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Abstract

Background: The impact of comorbid disease states on the development of atrial and ventricular
arrhythmias in patients with hypertrophic cardiomyopathy (HCM) remains unresolved.

Objective: Evaluate the association of comorbidities linked to arrhythmias in other
cardiovascular diseases (e.g., obesity, systemic hypertension, diabetes, obstructive sleep apnea,
renal disorders, tobacco, and alcohol use) to atrial fibrillation (AF) and sudden cardiac death
(SCD) events in a large cohort of HCM patients.

Methods: A total of 2269 patients, 54 + 15 years of age, 1392 males, were evaluated at the

Tufts HCM Institute between 2004 and 2018 and followed for an average of 4 + 3 years for
new-onset clinical AF and SCD events (appropriate defibrillation for ventricular tachyarrhythmias,
resuscitated cardiac arrest, or SCD).

Results: One or more comorbidity was present in 75% of HCM patients, including 50% with =2
comorbidities, most commonly obesity (body mass index [BMI] = 30 kg/m?) in 43%. New-onset
atrial fibrillation developed in 11% of our cohort (2.6%/year). On univariate analysis, obesity was
associated with a 1.7-fold increased risk for AF (p=.03) with 12% of obese patients developing
AF (3.3%/year) as compared to 7% of patients with BMI < 25 kg/m? (1.6%/year; p = .006). On
multivariate analysis, age and LA transverse dimension emerged as the only variables predictive of
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AF. Comorbidities, including obesity, were not independently associated with AF development (p
> .10 for each).

SCD events occurred in 3.3% of patients (0.8%/year) and neither obesity nor other comorbidities
were associated with increased risk for SCD (p > .10 for each).

Conclusions: In adult HCM patients comorbidities do not appear to impact AF or SCD risk.
Therefore, for most patients with HCM, adverse disease related events of AF and SCD appear to
be primarily driven by underlying left ventricular and atrial myopathy as opposed to comorbidities.
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1| INTRODUCTION

Comorbid conditions are known to increase risk for morbidity and mortality in many
cardiovascular diseases and are associated with development of atrial fibrillation (AF)
and arrhythmic sudden cardiac death (SCD).1~7 Hypertrophic cardiomyopathy (HCM) is
the most common genetic heart disease occurring in up to 1 in 200 individuals, with
patients at risk for a number of adverse disease related events including AF and potentially
lethal ventricular tachyarrhythmias.8-1> Occurrence of these arrhythmias has previously
been ascribed primarily to the underlying structural abnormalities in HCM including

left ventricular (LV) hypertrophy, LV outflow obstruction, microvascular ischemia, left
atrial (LA) enlargement, and myocardial fibrosis.8:2 More recently, obesity and other
comorbidities have been demonstrated to impact clinical course in HCM, primarily via
their impact on outflow obstruction and progressive heart failure.1>-21 However, whether
such comorbidities affect development of clinically relevant arrhythmias in HCM remains
unresolved. Therefore, we have taken the opportunity to evaluate the potential impact

of obesity and other comorbidities on development of AF and SCD events in a large
consecutive cohort of HCM patients.

2| METHODS

The database of the Tufts HCM Institute was interrogated and 2269 consecutive patients
>18 years of age, evaluated between 2004 and 2018, were included. HCM diagnosis was
based on echocardiographic and/or cardiac magnetic resonance imaging evidence of a
hypertrophied and nondilated LV (wall thickness =15 mm) in the absence of another cardiac
or systemic disease capable of producing a similar magnitude of hypertrophy at some time
during their clinical course.?

Past medical history was assessed at initial clinical evaluation in our center for pre-existing
comorbidities, medical conditions or diseases that were simultaneous present with HCM,
based on medical records and patients’ self-reported history. Comorbidities were assessed
at initial clinical evaluation in our center, and not updated to reflect newly diagnosed
comorbidities over the follow-up period, to determine impact of comorbidities at index
visit on the subsequent development of events over time. Comorbidities included a
diagnosis of systemic hypertension (blood pressure >140/90 mmHg and/or treatment with
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antihypertensive medications), diabetes mellitus (fasting blood glucose >126 mg/dl, non-
fasting blood glucose >200 mg/dl, and/or use of oral hypoglycemics/insulin), obstructive
sleep apnea (diagnosed by polysomnography), chronic renal disease (eGFR <90 ml/min),
thyroid disease (hyperthyroidism or hypothyroidism), pulmonary disease (e.g., asthma

and chronic obstructive pulmonary disease verified by pulmonary function tests), and
obesity.3>722 History was obtained for alcohol consumption, that is, =1 alcoholic beverage/
month, with moderate or heavy consumption as =7 alcoholic beverages/week,23 as well as
smoking history characterized as former, active, or never. Normal BMI was defined as 18.5
to <25 kg/m? and obesity was defined as BMI = 30 kg/m?2.1:2

Clinical features of HCM were also assessed at initial evaluation and included traditional
HCM-related sudden death risk markers: family history of sudden death due to

HCM, massive LV hypertrophy (wall thickness =30 mm), unexplained recent syncope,
nonsustained VT (NSVT) on ambulatory ECG monitoring, diffuse and extensive late
gadolinium enhancement (LGE) (comprising about =15% of LV mass), LV apical aneurysm
and endstage with systolic dysfunction (EF < 509%)%10: as well as echocardiographic and
cardiac MRI imaging findings: maximum LV wall thickness, ejection fraction, left atrial
dimension, LVOT gradient, and LGE.?

Patients were prospectively followed for either SCD events (appropriate ICD interventions
for ventricular arrhythmias, resuscitated cardiac arrest, or sudden death),® or new-onset
clinical AF.13 Patients with such events before initial clinical evaluation at our center were
excluded from the analysis of specified end-points. Newly diagnosed AF was defined as
>1 clinically overt episode documented by electrocardiogram (ECG) or telemetry, requiring
medical attention and consideration for treatment23; brief and infrequent asymptomatic
(silent) AF episodes identified fortuitously by interrogation of implantable defibrillator
memory that did not result in altering treatment based on the judgement of the managing
cardiologist were excluded from analysis, given the currently uncertain implications of
thesebrief episodes of subclinical AF in HCM,? as were AF episodes in the first 3 months
after surgical myectomy.13 Most recent clinical status and survival status were obtained at
routine follow-up in our center (usually on annual visits), or with hospital visit, telephone
contact with patients, family members or information from referring physicians, as well as
survival by social security death index.

Data are expressed as mean £ SD for continuous variables and proportions for categorical
variables. Odds ratio was calculated for each variable for each clinical outcome. Comparison
of Kaplan Meier curves was performed using log-rank testing. For all testing, a p value

of .05 cutoff was used for determination of significance. Variables that were found to be
significantly associated with an outcome on univariable logistic regression were included in
multivariable logistic regression analysis for identification of independent predictors. This
study was reviewed and approved by the Tufts Health Sciences Institutional Review Board,
permitting use of patient medical information for research.
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3| RESULTS

3.1| Study group

Of the 2269 patients, age at initial evaluation at Tufts HCM Institute was 54 + 15 years
(range = 18-92 years); 1392 (61%) were male, and patients were followed for an average of
4.0 + 3.4 years for clinical outcome. 1702 (75%) had =1 medical comorbidity and 50% of
patients had =2 comorbidities, most commonly obesity (43%), hyperlipidemia (39%) and/or
hypertension (27%; Table 1). In addition to comorbid medical conditions, 10% of patients
reported active smoking history and 6% at least moderate alcohol consumption. Prevalence
of =1 comorbidities increased by age: 43% of patients <40 years, compared to 77% age
40-59 years, and 87% =60 years of age (0 < .001).

3.2 | Obesity

Obesity was present in 43% of patients, including 25% with BMI 30-34 kg/m?2, 11% with
BMI 35-39 kg/m?2, and 7% with BMI = 40 kg/m?; only 20% of patients had normal BMI.
BMI did not increase with age, with no difference in BMI evident in patients <40 years as
compared to =60 years of age (29 + 7 vs. 29 + 6 kg/m?, p = .46). Compared to patients with
normal BMI, obese patients also had a greater burden of other comorbidities (80% of obese
patients with =1 other comorbidities vs. 53% of patients with normal BMI, p< .001).

3.3 | Atrial fibrillation

Of the 1823 patients without prior AF history, 198 (11%) developed new-onset AF over
follow-up (2.6%/year) at age 56 + 14, 3.2 + 3 years from initial clinical evaluation.

On univariate analysis, obesity was associated with a 1.7-fold increase in risk for AF
development compared to patients with normal BMI (95% CI: 1.0, 2.7, p=.03). Overall,
12% of obese patients developed AF (rate of 3.3%/year), as compared to just 7% with
normal BMI (rate of 1.6%/year; p=.006) (Figure 1).

Other comorbidities were not significantly associated with AF development in HCM (Figure
2). Specifically systemic hypertension (OR = 1.0, p=.79), diabetes (OR = 1.0, p=.89),
chronic kidney disease (OR = 0.7, p=.43), obstructive sleep apnea (OR = 0.8, p=.33),
pulmonary disease (OR = 1.5, p=.10), tobacco (OR = 1.1, p=.45) and alcohol (OR = 1.0, p
= .89) were unassociated with AF development (Table 2).

When examining clinical features in HCM patients with and without AF development, those
with new-onset AF had increased LA transverse dimension (44 £ 7 vs. 40 + 6, p< .001),
maximum wall thickness (20 £ 4 vs. 19 + 4, p=.001), as well as extensive LV LGE (9% vs.
4%, p=.05) but did not differ with respect to other clinical features including LV ejection
fraction, LVOT obstruction, or baseline New York Heart Association functional class (Table
2).

On multivariate analysis, only age and LA transverse dimension were associated with AF
development, while notably obesity did not reach statistical significance (OR = 1.3 [95% CI
=0.95, 1.79], p=.10; Table S1).
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Sudden cardiac death

Of the 2178 patients with no prior history of sustained ventricular tachyarrhythmias, 72
(3%) experienced a SCD event during the follow-up period (0.8%/year), including 58 with
appropriate ICD therapy for VT/VF, 10 with out of hospital cardiac arrest, and 4 with
sudden death.

Comorbidities, including obesity, were not associated with an increase in risk for SCD
events (Figure 3). In contrast, HCM patients with SCD events were younger (45 * 15 vs. 54
+ 15, p<.001) and healthier overall, with less frequent systemic hypertension (OR = 0.51,
p=.04), diabetes (OR = 0.05, p=.04), and hyperlipidemia (OR = 0.59, p=.05) compared
to patients without events. Neither the proportion of obese patients (36% vs. 43%, p=.20)
nor BMI (29 + 7 vs. 30 * 6, p=.20) differed between patients with and without SCD events.
Other comorbidities were also not associated with SCD events including chronic kidney
disease (OR = 0.2, p=.29), obstructive sleep apnea (OR = 0.4, p=.10), pulmonary disease
(OR =0.4, p=.11), tobacco (OR = 0.9, p=.76) or alcohol use (OR = 1.2, p=.55; Table 3).

When examining HCM clinical features in HCM patients with and without events, those
with SCD events had more traditional SCD risk markers, including massive LV hypertrophy
(OR =6.0, p<.001), family history of HCM-related SCD (OR = 3.7, p < .001), unexplained
syncope (OR = 4.1, p<.001), LV apical aneurysm (OR = 6.3, p<.001), NSVT (OR =

3.1, p<.001), extensive LGE (OR = 4.7, p=.003), and endstage with systolic dysfunction
(EF < 50%; OR 3.3, p=.01), (Figure 3 and Table 3).8-10 On multivariate analysis, massive
LV hypertrophy, family history of HCM related SCD, unexplained syncope and NSVT were
positive independent predictors for SCD events (p < .05; Table S2). Notably, there was no
difference in other morphologic features including LA dimension, LV ejection fraction, or
AF history as compared to patients without sudden death.

DISCUSSION

Comorbid medical conditions are important contributors to the development of arrhythmias
in non-HCM cardiac conditions,1~7 and while obesity and other comorbidities in HCM

have been linked to heart failure progression,15-21 their impact on arrhythmias remains
unknown. Thereby we prospectively examined the influence of comorbidities on the risk for
development of AF and SCD in over 2200 HCM patients followed at our center.

We found no evidence that obesity or other comorbidities impact risk for SCD in HCM.
Indeed, HCM patients with SCD events were younger, had similar BMI, and were less likely
to have diabetes, hypertension, or hyperlipidemia than HCM patients without such events.
These findings are in sharp contrast to the general cardiovascular population without HCM
in which these comorbidities are associated with a substantial increase in SCD risk.>~7:24
The absence of a relationship between SCD and comorbidities supports the hypothesis

that malignant ventricular tachyarrhythmias in HCM are predominantly secondary to the
unstable ventricular myocardial substrate including disorganized myocyte architecture,
microvascular disease, and interstitial and replacement fibrosis.8-11 Notably, SCD is
particularly uncommon in older HCM patients with a higher burden of comorbidities,25:26
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substantiating our conclusion that comorbidities do not increase risk for ventricular
tachyarrhythmias in HCM.

On univariate analysis obesity was associated with the risk for development of AF in

HCM. In our cohort, obese patients were nearly twofold more likely to develop AF than
HCM patients with normal BMI. This relationship between obesity and AF risk in HCM

is nearly identical to the reported risk of obesity on AF in the general cardiovascular
population without HCM.14 Our findings are also consistent with prior retrospective
studies demonstrating that obese HCM patients had higher prevalence of AF and larger LA
size.16.17.27 | contrast, on multivariate analysis, when controlling for other disease features
including LA size, obesity did not reach statistical significance. This likely reflects the more
direct impact that LA size has on AF development in HCM, while the effect of obesity

is likely more indirect, contributing in part to LA enlargement and diastolic dysfunction.
However, the overall relationship between obesity and AF suggests a more substantial role
of obesity on clinical course in HCM than previously regarded, particularly since obesity has
also been associated with both outflow obstruction and progressive heart failure.15-19

While AF is clearly linked to hypertension, tobacco and heavy alcohol use, diabetes, and
obstructive sleep apnea in general cardiovascular populations,1* we found no evidence

that these variables increased risk of new onset AF in HCM. The absence of substantial
impact of comorbidities on disease progression is likely due to the strong influence of
primary HCM disease features, including an associated underlying atrial myopathy, on AF
development.13:28-31 Thereby comorbidities do not have the potential to impact the natural
history of HCM to the same degree as in the general cardiovascular population. For example,
LA structural remodeling occurs in HCM secondary to elevated LA filling pressures from
LV diastolic dysfunction, from mitral regurgitation resulting from LV outflow obstruction, as
well as from an undefined intrinsic atrial myopathy, which likely serve as primary driver for
AF development.28-31

In contrast, the ability for obesity to potentially impact AF and heart failure in HCM
supports attention on weight loss to potentially mitigate arrhythmia risk, and reinforces the
need for targeted lifestyle modification strategies in obese HCM patients.15-7:32.33 Thjs is
particularly relevant given the high prevalence of obesity in HCM—over 40% of patients
with BMI = 30 found in the present and other HCM cohorts, which is substantially higher
than in the general US population!6-1%—and highlights the critical need for focus on healthy
lifestyle for overall health status in HCM patients.32

Limitations

Comorbidities in our study were defined based on medical history at time of initial visit

to our HCM center. For example, we did not prospectively perform sleep studies on
asymptomatic patients. Therefore, we cannot exclude a role for obstructive sleep apnea

in AF development in HCM.34-36 |n addition, the present analysis was designed to evaluate
newly diagnosed symptomatic AF and we did not include subclinical (asymptomatic) AF
episodes usually recognized fortuitously by the interrogation of implantable devices, given
the currently uncertain implications of these usually brief episodes of subclinical AF in
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HCM.37:38 This decision also avoids selection bias in AF detection, since subclinical AF is

detected predominantly in patients judged at high-risk for arrhythmia-related sudden death

by interrogation of dual-chamber ICDs.37 In contrast, given the potential of subclinical AF

to lead to adverse clinical events, further research is needed on the impact of subclinical AF
in HCM.

In conclusion, unlike other cardiovascular conditions, most comorbidities do not appear to
have a major impact on arrhythmia development in HCM (Figure 4). SCD is unrelated to
comorbidities including obesity, and most comorbidities are not linked to AF development.
Therefore, for most patients with HCM, AF and SCD appear to be primarily driven by the
underlying left ventricular and atrial myopathy as opposed to comorbidities.
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BMI 230 669 381 205 112 59
BMI < 25 357 228 136 77 50
FIGURE 1.

Development of atrial fibrillation in obese versus nonobese patients. Kaplan—Meier curve
comparing survival free from new onset atrial fibrillation in obese patients and patients with
normal body mass index. BMI, body mass index
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™ Not Associated with new onset AF

Maximum wall thickness (p<0.01) )
Hypertension (OR 1.0, p=0.79)

Extensive LV LGE (2 15%) (OR 2.2, p=0.05) Diabetes (0R 1.0, p=0.89)
e
( t Kidney disease (0OR 0.7, p=0.43)

Tobacco use (OR 1.1, p=0.45)

Alcohol use (0r 1.0, p=0.89)
ey

198 (11%)
New onset AF
(rate: 3%/y)

FIGURE 2.
Risk factors for atrial fibrillation in HCM. Univariate association of clinical factors and

comorbidities on development of new onset atrial fibrillation in 1823 HCM patients. AF,
atrial fibrillation; HCM, hypertrophic cardiomyopathy; LA, left atrial; LGE, late gadolinium
enhancement; LV, left ventricular
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2106 (97%)
Free from SD
events

HCM Risk Markers Comorbidities

Associated with SD events =

™ Not Associated with SD events

Massive LVH (0r 6.0, p<0.01)
Obesity (OR 1.0, p=0.79)
FH of HCM-SD (0R 3.7, p<0.01)

Hypertension (OR 0.5, p=0.04)*
Syncope (OR 4.1, p<0.01)

. _ﬁ Diabetes (OR 0.1, p=0.04)*
LV Apical Aneurysm (OR 6.3, p<0.01)

Kidney disease (OR 0.2, p=0.29)
NSVT (OR 3.1, p<0.01)
Tobacco use (0R 0.9, p=0.76)
Extensive LGE (OR 4.7, p<0.01)
Alcohol use (0r 1.2, p=0.55)

EF < 50% (OR 3.3, p=0.01)

72 (3%)
Sudden Death

Events
(rate: 0.8%/y)
ICD shock: 58

Cardiac arrest: 10
SD: 4

FIGURE 3.
Risk factors for sudden death events in HCM. Univariate association of clinical factors

and comorbidities on sudden cardiac death events in 2178 HCM patients. *Patients with
SCD events were statistically less likely to have hypertension and diabetes. EF, ejection
fraction; FH, family history; HCM, hypertrophic cardiomyopathy; LGE, late gadolinium
enhancement; LV, left ventricular; NSVT, nonsustained ventricular tachycardia; SD, sudden
death
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Comorbidities

il N

Hypertension

Diabctes

Kidney Jisease

Tobacco use

Obesity"

Alcohol use

Not associated with AF
development in HCM

(0] X:1314Y

HCM Risk Markers
1 LV Wall
| Atrial thickness*
Size’ 1
1 Age’ N
e Atrial Fibrillation
ensivelV | .
LGE' in HCM
Family
Massive history of
LVH® SD"
Syncope * \} ‘
P | Sudden Death
in HCM
Extensive LV /
/1
LV apical EF
Aneurysm* < 50%"
FIGURE 4.

Hypen=nsion

Diabetes

Kidney disease

Not associated with Sudden
Death events in HCM

Impact of clinical factors and comorbidities on atrial fibrillation and sudden cardiac death
in hypertrophic cardiomyopathy. HCM clinical variables associated with atrial fibrillation
development (top) and sudden death events (bottom) in a large cohort of 2269 HCM patients
(left). While obesity is associated with development of atrial fibrillation on univariate
analysis, other comorbidities are not associated with atrial fibrillation development (top
right), and obesity was not independently associated with AF development on multivariate
analysis. Neither obesity or other comorbidities are associated with sudden death events
(including appropriate ICD interventions for ventricular tachyarrhythmias, out of hospital
cardiac events, or sudden death) (bottom right). *Associated with events on both univariate
and multivariate analysis. TAssociated with events on univariate but not on multivariate
analysis. EF, ejection fraction; HCM, hypertrophic cardiomyopathy; LGE, late gadolinium
enhancement; LV, left ventricular; NSVT, nonsustained ventricular tachycardia; SD, sudden

death
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Demographics and clinical characteristics of 2269 HCM patients

Demogr aphic

Male (%)

Age at initial evaluation

Max LV wall thickness (mm)

LV wall thickness 230 mm
Ejection fraction

Ejection fraction <50%

Left atrial dimension

Left atrial dimension 245 mm
LVOT gradient =30 mmHg-rest or provocation, %
Family history of HCM
Family history-SD
Syncope
LV apical aneurysm
CMR performed

LGE present

LGE, %

Extensive LGE (215% LV mass)
NSVT on ambulatory monitoring
History of AF before initial visit
NYHA class I11/1V at initial visit
Appropriate ICD intervention before initial visit
Out of hospital cardiac arrest before initial visit
BMI, kg/m?

<25 kg/m?

25-29 kg/m?

>30 kg/m?

Stage 1: BMI = 30-34 kg/m?

Stage 2: BMI = 35-39 kg/m?

Stage 3: BMI = 240 kg/m?
History of hypertension

SBP, mmHg

DBP, mmHg
History of diabetes

Diet controlled

Oral medication

Insulin
History of CAD
History of hypothyroid
History of hyperlipidemia

J Cardjovasc Electrophysiol. Author manuscript; available in PMC 2023 April 12.

TABLE 1

61%
54 + 15
19+4
4%

64 +6
4%
427
32%
62%
22%
8%
10%
3%
1349
57%

6 + 6%
5%
13%
20%
37%
1.5%
1.4%
30+6
20%
37%
43%
25%
11%
7%
27%
125+ 17
75+10
11%
21%
61%
18%
8%
9%
39%
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Demographic
History of chronic kidney disease

Stage 2: GFR = 60-90

Stage 3: GFR = 30-59

Stage 4: GFR = 15-29

Stage 5: GFR <15 or on dialysis
History of obstructive sleep apnea
History of pulmonary disease
History of tobacco use

Active tobacco use

Former tobacco use
Alcohol use

Moderate or heavy alcohol use

Number of comorbidities
0

1
2
3

24

Cardiovascular events during follow-up

Progressive HF symptoms (NYHA class /11 to 111/1V)

Septal myectomy
Alcohol septal ablation
Heart transplant

New onset AF

Appropriate ICD intervention VT/VF during follow up

Out of hospital cardiac arrest
Deaths
Non-HCM related
Age at death
HCM related
Age at death
Sudden death
Heart failure death
Postoperative death

Stroke related death

Page 15

3%
20%
56%
11%
13%
12%
10%
36%
10%
26%
59%

6%
16+14
25%
25%
24%
15%
10%

32%

7%

1.6%
8.7%
2.8%
0.4%

150 (6.6%)
126 (5.6%)
69+ 14

24 (1%)
56 + 15

4

13

5

2

Note: Values as mean £ SD, or number (% of subjects), when applicable.

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; CMR, cardiac magnetic resonance; DBP, diastolic
blood pressure; HF, heart failure; ICD, implantable cardioverter defibrillator; LGE, late gadolinium enhancement; LV, left ventricular; LVOT, left
ventricular outflow tract; SBP, systolic blood pressure; VT/VF, ventricular tachycardia/ventricular fibrillation.

*
Symbols: comorbidities included hypertension, hyperlipidemia, diabetes, coronary artery disease, obesity, obstructive sleep apnea, kidney, and

pulmonary disease.
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