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Aims The interaction between common cardiovascular risk factors (CVRF) and hypertrophic cardiomyopathy (HCM) is
poorly studied. We sought to explore the relation between CVRF and the clinical characteristics of patients with HCM
enrolled in the EURObservational Research Programme (EORP) Cardiomyopathy registry.

* Corresponding author. Tel: 447765109343, Email: luis.lopes.10@ucl.ac.uk, Twitter handle: @LuisRLopesDr

T Listed in the Appendix 1

¥ Members of the European Reference Network on Heart diseases (ERN GUARD-HEART)

© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the
original work is properly cited.

920z Aenuer oz uo 1senb Aq 9061259/21/1L/6/21014e/020b[ya/w oo dno-oiwapese//:sdiy wouy papeojumoq


https://doi.org/10.1093/ehjqcco/qcac006
https://orcid.org/0000-0002-6408-4667
https://orcid.org/0000-0002-1782-1118
https://orcid.org/0000-0003-2764-6779
https://orcid.org/0000-0003-2948-7994
https://orcid.org/0000-0003-4685-6077
https://orcid.org/0000-0002-3372-7850
https://orcid.org/0000-0002-4901-5655
mailto:luis.lopes.10@ucl.ac.uk
http://creativecommons.org/licenses/by/4.0/

Cardiovascular risk factors and clinical phenotype in patients with hypertrophic cardiomyopathy 43

Methods and
results

Keywords

1739 patients with HCM were studied. The relation between hypertension (HT), diabetes (DM), body mass index
(BMI), and clinical traits was analysed. Analyses were stratified according to the presence or absence of a pathogenic
variant in a sarcomere gene. The prevalence of HT, DM, and obesity (Ob) was 37, 10, and 21%, respectively. HT, DM,
and Ob were associated with older age (P<0.001), less family history of HCM (HT and DM P<0.001), higher New
York Heart Association (NYHA) class (P<0.001), atrial fibrillation (HT and DM P<0.001; Ob p = 0.03) and LV (left
ventricular) diastolic dysfunction (HT and Ob P<0.001; DM P = 0.003). Stroke was more frequent in HT (P<0.001)
and mutation-positive patients with DM (P = 0.02). HT and Ob were associated with higher provocable LV outflow
tract gradients (HT P<0.001, Ob P = 0.036). LV hypertrophy was more severe in Ob (P = 0.018). HT and Ob were
independently associated with NYHA class (OR 1.419, P = 0.017 and OR 1.584, P = 0.004, respectively). Other
associations, including a higher proportion of females in HT and of systolic dysfunction in HT and Ob, were observed
only in mutation-positive patients.

Common CVRF are associated with a more severe HCM phenotype, suggesting a proactive management of CVRF
should be promoted. An interaction between genotype and CVRF was observed for some traits.

Cardiovascular risk factors e Hypertension e Diabetes e Obesity e Hypertrophic

cardiomyopathy e Genotype

Introduction

Hypertrophic cardiomyopathy (HCM) is a common genetic disease
associated with heart failure, atrial fibrillation (AF), and sudden car-
diac death (SCD).! In many patients, the disease is caused by mu-
tations in genes encoding cardiac sarcomere proteins typified by in-
complete penetrance and variable clinical expression, even within
families carrying the same causal variant.! Comorbidities such as
hypertension (HT) provide a possible explanation for some of this
variability, but there are few data on the influence of common car-
diovascular risk factors (CVRF) on the HCM phenotype and almost
no studies comparing the effect of various CVRFs.> We hypothe-
sized that CVRFs are associated with a more severe and/or earlier
HCM phenotype.

The EURObservational Research Programme (EORP) Cardiomy-
opathy/Myocarditis registry is designed to collect prospective clinical
data on patients with cardiomyopathies, with the aim of providing
insight into disease characteristics and contemporary management
of patients with heart muscle diseases in Europe.®” In this study, our
goal was to report the prevalence of CVRF in patients with HCM
and to determine their association with the clinical phenotype.

Methods

Study population and design

The overall design of the EORP cardiomyopathy registry and inclusion
criteria are published elsewhere.” In brief, the registry is a prospective
observational multinational survey of consecutive patients presenting to
cardiology centres in Europe. Baseline data were collected using a web-
based electronic case report form (CRF). Enrollment took place be-
tween December 2012 and December 2016. The EORP department
of the European Society of Cardiology (ESC) is responsible for study
management, data quality control, and statistical analyses.

Inclusion criteria for the adult cardiomyopathies registry were: (i) age
at enrollment >18 years, (ii) willingness and ability to give informed
consent, (iii) ability to comply with all study requirements, and (iv)
documented cardiomyopathy fulfilling standard diagnostic criteria for
probands or relatives.

Participating centres managed the approvals of national or regional
ethics committees or Institutional Review Boards, according to local
regulations. Written informed consent was obtained from all partici-
pants before data collection.

The following variables were extracted from the EORP registry
database: body mass index (BMI)—categorized in two groups as
overweight (BMI>25 Kg/m?) or obese (BMI>30 Kg/m?); HT; and
diabetes mellitus (DM). BMI was calculated from height and weight
registered in the “physical characteristics” section of the CRF. Although
no specific definition for HT or DM was provided, the investigators
were expected to follow current guidelines.®'% The relation between
HT, DM, and BMI and clinical markers of disease severity was analysed
using the following variables: age; sex; family history of HCM; family
history of SCD; anaemia, chronic obstructive pulmonary disease, renal
insufficiency; cardiac symptoms, ECG, echocardiogram, cardiac magnetic
resonance (CMR) imaging, ambulatory ECG monitoring, exercise test,
medications, pacemaker and implantable cardioverter—defibrillator
(ICD) implantation, and other invasive therapies. Categorical
data/classifications (e.g. “diastolic dysfunction”) were registered in
the CRF by each recruiting centre investigators, who were expected to
follow current guidelines.

In genotyped patients (450, 26%), analyses were stratified accord-
ing to the presence (“genotype-positive”) or absence of a likely
pathogenic/pathogenic variant in one of the eight most prevalent sar-
comere genes (MYBPC3, MYH7, TNNT2, TNNI3, MYL2, MYL3, ACTCT,
TPMT1), as recorded by the investigators in the CRF based on the infor-
mation they had from local testing laboratories.

Statistical analysis
Univariable analysis was applied to both continuous and categorical vari-
ables. Continuous variables were reported as mean £ SD. Among-group
comparisons were made using a non-parametric test (Kruskal-Wallis
test). Categorical variables were reported as counts and percentages.
Among-group comparisons 2x2 were made using a Chi-square test or
Fisher’s Exact test if any expected cell count was less than five.
Stepwise multivariable logistic regression analyses were performed to
establish the relationship of different demographic variables associated
with NYHA > 2, with AF, with maximum LV thickness and with LV
ejection fraction, including into the model all the candidate variables
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(variables with P<0.10 in univariate). A significance level of 0.05 was
required to allow a variable into the model (SLENTRY = 0.05) and a
significance level of 0.05 was required for a variable to stay in the model
(SLSTAY = 0.05). No interaction was tested. To verify that the models
were optimal, Hosmer and Lemeshow Goodness-of-Fit test and per-
cent concordant were calculated. A two-sided P<0.05 was considered
statistically significant. All analyses were performed using SAS statistical
software version 9.4 (SAS Institute, Inc,, Cary, NC, USA).

Results

Prevalence of hypertension, diabetes,
obesity (Tables 1-3 and Supplemental
material) and relation to demographic

variables and family history

The study cohort comprised 1739 adult patients with HCM; 648
patients (37%) were hypertensive, 176 (10%) were diabetic (type I:
13 and type lI: 163), and 1043 (60%) were overweight (n = 683,
39%) or obese (n = 360 21%). 75 (4%) were both hypertensive and
diabetic, 147 (9%) both hypertensive and obese, 13 (1%) diabetic
and obese, and 47 (3%) had all three risk factors; 816 patients (47%)
had none of these three risk factors reported.

Supplementary Figure 1 shows the prevalence and overlap of
these risk factors in the study population. The majority of patients
were male. For the overall population, there was no difference in
sex distribution between hypertensives and non-hypertensives or
between diabetics and non-diabetics. Females were more prevalent
than males amongst the genotype-positive individuals with HT. In
normal weight patients, women were more prevalent for the over-
all population and in genotype-positives.

Hypertension, diabetes, and overweight/obesity were associated
with older age at symptom onset, first clinical evaluation and en-
rolment into the registry. The prevalence of a family history of
HCM was greater in non-hypertensive, non-diabetic, and non-
overweight/non-obese patients. Family history of SCD was also
more prevalent in non-hypertensive and non-diabetic individuals.

Higher BMI and higher prevalence of smoking, dyslipidaemia,
and sedentary lifestyle were noted in hypertensive and diabetic
patients. Renal impairment, anaemia, and chronic obstructive pul-
monary disease were more prevalent in hypertensive and diabetic
patients.

Associations between hypertension and
clinical phenotype (Table 1, Figure 1,

Supplemental material)

Hypertension was associated with higher NYHA functional class,
more paroxysmal nocturnal dyspnoea and ankle oedema, and
more frequent chest pain. Unexplained syncope was more com-
mon in non-hypertensive patients. Absolute workload achieved in
metabolic equivalents (METS) and peak oxygen consumption (peak
VO?2 in mL/min/Kg) were lower in hypertensives. A past history of
AF and stroke were more prevalent in hypertensives. AF was more
prevalent on the baseline ECG and Holter for the overall popula-
tion and in the genotype-positive HT patient subgroup only. A pre-
vious resuscitated ventricular fibrillation/arrest episode was more

frequent in non-hypertensives, who had a higher prevalence of ICDs
(implantable cardioverter-defibrillators) at baseline.

Left bundle branch block (LBBB) was more frequent in hy-
pertensives. Maximum R wave amplitude in the precordial leads
was higher in hypertensive individuals for the global cohort, but
lower for the genotype-positive individuals with HT compared to
the non-hypertensives. Hypertensive individuals had lower ejec-
tion fraction and hypertensive genotype-positive patients had lower
fractional shortening (FS). Left ventricular (LV) posterior wall
thickness was greater in hypertensives and concentric and api-
cal patterns of hypertrophy were more frequent on echocardio-
graphy. Diastolic dysfunction was more prevalent in the pres-
ence of HT and hypertensive patients had larger left atria and
higher estimated pulmonary artery systolic pressures (PASP). Left
ventricular outflow tract gradients were higher in hypertensive
individuals, both at rest and upon provocation. Late gadolin-
ium enhancement (LGE) on cardiac MRI was more prevalent in
non-hypertensives.

Associations between diabetes and
clinical phenotype (Table 2, Figure 1,
Supplemental material)

Diabetes was associated with higher NYHA functional class. Abso-
lute workload achieved during exercise testing in METS and peak
VO?2 were lower in the presence of diabetes.

A history of AF and stroke were more prevalent amongst
genotype-positive diabetic patients and AF was more prevalent
in the baseline ECG and Holter, both for the overall diabetic
population and when analysing the genotype-positive patient sub-
group. Diabetic patients less frequently had ICDs implanted at
baseline.

Apical HCM was more prevalent in diabetic compared to non-
diabetic patients, when analysing the genotype-negative subcohort.
Diastolic dysfunction was more frequent in the presence of DM and
diabetics had higher pulmonary artery systolic pressures.

Associations between obesity and
clinical phenotype (Table 3, Figure 1 and

Supplemental material)

Obesity was associated with higher NYHA functional class and chest
pain. A previous history of alcohol septal ablation was more frequent
in overweight/obese patients. Absolute workload achieved in METS
and peak VO2 were lower in the presence of obesity.

A history of AF and AF on the ECG was more prevalent in the
presence of obesity.

Left bundle branch block (LBBB) was more frequent in over-
weight/obese patients.

Obese-overweight patients had larger LV ventricular dimension
and the genotype-positive individuals had lower FS. LV posterior
wall thickness was greater. Maximum LV wall thickness on CMR but
not echocardiography was higher in obese patients. RV wall thick-
ness was greater in obese patients. Diastolic dysfunction was more
frequent in the presence of Ob and left atria larger. Left ventric-
ular outflow tract gradients were higher at provocation in obese.
Late gadolinium enhancement (LGE) on CMR was more prevalent
in genotype-negative obese patients.

920z Aenuer oz uo 1senb Aq 9061259/21/1L/6/21014e/020b[ya/w oo dno-oiwapese//:sdiy wouy papeojumoq



Cardiovascular risk factors and clinical phenotype in patients with hypertrophic cardiomyopathy

45

Table I Comparison between hypertensive and non-hypertensive patients (variables with significant

associations; please see supplemental table 1 for all comparisons and stratification according to genotype)

HTN
(n = 648)

No HTN
(n = 1091)

P-value

Demographic and clinical characteristics
Age at first evaluation (years)

Age at enrolment (years)

Gender - Female

Body Mass Index (kg/m?)

Family history of HCM

Family history of SCD

Diabetes mellitus Il
Hyperlipidaemia/dyslipidaemia

Physical activity (any intensity for > = 2 years)
Smoking

Renal impairment

Anaemia

Chronic obstructive pulmonary disease
Symptoms

Age at first symptom (years)

Unexplained syncope (suspected arrhythmic cardiogenic+mechanism uncertain)

Anginal chest pain

NYHA functional class > Il

Palpitations

Ankle oedema

Paroxysmal nocturnal dyspnoea
Arrhythmia and stroke history
History of Atrial Fibrillation

History of stroke

Resuscitated ventricular fibrillation/cardiac arrest
History of BBB

ECG

Rhythm : Atrial fibrillation and Atrial flutter
QT interval (ms)

PR interval (ms)

QRS duration (ms)

QRS axis (degrees)

Atrioventricular block : 1st degree

Bundle branch block : Incomplete LBBB+LBBB
ST elevation

Maximum R in praecordial (mm)

Maximum S in praecordial (mm)
Preexcitation

Echocardiogram

LV ejection fraction (Simpson’s biplane) (%)
LV posterior wall thickness diastole (mm)
Left atrium diameter (mm)

Left atrial area (cm?)

Pattern of LV hypertrophy Asymmetrical septal hypertrophy

Concentric
Apical
Maximum RV wall thickness (mm)

Diastolic function - normal

60.0 (51.0:67.0)
63.0 (55.0,71.0)
2771648 (42.75%)
27.8 (25.1;31.1)
156/524 (29.77%)
109/621 (17.55%)
116/648 (17.90%)
369/648 (56.94%)
217/499 (43.49%)
206/591 (34.86%)
103/648 (15.90%)
44/641 (6.86%)
42/648 (6.48%)

55.0 (45.0:63.0)
85/553 (15.37%)
245/559 (43.83%)
107/532 (20.11%)
189/559 (33.81%)
52/559 (9.30%)
37/559 (6.62%)

205/648 (31.64%)
57/648 (8.80%)
8/648 (1.23%)

82/451 (18.18%)

741628 (11.78%)
434.0 (400.0:462.0)
170.0 (154.0;200.0)

100.0 (90.0;120.0)

30.0 (15.0;50.0)

80/628 (12.74%)

80/588 (13.61%)

113/585 (19.32%)

17.0 (11.0;23.0)
15.0 (11.0;21.0)
3/588 (0.51%)

60.0 (55.0:69.0)
12.0 (10.0;14.0)
45.0 (40.0;51.0)
27.0 (22.0;33.0)
391/604 (64.74%)
112/604 (18.54%)
67/604 (11.09%)
6.0 (4.0:7.0)
67/467 (14.35%)

440 (32.0;55.0)
480 (37.0:60.0)
434/1091 (39.78%)
25.7 (23.2284)
505/940 (53.72%)
241/1041 (23.15%)
47/1091 (4.31%)
266/1091 (24.38%)
455/867 (52.48%)
295/995 (29.65%)
55/1091 (5.04%)
36/1076 (3.35%)
25/1091 (2.29%)

39.0 (25.0;51.5)
178/900 (19.78%)
268/911 (29.42%)
138/881 (15.66%)
358/911 (39.30%)
55/911 (6.04%)
37/911 (4.06%)

258/1091 (23.65%)
54/1091 (4.95%)
4111091 (3.76%)
70/607 (11.53%)

73/1056 (6.91%)
425.5 (400.0;454.0)
160.0 (144.0;188.0)

98.0 (88.0;112.0)

40.0 (20.0:60.0)

97/1053 (9.21%)

92/983 (9.36%)
226/978 (23.11%)

15.0 (10.0,22.0)

17.0 (120,23.0)

18/983 (1.83%)

64.0 (58.0,70.0)
11.0 (9.0;13.0)
43.0 (38.0;49.0)
24.9 (20.0;31.0)
77611023 (75.86%)
108/1023 (10.56%)
76/1023 (7.43%)
5.0 (4.0,7.0)
241/805 (29.94%)

<0.001 §
<0.001 §
0224~
<0001 §
<0.001~
0.007~
<0.001~
<0.001~
0.001~
0031~
<0.001~
<0.001~
<0.001~

<0.001 §
0.034~
<0.001~
0032~
0.035~
0019~
0.029~

<0.001~
<0.001~
0.002~
0.002~

<0.001~
0023 §
<0001 §
0.004 §
<0001 §
0023~
0.009~
0078~
0.009 §
<0.001 §
0.027~

0.020 §
<0.001 §
<0.001 §

0.005 §
<0.001~

0.006 §
<0.001~
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Table | Continued

Left ventricular outflow tract gradient (mmHg)

Maximum provoked (by any technique) peak left ventricular outflow tract gradient
(mmHg)

Aortic regurgitation - no

Mitral regurgitation - no

Systolic Pulmonary Artery pressure (mmHg)
Cardiac Magnetic Resonance

Late gadolinium enhancement

Holter

Rhythm : atrial fibrillation throughout + paroxysmal atrial fibrillation in sinus
rhythm

Exercise test

Absolute workload achieved (METS)

Max VO?2 achieved (ml/min/Kg)

% of maximum estimated VO?2 achieved Bicycle
% of maximum estimated VO2 achieved Treadmill
Device

Cardioverter defibrillator implanted

HTN No HTN
(n = 648) (n = 1091) P-value
13.0 (6.0:45.0) 8.4 (4.0;35.0) 0.004 §
20.0 (7.0:70.0) 10.6 (5.0:40.0) <0.001 §
387/578 (66.96%)  785/964 (81.43%) <0.001%
120/578 (20.76%)  280/964 (29.05%) <0.001~
340 (25.0:40.0) 30.0 (24.0;37.0) 0.005 §
134/197 (68.02%) 3001391 (76.73%) 0037~
66/432 (15.28%) 62/730 (8.49%) <0.001~
7.0 (5.1:82) 8.3 (6.0;113) 0.002 §
17.1 (140,20.5) 21.0 (17.527.1) <0.001 §
27.8 (9.7:32.2) 29.3 (122:35.6) 0027 §
31.1 (24.8,37.8) 384 (33.1:44.1) <0.001 §
82/648 (12.65%) 2641091 (24.20%) <0.001~

Key: §: Kruskal-Wallis test; {: Exact—Fisher test; ~: Chi-square test; NC: Not calculable. All continuous variables are presented as Median (Q1; Q3) and categorical variables
as N and percentage. HCM, hypertrophic cardiomyopathy; SCD, sudden cardiac death; NYHA, New York Heart Association; BBB, bundle branch block; LBBB, left bundle
branch block; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; LV, left ventricle; RV, right ventricle; VO2, oxygen consumption.

Multivariable analysis (Table 4 and
Supplemental material)

Hypertension and obesity were independently associated with >2
NYHA functional class at presentation, when controlling for age, sex,
maximal wall thickness, AF, LA diameter, proband vs. relative status
and genotype. The analysed risk factors were not independently as-
sociated with maximal wall thickness, AF, or LVEF (supplemental
material).

Discussion

This study shows that patients with HCM enrolled into the EORP
registry have a high prevalence of cardiovascular risk factors, compa-
rable with data in the general European population." Hypertension,
diabetes, and obesity were associated with older age at presenta-
tion, a lower prevalence of family history of HCM and SCD, more
symptoms, frequent AF and worse LV diastolic function. Hyperten-
sion and obesity were associated with higher provocable LV out-
flow tract gradients and LV hypertrophy was more severe in obese
patients. Hypertension and obesity were independently associated
with more advanced NYHA class.

Relation between risk factors and
clinical phenotype

The association between the severity of cardiac disease and CVRF
that cause left ventricular hypertrophy could suggest that the diag-

nosis of HCM was incorrect in some individuals. For example, the
differential diagnosis between HCM and LVH in the context of hy-
pertensive heart disease is often challenging in the presence of less
severe hypertrophy, even when using guideline suggested thresholds
of wall thickness to aid in the differential.” While this is potentially
supported by the lower prevalence of a family history of HCM and
an older age in patients with risk factors, the presence of similar
phenotype and family history associations in patients with and with-
out a positive genotype suggests a more complex explanation. For
example, it is possible that the diagnosis of HCM was in fact delayed
in some individuals due to misattribution of their phenotype to HT
or obesity at first presentation.’>3 Another possibility is that HT
triggers phenotype development in families where the mutation is
less penetrant, as suggested previously in one study of a founder
mutation in MYL2.3

The presence of more severe disease in patients with risk fac-
tors is likely to be multifactorial. For example, a higher prevalence
of LVOTO in obese patients may be related to the more severe hy-

pertrophy. Other studies®

also reported more prevalent LVOTO
in obese patients and hypothesized that higher stroke volumes were
responsible.

A recent study has described an association between diabetes
with symptoms, diastolic dysfunction, and higher mortality in HCM.*
In the registry data hereby analysed, we found similar findings includ-
ing worse diastolic dysfunction, larger left atria, and higher PASP. This
could suggest a common pathophysiology similar to that proposed
for diabetic cardiomyopathy.’ In contrast to the previously men-
tioned publication, we did not observe an association with mitral
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Table 2 Comparison between diabetic and non-diabetic patients (variables with significant associations; please
see supplemental table 2 for all comparisons and stratification according to genotype)

Diabetes
(n=176)

No diabetes
(n = 1563)

P-value

Demographics and co-morbidities
Age at first evaluation in the centre (years)
Age at enrolment

Body Mass Index (kg/m?)

Family history of HCM

Family history of SCD

Hypertension
Hyperlipidaemia/dyslipidaemia

Physical activity

Renal impairment

Anaemia

Chronic obstructive pulmonary disease
Symptoms

Age at first symptom (years)

NYHA functional class > Il

Palpitations

Arrhythmia history

History of Atrial Fibrillation

Sustained ventricular tachycardia

ECG

Rhythm : Atrial fibrillation and Atrial flutter
PR interval (ms)

Atrioventricular block : 1st degree

ST elevation

Maximum S in praecordial (mm)
Echocardiogram

E-wave deceleration time (m/s)

Mitral A-wave (m/s)

Diastolic dysfunction -normal

Systolic Pulmonary Artery pressure (mmHg)
Cardiac Magnetic Resonance

LV end-diastolic volume (mL)

Holter

Rhythm : atrial fibrillation throughout + paroxysmal atrial fibrillation in sinus rhythm

Exercise test
Absolute workload achieved (METS)
Max VO?2 achieved (ml/min/Kg)

% of maximum estimated VO?2 achieved Treadmill

Device

Cardioverter defibrillator implanted

60.0 (53.0:69.0)
65.0 (57.0,72.0)
28.9 (26.1;31.1)
44146 (30.14%)
24/167 (1437%)

122/176 (69.32%)

108/176 (61.36%)
51/139 (36.69%)
38/176 (21.59%)
221172 (12.79%)
19/176 (10.80%)

54.0 (42.0,66.0)
421154 (27.27%)
41158 (25.95%)

71/176 (40.34%)
5/176 (2.84%)

35/173 (20.23%)
180.0 (160.0;203.0)
271173 (15.61%)
25/162 (15.43%)
13.0 (10.0;19.0)

225.0 (190.0;269.0)
0.8 (0.6;1.0)
19/124 (15.32%)
35.0 (28.0:49.0)
126.5 (93.0;141.5)
25/123 (20.33%)
6.2 (5.07.0)
16.6 (13.8221.0)

30.4 (24.0;36.1)

22/176 (12.50%)

49.0 (36.0:60.0)
54.0 (41.0,64.0)
262 (23.529.3)

617/1318 (46.81%)

326/1495 (21.81%)

526/1563 (33.65%)

527/1563 (33.72%)

621/1227 (50.61%)

120/1563 (7.68%)
58/1545 (3.75%)
48/1563 (3.07%)

43.0 (29.0;55.0)
203/1259 (16.12%)
506/1312 (38.57%)

392/1563 (25.08%)
129/1563 (8.25%)

112/1511 (7.41%)
164.0 (146.0;190.0)
150/1508 (9.95%)
314/1401 (22.41%)
16.0 (12.0,22.0)

200.0 (161.0,242.0)
0.6 (0.5:0.8)
289/1148 (25.17%)
30.0 (24.0:39.0)
137.0 (108.0;169.0)
103/1039 (9.91%)
7.7 (5.7:10.7)
20.2 (16.925.9)

37.8 (31.5/43.1)

324/1563 (20.73%)

<0001 §
<0.001 §
<0001 §
<0001~

0.025~
<0001~
<0001~

0.002~
<0001~
<0001~
<0001~

<0001 §
<0001~
0.002~

<0.001~
0.011~

<0.001~
<0001 §
0022~
0.041~
<0001 §

0.003 §
<0.001 §
0.003~
0015 §
0.008 §
<0.001~
0.004 §
0014 §

0.002 §

0.010~

Key: §: Kruskal-Wallis test; f: Exact-Fisher test; ~: Chi-square test; NC: Not calculable. All continuous variables are presented as Median (Q1; Q3) and categorical variables
as N and percentage. HCM, hypertrophic cardiomyopathy; SCD, sudden cardiac death; NYHA, New York Heart Association; BBB, bundle branch block; LBBB, left bundle

branch block; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; LV, left ventricle; RV, right ventricle; VO2, oxygen consumption.
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Table 3 Comparison between obese (body mass index>30Kg/m2) and non-obese patients (variables with
significant associations; please see supplemental table 3 for all comparisons and stratification according to

genotype)

Not obese
(n = 1245)

P-value

Demographics and co-morbidities
Age at first evaluation in the centre (years)
Age at enrolment

Body Mass Index (kg/m?)

Hypertension

Diabetes mellitus Il
Hyperlipidaemia/dyslipidaemia

Physical activity - no

Smoking

Symptoms

Age at first symptom (years)

Anginal chest pain

NYHA class-I

I

Il

v

History of Atrial Fibrillation

ECG

Rhythm : Atrial fibrillation and Atrial flutter
QT interval (ms)

PR interval (ms)

QRS duration (ms)

QRS axis (degrees)

Maximum R in praecordial (mm)

Abn Q-waves

Echocardiogram

LVEDD (mm)

LVESD (mm)

Fractional shortening (%)

LVEDV (LV End Diastolic Volume) (mL)
LV posterior wall thickness diastole (mm)
Left atrium diameter (mm)

Left atrial area (cm?)

Maximum RV wall thickness (mm)
E-wave deceleration time (m/s)

Mitral A-wave (m/s)

Diastolic dysfunction - normal

Maximum provoked (by any technique) peak left ventricular
outflow tract gradient (mmHg)

LV ejection fraction (%)

Cardiac Magnetic Resonance

Maximum LV thickness (mm)

Exercise Test

Absolute workload achieved (METS)

Max VO?2 achieved (ml/min/Kg)

% of maximum estimated VO?2 achieved Treadmill

53.0 (44.0,62.0)
58.0 (48.5;66.0)
32.7 (31.035.2)

194/360 (53.89%)
57/360 (15.83%)

191/360 (53.06%)

1111266 (41.73%)

118/329 (35.87%)

49.0 (38.0;57.5)
128/318 (40.25%)
71/309 (22.98%)
167/309 (54.05%)
68/309 (22.01%)
3/309 (0.97%)
111/360 (30.83%)

40/355 (11.27%)
436.0 (401.0;462.0)
173.0 (156.0;197.0)
100.0 (90.0;120.0)
30.0 (13.0:48.0)
140 (9.0.20.0)
63/324 (19.44%)

470 (43.0;51.0)
29.0 (25.0;33.0)
38.0 (32.0:44.0)
97.0 (77.6:123.9)
12.0 (10.0;14.0)
480 (42.9:52.0)
28.0 (24.8:33.5)
6.0 (5.0,8.0)
217.5 (183.0,270.0)
07 (05:0.9)
36/266 (13.53%)
23.0 (6.0:64.0)

70.5 (62.3,77.1)
20.0 (17.0:25.0)
6.0 (5.0,7.5)

17.2 (14.0220.2)
29.0 (23.6:32.2)

49.0 (35.0,61.0)
54.0 (40.0:65.0)
254 (23.1,27.3)
393/1245 (31.57%)
92/1245 (7.39%)
384/1245 (30.84%)
536/1007 (53.23%)
343/1142 (30.04%)

43.0 (29.0;57.0)
351/1054 (33.30%)
367/1010 (36.34%)
487/1010 (48.22%)
140/1010 (13.86%)

16/1010 (1.58%)
313/1245 (25.14%)

93/1226 (7.59%)
426.0 (400.0;456.0)
162.0 (145.0;190.0)

98.0 (88.0;112.0)

39.0 (20.0:60.0)

16.0 (10.0,23.0)
286/1150 (24.87%)

45,0 (40.2:49.0)
27.0 (23.0:32.0)
39.0 (33.0:44.0)
90.0 (72.0;109.0)
11.0 (9.9;13.0)
43.0 (38.0:49.0)
247 (200:31.0)
5.0 (4.0,7.0)
200.0 (160.0,238.0)
0.6 (0.5:0.8)
253/941 (26.89%)
12.0 (6.0:45.0)

67.1 (60.0,73.1)
19.0 (16.0:23.0)
7.8 (6.0;11.0)

21.0 (17.527.2)
39.0 (34.0;44.0)

<0.001 §
<0001 §
<0.001 §
<0001~
<0.001~
<0.001~
<0.001~

0.045~

0015 §
0023~
<0.001~

0.031~

0028~
0.003 §
0.001 §
0.002 §
<0,001 §
0.002 §
0.042~

<0.001 §
<0.001 §
0387 §
0.004 §
0.005 §
<0.001 §
<0.001 §
0.002 §
<0,001 §
<0.001 §
<0.001~
0036 §

0.021§
0018 §
<0,001 §

<0.001 §
<0.001 §

Key: §: Kruskal-Wallis test; {: Exact-Fisher test; ~: Chi-square test; NC: Not calculable. All continuous variables are presented as Median (Q1; Q3) and categorical variables
as N and percentage. HCM, hypertrophic cardiomyopathy; SCD, sudden cardiac death; NYHA, New York Heart Association; BBB, bundle branch block; LBBB, left bundle
branch block; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; LV, left ventricle; RV, right ventricle; VO2, oxygen consumption.
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1739 patients with HCM

DM

N=176

Age

Age

NYHA class NYHA class
AF Chest pain
Stroke (gen pos only) AF
Apical (gen neg only) ASA
Diastolic dysfunction LVEDD
MLVWT (CMR)
Diastolic dysfunction LVOTG
Concentric/Apical LVH (Echo) Diastolic dysfunction
LGE (gen neg only)
FHxHCM FHxHCM
FHxSCD FHxSCD
voO2 ICDs at baseline
LVEF Vo2
LGE
VF

ICDs at baseline
Males (gen pos only)

Figure | Associations of common cardiovascular risk factors with HCM phenotype. Up-arrows represent positive associations and down-
arrows represent negative associations. HTN, hypertension; DM, diabetes mellitus; NYHA, New York Heart Association; AF, atrial fibrillation;
LBBB, left bundle branch block; LVTOG, left ventricular outflow tract gradient; LVH, left ventricular hypertrophy; FHXSCD, family history of sudden
cardiac death; VO2, maximal oxygen consumption on the CPET; LVEF, left ventricular ejection fraction; LGE, late gadolinium enhancement; VF,
ventricular fibrillation; ICD, implantable cardioverter-defibrillator; ASA, alcohol septal ablation; LVEDD, left ventricular end-diastolic dimension;
MLVWT, maximal left ventricular wall thickness; CMR, cardiac magnetic resonance; FS, fractional shortening.

regurgitation, conduction disease, or pacemaker implantation in di-
abetics.

The proportion of individuals with fibrosis detected by CMR was
higher in non-hypertensives and in genotype-negative obese pa-
tients, but data regarding LGE percentage of total LV mass, LGE
location, or other MRI techniques such as T1 mapping for quantifi-
cation of diffuse fibrosis were not available to characterize this find-
ing in more detail. However, a higher prevalence of LGE in obese
patients has been previously observed.?

Risk factors and prognosis

As this was a cross-sectional analysis of the EORP registry, it is not
possible to determine the influence of common risk factors on out-
comes in HCM. Nevertheless, as in the general population,'® a his-
tory of stroke was more frequent in patients with HT and diabetes
and AF, particularly in older patients with diabetes."” In addition, LV
systolic function was more severely impaired in genotype-positive
hypertensive patients and genotype-positive obese patients, a rele-
vant finding as evolution to systolic dysfunction is an ominous prog-
nostic feature in HCM that occurs in 5-10% of patients."®

These observations highlight the need for stricter control of these
risk factors in HCM patients.

Non-diabetic patients had more ICDs implanted at baseline;
recent data reporting higher 15-year mortality,* has shown no
differences in SCD rate or appropriate ICD therapy in diabetic
patients with HCM. The increased frequency of syncope in non-
hypertensives, who also had more family history of SCD and more

episodes of resuscitated cardiac arrest and more ICDs at baseline,
seems to point towards a more severe arrhythmogenic phenotype
in this group. One possible explanation is that the genetic mutation
is more penetrant in these patients and thus correlates with greater

arrhythmic risk.

Interaction between genotype and
common cardiovascular risk factors

Many of the associations between risk factors and phenotype were
significant in patients with and without a positive genotype (age,
family history of HCM, LA dimension, peak VO2, and AF) and oth-
ers were specific to genotype-positive patients. For example, there
were more female than male hypertensive mutation carriers. This is
contrary to the usual sex distribution in HCM and suggests a puta-
tive modifier effect of HT that might be more marked in women.
In contrast, there were more obese men than women, suggesting
a stronger environment-gene interaction for obesity in males with

HCM.

LV systolic function was impaired only in genotype-positive hyper-
tensive or obese patients. This suggests a synergistic effect of risk
factor and genotype in systolic function. Similarly, stroke was more
prevalent in genotype-positive diabetic patients, but not in the over-
all population or genotype-negative diabetics. A recent association
was described for an increased incidence of AF in MYH7 HCM pa-
tients of a large US based multicentre study, which may be in keeping

with this finding."?

920z Aenuer oz uo 1senb Aq 9061259/21/1L/6/21014e/020b[ya/w oo dno-oiwapese//:sdiy wouy papeojumoq



L. R. Lopes et al.

50

Downloaded from https://academic.oup.com/ehjqcco/article/9/1/42/6524906 by guest on 20 January 2026

'S91BIIBAOD P9129[S UM UNJaJ 3 [|IM [9POW [eul) B AJ[eulq "paw.iojiad s Go'0 = ABIS|S PUB GO0
= ANuajs YIm uolissaudau d1siSo| asimdals e 1ey) oYy 'SISA[EUR SJBIIBAILN WO PR1D3[S 9JE BIBP 9|qe|IRAR JO %08 ISED| 18 PUB %07 I8 JUBDIIUSIS SIBIIBAOD) S[DIIIUSA 3| ‘AT ‘92USIJaY ‘# ‘SIUDAD OU O M3} 01 NP 3|qe[nd[ed 10N ‘DN Aa)Y|

1000~

1000~

1000~

1000~
(410

€00

[st6T-26v'1]1 T60T

[ev0orL-cL0L] LEO'L

[evrc-1951] €20

[ocoL-LL0L]l 0Z0'L
[syTz-roL1] 2451

[seeL-670L] LIvL

1000~
1000~
/
100'0>
/
1000~

E00
1320
[44%y
1000~

100'0>
1000~

1000~

100'0>

[ceoL-610°L] STo'L
[£16€-601T] ¥£8T
/
[1927€-€917] TS8T
/
[€90'L-LE0L] £+0'L

[€10'L-100L] £00L
[5€0'1-886°0] LLO'L
[€L11-50%0] L£9°0
/
lerST66511 610T
/
[th0'L-£20'L] vEO'L
[L95T-strLlTlel
/
[96T€-Le¥1]1921T
/
[ss8T-0521] S€T°T
/

(S'0y = uedw) £94/65%
(%¥1'S¥) €9¥/60T
(%L1°€0) €9¥/L0L
(%90°L1) €9¥/6L
(%98'18) €9¥/6.€

97y = uedw) £9p/66€

(8'67 = ueaw) £94/801
(§61 = ueaw) €94/9¢t
(%09°17) €9%/001
(%50'9) £9%/8T
(%SL7LE) €9¥/LL
(%57°89) €9¥/91L€
(281 = ueaw) €94/€9
(%EESL) €9%/1LL
(%LT6L) €9%/19¢
(%81°9) £9%/0¢€
(%T57€6) €9b/EEr
)

)

(%0£°ST) €9¥/611
(%0E¥L) E90/7rE

(9'8% = ueaw) 456/06
(%S149) ¥S6/TL9
(%€E1LL) bS6/601
(%£T9€) ¥S6/9%€
(%10'19) ¥S6/T8S

(8'5y = ueaw) $56/918

(§6€ = ueaw) $,G6/€87
(861 = ueaw) $,56/088
(%60°LL) ¥S6/€91
(%€1°L) ¥56/89
(%E1°8Y) ¥S6/T9%
(%£5'LS) vS6/T6Y
(695 = ueaw) $56/456
(%50°ST) ¥S6/6£T
(%1LL9) ¥56/9%9
(%01€1) bS6/STL
(%06'98) +56/678
)

)

(%19°€h) $S6/9L%
(%6£99) $56/8€S

pueqo.d
SAIIEIRY
SaA

ON

aAIIsod-adAjousn)
anije3au-adAjouan)
Seway

SEA

35990
95990 10N
s919qeIg
s919qelp ON|
Sak

ON

(s4aea) sisoudeip je a8y

dAIJE[2. 40 pueqodd

uone||Iqy [eL3y

(ww) 4939WeIp WnLIe 3321

(8Hww) juaipe.s

39€J43 MO|JINO JBINDLIJUDA
3J9] >jead (anbiuyday

Aue Aq) pavjoroad wnuwixepy

(ww) ssawdIYy3 A7 Wnwixep]

ad£jouan

sole
juawijo.ud je ady

Anseqo

snyijjPwW sa3aqelq

uoisualiadAH

anjeA-4 4O

[1D %561 4o

jeleAR|N

anjeA-4 4O

[1D %561 4o

jerieAlun

(g9v = u)
I = VHAN U3m
sjuaned jo JoquinN

(rs6 = u)
T = < VHAN Yam
sjuaned jo JoquinN

A3epop

a|qele

T 03 |enbs .40 Joliadns WHAN -0} sisAjeue uoissa.48aJ 213s180] djelieAll|nW pue djeLIieAlun  d|qel



Cardiovascular risk factors and clinical phenotype in patients with hypertrophic cardiomyopathy 51

Clinical implications

The prevalence of risk factors in this European HCM cohort is in ac-
cord with data in the general European population.!" The detrimen-
tal effects of these factors in cardiovascular and non-cardiovascular
mortality are well known,"® but this study suggests that cardiovas-
cular risk factors have an additional impact on the clinical expres-
sion of HCM. Cardiovascular risk factor assessment is therefore
essential as stricter control of these risk factors in patients with
HCM might contribute to a lower symptom burden and improved
outcomes.

Future research
Future studies should focus on analysing the longitudinal impact
of CVRF in HCM prognosis, including cardiovascular mortality and
sudden death outcomes. Such studies should also analyse gene-
environment-phenotype interactions at both a rare variant and com-
mon variant/polygenic level.

Limitations
In common with other registry-based studies with voluntary par-
ticipation, selection bias can be present due to inclusion of more
severe/symptomatic patients from referral centres and the cohort
might not be fully representative of the overall European HCM pa-
tient population. Also in common with other registry-based studies,
each centre was expected to follow contemporary guidelines for the
correct definition of HT and DM, which always has the potential to
introduce a level of heterogeneity in data collection.

The cross-sectional nature of the data prevents further assess-
ment of the prognostic impact of the analysed risk factors.

Ethnicity or coronary artery disease data were not available, as
these parameters were not included as part of the study design and
as such not systematically collected on the registry’s CRF.

Gene-risk factor interactions could only be analysed in the geno-
typed patients. Hence, sub-analyses focused on genetic results are
small and challenging to interpret.

Conclusions

In this large multicentre European cohort, we have observed that
CVRF are associated with clinical and imaging phenotype traits in
HCM. These findings highlight the importance of assessing and treat-
ing comorbid risk factors in this population.

Supplementary material

Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.
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