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H ypertrophiccardiomyopathy(HCM)isacommongenetic
heart disease with a population prevalence ratio of ap-
proximately 1:500.1 Early HCM cohort studies reported

a high mortality due to sudden cardiac death (SCD) and heart fail-
ure but were limited by a significant selection bias.2 Contempo-
rary survival studies have shown that the prognosis for most
individuals with the disease may be better than described
previously, particularly when it is managed in line with current
clinical practice guidelines,3 but the excess mortality that HCM
conveys when compared with the general population remains
unclear.4,5 We sought to compare the survival of patients with
HCM in a large multicenter European cohort with that observed
in the general population using contemporaneous country, age-
stratified, and sex-stratified European mortality data.

Methods

Study Design and Overview
The present study conformed to the principles of the Decla-
ration of Helsinki.6 Data from a retrospective, multicenter, lon-
gitudinal cohort—the Hypertrophic Cardiomyopathy Out-
come Investigators7,8—were used for this cohort study. The
data, analytic methods, and study materials will not be made
available to other researchers for purposes of reproducing the
results. The study was approved by the local ethics commit-
tees in all centers with the exception of the Institute of Cardi-
ology at the University of Bologna (Italy), where the commit-
tee was informed, but approval was not required under local

IMPORTANCE It is unclear whether hypertrophic cardiomyopathy (HCM) conveys excess
mortality when compared with the general population.

OBJECTIVE To compare the survival of patients with HCM with that of the general European
population.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of 4893 consecutive adult
patients with HCM presenting at 7 European referral centers between 1980 and 2013. The
data were analyzed between April 2018 and August 2019.

MAIN OUTCOMES AND MEASURES Survival was compared using standardized mortality ratios
(SMRs) calculated with data from Eurostat, stratified by study period, country, sex, and age,
and using a composite end point in the HCM cohort of all-cause mortality, aborted sudden
cardiac death, and heart transplant.

RESULTS Of 4893 patients with HCM, 3126 (63.9%) were male, and the mean (SD) age at
presentation was 49.2 (16.4) years. During a median follow-up of 6.2 years (interquartile
range, 3.1-9.8 years), 721 patients (14.7%) reached the composite end point. Compared with
the general population, patients with HCM had excess mortality throughout the age
spectrum (SMR, 2.0, 95% CI, 1.48-2.63). Excess mortality was highest among patients
presenting prior to the year 2000 but persisted in the cohort presenting between 2006 and
2013 (SMR, 1.84; 95% CI, 1.55-2.18). Women had higher excess mortality than men (SMR,
2.66; 95% CI, 2.38-2.97; vs SMR, 1.68; 95% CI, 1.52-1.85; P < .001).

CONCLUSIONS AND RELEVANCE Among patients referred to European specialty centers, HCM
was associated with significant excess mortality through the life course. Although there have
been improvements in survival with time, potentially reflecting improved treatments for
HCM, these findings highlight the need for more research into the causes of excess mortality
among patients with HCM and for better risk stratification.
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research governance arrangements. Patients at A Coruña Uni-
versity Hospital (Spain), First Department of Cardiology,
University of Athens (Greece), University Hospital Virgen
de la Arrixaca (Spain), and Monaldi Hospital (Italy) provided
written informed consent. Patients at The Heart Hospital (UK),
Hospital Universitario Puerta del Hierro (Spain) and Institute
of Cardiology at the University of Bologna (Italy) did not pro-
vide written informed consent because it was not required by
their ethics committees.

Study Population and Participating Centers
The study cohort consisted of all consecutive patients with
HCM and follow-up evaluated between 1980 and 2013 at 7
European centers: (1) The Heart Hospital, London, United King-
dom; (2) A Coruña University Hospital, A Coruña, Spain; (3) Unit
of Inherited Cardiovascular Diseases, First Department of
Cardiology, University of Athens, Greece; (4) Institute of Car-
diology, Alma Mater University of Bologna, Italy; (5) Univer-
sity Hospital Virgen de la Arrixaca, Murcia, Spain; (6) Monaldi
Hospital, Università della Campania “Luigi Vanvitelli,” Italy;
and (7) Hospital Universitario Puerta del Hierro, Madrid, Spain.
Data from the Hypertrophic Cardiomyopathy Outcome Inves-
tigators cohort have been reported in other studies.7,9,10 Only
adult patients (≥16 years of age) were included. We defined
HCM as a maximum left ventricular (LV) wall thickness of
15 mm or more unexplained solely by loading conditions or in
accordance with published criteria for the diagnosis of dis-
ease in relatives of patients with unequivocal disease.11 Pa-
tients known to have inherited metabolic diseases or syn-
dromic causes of HCM were excluded.

Patient Assessment and Data Collection
Patients were reviewed every 6 to 12 months or earlier if there
was a change in symptoms. At presentation, all patients un-
derwent clinical assessment, pedigree analysis, physical ex-
amination, resting and ambulatory electrocardiography, and
transthoracic echocardiography. Each center collected data
independently using the same methods.

Definition of Baseline Variables
Family history of SCD was defined as a history of SCD in 1 or
more first-degree relatives younger than 40 years of age or SCD
in a first-degree relative with confirmed HCM at any age
(postmortem or antemortem diagnosis).12 Maximum LV wall
thickness was defined as the greatest thickness in the ante-
rior septum, posterior septum, lateral wall, and posterior wall
of the LV, measured at the level of the mitral valve, papillary
muscles, and apex in the parasternal short-axis plane using
2-dimensional echocardiography.13 The LV ejection fraction
was calculated using the Teichholz method.14 The left atrial
diameter was determined by M-mode or 2-dimensional
echocardiography in the parasternal long axis plane.15 The
maximum LV outflow gradient was determined at rest and with
Valsalva provocation (irrespective of concurrent medical treat-
ment) using pulsed and continuous wave Doppler from the api-
cal 3- and 5-chamber views. Peak outflow tract gradients were
determined using the modified Bernoulli equation (gradi-
ent = 4V2, where V is the peak aortic outflow velocity on con-

tinuous wave Doppler).12 Nonsustained ventricular tachycar-
dia was defined as 3 or more consecutive ventricular beats at
a rate of at least 120 per minute and less than 30 seconds in
duration on Holter monitoring (minimum duration 24 hours)
at or prior to first evaluation.16 Syncope was defined as a his-
tory of unexplained syncope at or prior to first evaluation.15

Outcomes
The cause of death was ascertained by experienced cardiolo-
gists (M.L., C.O., O.P.G., J.R.G., L.M., A.A., C.R., E.B., P.G.-P.,
G.L., and P.M.E.) at each center using hospital and primary
health care records, death certificates, postmortem reports, and
interviews with witnesses (relatives and physicians). We de-
fined SCD as witnessed sudden death with or without docu-
mented ventricular fibrillation or death within 1 hour of new
symptoms or nocturnal deaths with no antecedent history of
worsening symptoms.13 Successful resuscitation from ven-
tricular fibrillation or ventricular tachycardia during fol-
low-up and appropriate implantable cardioverter defibrilla-
tor (ICD) shock therapy were considered equivalent to SCD,16-19

but antitachycardia pacing was not. Data on aborted SCD or sus-
tained ventricular tachycardia (at a rate of 120 beats or more
per minute lasting more than 30 seconds) preceding the pre-
sentation were collected, but not included in the study end
point. Other cardiovascular (CV) death included stroke, heart
failure death, and procedure-associated death. Heart trans-
plant was considered equivalent to death from heart failure.
The follow-up time for each patient was the time from diag-
nosis to the primary composite end point, end of study
period, or last follow-up date. Patients who were alive at the
end of study period or who were lost to follow-up were treated
as censored.

The main survival analysis was based on a composite end
point consisting of all-cause mortality, aborted SCD, and heart
transplant. Overall standardized mortality ratios (SMRs) were
also calculated according to time of presentation (before 2001,
2001-2005, and 2006 and onward) and referral center. A sec-
ondary survival analysis was conducted, including appropri-
ate ICD shock therapy in the composite end point.

Key Points
Question Do patients with hypertrophic cardiomyopathy have
excess mortality compared with the general population?

Findings This cohort study of 4893 patients with hypertrophic
cardiomyopathy recruited between 1980 and 2013 at 7 European
referral centers comparing their survival (a composite end point of
all-cause mortality, heart transplant, and aborted sudden cardiac
death) with that of the general population found that patients with
hypertrophic cardiomyopathy had excess mortality throughout life
that improved with time. Female patients had higher excess
mortality than male patients throughout the age spectrum,
whereas mortality among male patients older than 60 years was
similar to that of the general population.

Meaning Mortality rates in hypertrophic cardiomyopathy remain
higher than those of the general population but have improved in
contemporary cohorts.
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Statistical Analysis
Statistical analyses were performed from April 2018 to Au-
gust 2019 with IBM SPSS Statistics for Windows, version 24.0
(IBM Corp), and Stata, version 12, (StataCorp). For descriptive
statistics, variables are expressed as mean (SD), median (in-
terquartile range, IQR), or counts and percentages, as appro-
priate. The follow-up time for each patient was calculated from
the date of first evaluation at participating centers to the date
of the relevant end point or to the date of the most recent evalu-
ation. For comparisons between groups, the χ2 test was used
for categorical variables, and t tests or Mann-Whitney tests or
1-way analysis of variance was used for continuous variables,
as appropriate. Methods for the Cox proportional hazards
modeling are reported in the eAppendix in the Supplement.

We calculated SMRs as the ratio of actual deaths to ex-
pected deaths using data from Eurostat20 extracted on Au-
gust 18, 2017. Eurostat is the statistical office of the European
Union that supplies the public and European institutions with
data and statistics, with the objective of defining, implement-
ing, and analyzing European Community policies. Expected
mortality was based on the mortality rates from the appropri-
ate period for each center and was stratified by country, sex,
and age at the end of follow-up. Patient age at the end of fol-
low-up was used for the calculation of expected mortality based
on yearly mortality rates by age in the general population. For
the calculation of expected deaths, each patient contributed
person-years to the different age categories he or she was as-
signed to from presentation and throughout follow-up (eg, a
patient who presented at 21 years of age and died at 32 years
of age contributed 5 years of follow-up to the 21-25 age group,
5 years to the 26-30 age group, and 1 year to the 31-35 age group).
The SMRs were calculated using the main and secondary com-
posite end points; 95% CIs and comparisons were estimated
by Poisson regression. Indirectly adjusted mortality rates were
obtained by multiplying the crude rate of the standard popu-
lation by the SMRs, and 95% CIs were calculated as previ-
ously described.21

Results
The study population consisted of 4893 patients, 3126 (63.9%)
were males, the mean (SD) age at presentation was 49.2 (16.4)
years, and patients were followed up for a total of 34 173.62 per-
son-years. Table 1 reports the baseline characteristics of the
study population, and eFigure 1 in the Supplement shows the
distribution by age at presentation.

Main Survival Analysis
After a median follow-up of 6.2 years (IQR, 3.1-9.8), 721 pa-
tients (14.7%) reached the composite study end point. Of these,
168 patients (3.4%) met the SCD or equivalent end point (SCD,
138 [2.8%]; aborted SCD, 30 [0.6%]); 213 patients (4.4%) met
the heart failure (HF) death or equivalent end point (HF death,
129 [2.6%]; cardiac transplant, 84 [1.7%]); 106 patients (2.2%)
died of other CV causes; 212 patients (4.3%) died of non-CV
causes, and 22 patients (0.5%) died of unknown causes. Dur-
ing follow-up, 390 patients (8%) underwent septal reduction

treatment (septal myectomy, 282 [5.8%]; alcohol septal abla-
tion, 93 [1.9%]; both procedures, 15 [0.3%]).

Overall, patients with HCM had excess mortality com-
pared with the general population (SMR, 2.0; 95% CI,
1.48-2.63). Figure 1A shows the calculated SMR by age, with
values higher than 1 indicating excess mortality compared with
the general population; Figure 1B reports the indirectly ad-
justed mortality rates by age in the study population. The main
cause of death in younger patients was SCD (or equivalent), but
this accounted for a progressively smaller percentage of total
deaths with advancing age, whereas HF death or cardiac trans-
plantation accounted for a similar proportion of events
throughout the age spectrum. Other CV and non-CV causes in-
creased progressively after 45 years of age (Figure 2A).
Figure 2B shows the event rates according to age at presen-
tation. The rate of SCD varied with age, whereas the rates of HF
death or transplant, other CV, and non-CV death increased
after the age of 65 years.

Patients who were first seen prior to 2000 were younger,
had more SCD risk factors, and reported heart failure symp-
toms more frequently. Surgical treatment of LV outflow tract
obstruction was more frequent in patients first seen from 2000
and onward, whereas ICD use at baseline or during follow-up

Table 1. Baseline Characteristics of the Study Population

Characteristic Participants, No. (%)
Age at presentation, mean (SD), y 49.2 (16.4)

Male sex 3126 (63.9)

Country

Greece 566 (11.6)

Spain 1497 (30.6)

Italy 733 (15.0)

United Kingdom 2097 (42.9)

Family history of sudden death, No./total No. (%) 1127/4752 (23.7)

Previous VF/sustained VT 134 (2.7)

NYHA functional classification

I 2560 (54.6)

II 1613 (34.4)

III/IV 514 (11.0)

Unexplained syncope, No./total No. (%) 725/4846 (15.0)

Nonsustained VT on Holter, No./total No. (%) 924/4204 (22.0)

ICD at baseline or during follow-up 816 (16.7)

Previous atrial fibrillation 653 (13.3)

Hypertension, No./total No. (%) 1446/4783 (30.2)

Maximum LV wall thickness, median (IQR), mm 19 (16-22)

LV end-diastolic diameter, mean (SD), mm 44.8 (6.5)

LV ejection fraction ≤50%, No./total No. (%) 396/4428 (8.9)

Maximum LVOT gradient, median (IQR), mm Hg 9 (4-50)

LVOT gradient, No./total No. (%)

>30 mm Hg 1372/4238 (32.4)

>50 mm Hg 1087/4238 (25.6)

Left atrial diameter, mean (SD), mm 44.1 (7.8)

Abbreviations: ICD, implantable cardioverter defibrillator; IQR, interquartile
range; LV, left ventricle; LVOT, left ventricular outflow tract obstruction;
NYHA, New York Heart Association; VF, ventricular fibrillation; VT, ventricular
tachycardia.
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was lower in patients first seen in the 1980s, but did not dif-
fer thereafter (eTable 1 in the Supplement).

Excess mortality was greatest in patients presenting prior
to 2000 but persisted in the cohort presenting between 2006
and 2013 (SMR, 1.84; 95% CI, 1.55-2.18) (eFigure 2 in the Supple-
ment). A subgroup analysis by country showed some differ-
ences in baseline characteristics and management, with more
frequent septal reduction treatment in the United Kingdom and
higher use of ICDs in Italy and the United Kingdom (eTable 2
in the Supplement). Despite differences in event rates (eg, a
higher rate of SCD or aborted SCD in Italy, and a higher rate of
HF death or cardiac transplant in Italy and Spain) excess SMR
was present across all centers (eFigure 3 in the Supplement).

Sex and Mortality
Male and female patients had different clinical profiles (Table 2)
at baseline evaluation. Females were older at presentation,
more symptomatic (New York Heart Association functional
classification III/IV, 17.1% vs 7.5%), and more likely to have a
family history of SCD and a history of syncope. The LV wall
thickness and systolic function were similar in men and
women, but women were more likely to have LV outflow tract

obstruction. Women were more likely to have or to develop
atrial fibrillation during the study and have a history of hyper-
tension.

Female patients had higher excess mortality than male pa-
tients did (SMR, 2.66; 95% CI, 2.38-2.97 vs SMR, 1.68; 95% CI,
1.52-1.85; P < .001). Excess mortality among female patients
was present throughout the age spectrum, whereas mortality
among male patients older than 60 years was similar to that
of the general population (Figure 3). Female sex was indepen-
dently associated with a worse prognosis after adjusting for
baseline differences in a multivariate model (hazard ratio, 1.28;
95% CI, 1.09-1.49; P = .003) (eTable 3 in the Supplement). The
event rates by sex and age at presentation are reported in
eFigure 4 in the Supplement.

Secondary Analysis
After a median follow-up of 6.1 years (IQR, 3.0-9.8 years), 796
patients (16.3%) reached the secondary composite end point.
Of these patients, 263 (5.4%) met the SCD or equivalent end
point (SCD, 137 [2.8%]; appropriate ICD shock, 96 [2%]; and
aborted SCD, 30 [0.6%]); 200 (4.1%) met the HF death or
equivalent end point (HF death, 123 [2.5%]; cardiac trans-

Figure 1. Standardized Mortality Ratios and Indirectly Adjusted Mortality Rates Reported by Age in the Study Population
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plant, 77 [1.6%]), 103 (2.1%) died of other CV causes, 210 (4.3%)
died of non-CV causes, and 20 (0.4%) died of unknown causes.
Patients with HCM had excess mortality compared with the
general population (SMR, 2.23; 95% CI, 1.66-2.94), and this ex-
cess mortality was greater among female patients (SMR, 2.87;
95% CI, 2.57-3.19; vs SMR, 1.92; 95% CI, 1.76-2.11; P < .001)
(eFigure 5 in the Supplement). Details regarding missing data
are reported in the eAppendix in the Supplement.

Discussion
In a large international multicenter referral cohort, we showed
that adult patients with HCM had excess mortality compared
with the general population. This was highest in women, in
whom excess mortality persisted throughout life, whereas men
had a similar mortality to the general population beyond the
sixth decade of life.

The natural history of HCM is characteristically heteroge-
neous, ranging from asymptomatic patients who experience
no disease-associated morbidity or mortality during their life-
time to those that who die suddenly or develop severe refrac-
tory HF.22 Previous studies have reported HCM-associated mor-
tality in specific age groups, with findings similar to those of
this study4,23,24; however, to our knowledge, no study has

matched patients to the general population with this degree
of precision, adjusting for study period, country, age, and sex.
A recent report from the Sarcomeric Human Cardiomyopathy
HCM registry (more commonly known as SHaRe)25 described
lifetime disease burden in association with genotype and
suggested that patients with HCM treated in the United
States have worse survival than the general US population in
the younger (age, 20-29 years) and older (age, 50-69 years)
age groups; however, that analysis was not adjusted for fac-
tors that could be associated with mortality, such as sex and
study period.

Because it is not possible to examine specific causes of car-
diovascular death with Eurostat data, we can only speculate
on the cause of excess mortality in the HCM population. Con-
sistent with previous studies, we showed that SCD was the pre-
dominant cause of death in younger adults with HCM, whereas
HF death occurred throughout the life course and became more
prevalent in older decades.13,15,17

Overall mortality in the present study was lower than that
reported in historical cohorts,2 and when survival was ana-
lyzed according to the era of first evaluation, contemporary
patients had lower excess mortality compared with the nor-
mal population than patients in the earliest cohort. We can only
speculate on the explanation, but therapeutic innovation—in
particular, ICDs and invasive treatments for LV outflow

Figure 2. Cause of Death by Age Group and Event Rates According to Age at Presentation in the Study Population
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obstruction—are likely to be important. Differences in baseline
patient characteristics may also contribute to the decline in mor-
tality. For example, patients presenting before 2000 were
younger, more symptomatic, had greater LV wall thickness, and

more frequently had SCD risk factors. Nevertheless, excess mor-
tality was still present in contemporary patients (eFigure 2 in
the Supplement), suggesting that more needs to be done to re-
duce disease-associated complications.

Table 2. Characteristics of the Study Population by Sex

Characteristic

Participants, No. (%)

P ValueFemale (n = 1767) Male (n = 3126)
Age at presentation, mean (SD), y 52.9 (17.2) 47.1 (15.6) <.001

Follow-up duration, median (IQR), y 5.9 (2.8-9.6) 6.4 (3.2-10.0) .002

Family history of sudden death, No./total No. (%) 467/1709 (27.3) 660/3043 (21.7) <.001

Previous VF/sustained VT 40 (2.3) 94 (3.0) .13

NYHA functional classification

I 695 (41.2) 1865 (62.1)

<.001II 703 (41.7) 910 (30.3)

III/IV 288 (17.1) 226 (7.5)

Unexplained syncope, No./total No. (%) 289/1746 (16.6) 436/3100 (14.1) .02

Nonsustained VT on Holter, No./total No. (%) 296/1496 (19.8) 628/2708 (23.2) .01

ICD at baseline or during follow-up 281 (15.9) 535 (17.1) .28

Hypertension, No./total No. (%) 616/1732 (35.6) 830/3051 (27.2) <.001

Maximum LV wall thickness, median (IQR), mm 18 (16-22) 19 (16-22) .003

LV end-diastolic diameter, mean (SD), mm 42.5 (6.2) 46.1 (6.3) <.001

LV ejection fraction, mean (SD), % 66 (12) 65 (12) <.001

LV ejection fraction ≤50%, No./total No. (%) 132/1593 (8.3) 264/2835 (9.3) .27

Maximum LVOT gradient, median (IQR), mm Hg 10 (4-64) 8 (4-44) <.001

LVOT gradient >50 mm Hg, No./total No. (%) 463/1545 (30.0) 624/2693 (23.2) <.001

Left atrial diameter, mean (SD), mm 43 (7.6) 44.8 (7.9) <.001

AF at baseline or during follow-up 591 (33.4) 939 (30.0) .01

Septal myectomy 118 (6.7) 179 (5.7) .18

Alcohol septal ablation 47 (2.7) 61 (2.0) .11

Any septal reduction treatment 160 (9.1) 230 (7.4) .04

Outcomes

SCD 36 (2.0) 102 (3.3)

ND

Aborted SCD 10 (0.6) 20 (0.6)

Heart failure death 71 (4.0) 58 (1.9)

Heart transplant 38 (2.2) 46 (1.5)

Other CV death 51 (2.9) 55 (1.8)

Non-CV death 97 (5.5) 115 (3.7)

Unknown cause 11 (0.6) 11 (0.4)

Abbreviations: AF, atrial fibrillation;
CV, cardiovascular;
ICD, implantable cardioverter
defibrillator; IQR, interquartile range;
LV, left ventricle; LVOT, left
ventricular outflow tract obstruction;
ND, not determined;
NYHA, New York Heart Association;
SCD, sudden cardiac death;
VF, ventricular fibrillation;
VT, ventricular tachycardia.

Figure 3. Standardized Mortality Ratios by Age and Sex in the Study Population
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Although sex is considered a cofactor in many outcome
studies, relatively few studies have specifically examined its
influence on survival in HCM. Recent reports in Chinese and
North American populations have reported higher all-cause
mortality among female patients26,27 in contrast to other stud-
ies that have shown an excess of death from heart failure or
stroke in women but no difference in overall survival.28 In the
present study, we showed that excess mortality compared with
the general population was greater among women than among
men and that this excess among women persisted into the later
decades of life, in contrast to men aged more than 65 years,
who had mortality rates similar to that of the general popula-
tion. This may well be attributable to increased rates of HF
death among women (eFigure 4 in the Supplement), but dedi-
cated studies are needed to investigate this.

Limitations
Because the recruiting centers in this study were all special-
ized cardiomyopathy units, it is possible that the observed
excess mortality reflects a bias toward more symptomatic
patients with advanced disease. The higher than expected
prevalence of LV dysfunction supports this notion, but this
finding could also be artifactual and associated with the use
of the Teichholz method for calculating LV ejection fraction.

Determination of the natural history of what are some-
times called community disease populations is challenging
owing to variations in diagnostic methods and unreliable case
ascertainment. In a recent UK study of linked electronic health
records, including a general practice database, a bespoke di-
agnostic phenotype algorithm was used to identify 1160 indi-

viduals with HCM among 3 290 455 eligible people.5 Com-
pared with people in the general population, people with HCM
had higher risk of cardiac arrest or sudden cardiac death, heart
failure, and atrial fibrillation. The absolute Kaplan-Meier risks
at 3 years were 8.8% for the composite end point of cardio-
vascular death or heart failure and 8.4% for the composite of
cardiovascular death, stroke, or myocardial infarction. These
data suggest that the risk of disease-associated complica-
tions may actually be higher among patients treated outside
referral centers, possibly owing to nonadherence with cur-
rent HCM guidelines.

Because of the historic nature of the study cohort, base-
line cardiac magnetic resonance data were not available. In-
formation on genotype was not collected in the present data
set. A degree of survivor bias cannot be excluded, because it
is possible that some patients died prior to evaluation in a re-
ferral center. Finally, our study was designed to include only
baseline phenotypic variables and did not enable us to better
characterize HF deaths.

Conclusions
In European referral center cohorts, HCM was associated
with excess mortality throughout the life course. Outcome
has improved over time, but mortality still exceeds that of
the general population in contemporary cohorts. These find-
ings highlight the need for more research into the causes of
excess mortality among patients with HCM and for better risk
stratification.
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