychosocial consultation. 
During follow-up -preferably at the same centre- possible psychosocial consequences in 
mutation carriers can again be addressed.

Future care for HCM mutation carriers
As the prevalence of HCM patients and mutation carriers is probably much higher than 
1 in 500 persons, the number of people in the Netherlands needing regular cardiological 
evaluations probably exceeds 33,000. Although many of these people still have to be identified 
by clinical geneticists and cardiologists, one should not disregard this number in the planning 
of health care capacity. The ESCAPE-HCM study described in this thesis was developed with 
this capacity problem in mind. The main goal of this study was to optimise the cardiological 
screening frequency for mutation carrying relatives based on their risk of SCD, in order to 
reduce the considerable caseload of 33,000 cardiological evaluations each year. Our study 
results show that the risk of SCD is very low in predictively tested mutation carrying relatives 
(0.13% per person-year) and in the subgroup of mutation carrying relatives without manifest 
disease no SCD has occurred during an average follow-up of 3.5 years (this thesis). As the 
SCD risk appears very low in mutation carriers without manifest disease, the frequency of 
cardiological evaluations can be decreased and risk stratification for SCD can probably be 
safely omitted. In this subgroup cardiological evaluations every 2 years should only include 
ECG and echocardiography as long as hypertrophy is absent. In families without a detected 
pathogenic mutation it is probably also safe to perform regular echocardiography and ECG 
in non-manifesting relatives at risk and perform risk stratification only when hypertrophy is 
present. 
 The ESCAPE-HCM study also showed that a considerable portion of mutation carrying 
relatives (30%) already had manifest disease at first cardiological evaluation or developed 
manifest HCM during follow-up. As international guidelines advise yearly cardiological 
evaluation including risk stratification for SCD for this subgroup, a capacity problem might still 
lie ahead of us. A possible solution for this is to centralise care for HCM patients and mutation 
carriers in specialised regional centres. Not only will the presence of expert-professionals 
optimise the quality of care, but specialisation may also increase cost-effectiveness due to 
economies of scale increased quality of care.
 As indicated many subjects related to the care for HCM mutation carriers are still 
under evaluation and discussion. Ongoing research in the still increasing number of HCM 
mutation carriers will hopefully make care more evidence-based. To facilitate further research 
in HCM patients and mutation carriers they should be registered in a national database. Such 
a database already exists for all cardiogenetic diseases, the GENCOR database, and data of all 
HCM mutation carriers involved in the studies described in this thesis have been entered into 
this database. I hope this will continue to facilitate further research.
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Summary
Hypertrophic cardiomyopathy is a relatively common hereditary disease affecting at least 1 in 
500 persons in the general population worldwide. The clinical diagnosis can be made when 
there is left ventricular hypertrophy on echocardiography in the absence of other cardiac 
or systemic diseases that may cause cardiac hypertrophy, such as aortic valve stenosis and 
arterial hypertension. Patients can be completely asymptomatic, but HCM can also give rise to 
heart failure, syncope, and even sudden cardiac death (SCD). SCD can effectively be prevented 
by implanting an internal cardioverter defibrillator.
 Diagnostic genetic testing can reveal a pathogenic mutation in more than half of the 
HCM patients. This implies the opportunity of screening in relatives by means of predictive 
DNA testing. Predictive genetic testing in asymptomatic relatives is offered because relatives 
are assumed to be at risk of (developing) manifest disease (i.e. left ventricular hypertrophy) and 
associated SCD, and because SCD can be prevented effectively. Mutation carrying relatives are 
referred for regular cardiological evaluations assessing the presence of manifest disease and 
the risk of SCD. 
 However, much is still unknown about the risk of developing manifest disease and the 
risk of SCD for asymptomatic mutation carrying relatives. Therefore it is difficult to determine 
how often cardiological evaluations should be performed and which cardiological diagnostic 
tests should be done. In the ESCAPE-HCM (Evaluation of SCreening of Asymptomatic PatiEnts 
with Hypertrophic CardioMyopathy) study we set out to gain more knowledge on the risk 
of developing manifest disease and risk factors for SCD, and the risk of SCD. Possibly, risk 
stratification could identify which asymptomatic mutation carriers have an increased risk of 
cardiac events and which mutation carriers are expected to have a more favourable prognosis. 
This could help to develop more evidence-based guidelines on cardiological evaluations in 
asymptomatic mutation carrying relatives. 
 Chapter 1 of this thesis is a general introduction on HCM, which describes the 
clinical features of HCM, therapeutic and preventive options, risk stratification for SCD, and 
the possibilities of genetic testing in probands and relatives. It also sets the stage for the other 
chapters in this thesis and explains how they are related.
 Chapter 2 describes the study design of the ESCAPE-HCM study as well as its main 
results. The study showed that disease penetrance in mutation carrying relatives is age 
dependent and the development of manifest disease seemed to be decreased in carriers 
under the age of 40 years. Risk factors for SCD were frequently present both in carriers with 
and without manifest disease. The SCD rate was very low; two carriers, both with manifest 
HCM, died suddenly during follow-up. Based on these data we suggested an ECG and 
echocardiography in all mutation carriers to detect manifest disease. When manifest disease 
is present risk stratification for SCD can be performed by expanding the evaluation with 24h 
Holter recording and an exercise test. In carriers without manifest disease younger than 40 
years cardiological evaluation can probably be decreased to once every two years instead of on 
a yearly basis. A cost-effectiveness analysis showed cardiological evaluations to be necessary 
to prevent SCD. The most cost-effective cardiological screening strategy in asymptomatic 
mutation carriers involved yearly risk stratification for SCD in carriers with manifest HCM and 
ECG and echocardiography every two years in carriers without manifest HCM of all ages. 
 Chapter 3 is all about risk stratification. We started by performing a systematic 
review of literature on established and possible clinical risk factors for SCD, which provided 
sound evidence for the use of the established risk factors in risk stratification for SCD in HCM 
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patients (i.e. with manifest HCM). These established risk factors were frequently present at 
first cardiological evaluation of asymptomatic mutation carrying relatives with a mutation 
in the MYBPC3 gene. In some mutation carrying relatives not all risk factors for SCD had 
been evaluated. We therefore set out a questionnaire to assess the knowledge of Dutch 
cardiologists on risk stratification for SCD and the present guidelines on this subject. Although 
their knowledge was mediocre, cardiologists frequently indicated to consult an expert which 
might bring patient care to an adequate level. This chapter also contains a case report on 
two patients with a HCM causing mutation who were resuscitated from a cardiac arrest 
before hypertrophy was present. This demonstrates that mutation carriers without manifest 
HCM might be at risk for SCD, although the risk is probably very small. Finally, we also found 
polymorphisms in the renin-angiotensin-aldosteron system to be involved in the extent of 
hypertrophy in HCM mutation carriers and in extreme left ventricular hypertrophy, which is a 
risk factor for SCD.
 Chapter 4 describes the studies on cardiogenetic care in HCM mutation carriers. 
First, we evaluated the proportion of relatives that attended our cardiogenetics outpatient 
clinic for genetic counselling and DNA testing. This so called uptake was 40% in the first year 
after the detection of a pathogenic mutation in the proband. We also assessed quality of life 
and psychological distress in probands and relatives with a HCM causing mutation. Quality of 
life was lower in carriers with manifest disease before DNA testing (i.e. probands) but higher in 
carriers who had been predictively tested compared to the general Dutch population. Illness 
and risk perception related variables were major determinants of quality of life and distress. 
Predictively tested mutation carriers also gave their opinion on genetic counselling and 
cardiological evaluations, which were valued positively by almost all carriers. We also describe 
the experiences of mutation carriers in obtaining insurance. Problems almost exclusively 
occurred in carriers who already had manifest HCM at the time of application, which makes 
the risk assessment of insurance companies largely justified.
 Finally, the general discussion in chapter 5 describes the clinical and research 
perspectives in HCM with respect to the identification of relatives at risk for HCM, the 
cardiological evaluation of HCM mutation carriers, the role of the cardiologist and clinical 
geneticist in cardiogenetic care, and genetic counselling before predictive DNA testing.
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Samenvatting
Hypertrofische cardiomyopathie (HCM) is een relatief veelvoorkomende erfelijke hartziekte, 
die wereldwijd 1 op de 500 personen treft. De klinische diagnose kan worden gesteld wanneer 
er bij echocardiografie sprake is van hypertrofie van de linker ventrikel in de afwezigheid 
van ziekten die hypertrofie van het hart kunnen veroorzaken, zoals een aortaklepstenose 
en hypertensie. Patiënten met HCM kunnen geheel klachtenvrij zijn, maar de ziekte kan ook 
hartfalen, wegrakingen en zelfs plotse hartdood veroorzaken. Door de implantatie van een 
interne defibrillator kan plotse hartdood zeer goed worden voorkomen. 
 In meer dan de helft van de HCM patiënten kan de ziekte veroorzakende mutatie 
worden gevonden door middel van DNA-diagnostiek. Dit betekent dat vervolgens ook 
voorspellende DNA-diagnostiek bij de familieleden mogelijk is. Voorspellende DNA-
diagnostiek wordt aan familieleden aangeboden omdat wordt aangenomen dat zij een 
verhoogde kans hebben op manifeste HCM (i.e. linker ventrikel hypertrofie) en op de daarmee 
geassocieerde plotse hartdood, waarvan preventie zeer goed mogelijk is. Aan familieleden 
die mutatiedrager blijken te zijn, worden regelmatige cardiologische controles geadviseerd, 
waarbij wordt gekeken naar de aanwezigheid van hypertrofie van het hart en het risico op 
plotse hartdood.
 Er is echter nog weinig bekend over het risico voor familieleden met een HCM 
mutatie om hypertrofie te ontwikkelen en om plots te overlijden. Daarom is het moeilijk 
om te bepalen hoe vaak de cardiologische controles bij hen moeten plaatsvinden en welke 
cardiologische testen zouden moeten worden gedaan. In de ESCAPE-HCM (Evaluation of 
SCreening of Asymptomatic PatiEnts with Hypertrophic CardioMyopathy) studie hebben 
we geprobeerd meer kennis te vergaren over het risico om hypertrofie en risicofactoren 
voor plotse hartdood te hebben of te ontwikkelen, en over het risico om plots te overlijden. 
Wellicht konden we door middel van risicostratificatie onderscheid maken tussen 
asymptomatische mutatiedragers met een hoog risico op cardiale problemen zoals plotse 
hartdood en mutatiedragers met een betere prognose. Kennis hierover zou kunnen bijdragen 
aan de ontwikkeling van meer evidence-based richtlijnen over de cardiologische controles in 
asymptomatische mutatiedragers.
 Hoofdstuk 1 van dit proefstuk bevat een algemene introductie over HCM, waarin de 
kliniek van de ziekte, de therapeutische en preventieve mogelijkheden, de risicostratificatie 
voor plotse hartdood, en de mogelijkheden van DNA-diagnostiek bij indexpatiënten en hun 
familieleden worden besproken. Daarnaast worden de andere hoofdstukken in dit proefschrift 
en hun onderlinge samenhang besproken.
 Hoofdstuk 2 behandelt de opzet van de ESCAPE-HCM studie en de belangrijkste 
resultaten van deze studie. De penetrantie van manifest ziekte (i.e. hypertrofie) bleek 
leeftijdsafhankelijk te zijn in de bestudeerde mutatiedragers, en mutatiedragers jonger dan 40 
jaar bleken minder snel hypertrofie te ontwikkelen dan oudere mutatiedragers. Risicofactoren 
voor plotse hartdood werden zowel in mutatiedragers met hypertrofie als mutatiedragers 
zonder hypertrofie gevonden. Plotse dood was zeer zeldzaam; er overleden twee 
mutatiedragers plots en beiden hadden reeds hypertrofie. Deze gegevens waren aanleiding 
om aan alle mutatiedragers een ECG en echocardiografie te adviseren om hypertrofie op te 
sporen. Als er sprake blijkt te zijn van hypertrofie kunnen deze onderzoeken worden uitgebreid 
met een 24-uurs Holter onderzoek en een inspanningstest om het risico op plotse hartdood te 
bepalen. In mutatiedragers jonger dan 40 jaar zonder hypertrofie kunnen deze cardiologische 
controles waarschijnlijk minder vaak plaatsvinden: éénmaal per twee jaar in plaats van de 
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éénmaal per jaar zoals bij de overige mutatiedragers. Een kosten-effectiviteitsanalyse maakte 
duidelijk dat cardiologische controle in ieder geval moet plaatsvinden om plotse dood te 
voorkomen. Vanuit kosten-effectiviteit oogpunt is het het beste om asymptomatische 
mutatiedragers met hypertrofie jaarlijks cardiologisch te controleren inclusief risicostratificatie 
voor plotse hartdood, en om bij dragers zonder hypertrofie éénmaal per twee jaar een ECG en 
echocardiografie te verrichten, ongeacht hun leeftijd.
 Hoofdstuk 3 is gericht op de risicostratificatie. We zijn begonnen met een 
systematisch overzicht van de literatuur over bekende en mogelijke risicofactoren voor 
plotse hartdood, waaruit duidelijk naar voren kwam dat de bekende risicofactoren nuttig 
zijn in risicostratificatie voor plotse hartdood in HCM patiënten (i.e. met manifeste ziekte). 
Deze bekende risicofactoren werden veel gezien bij de eerste cardiologische controle van 
asymptomatische familieleden met een mutatie in het MYBPC3 gen. In sommige mutatiedragers 
waren niet alle risicofactoren onderzocht. Om deze reden hebben we een vragenlijst  
gestuurd naar alle Nederlandse cardiologen om hun kennis van risicostratificatie en de 
richtlijnen hierover te evalueren. Hoewel hun kennis matig bleek te zijn, gaven zij wel aan 
vaak een expert te consulteren, waardoor de patiëntenzorg mogelijk toch adequaat is. Dit 
hoofdstuk bevat ook casuïstiek over twee patiënten met een HCM mutatie die succesvol 
gereanimeerd zijn na een hartstilstand en op dat moment nog geen hypertrofie van de 
hartspier hadden. Dit laat zien dat er ook voor mutatiedragers zonder hypertrofie een risico 
is om plots te overlijden, hoewel dit risico waarschijnlijk zeer klein is. Tenslotte hebben we 
polymorfismen in het renine-angiotensine-aldosteron systeem gevonden die betrokken zijn 
bij de mate van hypertrofie en bij extreme hypertrofie, wat een risicofactor is voor plotse 
hartdood.
 Hoofdstuk 4 gaat over de cardiogenetische zorg voor HCM mutatiedragers. 
Allereerst hebben we onderzocht hoeveel familieleden onze polikliniek bezochten voor 
erfelijkheidsadvisering en DNA-diagnostiek. Deze zogeheten uptake bleek 40% te bedragen 
in het eerste jaar nadat de oorzakelijke mutatie in de indexpatiënt was aangetoond. Daarnaast 
hebben we de kwaliteit van leven en het psychologische leed van mutatiedragers onderzocht. 
In vergelijking met de algemene Nederlandse bevolking was de kwaliteit van leven minder in 
mutatiedragers met manifest ziekte voorafgaand aan de DNA-diagnostiek (de indexpatiënten) 
en beter in mutatiedragers bij wie voorspellende DNA-diagnostiek was verricht. De 
belangrijkste determinanten van de kwaliteit van leven en het leed waren ziekte gerelateerde 
factoren en risicoperceptie gerelateerde factoren. Aan dragers bij wie voorspellende DNA-
diagnostiek was verricht, werd gevraagd naar hun mening over de erfelijkheidsadvisering en 
de cardiologische controles. Beiden werden door bijna alle dragers positief beoordeeld. Ook 
beschrijven we in dit hoofdstuk de ervaringen van mutatiedragers met het aanvragen van 
verzekeringen. Problemen bij het aanvragen van een verzekering traden bijna alleen maar 
op bij mutatiedragers die al manifeste ziekte hadden op het moment van hun aanvraag, wat 
duidt op een grotendeels juiste risico inschatting door de verzekeringsmaatschappijen.
 Tenslotte behandelt de algemene discussie in hoofdstuk 5 de klinische en 
wetenschappelijke perspectieven wat betreft de opsporing van familieleden met een risico 
op HCM, de cardiologische controles bij mutatiedragers, de rol van de cardioloog en de 
klinisch geneticus in de cardiogenetische zorg, en de erfelijkheidsadvisering voorafgaand aan 
voorspellende DNA-diagnostiek.
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