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Purpose: Obstructive sleep apnea (OSA) and myocardial fibrosis are associated with 
cardiac arrhythmia. The purpose of this study was to explore the relationship between 
OSA and myocardial fibrosis, as well as their impact on cardiac arrhythmia in hypertrophic 
obstructive cardiomyopathy (HOCM) patients.
Methods: We prospectively studied 151 consecutive patients with a confirmed diagnosis of 
HOCM at the Fuwai Hospital between September 2017 and 2018. Polysomnography, Holter 
electrocardiography, and cardiac magnetic resonance imaging were performed on all patients. 
Myocardial fibrosis was reflected by late gadolinium enhancement (LGE), detected using 
cardiac magnetic resonance imaging.
Results: Myocardial fibrosis, measured using LGE%, was found to increase with increasing OSA 
severity [6.8% (3.6–12.9%), 6.1% (3.4–10.0%), 9.6% (5.5–14.5%), and 15.5% (9.3–20.0%) for 
no-OSA, mild OSA, moderate OSA, and severe OSA, respectively; p=0.003]. LGE% correlated 
with the New York Heart Association functional classifications (p=0.018), septal thickness 
(p=0.026), and apnea-hypopnea index (AHI) (p<0.001). The prevalence of isolated premature 
ventricular contraction (PVC) (p=0.028), paired PVC (p=0.036), ventricular bigeminy (p=0.005)/ 
trigeminy (p<0.001), non-sustained ventricular tachycardia (NSVT) (p=0.001), isolated premature 
atrial contraction (PAC) (p=0.032), and supraventricular tachycardia (p=0.029) was significantly 
higher in patients with OSA. Additionally, LGE% and AHI were independent risk factors for 
isolated PVC (OR: 1.04, p=0.001 and OR: 1.07, p=0.039, respectively), ventricular bigeminy (OR: 
1.04, p=0.003 and OR: 1.26, p=0.002, respectively)/trigeminy (OR: 1.07, p=0.040 and OR: 1.06, 
p=0.001, respectively), and NSVT (OR: 1.17, p<0.001 and OR: 1.08, p<0.001, respectively) after 
adjustment for age, sex, and other parameters.
Conclusion: Both OSA and LGE% were associated with a greater likelihood and increased 
frequency of ventricular arrhythmias (including NSVT) in patients with HOCM. Thus, the 
severity of OSA was independently associated with more severe myocardial fibrosis in 
patients with HOCM.
Keywords: hypertrophic obstructive cardiomyopathy, obstructive sleep apnea, cardiac 
arrhythmia

Introduction
Hypertrophic cardiomyopathy (HCM) is a common genetic heart disease occur-
ring in 1 in 500 individuals within the general population and is one of the most 

Correspondence: Yongqiang Lai  
Cardiovascular Surgery Center, Beijing 
Anzhen Hospital, Capital Medical 
University, Beijing Institute of Heart, Lung 
and Blood Vascular Diseases, No. 2, 
Anzhen Road, Chaoyang District, Beijing, 
100029, People’s Republic of China  
Email yongqianglai@yahoo.com   

Shuiyun Wang  
Department of Cardiovascular Surgery, 
State Key Laboratory of Cardiovascular 
Disease, Fuwai Hospital, National Center 
for Cardiovascular Diseases, Chinese 
Academy of Medical Sciences and Peking 
Union Medical College, No. 167, Beilishi 
Road, Xicheng District, Beijing, 100037, 
People’s Republic of China  
Email wsymd@sina.com

submit your manuscript | www.dovepress.com Nature and Science of Sleep 2021:13 447–456                                                                447

http://doi.org/10.2147/NSS.S270684 

DovePress © 2021 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Nature and Science of Sleep                                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

N
at

ur
e 

an
d 

S
ci

en
ce

 o
f S

le
ep

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:yongqianglai@yahoo.com
mailto:wsymd@sina.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


common causes of sudden cardiac death in young 
adults.1,2 Obstructive sleep apnea (OSA) is the most 
common sleep disorder; with a prevalence ranging 
between 32% and 71%, OSA is even more common in 
HCM patients,3 where it is independently associated with 
atrial fibrillation and non-sustained ventricular tachycar-
dia (NSVT).4,5 Late gadolinium enhancement (LGE), 
detected using cardiac magnetic resonance imaging, 
reflects myocardial fibrosis.6 Myocardial fibrosis creates 
a potentially arrhythmogenic substrate, increasing sus-
ceptibility to cardiac arrhythmia, especially ventricular 
arrhythmia.7 A recent study reported that sleep disor-
dered breathing was associated with a more than two- 
fold increase in the risk of myocardial fibrosis in patients 
with subclinical myocardial infarction;8 however, 
whether there is a link between OSA and LGE, as well 
as their relationship with arrhythmia in patients with 
hypertrophic obstructive cardiomyopathy (HOCM), 
remains unclear. Therefore, this study aimed to explore 
the relationship between OSA and LGE, and their impact 
on cardiac arrhythmia in patients with HOCM.

Patients and Methods
Study Population
This prospective observational study included 151 consecutive 
patients with HOCM who were referred to Fuwai Hospital 
(Beijing, China) between September 2017 and 2018. Inclusion 
criteria were (1) age >18 years; (2) agreement to undergo 
cardiac magnetic resonance imaging, polysomnography 
(PSG), and Holter electrocardiography; and (3) agreement to 
participate in the study. According to the AHA and ACC 
guidelines,1,2 the diagnostic criteria for HOCM included an 
unexplained septal hypertrophy with a thickness >15 mm, as 
well as a left ventricular outflow tract gradient >50 mm Hg at 
rest or with provocation. A fasting blood sample was obtained 
from all patients on the second day of hospitalization; glucose, 
total cholesterol, and brain natriuretic peptide levels were 
concurrently monitored.

The study was approved by the Ethics Committee of 
Fuwai Hospital. All patients provided informed consent 
before enrollment, and all patient testing was conducted in 
accordance with the ethical principles stated in the 
Declaration of Helsinki.

Polysomnography
Standard polysomnography (Embletta, Embla, UK) was 
performed on all patients; no patient received continuous 

positive airway pressure therapy. The investigation 
involved monitoring of the electroencephalogram, electro-
oculogram, submental electromyogram, electrocardio-
graphic thoracoabdominal excursions, oronasal airflow 
using an airflow pressure transducer, and arterial oxygen 
saturation using pulse oximetry; respiratory events and 
data were scored by an experienced scorer. Hypopnea 
was defined as a 50% reduction in oronasal airflow for 
10 seconds, associated with a 4% decrease in oxygen 
saturation. Apnea was defined as cessation of oronasal 
airflow for ≥10 seconds (whether central, obstructive, or 
mixed in nature). Obstructive apnea was defined as apnea 
in the presence of out-of-phase thoracoabdominal effort; 
>80% of apnea events were obstructive. Therefore, OSA 
was specifically characterized by the presence of thoracic 
efforts. The total apnea-hypopnea index (AHI) represent-
ing the number of respiratory events per hour of sleep was 
calculated using the total recording time as the denomi-
nator; additionally, oxygen desaturation index, lowest 
SpO2, time ratio of SpO2, and total sleep time were also 
recorded during sleep. Mild, moderate, and severe OSA 
were respectively defined as an AHI >5 events/h, ≥15 
events/h, and ≥30 events/h.9

Holter Electrocardiogram Monitoring
A minimum of one 24-hour Holter electrocardiogram 
monitoring (BI9800, Biomedical Instruments Co., Ltd., 
Osaka, Japan) session was performed on all patients. 
Arrhythmia categories included supraventricular arrhyth-
mia, ventricular arrhythmia, and conduction delay arrhyth-
mia. Supraventricular arrhythmias included (1) premature 
atrial contraction (PAC) (defined as ≥5 PAC events 
per hour in the absence of atrial fibrillation); (2) bige-
miny/trigeminy; (3) atrial fibrillation or flutter (occurring 
intermittently or continuously); (4) supraventricular tachy-
cardia (SVT); and (5) a composite variable of combined 
supraventricular tachycardia. Ventricular arrhythmias 
included (1) isolated premature ventricular contractions 
(PVC) (defined as ≥5 events per hour); (2) bigeminy/ 
trigeminy; (3) non-sustained ventricular tachycardia 
(NSVT: defined as an episode of three consecutive ventri-
cular beats at a rate of at least 100 beats/min (bpm), and 
a maximum episode length of 30 seconds); and (4) 
a composite variable of complex ventricular ectopy (bige-
miny, trigeminy, quadrigeminy, or NSVT, excluding iso-
lated PVC).10–12 Data were scored by an experienced 
electrophysiologist.
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Echocardiography and Cardiac Magnetic 
Resonance Imaging
Echocardiographic examinations were performed on 
patients by the same experienced physician using a GE 
LOGIQ E9 ultrasound system. Diameters of the cardiac 
chambers were expressed as the maximum value of the 
anteroposterior diameter detected during the cardiac cycle, 
whereas the thicknesses of the interventricular septum and 
ventricular wall were determined during diastole. Aside 
from the maximum thickness, a representative thickness of 
the interventricular septum was also recorded; the left 
ventricular outflow tract (LVOT) gradient was calculated 
using a simplified Bernoulli equation. Pulmonary hyper-
tension was defined as a pulmonary artery systolic pres-
sure ≥35 mm Hg, while measurements of left ventricular 
ejection fraction (LVEF) were determined following 
recommendations from the American Society of 
Echocardiography.13

Cardiac magnetic resonance imaging was performed 
using a 1.5 Tesla cardiac magnetic scanner (Magnetom 
Avanto, Siemens Medical Solutions, Erlangen, Germany), 
while cine scans in cardiac short- and long-axis views 
were acquired by applying true fast imaging with steady- 
stage precession sequence (TrueFISP). Image analysis was 
completed using a commercial imaging workstation 
(Siemens Medical Systems). LVEF, as well as indexed 
left ventricular mass and volume, were measured by ana-
lyzing the short-axis cine image. Inner and outer myocar-
dial edges were manually delineated, while LGE was 
determined semi-automatically as a percentage of total 
myocardium, defined as having an intensity >6 standard 
deviations above the normal myocardium as defined in 
a previous study.14 In this study, LGE% was defined as 
the percentage of LV mass containing LGE.

Statistical Analysis
The results were expressed as mean ± standard deviation, 
median (interquartile range), or percentage. The χ2 or 
Fisher’s exact tests were used to compare nominal vari-
ables, whereas differences among the four groups were 
compared using one-way ANOVA or the Kruskal–Wallis 
H-test, as appropriate. Prior to linear regression analysis, 
Spearman’s rank correlation analysis was performed to 
select correlated parameters associated with LGE; signifi-
cant parameters further entered a stepwise multivariate 
linear regression model. Univariable and stepwise multi-
variate logistic regression analyses were used to determine 

factors associated with various arrhythmias. Variables with 
p<0.10 on univariate analysis were entered into 
a multivariate analysis; all reported probability values 
were two-tailed, and a p-value <0.05 was considered sta-
tistically significant. SPSS version 24.0 software (IBM) 
and R 3.5.0 (R foundation for Statistical Computing, 
Vienna, Austria) were used for calculations and illustra-
tions, respectively.

Results
Baseline Patient Characteristics
Baseline characteristics of the entire patient population and 
of subgroups according to the severity of OSA are described 
in Table 1. Increasing age, levels of fasting blood glucose, 
and norepinephrine were associated with increasing OSA 
severity. The prevalence of a family history of HCM or 
sudden cardiac death was lower, whereas syncope was higher 
in patients with more severe OSA. Additionally, as described 
in Table 1, the polysomnography parameters had signifi-
cantly changed with the severity of OSA; however, the total 
sleep time was similar among the four groups. Imaging data 
of the study population are shown in Table 2. The left 
ventricular end-diastolic diameter increased with the severity 
of OSA; left atrial diameter and LVOT obstruction at rest also 
tended to be higher in patients with OSA. Moreover, cardiac 
magnetic resonance parameters, including LGE%, all 
increased with increasing severity of OSA; LGE% was sig-
nificantly higher in patients with than in those without OSA 
(7.5±6.2 vs 10.1±7.3, p=0.042).

Representative LGE images from patients with a higher 
LGE% and higher prevalence of ventricular arrhythmia are 
shown in Figure 1. The association between LGE% and 
demographic, clinical, and echocardiographic parameters is 
presented in Table 3. The multivariate linear regression 
model (adjusted R2=0.264) indicated that LGE% positively 
correlated with interventricular septal thickness (β=0.163, 
p=0.026), New York Heart Association class (β=0.174, 
p=0.018), and AHI (β=0.286, p<0.001) after adjusting for 
age, sex, body mass index, and other relevant variables.

Holter Electrocardiographic Data
The prevalence of cardiac arrhythmia according to the 
severity of OSA is presented in Table 4; almost all ven-
tricular arrhythmias were associated with the severity of 
OSA, including isolated PVC, paired PVC, ventricular 
bigeminy/trigeminy, and NSVT. By contrast, only a few 
atrial arrhythmias were associated, including isolated PAC, 

Nature and Science of Sleep 2021:13                                                                                       submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
449

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


SVT, atrial fibrillation, and a trend for atrial bigeminy. 
Characteristics (including numbers, frequency, durations, 
and rate fastest run) of various arrhythmias among differ-
ent groups according to the severity of OSA are shown in 
Supplemental Table 1. Additionally, LGE% was signifi-
cantly higher in most patients with ventricular arrhythmias 
(Figure 2).

Clinical Data Associated with Ventricular 
and Atrial Arrhythmia
As shown in Table 5, after adjusting for age, sex, body 
mass index, and other relevant covariates (variables with 
p<0.10 on univariate analysis), the association between 
AHI, LGE%, and cardiac arrhythmia persisted for some, 

but not all types of arrhythmias. For example, AHI and 
LGE% were independent risk factors for isolated PVC, 
ventricular bigeminy/trigeminy, and NSVT; however, 
only AHI was associated with isolated PAC and atrial 
fibrillation, instead of SVT (Table 5).

Discussion
This study evaluated the association between OSA, LGE, 
and arrhythmias in a large series of consecutive patients 
with HOCM, making several new findings. First, LGE% 
was significantly higher in patients with OSA; the severity 
of OSA was independently associated with an increased 
LGE%. Second, almost all ventricular arrhythmias 
increased with increasing severity of OSA, including iso-
lated PVC, paired PVC, bigeminy/trigeminy, and NSVT; 

Table 1 Baseline Characteristics of the Study Population

Variable None OSA (n=67) Mild OSA (n=45) Moderate OSA (n=24) Severe OSA (n=15) p

Age, years 43.7±14.4 54.44±11.2 55.6±11.6 49.3±11.1 <0.001

Male 41 (61.2%) 26 (57.8%) 15 (62.5%) 11 (73.3%) 0.650

Body mass index, kg/m2 24.2±2.7 25.0±3.1 24.7±2.7 26.1±2.6 0.099

Family history of HCM or SCD 18 (26.9%) 5 (11.1%) 3 (12.5%) 1 (6.7%) 0.023

NYHA class 2.8±0.5 2.7±0.4 2.8±0.4 2.7±0.6 0.681

Fasting blood glucose, mmol/L 4.4±0.7 4.8±0.8 5.0±1.2 5.6±2.3 <0.001

BNP, pg/mL 1400 (581.9–2116) 1189 (521.8–2707) 1181 (481.7–1755) 1444 (652.2–2116) 0.895

Norepinephrine, ng/mL 0.28±0.05 0.31±0.08 0.34±0.12 0.38±0.09 <0.001

Clinical presentation

Chest pain 17 (25.4%) 8 (17.8%) 9 (37.5%) 6 (40.0%) 0.195
Amaurosis 10 (15.2%) 7 (15.6%) 3 (15.2%) 2 (13.3%) 0.985

History of syncope 8 (11.9%) 7 (15.6%) 6 (25.0%) 7 (46.7%) 0.013

Medical therapy

Beta-blockers 44 (65.7%) 34 (75.6%) 15 (62.5%) 11 (73.3%) 0.604

Calcium-channel blockers 10 (14.9%) 8 (17.8%) 1 (4.2%) 3 (20.0%) 0.175

Concomitant disease

Diabetes mellitus 3 (4.5%) 3 (6.7%) 1 (4.2%) 2 (13.3%) 0.594
Hypertension 7 (10.4%) 11 (24.4%) 5 (20.8%) 3 (20.0%) 0.250

Apnea hypopnea index, 1/h 1.5±1.3 8.3±2.7 20.7±4.2 43.7±14.6 <0.001

Oxygen desaturation index, 1/h 2.6 (1.0–6.3) 8.6 (6.5–11.1) 17.7 (12.6–23.8) 36.7 (27.3–50.6) <0.001

Lowest SpO2, % 83.5±8.4 81.4±9.4 77.7±8.0 71.5±8.4 <0.001

Time ratio of SpO2 <90%, % 0.7 (0.0–12.9) 1.4 (0.5–7.4) 10.3 (2.5–15.3) 27.1 (13.5–52.3) 0.001

Total sleep time, min 529.7±99.1 527.4±108.6 504.6±78.1 520.6±86.7 0.743

Abbreviations: OSA, obstructive sleep apnea; HCM, hypertrophic cardiomyopathy; SCD, sudden cardiac death; NYHA, New York Heart Association; BNP, brain 
natriuretic peptide; LVEDD, left ventricular end-diastolic diameter; IVST, interventricular septal thickness; LVOT, left ventricular outflow tract; LVEF, left ventricular ejection 
fraction; SpO2, oxygen saturation.
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conversely, only isolated PAC and SVT were associated 
with the severity of OSA. Third, after adjusting for age, 
sex, and other relevant covariates, the association between 

AHI, LGE%, and cardiac arrhythmia persisted for some, 
but not all types of arrhythmias, primarily ventricular 
arrhythmia.

Table 2 Imaging Parameters of the Study Population

Variable None OSA (n=67) Mild OSA (n=45) Moderate OSA (n=24) Severe OSA (n=15) p

Echocardiographic indices
LVEF, % 67.9±6.0 67.8±5.7 68.5±6.2 67.3±6.8 0.940

Left atrial diameter, mm 42.9±6.7 44.9±5.9 44.8±7.6 47.9±7.7 0.063

LVEDD, mm 40.5±3.9 42.6±4.6 44.3±4.1 45.7±4.9 <0.001
IVST, mm 21.6±5.6 20.8±4.1 19.8±3.4 21.4±3.8 0.453

LVOT gradient, mmHg 69.7±24.4 72.5±21.3 75.7±27.3 74.5±23.4 0.711

LVOT obstruction at rest 49 (73.1%) 35 (77.8%) 21 (87.5%) 14 (93.3%) 0.041
Pulmonary hypertension 6 (9.0%) 7 (15.6%) 2 (8.3%) 2 (13.3%) 0.692

Cardiac magnetic resonance

Indexed LV mass, g/m2 93.9±27.1 90.5±23.9 95.0±29.2 126.3±56.0 0.001

Indexed LV volume, mL/m2 88.6±28.9 86.5±23.0 93.5±31.3 115.4±52.6 0.014
Indexed LGE mass, g/m2 5.9 (3.5–10.4) 5.6 (3.1–8.3) 9.3 (5.2–13.5) 14.0 (10.7–23.3) 0.038

Indexed LGE volume, mL/m2 5.6 (3.3–9.9) 5.4 (2.9–7.9) 8.8 (5.0–12.8) 13.4 (10.2–22.2) 0.032

LGE, % of LV mass 6.1 (3.4–10.0) 6.8 (3.6–12.9) 9.6 (5.5–14.5) 15.5 (9.3–20.0) 0.003

Abbreviations: OSA, obstructive sleep apnea; VEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; IVST, interventricular septal thickness; 
LVOT, left ventricular outflow tract; LGE, late gadolinium enhancement.

Figure 1 Representative LGE and non-sustained ventricular tachycardia image from patients. (A, B) The 4-chamber long-axis and left ventricular short-axis image from 
a patient who have severe OSA with a value of 13.99%LGE (arrow); (C) the representative non-sustained ventricular tachycardia image from the same patient; (D–E) the 
4-chamber long-axis and left ventricular short-axis image from a patient who have severe OSA with a value of 21.88%LGE (arrow).
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There is a paucity of studies on the relationship 
between OSA and LGE and their impact on cardiac 
arrhythmias in patients with HOCM. A previous study 
reported that sleep disordered breathing (SDB) was inde-
pendently associated with nocturnal cardiac arrhythmias, 
and that an increasing severity of SDB was associated with 
an increasing risk of any cardiac arrhythmia.10 In addition, 
SDB was also associated with atrial fibrillation, NSVT, 
and ventricular tachycardia in patients with HCM.4,15,16 In 
our previous study, we found that the severity of OSA was 
an independent risk factor for NSVT in patients with 
HOCM;5 however, the relationship between OSA and 
LGE and their impact on other cardiac arrhythmias were 
not clarified in that study. As described in previous studies, 

LGE detected using CMR in patients with HCM represents 
intramyocardial fibrosis,17 is strongly associated with 
arrhythmia, and is significantly associated with subsequent 
SCD and/or ICD discharge after controlling for other 
variables in patients with HCM.18 A recent study indicated 
that LGE also has a high diagnostic value for ventricular 
arrhythmias,19 while another study reported that SDB 
(including mild) was independently associated with a two- 
fold increase in LGE in patients with subclinical myocar-
dial infarction.8 Nevertheless, the relationship between 
OSA and LGE and their effect on cardiac arrhythmias in 
HOCM patients remains unclear.

In this study, we found that the extent of LGE% was 
significantly associated with the presence and severity of 
OSA in patients with HOCM. LGE on CMR primarily 
represents myocardial fibrosis, which provides a substrate 
for ventricular arrhythmias, and is associated with an 
increased risk of NSVT in patients with HCM.20 LGE, 
presumably representing the consequences of longstanding 
microvascular ischemia, results in myocyte death and ulti-
mately replacement fibrosis as a repair process.21 

Intermittent hypoxemia, with associated hypercapnia 
caused by OSA via the chemoreflexes, results in increased 
sympathetic activation even during daytime normoxic 
wakefulness. Furthermore, increased sympathetic activa-
tion results in myocardial oxygen demand when oxygen 
saturation is at its lowest, a situation that may lead to 
myocardial ischemia.22 Moreover, OSA is characterized 
by repetitive forced inspiration against a closed upper air-
way, which generates substantial negative pressures - to 
levels approaching −65 mmHg - in the chest cavity; this 

Table 4 Relationship Between Arrhythmias and OSA

Variable None OSA (n=67) Mild OSA (n=45) Moderate OSA (n=24) Severe OSA (n=15) p

Isolated PVC 4 (6.0%) 11 (24.4%) 6 (25.0%) 7 (46.7%) 0.028
Paired PVC 13 (19.4%) 13 (28.9%) 11 (45.8%) 7 (46.7%) 0.036

Ventricular bigeminy 6 (9.0%) 11 (24.4%) 5 (20.8%) 7 (46.7%) 0.005

Ventricular trigeminy 3 (4.5%) 6 (13.3%) 6 (25.0%) 7 (46.7%) <0.001
NSVT 8 (11.9%) 7 (15.6%) 8 (33.3%) 8 (53.3%) 0.001

Isolated PAC 9 (13.4%) 7 (15.6%) 8 (33.3%) 6 (40.0%) 0.032

Paired PAC 20 (29.9%) 21 (46.7%) 7 (29.2%) 7 (46.7%) 0.211
Atrial bigeminy 8 (11.9%) 9 (20.0%) 3 (12.5%) 6 (40.0%) 0.060

Atrial trigeminy 6 (9.0%) 4 (8.9%) 1 (4.2%) 2 (13.3%) 0.791

SVT 14 (20.9%) 18 (40.0%) 10 (41.7%) 8 (53.3%) 0.029
Atrial fibrillation 6 (9.0%) 9 (20.0%) 7 (29.2%) 3 (20.0%) 0.045

Sinus arrest 5 (7.5%) 5 (11.1%) 3 (12.5%) 1 (6.7%) 0.835

Ectopic beat 0 (0.0%) 1 (2.2%) 1 (4.2%) 0 (0.0%) 0.413

Abbreviations: OSA, obstructive sleep apnea; PVC, premature ventricular contraction; NSVT, non-sustained ventricular tachycardia; PAC, premature atrial contraction; 
SVT, supraventricular tachycardia.

Table 3 Clinical Variables Associated with LGE% from Univariate 
and Multivariate Analysis

Variable Univariate Multivariate 
Adjusted 
R2=0.264

r p β p

Age −0.025 0.751

Sex −0.177 0.021
History of syncope 0.159 0.040

NYHA class 0.211 0.006 0.174 0.018

Left atrial diameter 0.142 0.066
IVST 0.161 0.037 0.163 0.026

Apnea hypopnea index, 1/h 0.278 <0.001 0.286 <0.001

Oxygen desaturation index, 1/h 0.247 0.001
Time ratio of SpO2 <90%, % 0.163 0.034

Abbreviations: LGE, late gadolinium enhancement; NYHA, New York Heart 
Association; IVST, interventricular septal thickness.
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negative intrathoracic pressure might cause the impaired 
diastolic function, which is also associated with myocar-
dial fibrosis.23 This is consistent with our study’s results, 
indicating that AHI is an independent risk factor for LGE 
% after adjustment for age, sex, body mass index, and 
other relevant variables. In addition, HOCM itself is 
usually accompanied by subendocardial ischemia; there-
fore, we speculate that the presence of OSA may aggravate 
myocardial ischemia in patients with HOCM through the 
above mechanisms, ultimately leading to myocardial 
fibrosis.

In our study, we also found that both AHI and LGE% 
were independent risk factors for most ventricular arrhyth-
mias, including isolated PVC, paired PVC, ventricular 
bigeminy/trigeminy, and NSVT, in patients with HOCM. 
By contrast, most atrial arrhythmias were primarily asso-
ciated with left atrial diameter, instead of AHI and LGE%. 
Ventricular arrhythmia primarily emanated from regions of 
structurally abnormal myocardium (including areas of 
organized architecture and myocardial fibrosis). In patients 
with HOCM complicated with OSA, chronic hypoxemia 
and aggravation of myocardial ischemia both increase the 
severity of myocardial fibrosis and might contribute to the 
development of ventricular arrhythmia.

Cardiac arrhythmias, especially ventricular tachyar-
rhythmia, is associated with a poor quality of life and 
adverse cardiovascular events in patients with HOCM. In 
this study, we found that the number of ventricular bige-
miny, paired PVC, NSVT, trigeminy, and other relevant 
arrhythmias increased with the severity of OSA, which 
obviously affected patients’ quality of life. While NSVT 
is also a risk factor for sudden cardiac death and cardio-
vascular death in patients with HCM,24 patients with ven-
tricular and atrial arrhythmia in this study had a higher 
LGE%, which was an independent risk factor for all-cause 
death, cardiovascular death, and sudden cardiac death in 
patients with HCM.25,26 Therefore, OSA might promote 
arrhythmias by exacerbating the myocardial fibrosis 
reflected by LGE on CMR, impacting the quality of life 
and clinical outcomes in this special cohort.

Previous studies have reported that continuous positive 
airway pressure treatment can reduce the frequency of PVC 
for heart failure and termination of ventricular 
tachycardia;27,28 however, whether continuous positive air-
way pressure is also suitable for patients with HOCM, can 
further improve their quality of life, and can reduce the risk 
of adverse cardiovascular events remains unclear. Therefore, 
a prospective, multicenter, long-term study regarding the 

Figure 2 The value of late gadolinium enhancement according to the presence of various arrhythmias between patients with and without arrhythmias. (A) Premature 
ventricular contractions; (B) paired premature ventricular contractions; (C) ventricular bigeminy; (D) ventricular trigeminy; (E) premature atrial contractions; (F) atrial 
bigeminy; (G) non-sustained ventricular tachycardia; (H) supraventricular tachycardia.
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treatment effects of continuous positive airway pressure on 
HOCM patients complicated with OSA should be conducted 
in the future to clarify the impact of OSA on myocardial 
fibrosis and arrhythmias in these patients.

Limitations
There are several limitations to our study. First, this was 
a single-center study; thus, the number of patients was 
relatively small. A larger, multicenter study is needed to 
confirm our results. Furthermore, a retrospective analysis 
of HCM patients with treated OSA versus HCM patients 
with untreated OSA would shed light on important clinical 
outcomes for this specialized patient population. Ultimately, 

a collaborative, multicenter registration study regarding the 
treatment effects of continuous positive airway pressure is 
warranted. Second, not all patients underwent dynamic elec-
trocardiographic monitoring more than once; longer Holter 
electrocardiographic monitoring would have been more use-
ful, and likely informative. Finally, due to the cross-sectional 
nature of this study, we could not conclude that OSA and 
higher LGE% are independently associated with future car-
diovascular complications in patients with HOCM.

Conclusions
In conclusion, both the severity of OSA and LGE% were 
independently associated with a greater likelihood and an 

Table 5 Adjusted Logistic Regression Among Arrhythmias and Significant Variables from Univariate Analysis

Variable Univariate Multivariate

OR (95% CI) p OR (95% CI) p

Isolated PVC
Apnea hypopnea index, 1/h 1.05 (1.02–1.08) 0.001 1.04 (1.008–1.08) 0.001
LGE, % of LV mass 1.06 (1.004–1.12) 0.037 1.07 (1.004–1.15) 0.039

Paired PVC
LGE, % of LV mass 1.06 (1.01–1.12) 0.0.16 1.06 (1.004–1.11) 0.034

Glucose 1.68 (1.12–2.50) 0.012 1.67 (1.11–2.49) 0.014

Ventricular bigeminy
Apnea hypopnea index 1.04 (1.01–1.07) 0.003 1.26 (1.11–1.62) 0.002

LGE % of LV mass 1.05 (1.02–1.10) 0.050 1.04 (1.01–1.07) 0.003

Ventricular Trigeminy
Male 0.29 (0.12–0.71) 0.007 0.29 (0.11–0.84) 0.022
Apnea hypopnea index 1.06 (1.03–1.09) <0.001 1.06 (1.02–1.09) 0.001

LVOT gradient 0.98 (0.95–0.99) 0.036 0.97 (0.93–0.99) 0.035

LGE % of LV mass 1.11 (1.05–1.18) 0.001 1.07 (1.003–1.15) 0.040

Isolated PAC
Male 2.29 (1.09–4.83) 0.030 3.04 (1.28–7.20) 0.012
Left atrium diameter 1.07 (1.008–1.14) 0.026 1.10 (1.03–1.18) 0.006

Apnea hypopnea index 1.03 (1.006–1.06) 0.017 1.04 (1.006–1.07) 0.017

NSVT
Apnea hypopnea index 1.08 (1.04–1.12) <0.001 1.08 (1.04–1.13) <0.001
Family history of HCM or SCD 2.89 (1.16–7.18) 0.023 7.02 (1.92–25.69) 0.003

LGE % of LV mass 1.19 (1.11–1.28) <0.001 1.17 (1.09–1.26) <0.001

SVT
Age 1.04 (1.01–1.08) 0.005 1.12 (1.06–1.19) <0.001

Left atrium diameter 1.12 (1.06–1.19) <0.001 1.05 (1.01–1.08) 0.006

Atrial fibrillation
Apnea hypopnea index 1.03 (1.000–1.05) 0.05 1.04 (1.005–1.07) 0.006
Left atrium diameter 1.09 (1.02–1.17) 0.009 4.14 (1.33–12.93) 0.01

Notes: Adjusted for age, sex, body mass index, and other relevant covariates (variables with p<0.10 on univariate analysis). 
Abbreviations: PVC, premature ventricular contraction; LGE, late gadolinium enhancement; NSVT, non-sustained ventricular tachycardia; PAC, premature atrial 
contraction.
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increased frequency of ventricular arrhythmias (including 
NSVT). Furthermore, the severity of OSA was indepen-
dently associated with increased LGE%, reflecting 
increased myocardial fibrosis. Our study adds to the cur-
rent understanding of the increased risk of cardiac arrhyth-
mia associated with OSA and LGE in patients with 
HOCM. Therefore, we should pay more attention to the 
importance of OSA in patients with HOCM and follow the 
therapeutic measures to avoid a series of complications.
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