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ABSTRACT

Background: Patients with hypertrophic cardiomyopathy (HCM) are generally regarded as having increased risk
of arrhythmia, stroke, heart failure, and sudden cardiac death, but reported mortality rates vary considerably and
originate from selected populations.

Study objective: We aimed to investigate the long-term mortality rate in a nationwide cohort of patients with HCM
compared to a matched cohort from the general Danish population.

Methods: All patients with a first-time HCM diagnosis in Denmark between January 1, 2007 and December 31,
2018 were identified through nationwide registries. In the main analysis, two visits in an outpatient clinic were
required in order to increase specificity. Patients were matched to controls from the background population in a
1:3 ratio based on age, sex, selected comorbidities and date of HCM. Mortalities were compared using Kaplan
Meier estimator and multivariable Cox regression models.

Results: We identified 3126 patients with a first-time diagnosis of HCM. 1197 patients had at least two visits in
the outpatient clinic (43 % female, median age 63.1 [25th-75th percentile 52.1-72.1] years). All-cause mortality
was significantly higher in HCM patients than in matched controls: 10-year probabilities of death were 36.4 %
(95 % CI 30.2-43.5 %) for HCM patients and 19.4 % (95 % CI 16.8-22.5 %) for controls. After adjusting for
additional comorbidities and medications, a diagnosis with HCM was associated with an increased mortality rate
(HR 1.48 (95 % CI 1.18-1.84, p = 0.001)).

Conclusion: Compared to matched controls from the background population, presence of HCM was associated
with a significant increase in mortality rate.

1. Introduction

mortality rate of 6 % [4-6]. One recent, large study also found excessive
mortality compared to the background population and demonstrated

Patients with hypertrophic cardiomyopathy (HCM) are generally
regarded as having an increased risk of heart failure, atrial fibrillation,
ventricular arrhythmia, stroke, and sudden cardiac death (SCD)
compared to the background population [1-3]. However, data on
mortality are conflicting. Early reports suggested that HCM was asso-
ciated with a particularly unfavorable outcome, with an annual

that young age at diagnosis and the presence of a sarcomere mutation
were predictors of adverse outcomes [3]. In contrast, several recent
studies have suggested a less severe natural course, which together with
contemporary management strategies, including implantation of pro-
phylactic implantable cardioverter defibrillators (ICD), have resulted in
a near-normal life expectancy for patients with HCM [7-11]. The
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phenotype is highly heterogenous, and since most previous studies have
primarily been based on cohorts from tertiary centers with a risk of
referral bias, our knowledge about the clinical course in an unselected
cohort of patients with HCM is limited.

Danish nationwide registries provide an opportunity to assess
outcome in patients with HCM with minimum selection bias and with
significant comorbidities taken into account. Thus, we aimed to inves-
tigate long-term mortality in a nationwide cohort of patients with HCM
in comparison to a matched cohort from the general Danish population.

2. Methods
2.1. Data sources and covariates

The Danish health-care system is tax-funded providing free-of-charge
care to all citizens independent of health insurance. Nearly all Danish
hospitals (99 % of hospital beds) are public [12]. First-degree relatives
to patients with HCM are, according to national guidelines, offered,
clinical and genetic assessment, which is also free-of-charge.

The presence of personal identification numbers that are unique and
permanent through-out life for every Danish citizen enables identifica-
tion of all citizens in the nationwide registries and allows for individual
linkage between these registries. Danish registries are considered reli-
able and are well-validated [13-16]. The following registries were used:
the Danish National Patient Registry, the Danish Civil Registration
System, Danish National Prescription Registry, and the Cause of Death
Register. The National Patient Registry contains information on hospital
admissions and outpatient visits according to the International Classi-
fication of Diseases and surgical procedures according to the NOMESCO
classification of surgical procedures. Information on vital status, sex,
and date of birth and death was collected from the Danish Civil Regis-
tration System. Concomitant pharmacotherapy was obtained from the
National Prescription Registry that holds information on all claimed
prescriptions according to the international anatomical therapeutic
chemical (ATC) classification system [17]. The use of medications was
defined as at least one filled prescription up to six months prior to
baseline. Information on comorbidities was obtained from ICD-8 and
ICD-10 codes in the Danish National Prescription Registry (supple-
mental material). In addition, we identified individuals with hyperten-
sion that was not expected to explain the degree of left ventricular
hypertrophy. This was defined as those claiming prescriptions for
combination treatment with at least two classes of antihypertensive
drugs within the last 180 days before index date, as done previously
[18,19]. For controls these were non-loop diuretics, angiotensin II re-
ceptor blockers, angiotensin converting enzyme inhibitors, beta-
blockers, and dihydropyridine and non-dihydropyridine calcium
channel blockers. Betablockers and non-dihydropyridine calcium
channel blockers were not included in the definition of antihypertensive
treatment in HCM patients, since those are standard therapy for symp-
tomatic HCM. Information on cause of death relevant in relation to the
outcome analysis was found in the Cause of Death Register. In Denmark
by law, registry-based research on anonymized data does not require
ethical approval.

2.2. Population, study period and exposure

We included all patients with a first-time diagnosis of HCM (ICD-10
codes 142.1 or 142.2) in the Danish National Patient Registry between
January 1, 2007 and December 31, 2018. The rationale for beginning
the study period in 2007 was that a nationwide working group and a
collaboration of outpatient clinics for inherited cardiac diseases were
established in 2005, hereby bringing attention to the disease including
correct diagnosis and coding of inherited cardiomyopathies. Beginning
the study period in 2007 also allowed for a certain time for imple-
mentation and correction of diagnoses in patients with a general car-
diomyopathy diagnosis prior to 1994 (ICD-8), minimizing the risk that
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they were included as first-time HCM. To increase specificity of the di-
agnose based on ICD codes in registers, patients were only included in
the main analysis if they had at least two outpatient visits for HCM. In
addition, a sensitivity analysis was conducted, including patients with at
least one outpatient visit who were compared to a matched background
population. Patients undergoing septal reduction therapy before
January 1, 2007 were excluded. Patients were matched with controls
from the Danish background population in a 1:3 ratio by the use of
exposure density matching based on age, sex, comorbidities (hyperten-
sion, ischemic heart disease, diabetes mellitus, cancer and chronic
obstructive pulmonary disease) and the date of HCM. In order to do so
we used a greedy matching macro [20]. The study population was fol-
lowed until death, emigration, or end of study period (December 31,
2018), whichever came first. Index date was defined as the second
outpatient visit with a diagnosis of HCM in the main analysis in order to
avoid survival bias and in the sensitivity analysis as the first and only
visit. Controls were randomly assigned index dates from the cases.
Controls could not have a history of HCM and were only matched upon if
alive at index date.

2.3. Statistics

Baseline characteristics are presented as medians with 25th-75th
percentiles, or frequencies with percentages. Comparisons of baseline
characteristics between patients diagnosed with HCM and matched
controls were performed by unpaired t-tests for normally distributed
continuous variables, the Mann-Whitney U test (Wilcoxon rank-sum) for
non-normally distributed continuous variables, and %2 or Fisher's exact
test for categorical variables. All-cause death for patients and controls is
shown by cumulative incidence curves, and difference between groups
was assessed using log-rank test. A Cox proportional hazard analysis
adjusting for further comorbidities (atrial fibrillation, chronic renal
failure, valve disease, peripheral vascular disease, stroke and liver dis-
ease), concomitant medication (statins, vitamin K antagonists and non-
vitamin K antagonist oral anticoagulants (VKA and DOAC)) and calen-
dar year was used to assess hazard ratios (HR) with 95 % confidence
intervals (CI) for HCM patients compared with their matched controls
using strata statement for matching. A sensitivity analysis including all
patients with at least one (instead of at least two) outpatient visits for
HCM was performed. Subgroup analyses were performed to compare
patients having undergone septal reduction therapy and received an
ICD-unit with those who did not (supplemental material). Both septal
reduction therapy and ICD-implantation were included as time depen-
dent variables. A P-value <0.05 was considered statistically significant.
All statistical analyses were performed using the SAS statistical software,
version 9.4 (SAS Institute, Inc., Cary, NC, USA).

3. Results
3.1. Baseline characteristics

We identified 3126 patients with a first-time diagnosis of HCM in the
period 1 January 2007 to 31 December 2018 at an average age of 63
years. For the main analysis 1838 patients were excluded since they had
only one outpatient visit with a diagnosis of HCM. In addition, 91 pa-
tients were excluded, since no controls met the strict predefined
matching criteria with emphasis on comorbidities believed to have an
impact on outcome. This resulted in a final study population of 1197
HCM patients (Fig. 1). Table 1 shows demographic characteristics at
baseline (index date which was defines as the second outpatient visit
with a diagnosis of HCM) for HCM patients and matched controls,
respectively. HCM patients had more comorbidities as compared to
matched controls, especially with respect to HCM-related conditions,
such as heart failure and atrial fibrillation. Accordingly, the use of HCM-
related medications such as betablockers, calcium channel blockers and
oral anticoagulants was also significantly higher in the HCM group.
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3126 patients with an incident
outpatient HCM diagnosis in the
period January 2007 — December

2018

Patients excluded if
* <2 outpatient clinical diagnosis
(n=1838)
* Not meeting matching criteria
(n=91)

1197 patients included in total

Fig. 1. Selection process. The figure illustrates the selection process by which
the primary study population was reached.

Table 1
Baseline characteristics for patients with >2 outpatient visits for HCM and
controls.

HCM patients Controls P-value
Number, N 1197 3404
Female, N (%) 514 (42.9) 1454 (42.7) N/A

Patient age, years (IQR) 63.1 (52.1-72.1) 62.9 (51.2-71.6) N/A

Comorbidities, N (%)

Hypertension 272 (22.7) 672 (19.7) N/A
Valvular disease 98 (8.2) 41 (1.2) <0.001
Heart failure 163 (13.6) 124 (3.6) <0.001
Stroke 79 (6.6) 168 (4.9) 0.03
Atrial fibrillation 230 (19.2) 192 (5.6) <0.001
Ischemic heart disease 331 (27.7) 851 (25.0) N/A
PVD 40 (3.3) 58 (1.7) <0.001
Liver disease 27 (2.3) 48 (1.4) 0.05
Diabetes mellitus 94 (7.9) 234 (6.9) N/A
Chronic renal failure 43 (3.6) 41 (1.2) <0.001
Cancer 114 (9.5) 272 (8.0) N/A
ICD 99 (8.9) 16 (0.5) <0.001
COPD 58 (4.8) 119 (3.5) N/A
Medications, N (%)

Beta-blockers 729 (60.9) 542 (15.9) <0.001
Calcium-antagonists 300 (25.1) 477 (14.0) <0.001
Digoxin 23 (1.9) 43 (1.3) 0.1
RAS-inhibitors 469 (39.2) 844 (24.8) <0.001
VKA 124 (10.4) 117 (3.9) <0.001
DOAC 79 (6.6) 55 (1.6) <0.001
Statins 420 (35.1) 910 (26.7) <0.001
Loop diuretics 195 (16.3) 187 (5.5) <0.001

IQR denotes interquartile range; COPD, chronic obstructive pulmonary disease;
ICD, implantable cardioverter defibrillator; HCM, hypertrophic cardiomyopa-
thy; DOAC, direct-acting oral anticoagulants; PVD, peripheral vascular disease;
RAS, renin-angiotensin-system; VKA, vitamin K-antagonist. Most but not all
patients were able to be matched upon 3 controls.

3.2. Mortality after HCM diagnosis

The median follow-up time was 3.3 (25th-75th percentile 2.0-6.0)
years for HCM patients and 3.5 (25th—75th percentile 2.1-6.2) years for
controls. The crude mortality rate in HCM patients was significantly
higher than in matched controls (Fig. 2). For HCM patients, one-, five-
and 10-year rates of death were 3.0 % (95 % CI 2.1-4.1 %), 16.5 % (95 %
CI 14.0-19.4 %) and 36.4 % (95 % CI 30.2-43.5 %), while the corre-
sponding rates for matched controls were 1.7 % (95 % CI 1.3-2.2 %),
10.0 % (95 % CI 8.9-11.1 %) and 19.4 % (95 % CI 16.8-22.5 %). The
unadjusted rate ratio of death compared to controls was 1.81 (95 % CI
1.50-2.18, p = 0.001). After adjusting for relevant comorbidities and use
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of medications, HCM was associated with an increased rate of all-cause
death compared with the matched controls, HR 1.48 (95 % CI 1.18-1.84,
p = 0.001). The unadjusted rate of death compared to controls was
highest in the youngest age groups, but was significantly higher in pa-
tients compared to controls across all age groups (Fig. 3). Cardiovascular
cause of death was more frequent in patients with HCM compared to
matched controls (124 (68.9 %) vs. 123 (41.7 %, p = 0.001)).

3.3. Sensitivity analysis in patients with at least one outpatient visit

With regards to the sensitivity analysis, 211 patients were excluded
since no controls met matching criteria, resulting in a final sensitivity
population of 2915 HCM patients (supplemental table 2). We thus
included 2915 patients with >1 outpatient visit (median age 64.0
[25th-75th percentile 51.7-74.2] years, 55.6 % male) (Supplemental
table 2). In accordance with the main analysis, mortality rates were
significantly higher in HCM patients than in matched controls. For HCM
patients, one-, five- and 10-year rates of death were 4.1 % (95 % CI
3.5-4.9 %), 18.7 % (95 % CI 17.1-20.4 %) and 37.2 % (95 % CI
34.2-40.3 %), while the corresponding rates for matched controls were
1.6 % (95 % CI 1.3-1.9 %), 10.0 % (95 % CI9.2-10.8 %) and 20.9 % (95
% CI 19.5-22.4 %) for matched controls, respectively (Fig. 4). After
adjusting for relevant comorbidities and medications, HCM was asso-
ciated with increased all-cause mortality (HR 1.79, 95 % CI 1.59-2.0, p
= 0.001). To explore a possible reason for why patients were not seen
more than once, we assessed mortality within one year and diagnoses
related to HCM in this group of patients. Among the 1695 patients with
only one outpatient visit with the HCM diagnosis, 105 (6.2 %) died
within one year from first visit. Another 40 (2.4 %) had a follow-up visit
with another or unspecified type of cardiomyopathy while 34 (2.0 %)
had a follow-up visit with atrial fibrillation within a year from the index
date and 36 (2.1 %) had an outpatient visit with a diagnosis of heart
failure.

3.4. Subgroup analysis

Patients from tertiary center facilities having undergone either sur-
gical myectomy or alcohol septal ablations (n = 148) during follow up
and patients receiving an ICD-unit (n = 189) either before or after index
date were compared with those who did not (supplemental material).
When adjusting for relevant comorbidities and use of medication, septal
reduction therapy was significantly associated to a better outcome with
a HR of 0.40 (p = 0.04), while implantation of an ICD-unit was not
associated to a significantly better outcome with a HR of 0.983 (p =
0.92).

3.5. Sex differences

Male HCM patients were seven years younger when diagnosed
compared to female patients (median age 60.0 (25th-75th percentile
48.6-69.1 years) vs. 67.2 (25th-75th percentile 56.8-75.2 years, p =
0.001)) (Supplemental table 3). When including all patients with an ICD-
unit, women were less likely to receive one than men (12.8 % vs. 18.0 %,
p = 0.02). Among males with HCM, one-, five-, and 10-year mortality
rates after diagnosis were 3.1 % (95 % CI 2.0-4.7 %), 14.4 % (95 % CI
11.4-18.0 %) and 31.8 % (95 % CI 24.3-40.8 %), while the corre-
sponding rates for females with HCM were 2.8 % (1.7-4.8 %), 19.4 %
(15.4-24.3 %) and 42.5 % (95 % CI 32.6-54.1 %). When adjusting for
age, comorbidities and medications among HCM patients, female gender
was not significantly associated with increased mortality compared to
male gender (HR 1.2, 95 % CI 0.8-1.6, p = 0.358). Compared to their
respective controls, the adjusted HR for male patients was 1.6 (95 % CI
1.2-2.2, p = 0.004) and the HR for female patients was 1.5 (95 % CI
1.1-2.1, p = 0.014).
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Fig. 2. Survival. The curve shows the unadjusted cumulative incidence of death in HCM patients (>2 outpatient visits) (yellow) compared to the background
population (black). The x-axis shows years after index, and the y-axis shows the cumulative incidence of death. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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Fig. 3. Probability of death in different age groups. The figure shows the absolute risk of death in different age groups for HCM patients (blue) and the background
population (red). The x-axis shows age in years at death, and the y-axis shows absolute five-year mortality rates. P are for log-rank test for difference. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

4. Discussion cohort of patients diagnosed with HCM compared to age- and sex-
matched controls. There were four major findings: 1) A diagnosis with
In this study, we examined long-term mortality in a nationwide HCM was associated with a significantly higher mortality during a
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Fig. 4. Survival. The curve shows the unadjusted cumulative incidence of death in HCM patients (yellow) compared to the background population (black) in a
sensitivity analysis of patients with >1 outpatient visit. The x-axis shows years after index, and the y-axis shows the cumulative incidence of death. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

median follow-up of 3.3 years compared with matched controls, even
after adjustments for additional risk factors; 2) The increased mortality
was significant across age groups; 3) The 10-year mortality rates after
diagnosis of HCM at a median age of 63 years was 36 %; 4) Cardiovas-
cular cause of death was more frequent among HCM patients than
matched controls.

4.1. Mortality compared to the background population

Historically, patients with HCM have been considered to have an
unfavorable prognosis with annual mortality rates of up to 6 % [21].
More recent studies investigating mortality in this population, as
compared to background populations, are, however, conflicting [7-11].
It has been suggested that contemporary treatment strategies, including
ICD implantation and septal reduction therapies have reduced the
contemporary mortality rates to be similar to that of the background
population [22]. In contrast, a cohort study from 2020 including 4893
patients from 7 different European referral centers reported significant
excess mortality among HCM patients throughout the entire life course
[23]. In accordance with the latter, the recent multinational Sarcomeric
Human Cardiomyopathy Registry (SHaRe) found significantly increased
mortality rates among HCM patients compared to an age-matched
background US population.

In the present study, the mortality rates in HCM were increased as we
identified a HR of 1.48 when comparing patients with HCM to controls
matched on age, sex and significant comorbidities. The annual mortality
rate was 3 % for HCM patients, compared to 2 % among controls. The
annual mortality rates followed similar patterns to the findings from
SHaRe, in which annual mortality rates were found to be 4 % in the age
group 60-69 years [3]. In the present study, the mortality rates in HCM
patients were increased compared to the background population across
all age groups and, also in accordance with the SHaRe study, the relative
mortality difference was most pronounced in the youngest age groups.

However, the population in our study was older than in previous
studies. We included data from 2007 to 2018 and the older age at
diagnosis may reflect a trend of increasing age at diagnosis over time
demonstrated in recent literature [7,24]. Increasing awareness of the
disease, family screening strategies identifying asymptomatic in-
dividuals as well as more sensitive and widespread use of diagnostic
tools such as echocardiography may explain the trend. The nationwide
setting, as opposed to studies from high-volume centers may also
contribute to the difference in age. With this in mind, SHaRe did
demonstrate that a majority of HCM-related complications occurred
later in life, peaking between 50 and 70 years of age. Another important
difference that must be kept in mind when comparing the results with
the findings from ShaRe is that the HCM population in our study was
compared not only to an age-matched background population but was
matched also on significant comorbidities.

Previous studies have also investigated the cause of death among
patients diagnosed with HCM, finding that the majority of patients (54.6
%-68.5 %) died from cardiovascular events [7,9,10]. Our study shares
these findings as we found that 68.9 % of HCM patients, a number that
was significantly higher than for matched controls (41.7 %), died from
cardiovascular cause.

4.2. Subgroup analysis

Patients diagnosed at older ages have a higher risk of an overall
adverse outcome dominated by heart failure, while the risk of malignant
ventricular arrhythmias is very low in patients diagnosed >60 years of
age [3]. The older age at diagnosis in our cohort may explain why septal
reduction therapy but not the implantation of an ICD was associated to
better survival in our cohort.

The ICD utilization was somewhat lower than reported in recent
literature [25]. Unquestionably, this reflects an overall more conserva-
tive approach in European countries compared to the US. In addition,
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specific to our study, the lower implantation rate most likely reflects an
older age at diagnosis, resulting in a lower risk score according to the
ESC 2014 HCM risk SCD algorithm.

4.3. Comparison of outcome in men and women

Sex differences in HCM have been assessed and debated in several
studies [26-30]. In a nationwide setting, we found that women were
diagnosed with HCM at a seven year older age than men, which is
consistent with previous findings [26-30]. While it is agreed that
women are diagnosed at a later age than men, results on adverse out-
comes are not uniform. We observed higher unadjusted mortality rates
after diagnosis in women, but when adjusting for age, comorbidities and
medications among HCM patients, gender was not significantly associ-
ated with mortality. Some studies have reported equal mortality rates
among men and women, while others have reported that female sex is
associated with higher mortality, with one explanation being that
women at time of diagnosis are more severely affected [26-30]. Again,
previous studies have primarily represented single center experiences
and the discrepancy in survival may be explained by selection bias,
where women typically are referred to centers later than men [29]. In
addition, we know from the literature that women diagnosed with acute
myocardial infarction are less likely to receive invasive procedures such
as ICDs for primary and secondary prevention of SCD, potentially
leading to a higher burden of adverse events [31]. Our study corrobo-
rates these findings in the context of HCM as we reported higher utili-
zation of ICDs in men than women.

One study showed that female sex was only a risk factor in patients
below the age of 50 years [27]. Older age in our study compared to
previous studies from tertiary centers may thus partially explain equal
mortality rates between males and females.

4.4. Limitations

As an observational, registry-based study based on ICD-10 codes in
the Danish National Registries, some limitations must be considered.
Firstly, diagnosis of HCM can be difficult and requires exclusion of other
causes of left ventricular hypertrophy, including mimics such as Fabry
and amyloid, making room for erroneous diagnoses. The positive pre-
dictive value of the ICD-10 codes for HCM in the Danish National Patient
Registry has, however, been shown to be 90 % for first time HCM [13].
We sought to enhance specificity by only including patients with a
minimum of two outpatient visits for HCM in the main analysis. A
consistent result when including patients with only at least one outpa-
tient visit in a sensitivity analysis is also reassuring. Secondly, we
acknowledge that the nationwide, registry-based approach limits our
ability to characterize the cohort in detail. E.g., data on degree of
outflow tract obstruction, medical doses and genetics were not available
and we were unable to look into the more specific causes of death and
the predictors of these outcomes. Besides, due to our limited diversity
with a population consisting of mainly White patients, results may not
be extrapolated to other populations. Thirdly, our matching approach
for controls may underestimate the impact of HCM on mortality since
receiving a comorbidity diagnosis requires controls to seek regular
medical care. Fourth, and last, even by comparing with an age, sex -and
comorbidity-matched background population and using adjusted ana-
lyses, several confounders may still be present.

5. Conclusion

Compared to matched controls from the background population,
diagnosis with HCM was associated with a significant increase in mor-
tality. Thus, even in the light of contemporary management strategies,
including refined risk stratification and implantation of ICDs for the
prevention of SCD, the relative burden of disease in HCM is substantial.
This finding challenges recent suggestions of HCM patients having a

American Heart Journal Plus: Cardiology Research and Practice 25 (2023) 100244

normal life expectancy.
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