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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 



163

4₃

 Genetic counseling and cardiac care in mutation carriers

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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