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Purpose: Obstructive sleep apnea (OSA) is common in hypertrophic cardiomyopathy (HCM) patients and is related to worse adverse 
prognosis in HCM patients. However, there are no acknowledged warning characteristics to help to identify OSA in HCM patients.
Methods: Seventy-one HCM patients and forty-nine hypertensive (HTN) patients as control group underwent polysomnography 
(PSG) examination at the Second Affiliated Hospital of Nanchang University from January 2015 to December 2019 patients were 
consecutively enrolled. The characteristics were analyzed and compared between HCM patients with OSA and without OSA.
Results: A total of 37 (52%) HCM patients and 25 (51%) HTN patients were diagnosed with OSA. High body mass index (BMI) (OR = 1.228, 
95% CI: 1.032,1.461, P = 0.020) and low estimated glomerular filtration rate (eGFR) (OR = 0.959, 95% CI: 0.931,0.989, P = 0.007) 
independently correlated with the occurrence of OSA in HCM patients, respectively. Multiplicative interaction was shown between high BMI 
and low eGFR on the risk of OSA in HCM patients (OR: 6.050, 95% CI: 1.598, 22.905, P = 0.008). The additive interaction analysis further 
suggested that 70.1% of HCM patients developed OSA due to the additive interaction between BMI and eGFR. The identification ability of 
OSA in HCM patients was significantly enhanced by using both BMI and eGFR (area under receiver-operating characteristic analysis curve 
0.785; P = 0.000038) as compared with BMI (area under curve 0.683, P = 0.008) or eGFR (area under curve 0.700, P = 0.004), respectively.
Conclusion: High BMI or low eGFR independently related to the occurrence of OSA in HCM patients, and the multiplicative and 
additive interactions between BMI and eGFR increased the identification ability of OSA in HCM patients.
Keywords: hypertrophic cardiomyopathy, obstructive sleep apnea, body mass index, estimation of glomerular filtration rate, 
biological interaction

Introduction
Hypertrophic cardiomyopathy (HCM) is the most common hereditary cardiomyopathy,1 and the prevalence is at least 
0.2% in populations.2,3 Obstructive sleep apnea (OSA) is the most common type of sleep apnea,4 which is characterized 
by partial (hypopnea) or complete (apnea) airway obstruction during sleep despite respiration labored, leading to upper 
airway structure collapse. HCM has been a known cause of cardiac morbidity and mortality, and OSA is a significant 
reversible cause of many cardiovascular diseases including hypertension,5 myocardial infarction,6 atrial fibrillation (AF),7 

sudden cardiac death (SCD)8 and renal disease.9 OSA has been seen to occur concurrently in several cardiovascular 
diseases including heart failure, and indeed in HCM. Since 2004, Banno et al firstly reported that OSA might be 
a common disease in HCM patients, there have been many clinical studies on the clinical characteristics and incidence of 
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HCM patients with OSA, suggesting that 32% to 80% HCM patients may have OSA.10–15 As a common complication, 
OSA is known to increase the risk that contributes to morbidity and mortality in HCM including arrhythmias, myocardial 
hypertrophy, and SCD.16

Considering the correlation between HCM and OSA, researchers had tried to find predictive indicators to identify the 
risk of OSA in HCM patients. One study indicated that age larger than 45 years old and the presence of atrial fibrillation 
helped to identify OSA in HCM patients.17 Another study showed that male, age, body mass index, hypertension and left 
ventricular outflow tract obstruction were significantly correlated with OSA in HCM patients.18 We previously found that 
HCM patients with OSA had a higher risk of eGFR decline compared with HCM patients without OSA, indicating low 
eGFR might be a warning characteristic identifying the occurrence of OSA in HCM patients.19 We therefore investigated 
the characteristics including eGFR in a cohort of HCM patients to find the potential risk factors and their potential 
interactions on the occurrence of OSA in HCM patients.

Methods
Patients
We included 71 consecutive patients diagnosed with HCM (no relatives of the index cases were included) and 49 HTN 
patients as control group at the Second Affiliated Hospital of Nanchang University from January 2015 to 
December 2019. HTN patients were matched for BMI, sex, age, systolic and diastolic blood pressure by using propensity 
score matching from the patients admitted to the hospital at the same time as HCM patients. All patients received 
polysomnography (PSG) and were divided into OSA+ and OSA- according to apnea-hypopnea index (AHI) ≥15 or <15 
events/h. OSA was diagnosed according to Chinese Guidelines for the Diagnosis and Treatment of Obstructive Sleep 
Apnea Hypopnea Syndrome (Revised Edition 2011).20 HCM was diagnosed in accordance with the 2014 ESC Guidelines 
on the diagnosis and management of HCM.21 For patients with hypertension, HCM was diagnosed only when the 
patients met the following criterions: 1) family history of HCM; 2) maximum LV wall thickness ≥15 mm; 3) marked 
repolarization abnormalities, conduction disease or Q-waves on 12 lead electrocardiogram.21

Exclusion criteria were patients who have already received continuous positive airway pressure (CPAP) therapy, 
central sleep apnea, acute myocardial infarction, acute heart failure, severe respiratory insufficiency, severe liver disease, 
systemic or local inflammatory, cancer and patients who refused to participate in the study.

The study was approved by the Medical Research Ethics Committee of Second Affiliated Hospital of Nanchang 
University and a signed informed consent was obtained from each patient before participation. All methods were 
performed in accordance with the relevant guidelines and regulations. The study was carried out by complying with 
the Declaration of Helsinki.

Clinical Indices
Doppler echocardiography was used to evaluate the cardiac structure and function as described previously.22 All 
echocardiographic examinations were performed on a Siemens-Acuson SequoiaTM 512 ultrasound machine (Siemens, 
Erlangen, Germany) with a curved array multifrequency transducer (2.25–4.25MHz) by experienced sonographers who 
were blinded to the patients’ clinical characteristics. Two-dimensional and two-dimensionally guided M-mode images 
were recorded from standardized views. Left atrial diameter, right atrial diameter, left ventricular end-diastolic diameter 
(LVIDd), left ventricular end-diastolic posterior wall thickness (PWTd), right ventricular end-diastolic diameter, inter-
ventricular septal wall end-diastolic thickness (SWTd), ascending aorta diameter, left ventricular mass index (LVMI), left 
ventricular ejection fraction, left ventricular outflow tract obstruction were measured. Left ventricular outflow tract 
obstruction is defined as an instantaneous peak Doppler LV outflow tract pressure gradient ≥30 mm Hg at rest or during 
physiological provocation such as Valsalva manoeuvre, standing and exercise. LV mass was calculated by the formula: 
LV mass = 0.8 × {1.04[(LVIDd + PWTd +SWTd)3–(LVIDd)3]} + 0.6 g.23 LVMI was calculated by dividing LV mass by 
body surface area. The body surface area was calculated as follows: 0.0073×(height in centimeter)+0.0127×(weight in 
kilogram)-0.2106 (for female), 0.0057×(height in centimeter)+0.0121×(weight in kilogram)+0.0882 (for male).24
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All participants underwent overnight PSG (PHILIPS RESPIRONICS, Alice PDx, 1001 Murry Ridge Lane 
Murrysville, PA 15668). PSG was performed and scored according to the American Academy of Sleep Medicine 
(AASM) practice standards. An OSA was defined as a drop in airflow to ≤90% of baseline for ≥10s as recorded with 
the oronasal sensor with continued respiratory effort. Apnea was defined as the complete cessation of airflow or a clear 
decrease in airflow ≥90%, lasting for ≥10s. Hypopnea was defined as a clear decrease in airflow ≥50% lasting for ≥10s 
accompanied by a decrease in blood oxygen saturation (SpO2) of at least 3% or a clear decrease in airflow ≥30% lasting 
for ≥10s accompanied by a decrease in SpO2 of at least 4% and/or associated with arousal. The average number of 
apneas and hypopneas per hour of sleep was defined as the AHI. Nocturnal oxygen desaturation was assessed as the 
minimum O2 saturation during sleep. The diagnosis and severity of OSA were based on the definitions recommended by 
AASM as follows: non-OSA (AHI < 5), mild OSA (5 ≤ AHI < 15), moderate OSA (15 ≥ AHI < 30) and severe OSA 
(AHI ≥ 30). Patients with AHI ≥ 15 were recruited in the present study.

eGFR was calculated on the basis of Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI):25 serum 
creatinine of woman ≤62 μmol/L: eGFR = 144×(serum creatinine/62)−0.329×(0. 993)age; serum creatinine of woman >62 
μmol/L:eGFR= 144×(serum creatinine/62)−1.209×(0. 993)age; serum creatinine of man ≤80 μmol/L: eGFR = 141×(serum 
creatinine/80)−0.411×(0.993)age; serum creatinine of man >80 μmol/L: eGFR= 141 ×(serum creatinine/80)−1.209×(0. 993)age.

A standardized medical history and accurate physical examination were obtained from all patients. Smoking status 
and medications were recorded. Height and weight were measured in a standing position without shoes. Body mass index 
(BMI) was calculated as weight (kg) divided by height (m) squared. After a 12-h fasting (no alcohol), a peripheral blood 
sample was collected. Creatinine, uric acid, urea nitrogen, fasting plasma glucose, glycosylated hemoglobin, total 
cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) 
cholesterol were measured with standard assays for all patients. All the biochemical variables were measured using an 
auto-analyzer (OLYMPUS AU-2700) at the central laboratory of the Second Affiliated Hospital of Nanchang University.

Statistical Analysis
t-test was used for normally distributed results, and the results were expressed as mean ± standard deviation. Mann– 
Whitney U-test was used for those who did not normally distribute, the result is expressed by quartile spacing. 
Differences between groups were evaluated using one-way analysis of variance (ANOVA) followed by the post hoc 
test with Least-Significant difference (LSD) correction, for the continuous variables, and the chi-square test, for the 
categorical variables, and the results were described by composition ratio. Binary Logistic regression analysis was used 
to identify the risk factors associated with the occurrence of OSA in HCM. Continuous variables with a skewed 
distribution were natural logarithm (ln)-transformed to attain normal distributions.

Body mass index (BMI) was stratified into two levels with a boundary of 24 (non-High BMI <24kg/m2; High BMI ≥ 
24 kg/m2); Estimate glomerular filtration rate (eGFR) was stratified into two levels with a boundary of 90 (non-Low 
eGFR ≥90 mL/min per 1.73m2; Low eGFR <90 mL/min per 1.73m2). ROC curve was constructed for BMI and eGFR. 
The area under the curve (AUC), sensitivity, and specificity were calculated to predict the ability to detect the occurrence 
of OSA in HCM, with an AUC value of 0.50 indicating no accuracy and a value of 1.00 indicating maximal accuracy.

We performed multinomial logistic regression analyses to identify the multiplicative interaction of high BMI and low 
eGFR on the occurrence of OSA. In multinomial logistic regression analysis, the group without high BMI and low eGFR 
was used for reference. The crude model was the primary model. The model 1 was adjusted for current smoking, 
hypertension and atrial fibrillation. The model 2 was adjusted for current smoking, hypertension, atrial fibrillation, fasting 
plasma glucose, and glycosylated hemoglobin. The model 3 was adjusted for current smoking, hypertension, atrial 
fibrillation, fasting plasma glucose, glycosylated hemoglobin, total cholesterol, triglyceride, low-density lipoprotein and 
high-density lipoprotein.

Three measures of biological interaction: the relative excess risk due to interaction (RERI); the attributable proportion 
due to interaction (AP); and the synergy index (S) were used to evaluate the interaction of high BMI and low eGFR on 
the occurrence of OSA. If there is no biological interaction, RERI and AP are equal to 0 and S is equal to 1. The 
biological interaction was accessed by the methods set up by Tomas Andersson.26 Results were adjusted for current 
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smoking, hypertension, atrial fibrillation, fasting plasma glucose, glycosylated hemoglobin, total cholesterol, triglyceride, 
low-density lipoprotein and high-density lipoprotein.

A two-sided P value of <0.05 was considered significant. All statistical analyses were performed using SPSS software 
for Windows, version 21.0 (SPSS, Chicago, IL, USA).

Results
Baseline Characteristics of the Patients
Table 1 details the baseline characteristics of patients. Total 71 consecutive HCM patients and 49 HTN patients were 
enrolled in this study. OSA was present in 37 patients (52%) with HCM and 25 patients (51%) with HTN. Compared with 
HCM with OSA group (HCM OSA +) and HTN with OSA group (HTN OSA +), the BMI and systolic blood pressure 
were significantly lower in HCM without OSA group (HCM OSA -) (P < 0.05). AHI was significantly higher in HTN 
OSA + than that in HCM OSA + (P < 0.05). Compared with HCM OSA +, HTN OSA + had a significantly decreased 

Table 1 Clinical Characteristics of the Study Groups

HCM OSA+ HCM OSA- HTN OSA+ HTN OSA-
(n = 37) (n = 34) (n = 25) (n = 24)

Gender, male, n (%) 25 (67.57%) 16 (47.06%) 17 (68.00%) 10 (41.67%)

Age, years 56.59±12.42 52.50±13.89 50.60±14.23 56.67±11.57

Body mass index, kg/m2 25.02±3.47 22.50±3.53† 25.08±3.99§ 24.26±2.46
Current smoking, n (%) 7 (18.92%) 7 (20.59%) 5 (20.00%) 4 (16.67%)

Systolic blood pressure, mmHg 134.76±26.97 119.94±19.22† 135.80±19.44§ 129.21±13.79

Diastolic blood pressure, mmHg 78.97±18.95 73.38±11.79 82.52±16.78 78.17±8.85
Apnea-hypopnea index, events/h 29.04±9.86 7.40±3.75* 35.16±19.67†‡ 5.41±4.13*&

Minimum O2 saturation, % 80.89±7.50 87.29±4.96* 76.32±9.78†‡ 83.29±7.27&§

Medical history
Hypertension, n (%) 15 (40.54%) 8 (23.53%) 25 (100.00%) 24 (100.00%)

Coronary heart disease, n (%) 1 (2.70%) 1 (2.94%) 0 (0.00%) 2 (8.33%)
Stroke, n (%) 7 (18.92%) 3 (8.82%) 1 (4.00%) 2 (8.33%)

Diabetes mellitus, n (%) 3 (8.11%) 2 (5.88%) 4 (16.00%) 3 (12.50%)

Atrial fibrillation, n (%) 7 (18.92%) 6 (17.65%) 1 (4.00%) 1 (4.17%)
Medications

Beta-blockers, n (%) 33 (89.19%) 33 (97.06%) 0 (0.00%)*‡ 1 (4.17%)*‡

ACE-Is or ARBs, n (%) 13 (35.14%) 10 (29.41%) 13 (52.00%) 7 (29.17%)
Diuretics, n (%) 15 (40.54%) 10 (29.41%) 6 (24.00%) 3 (12.50%)

Calcium-channel blockers, n (%) 14 (37.84%) 8 (23.53%) 17 (68.00%)‡ 11 (45.83%)

Statins, n (%) 19 (51.35%) 14 (41.18%) 6 (24.00%) 2 (8.33%)*§

Anticoagulants, n (%) 5 (13.51%) 6 (17.65%) 2 (8.00%) 0 (0.00%)

Blood biochemical indexes

Fasting plasma glucose, mmol/L 4.85 (4.48,5.79) 4.80 (4.44,5.42) 5.52 (5.02,6.56)§ 6.02 (5.17,6.85)§†

Glycosylated hemoglobin, % 5.77±0.76 5.50±0.60 5.80±0.88 5.85±0.84

Total cholesterol, mmol/L 5.28±1.28 5.13±0.98 4.55±1.00 4.81±1.28

Triglyceride, mmol/L 1.42 (0.97,1.92) 1.35 (0.93,1.86) 1.59 (1.08,2.72) 1.57 (1.09,3.45)
HDL-C, mmol/L 1.08±0.19 1.07±0.26 1.11±0.31 1.20±0.38

LDL-C, mmol/L 2.52±0.91 2.63±0.91 2.54±0.83 2.71±0.93

Creatinine, µmol/L 93.96 (72.60,124.21) 74.09 (64.25,89.90)* 73.56 (61.15,91.35)† 70.07 (57.60,82.67)*
Urea nitrogen, mmol/L 7.13±2.41 6.30±1.74 5.39±1.51* 5.61±1.38†

Uric acid, µmol/L 431.81±97.01 391.93±127.20 390.05±107.39 329.91±86.80*§

eGFR, mL/min per 1.73m2 72.26±23.48 90.23±19.17* 95.16±23.37* 91.99±19.99*

Notes: *P < 0.001, †P < 0.05 compared with HCM OSA +; ‡P < 0.001, §P < 0.05 compared with HCM OSA -, &P < 0.001, compared with HTN OSA +. 
Abbreviations: ACE-Is, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; eGFR, estimate glomerular filtration rate; 
HDL-C, high-density lipoprotein cholesterol; HCM, hypertrophic cardiomyopathy; LDL-C, low-density lipoprotein cholesterol; OSA, obstructive sleep 
apnea.
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minimum O2 saturation (P < 0.05). Compared with HCM OSA -, the minimum O2 saturation in HTN without OSA group 
(HTN OSA -) was also significantly lower (P < 0.05). HTN patients administrated fewer beta-blockers than HCM 
patients (P < 0.001). HCM OSA + had a significantly higher creatinine and lower eGFR than HCM OSA - (P < 0.001); 
however, no differences of creatinine and eGFR were seen between HTN OSA+ and HTN OSA -. There was no 
significant difference between the two groups in gender, age, current smoking, diastolic blood pressure, glycosylated 
hemoglobin, total cholesterol, triglyceride, low-density lipoprotein and high-density lipoprotein.

Echocardiography
Table 2 details the echocardiographic data of the two groups. The HCM with OSA group had significantly wider 
ascending aorta diameter (P < 0.05) than the HCM group. There were no significant differences in left atrial diameter, 
right atrial diameter, left ventricular end-diastolic diameter, right ventricular end-diastolic diameter, interventricular 
septal wall end-diastolic thickness, left ventricular end-diastolic posterior wall thickness, left ventricular mass index, left 
ventricular ejection fraction, and left ventricular outflow tract obstruction between the two groups.

BMI and eGFR Were Independently Associated with the Occurrence of OSA in HCM
Table 3 details the univariate and multivariate logistic regression analyses in the HCM patients with and without OSA. 
The univariate logistic regression analysis showed that BMI (OR=1.249,95% CI: 1.064, 1.466, P = 0.006), SBP 
(OR=1.028,95% CI: 1.005, 1.052, P = 0.015), Ln Creatinine (OR = 16.190, 95% CI: 2.475, 105.917, P=0.004), eGFR 
(OR=0.959,95% CI: 0.934, 0.986,P=0.003) were significantly correlated with the occurrence of OSA. Considering the 
causal relationship between eGFR and creatinine, creatinine values were not included in the multivariate analysis. The 
multivariate regression analysis further identified that BMI (OR=1.228,95% CI: 1.032,1.461, P = 0.020) and eGFR 
(OR=0.959,95% CI: 0.931,0.989, P = 0.007) were independently correlated with the occurrence of OSA.

ROC Analysis for BMI and eGFR to Predict the Occurrence of OSA in HCM Patients
To determine the ability of BMI and eGFR to predict the occurrence of OSA in HCM patients, ROC analysis was 
performed, and the results are shown in Figure 1 and Table 4. The AUC for BMI and eGFR to predict the occurrence of 
OSA was 0.683, 0.700, respectively. The highest Youden’s index was 0.336, 0.316 respectively and the sensitivity and 
specificity were 0.865 and 0.471, 0.559 and 0.757, respectively. Then the multivariate logistic regression analysis of BMI 
and eGFR values was included in the SPSS software to obtain the predicted probability values of both, and then the 
values were included in the ROC curve analysis. After the combination of BMI and eGFR, the cutoff value was 0.646 
which had the maximum value of the Youden’s index of 0.507, and the corresponding sensitivity and specificity were 
0.595 and 0.912. The AUC was 0.785.

Table 2 Echocardiographic Data of the Study Groups

HCM OSA+ HCM OSA- P value
(n = 37) (n=34)

Left atrial diameter, mm 39.51±5.97 40.71±7.42 0.456
Right atrial diameter, mm 36.00 (35.00,39.00) 36.00 (34.00,39.50) 0.698

Left ventricular end-diastolic diameter, mm 45.78 ±7.58 44.97±7.43 0.650

Right ventricular end-diastolic diameter, mm 22.00 (20.00,23.00) 22.00 (18.75,23.25) 0.688
Interventricular septal wall end-diastolic thickness, mm 17.95±4.03 19.35±3.16 0.108

Left ventricular end-diastolic posterior wall thickness, mm 11.00 (10.00,13.00) 12.00 (10.00,14.00) 0.926

Ascending aorta diameter, mm 32.49±4.00 30.50±4.18 0.045
Left ventricular mass index, g/m2 158.69±64.40 175.36±50.23 0.231

Left ventricular ejection fraction, % 63.11±10.37 62.44±9.23 0.776

Left ventricular outflow tract obstruction, n (%) 17 (45.95%) 16 (47.06%) 0.925

Abbreviations: HCM, hypertrophic cardiomyopathy; OSA, obstructive sleep apnea.
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Interaction of BMI and eGFR on the Occurrence of OSA in HCM Patients
Interaction of BMI and eGFR on the occurrence of OSA in HCM patients was assessed both on multiplicative interaction 
and on additive interaction in the present study. The multiplicative interaction was further identified by multinomial 
logistic regression analysis (Table 5). Results showed that compared with patients without High BMI and Low eGFR, 
patients with High BMI (OR: 1.100, 95% CI: 0.192, 6.286, P = 0.915) or with Low eGFR (OR: 1.711, 95% CI: 0.403, 
7.271, P = 0.467) had no significantly increased risk on the occurrence of OSA in HCM patients. However, there was 
a significantly higher risk of the occurrence of OSA in HCM patients with both high BMI and low eGFR (OR: 6.050, 
95% CI: 1.598, 22.905, P = 0.008). This effect was persisted after adjusting for different confounders in models 1 to 3.

Table 3 Logistic Regression Analysis of Clinical Factors for the Presence of OSA in HCM Patients

Univariate Logistic Analysis Multivariate Logistic 
Analysis

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

Gender, male 2.344 (0.895,6.139) 0.083 Not selected
Age 1.025 (0.988,1.063) 0.194 Not selected

Body mass index 1.249 (1.064,1.466) 0.006 1.228 (1.032,1.461) 0.020

Current smoking 0.900 (0.279,2.899) 0.860 Not selected
SBP 1.028 (1.005,1.052) 0.015 1.019 (0.994,1.045) 0.138

DBP 1.024 (0.991,1.059) 0.154 Not selected

Hypertension 2.216 (0.792,6.200) 0.130 Not selected
Coronary heart disease 0.917 (0.055,15.253) 0.952 Not selected

Stroke 2.411 (0.570,10.204) 0.232 Not selected

Diabetes mellitus 1.412 (0.221,9.007) 0.715 Not selected
Atrial fibrillation 1.089 (0.326,3.637) 0.890 Not selected

Left ventricular outflow tract obstruction 0.956 (0.376,2.432) 0.925 Not selected

NYHA 1.163 (0.574,2.355) 0.675 Not selected
Beta-blockers 0.250 (0.027,2.357) 0.226 Not selected

ACE-Is or ARBs 1.300 (0.478,3.533) 0.607 Not selected

Calcium-channel blockers 1.978 (0.703,5.564) 0.196 Not selected
Diuretics 1.636 (0.610,4.392) 0.328 Not selected

Statins 1.508 (0.590,3.857) 0.391 Not selected

Anticoagulants 0.729 (0.201,2.651) 0.631 Not selected
Ln Fasting plasma glucose 3.062 (0.282,33.196) 0.357 Not selected

Glycosylated hemoglobin 1.862 (0.868,3.994) 0.111 Not selected

Total cholesterol 1.119 (0.741,1.691) 0.593 Not selected
Ln Triglyceride 1.003 (0.425,2.366) 0.995 Not selected

HDL-C 1.257 (0.161,9.820) 0.827 Not selected
LDL-C 0.869 (0.516,1.463) 0.598 Not selected

Ln Creatinine 16.190 (2.475,105.917) 0.004 –

Urea nitrogen 1.223 (0.953,1.570) 0.114 Not selected
Uric acid 1.003 (0.999,1.008) 0.146 Not selected

eGFR 0.959 (0.934,0.986) 0.003 0.959 (0.931,0.989) 0.007

LVMI 0.995 (0.986,1.003) 0.235 Not selected
LVEF 1.007 (0.960,1.057) 0.773 Not selected

Interventricular septal wall end-diastolic thickness 0.896 (0.783,1.026) 0.112 Not selected

Ln left ventricular end-diastolic posterior wall thickness 1.168 (0.147,9.300) 0.883 Not selected
Ascending aorta diameter 1.131 (1.000,1.280) 0.051 Not selected

Note: Dashes indicate that the variable did not enter multivariate stepwise logistic regression model. 
Abbreviations: ACE-Is, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; CI, confidence interval; DBP, diastolic blood 
pressure; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; HCM, hypertrophic cardiomyopathy; LDL-C, low- 
density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; OR, odds ratio; SBP, systolic blood pressure; 
OSA, obstructive sleep apnea; NYHA, New York Heart Association.
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Further, we analyzed the additive effect of biological interactions, which was set up by Tomas Andersson.25 Table 6 
details the measurement results of the three biological interactions. According to AP (0.701, 95% CI: 0.221, 1.181), it 
was concluded that 70.1% of patients with HCM developed OSA due to the biological interaction of the High BMI and 
Low eGFR. AP values were more significant after adjusting for confounding factors (0.754, 95% CI: 0.354, 1.155).

Discussion
A main finding in this study was that there were significant multiplicative and additive interactions of BMI and eGFR on 
the occurrence of OSA in patients with HCM, and the combination of the two factors had a better predictive effect on the 
occurrence of OSA in HCM patients. This finding was supported by the following results: 1) BMI and eGFR were 

Figure 1 ROC curve for BMI and eGFR to identify the occurrence of OSA in HCM patients.  
Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; HCM, hypertrophic cardiomyopathy; OSA, obstructive sleep apnea; ROC, receiver 
operating characteristic.

Table 4 ROC Analysis for BMI and/or eGFR to Predict OSA in HCM Patients

Variable Sensitivity Specificity Youden’s Index AUC P value

BMI 0.865 0.471 0.336 0.683 0.008

eGFR 0.559 0.757 0.316 0.700 0.004

BMI and eGFR 0.595 0.912 0.507 0.785 0.000038

Abbreviations: AUC, area under curve; BMI, body mass index; eGFR, estimated glomerular filtration rate; HCM, hypertrophic 
cardiomyopathy; OSA, obstructive sleep apnea; ROC, receiver operating characteristic.

Table 5 Relation of Study Groups to the Occurrence of OSA in HCM Patients

Models BMI<24 and eGFR≥90 
(5/11; 31.3%)*

BMI≥24 and eGFR≥90  
(3/6; 33.3%)*

BMI<24 and eGFR<90  
(7/9; 43.8%)*

BMI≥24 and eGFR<90 
(22/8; 73.3%)*

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

Crude 1.000 – 1.100 (0.192,6.286) 0.915 1.711 (0.403,7.271) 0.467 6.050 (1.598,22.905) 0.008

Model 1 1.000 – 1.110 (0.187,6.578) 0.909 1.662 (0.383,7.212) 0.497 5.797 (1.371,24.512) 0.017

Model 2 1.000 – 1.090 (0.172,6.931) 0.927 2.274 (0.478,10.809) 0.302 6.676 (1.469,30.336) 0.014
Model 3 1.000 – 1.171 (0.160,8.562) 0.876 2.759 (0.543,14.025) 0.221 11.928 (2.066,68.858) 0.006

Notes: *(number of patients with OSA/number of patients without OSA; percentage of patients with OSA among all patients). Model 1: adjusted for current smoking, 
hypertension and atrial fibrillation; Model 2: adjusted for current smoking, hypertension, atrial fibrillation, fasting plasma glucose, and glycosylated hemoglobin; Model 3: 
adjusted for current smoking, hypertension, atrial fibrillation, fasting plasma glucose, glycosylated hemoglobin, total cholesterol, triglyceride, low-density lipoprotein and 
high-density lipoprotein. BMI unit: kg/m2; eGFR unit: mL/min/1.73m2. 
Abbreviations: BMI, body mass index; CI, confidence interval; eGFR, estimate glomerular filtration rate; OR, odds ratio.
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respectively and independently correlated with the occurrence of OSA in HCM patients (Table 3); 2) BMI and eGFR had 
significant multiplicative (Table 5) and additive interactions (Table 6) in patients with HCM and OSA; 3) the combina-
tion of BMI and eGFR had a better predictive effect on the occurrence of OSA in HCM patients (Figure 1 and Table 4).

HCM is the most common inherited cardiomyopathy and OSA is a significant reversible cause of many cardiovas-
cular diseases including hypertension,5 myocardial infarction,6 atrial fibrillation (AF),7 sudden cardiac death (SCD)8 and 
renal disease.9 OSA has been seen to occur concurrently in several cardiovascular diseases including heart failure, and 
indeed in HCM. In fact, a high prevalence of OSA with a range from 32% to 80% has been previously reported in HCM 
patients,10–15 and OSA is known to increase the risk that contribute to morbidity and mortality in HCM including 
arrhythmias, myocardial hypertrophy, and SCD.16 A significant reduction in major adverse cardiovascular events with 
effective treatment of OSA can be seen in both normal populations and in populations with established cardiovascular 
diseases.27 In patients with both HCM and OSA, heart functional improvement, left atrial volume reduction, and left 
ventricular outflow tract obstruction amelioration were shown after continuous positive airway pressure (CPAP) treat-
ment, a most used therapy for OSA.28 It has also been reported that CPAP treatment could terminate recurrent episodes of 
ventricular tachycardia.29 Therefore, the two conditions occurring together pose a particular challenge in that the 
identification and appropriate management of OSA in HCM patients.

Though researchers tried to find a predictor to identify the risk of OSA in HCM patients, they discovered that patients with 
HCM and OSA had no typical clinical symptoms, such as fatigue and excessive daytime sleepiness.17 Male, age, BMI, 
hypertension and left ventricular outflow tract obstruction were previously reported correlated with OSA in HCM patients.18 

Although study had shown that the co-presence of these factors might suggest the presence of OSA in patients with HCM,18 this 
association had not been constant in other study,17 including the present study. Obese has been recognized as a risk factor for 
OSA,30,31 however, it was indicated that patients with HCM and OSA were not as obese as the typical OSA patients,32 which was 
consistent with our previous study showing that OSA patients alone had higher BMI than patients with both HCM and OSA.19

Interestingly, we previously found that HCM patients with OSA had a higher risk of eGFR decline compared with HCM 
patients without OSA, indicating eGFR decline could be a characteristic identifying HCM patients with OSA.19 In the present 
study, we matched HTN patients who received PSG with HCM patients and found that there was no difference of eGFR between 
HTN patients with and without OSA. We further found that combination of higher BMI and lower eGFR had a better 
identification ability of OSA in HCM patients, which seems to be correlated with a multiplicative and additive interaction of 
high BMI and low eGFR in HCM patients with OSA. These findings might afford the opportunity to increase the alertness of 
OSA in HCM patients.

Table 6 Interaction Between BMI and eGFR in Relation to OSA in 
HCM Patients

Measure Estimate 95% CI

Lower Upper

RERI
Unadjusted 4.239 −2.149 10.627

Adjusted 8.999 −8.896 26.893

AP
Unadjusted 0.701 0.221 1.181

Adjusted 0.754 0.354 1.155

S
Unadjusted 6.230 0.137 283.599

Adjusted 5.661 0.543 59.065

Notes: Adjusted factors: current smoking, hypertension, atrial fibrillation, fasting 
plasma glucose, glycosylated hemoglobin, total cholesterol, triglyceride, low-density 
lipoprotein and high-density lipoprotein. 
Abbreviations: BMI, body mass index; eGFR, estimate glomerular filtration rate; CI, 
confidence interval; RERI, the relative excess risk due to interaction; AP, the attribu-
table proportion due to interaction; S, the synergy index.
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In HCM patients, high BMI was shown to be associated with increased left ventricular outflow tract obstruction, which 
increased the incidence of heart failure and atrial fibrillation.33 High BMI changes the structure and function of the upper 
respiratory tract, reduces the power in the central respiratory system and causes hypoxemia.34 These underlying pathogeneses 
may contribute to the OSA in obesity populations. The mechanism underlying the correlation between eGFR and OSA in HCM 
patients is not very clear. However, in previous study, nocturnal rostral fluid shift was found to be independently related to the 
severity of OSA in patients with end-stage renal disease.35 This may be due to the fluid accumulated in the lower limbs during 
the day would enter the neck slowly during sleep, causing the neck dilated large veins and/or edema of the pharyngeal soft tissue 
and being prone to upper airway obstruction.35 Such a phenomenon of nocturnal rostral fluid shift could lead to increased neck 
circumference and upper airway resistance even in non-obese healthy subjects.36

The present study has certain limitations. Firstly, as a major limitation, we were unable to construct a clinical prediction 
model based on the available data to effectively address the prediction of OSA onset in HCM patients. The development of 
a clinical prediction model based on the TRIPOD statement should become an important research direction in the future. 
Secondly, our study is a cross-sectional design, and we could not identify the cause-and-effect association between BMI, eGFR 
and OSA in the patients with HCM. Thirdly, considering the mildly altered GFR and almost normal BMI in the HCM 
population of this study, this may somewhat attenuate the performance of both factors in predicting OSA in clinical HCM cases. 
Fourthly, we did not investigate the effect of weight loss and kidney protection treatment on severity of OSA in HCM patients. 
Fifthly, the study investigated a relatively small number of patients in a single center. Finally, the mechanism underlying the 
effect of BMI and eGFR on OSA in HCM patients remains unclear.

Nevertheless, based on our previous finding, the current study further provided the first evidence that a multiplicative 
and additive interaction of BMI and eGFR in HCM patients could increase the identification ability of OSA in this 
population. Therefore, warning of high BMI and low eGFR may increase the opportunity for identification and 
appropriate management of OSA in HCM patients.
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