
UC San Diego
UC San Diego Previously Published Works

Title
The impact of obstructive sleep apnoea severity on cardiac structure and injury

Permalink
https://escholarship.org/uc/item/66j9g645

Authors
Raut, Sandeep
Gupta, Gaurav
Narang, Rajiv
et al.

Publication Date
2021

DOI
10.1016/j.sleep.2020.10.024
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/66j9g645
https://escholarship.org/uc/item/66j9g645#author
https://escholarship.org
http://www.cdlib.org/


The impact of obstructive sleep apnoea severity on cardiac 
structure and injury

Sandeep Rauta, Gaurav Guptaa, Rajiv Narangb, Animesh Raya, R.M. Pandeyc, Atul 
Malhotrad, Sanjeev Sinhaa,*

aDepartment of Medicine, All India Institute of Medical Sciences, New Delhi, India

bDepartment of Cardiology, All India Institute of Medical Sciences, New Delhi, India

cDepartment of Biostatistics, All India Institute of Medical Sciences, New Delhi, India

dPulmonary, Critical Care and Sleep Medicine, UC San Diego School of Medicine, San Diego, 
92121, CA, USA

Abstract

Background: Obstructive sleep apnoea (OSA) is an important factor in the development and 

progression of heart failure (HF). The prevalence of OSA is higher in patients with HF than in the 

general population. We sought to test the hypothesis that OSA severity was predictive of 

ventricular function and cardiac injury [as assessed by high-sensitivity cardiac troponin I(hs-

cTnI)].

Methods: A total of 60 patients were recruited after evaluation for sleep disturbances using the 

Jenkins Sleep Questionnaire (JSQ) and Epworth Sleepiness Scale (ESS). Subsequently, they 

underwent polysomnography thus confirming the diagnosis of OSA and were equally divided into 

three groups according to OSA severity grade. Following polysomnography, the next morning 

patients underwent venous blood sampling and echocardiography.

Results: We observed a statistically significant association (P = 0.009) between diastolic 

dysfunction grades and severity grades of OSA. All the three diastolic dysfunction variables E/A 

ratio, deceleration time and E/e’ ratio had a significant association(P < 0.05) with severity grades 

of OSA. There was a marginally significant positive correlation (ρ = 0.3244, p = 0.04) between 

AHI events per hour and mitral E/e’ ratio. There was a statistically significant association(P < 
0.001) between hs-cTnI value among different severity grades of OSA.

Conclusions: Here in our study, we found OSA a potential risk factor for development of 

myocardial injury and diastolic dysfunction. Severe grades of OSA are associated with higher 

grades of diastolic dysfunction and circulating levels of hs-cTnI. These data are consistent with the 

notion of a vicious cycle of frequent apnoea's or hypoxemia and recurrent myocardial injury, 

which could increase the risk of heart failure especially diastolic dysfunction in OSA.
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1. Introduction

Cardiovascular diseases (CVDs), are a leading cause of global morbidity and mortality. In 

2017, Global Burden of Diseases (GBD), Injuries, and Risk factor study reported that 

around 17.8 million deaths worldwide occur due to CVD. Moreover, CVD mortality is more 

common in low-and middle-income countries thus it becomes indispensable to prevent and 

treat cardiometabolic risk factors [1,2].

Social development and modernization have led to increasing prevalence of lifestyle 

disorders such as CVDs, Diabetes Mellitus 2 (DM2), obesity, sleep-disordered breathing 

(SDB) and in particular obstructive sleep apnoea (OSA) worldwide [3].

According to literature-based analysis by Benjafield et al., the estimated global prevalence 

using American academy of sleep medicine (AASM) 2012 diagnostic criteria was 936 

million (95% CI 903—970) adults aged 30–69 years (male and female) including roughly 

425 million (399–450) adults having moderate to severe OSA globally. Geographical 

distribution is published in the study shows the greatest number of the affected population 

belongs to China, followed by the USA, Brazil, and India [4].

Sleep is typically defined as a resting state for the brain and cardiorespiratory systems. 

During NREM sleep, there is a decrease in metabolic demand, heart rate, blood pressure, 

and ventilatory motor outputs to respiratory muscles especially in upper airway. These 

changes are attributed to an increase in parasympathetic (vagal nerve) activity during NREM 

sleep. In susceptible individuals, decrease in hypoglossal motor output lead to narrowing of 

upper airway and increase in upper airway resistance. Thus, considerable breathing efforts 

against totally or partially occluded upper airway can occur due to dysfunction of upper 

airway muscle leading to apnoea and hypopnea events. These events lead to intermittent 

hypoxia and sleep fragmentation resulting in sleep disruption. The repeated cycles of upper 

airway collapse and sleep disruption with hypoxemia are associated with an upsurge in 

sympathetic activity thus resulting in acute blood pressure elevations, the release of 

inflammatory mediators and also an increase in insulin resistance [5-7].

Recently, an OSA association with many different forms of CVD including hypertension, 

heart failure, coronary artery disease, and stroke has been well established. Patients with 

OSA have increased morbidity and mortality due to cardiovascular complications [8-10]. HF 

is one of the escalating public health problems worldwide in part due to the association of an 

aging population [6,11,12]. Population-based studies from Germany, Spain, and Italy have 

estimated the prevalence of HF was around 1.6% in women and 1.8% in men, with a 

considerable increase in number in advanced age (≥65 years) [13-16]. Of note, OSA may be 

a risk factor for the development and progression of HF. The prevalence of OSA is higher in 

patients with HF with reduced ejection fraction (HFrEF) or HF with preserved ejection 

fraction (HFpEF) than in the general population [15-17].
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The current study aimed to investigate the association of different severities of obstructive 

sleep apnoea with diastolic dysfunction in North India. Our objective was to test the 

hypothesis that OSA severity predicts cardiac function and injury {using high-sensitivity 

cardiac troponin I(hs-cTnI) levels} in a Northern Indian population.

2. Methods

2.1. Study design and participants

The study protocol was approved by the Ethics Committee, All India Institute of Medical 

Sciences, New Delhi. The recruitment of patients was conducted between July 2017 and 

November 2019 in the Sleep clinic, Department of Medicine, All India Institute of Medical 

Sciences, New Delhi.

We screened 350 patients who presented with symptoms and signs of OSA, with the 

recruitment flow represented in Fig. 1. They were eligible if: (1) patients of either gender of 

age more than 18 years; (2); patients with AHI more than five events/hour and they were 

willing to sign an informed consent form. Patients were excluded if: (1) they were 

previously diagnosed with cardiac diseases, central sleep apnoea, liver diseases, acute or 

chronic kidney diseases, chronic infections like tuberculosis, human immunodeficiency 

virus, DM2, and hypothyroidism; and (2) patients declining consent or not willing to follow 

up in future.

After obtaining informed consent, medical history including evaluation for sleep 

disturbances using Jenkins Sleep Questionnaire (JSQ) and Epworth Sleepiness Scale (ESS), 

demographic and anthropometric data were recorded. Finally, a total of 60 patients were 

recruited in the study. Subsequently, all patients underwent polysomnography thus 

confirming the diagnosis of OSA and were equally divided into three groups according to 

their respective severity grade of OSA. The next morning patients underwent venous blood 

sampling and echocardiography.

2.2. Blood sampling

All the venous blood samples were collected in serum tubes on the morning following the 

polysomnography. High-sensitivity cardiac troponin I(hs-cTnI) was determined using the 

VIDAS® 30 multiparametric immunoassay system. The low limit of the detection of hs-

cTnI assay is < 1.5 ng/L, and the upper reference limit (corresponding to the 99% in a 

healthy population) is ≥ 100 ng/L.

2.3. Anthropometric variables

We measured height, weight, body mass index (BMI), neck length, percentage predicted 

neck circumference (PPNC), waist and hip circumference. BMI was calculated as weight in 

kilograms (kg) divided by height in meters squared (m2) and the range of values according 

to Indian standards are: <18.5-underweight, 18.5–22.9 = normal, 23–24.9 = overweight, 25–

29.9 = moderate obesity, 30–34.9 kg/m2 = severe obesity. Percentage predicted neck 

circumference (PPNC) was calculated using Davies and Stradling formula ie PPNC = 100 x 

Raut et al. Page 3

Sleep Med. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



NC/0.55 × 4 + 310. Height was measured using a stadiometer and weight was measured 

using Tanita body composition analyser.

2.4. Polysomnography variables

All the patients underwent overnight polysomnography at Sleep Laboratory, Department of 

Medicine, AIIMS, New Delhi. Polysomnography was done by trained personnel using Alice 

PDx diagnostic system (Phillips Respironics Inc, Pennsylvania, USA). A split-night 

diagnostic protocol was used, where we performed diagnostic polysomnography and CPAP 

titration in one night. The study consisted of a continuous polysomnographic recording of 

two electroencephalographic(EEG) leads (C3/O1, C3/A2); right and left electro-

oculographic leads; and chin electromyography for sleep staging, nasal pressure cannula 

transducer, oral thermistor, thoraco-abdominal movement detection was monitored through 

inductive plethysmography, and a finger pulse oximeter that detected oxyhaemoglobin 

saturation and heart rate. Sleep-stage scoring was done for 30-s intervals according to 

standard AASM criteria [18]. Apnoea was defined as the complete (≥90%) cessation of 

airflow, and hypopnea defined as a reduction in airflow or thoracoabdominal excursion 

lasting for 10 s or more, accompanied by a decrease in oxygen saturation of at least 4%. AHI 

was defined as the total number of apnoea's plus hypopnoeas per hour of sleep. The AHI is 

used to categorize OSA severity and patients with an AHI of 5–15,16 to 30, or more than 30 

events per hour are considered to have mild, moderate, or severe obstructive sleep apnea, 

respectively [18,19].

As per split-night diagnostic protocol, in the first half of night, the patients who were tested 

positive for OSA were started on CPAP treatment in the second half of the sleep study, then 

started on nasal CPAP titration. The desired CPAP level was defined as the pressure value 

that abolished all respiratory events, arousals, and oxyhaemoglobin desaturation episodes 

[20].

2.5. Cardiac function variables

Cardiac function was assessed on the next day of the polysomnography following the 

collection of the blood samples.

All patients underwent comprehensive echocardiography, performed by a cardiologist 

according to the American Society of Echocardiography guidelines using Philips IE 33 

cardiac ultrasound machine (Philips Medical Systems, Andover, MA, USA). 

Echocardiography was performed at rest in the left lateral position, the parasternal and apical 

position and images and cine-loops were stored in digital format and evaluated using 

software (Q lab, version 4.2, Philips Medical Systems). The echocardiographic data were 

later evaluated by the same cardiologist who was blinded from the patients’ clinical and 

sleep data.

A combination of both two-dimensional (2D) measurements and Doppler methods was used 

to assess left ventricle function. The assessment began with a thorough 2D assessment 

making note of findings such as LA diameter in systole (LADS), interventricular septum 

(IVS) thickness, left ventricular diastolic diameter (LVDD) and systolic diameter (LVSD). 
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The Left ventricle ejection fraction (LVEF) was calculated by LV dimensions obtained from 

2D imaging according to modified Simpson's rule [21].

Subsequently Doppler-derived indices based on the mitral valve inflow pattern were 

obtained. The mitral valve inflow was obtained with pulse wave (PW) Doppler in the apical 

four-chamber view with a 2-mm sample gate placed between the tips of the mitral valve 

leaflets. The resultant mitral inflow pattern included peak flow velocities in early diastole 

(E) and peak flow velocity at atrial contraction (A), E/A ratio and mitral valve deceleration 

time (DT). Further the peak tissue velocities were recorded by PW Doppler analysed at 

lateral and septal basal region of the mitral annulus for early (é) and late (á) diastolic tissue 

velocities, and thus mitral E/é filling index was calculated. Diastolic function was defined in 

accordance to the American Society of Echocardiography (ASE) and European Association 

of Echocardiography [now European Association of Cardiovascular Imaging (EACVI)] 

guidelines as follows: 1) normal diastolic function (average E/e′ <10 and mitral E/A ≥ 0.8); 

2) Grade I diastolic dysfunction (average E/e′ <10 and mitral E/A ≤ 0.8); and 3) Grade II 

diastolic dysfunction (average E/e′ 10–14 and mitral E/A >0.8 to 2); and Grade III diastolic 

dysfunction (average E/e′> 15 and mitral E/A >2) [22].

2.6. Statistical analysis

Data were analysed using statistical software STATA 15.0. Categorical data were expressed 

as frequency and percentage. Quantitative data were expressed as mean ± S.D and median 

(min–max), if it followed normal and skewed distribution respectively. One-way ANOVA 

with t-test post hoc (with Bonferroni correction) was used to compare variables that 

followed normal distribution. Kruskal–Wallis test with post hoc Mann–Whitney U-test (with 

Bonferroni correction) was used to compare variables that followed skewed distribution. Chi 

square/Fischer's exact tests were used to find the association between categorical variables. 

Spearman correlation coefficient was used to fine the correlation between AHI events per 

hour and E/e’ ratio. Analysis of covariance (ANCOVA) was carried out to see the difference 

in various 2D echocardiographic and diastolic dysfunction parameters among OSA severity 

categories by adjusting known confounders (age, BMI and blood pressure). A p-value of less 

than 0.05 was considered statistically significant.

3. Results

A total of 60 patients participated in the study with their baseline characteristics shown in 

Table 1. The majority of our OSA patientsberculosis, human immunodeficiency virus, DM2, 

and hypothyroi were middle aged males and the mean age was 43.9 ± 13.2 years. The 

anthropometric parameters like BMI, waist and hip circumference were found to increase 

with the severity of OSA. In the study a predominant proportion of patients was overweight 

or obese with a mean BMI of 29.9 ± 8.7 kg/m2.

All the OSA patients had a median AHI of 17.65(min 5.1 and max 116.9) events per hour. 

The mean score of JSQ and ESS were 13.2 ± 2.9 and 11.5 ± 5.31 respectively.

As summarised in Table 2 the baseline and minimum saturation showed an increasing and 

decreasing trend respectively with severity of OSA. Both the baseline and minimum 
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saturation was significantly lower in severe OSA as compared to mild OSA. The total sleep 

time with SaO2<90% was significantly higher in the severe OSA patients while lowest in the 

mild OSA patients.

In the study, multivariate analysis was carried out to see the association of OSA with various 

2D echocardiographic and diastolic dysfunction parameters after adjusting the relevant 

variables.

As Table 2 shows, the left ventricular 2D parameters, LA diameter in systole, 

interventricular septum thickness, left ventricular diastolic diameter and systolic diameters 

were not significantly different among the OSA severity categories. IVS thickness is, 

contrary to expectations, highest in the group of mild OSA but after adjusting covariates 

(age, BMI, and systolic and diastolic BP) there was no significant difference found among 

IVS and OSA severity categories.

Both diastolic and systolic dysfunction was assessed in the study. All patients LVEF was 

within a normal range with a mean of 60.8 ± 4.01(min 52 & max 70) %. Diastolic 

dysfunction was evaluated using three variables E/A ratio, DT and E/e’ ratio listed in Table 

2. All three variables had a statistically significant association with different grades of 

severity of OSA. In post-hoc comparison, we found both E/A and E/e’ were significantly 

lower in severe OSA in comparison to mild OSA. While in deceleration time moderate and 

severe OSA patients had significantly higher deceleration time as compared to mild OSA. 

There was a marginally significant positive correlation (ρ = 0.3244, p = 0.04) between AHI 

events per hour and mitral E/e’ ratio (Fig. 2). There was a statistically significant association 

between diastolic dysfunction grades and severity grades of OSA (p = 0.009) Fig. 3 depicts 

higher diastolic dysfunction grade was observed more commonly in severe OSA (20%) 

versus the mild OSA patient in which 100% had no diastolic dysfunction.

There was a statistically significant association between hs-cTnI value among different 

severity grades of OSA(P ≤ 0.001). In between group comparisons, we found that hs-cTnI 

levels in severe OSA were significantly higher as compared to mild OSA presented in Table 

2. In the study correlation was determined between hs-cTnI and both AHI and 

Sat<90(%TST) as shown in Fig. 2. Further, there was a significant positive correlation of hs-

cTnI was found with AHI events per hour (ρ = 0.69, P < 0.001) and Sat<90(%TST) (ρ = 
0.58, P < 0.001).

4. Discussion

In this cross-sectional study of mild to severe OSA, patients were evaluated for left 

ventricular dysfunction and subclinical myocardial injury. In this study, to the best our 

ability, we excluded confounding variables like comorbidities or any pharmacological 

interventions and all patients were not receiving any medication either before or during the 

study period. We did not exclude overweight and obese patients which are known risk 

factors for both OSA and cardiovascular diseases. Here in our study, we found OSA a 

potential risk factor for development of myocardial injury and diastolic dysfunction.
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In our study, we have shown that diastolic abnormalities are substantially related to OSA 

severity. Furthermore, with the increasing severity of OSA we found an increase in the 

severity of diastolic dysfunction. In our cohort, patients with severity grades of OSA were 

analysed in contrast to some previously published data wherein patients with the entire 

spectrum of disease severity were examined without stratification. In our study design, we 

studied the association of severity grades of OSA with severity grades of diastolic 

dysfunction. Moreover, several polysomnographic parameters were also analysed to 

correlate different grades of OSA with diastolic dysfunction. The overall prevalence of 

diastolic dysfunction in our study was 15% (9 out of 60), while it was 10% (2 out of 20) and 

35% (7 out of 20) in moderate OSA and severe OSA patients respectively. The prevalence of 

diastolic dysfunction was similar to the study by Baguet et al. where the prevalence was 

22.7% (34 out of 150). In this study the patients with diastolic dysfunction were older than 

those with normal diastole (57 ± 9 vs 46 ± 10 years; P < 0.001) [23].

An Indian study done by Varghese et al. evaluated patients with very severe OSA and 

showed that it was significantly associated with diastolic dysfunction [24]. Our results 

showed that the severity of diastolic dysfunction increases with the severity of OSA which 

was also similar to the previous study by Wachter et al. The study done by Wachter et al. and 

few others did not exclude the cardiac risk factors and hence the study had higher prevalence 

of diastolic dysfunction even in mild OSA patients [25]. Left ventricular hypertrophy is 

usually seen in patients with OSA, and interventricular septum thickness, left ventricular 

mass and left ventricular posterior wall thickness are higher in severe OSA patients. 

However, in our study none of the 2Dimensional echocardiographic parameters was 

significantly higher in severe OSA compared to data published by Varghese et al. and 

Wachter et al. [22,24,25].

One of the ventricular assessment studies in the OSA cohort(n = 353) had shown no 

association of diastolic dysfunction in OSA but this study used only mitral inflow patterns 

[26]. As per current guidelines, two or more echocardiographic indices of diastolic function 

should be in coherence and should be interpreted in background of clinical, other 2D and 

Doppler parameters.

The use of only mitral inflow pattern as a method for diastolic dysfunction is not 

recommended. There is no single method or index for accurate prediction of diastolic 

dysfunction. In our study, we used both mitral inflow patterns and Doppler tissue imaging 

for accurate prediction of diastolic dysfunction [22]. This approach further strengthens the 

evidence of diastolic dysfunction in OSA patients in accordance with guidelines. We could 

not find any significant association of systolic dysfunction with different grades of severity 

of OSA, a finding consistent with prior reports by Varghese and Wachter [24,25]. Thus, we 

observed subclinical cardiac functional abnormality in moderate to severe OSA patients 

which manifests early as diastolic dysfunction.

In our study there was a statistically significant association between hs-cTnI values and 

severity grades of OSA (P < 0.001). This finding points towards recurrent subclinical 

myocardial injury due to frequent apnoea or hypoxemia and possible risk of chronic 

myocardial ischemia and diastolic dysfunction. In the study, there was a significant positive 
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correlation of hs-cTnI was found with AHI events per hour (ρ = 0.69, P < 0.001)and 

Sat<90(%TST) (ρ = 0.58, P < 0.001). Previous studies have also demonstrated higher OSA 

severity is associated with higher concentrations of hs-cTnI [11,27,28].

As few studies have reported, OSA leading to chronic intermittent-hypoxia-induced 

preatherosclerotic remodelling, and accelerating the rate of atherosclerosis and increasing 

the prevalence of acute and chronic myocardial ischemia [29,30]. Other factors promoting 

remodelling are insulin resistance-related injury and left ventricular hypertrophy [31,32]. 

Thus, leading to disturbance in left ventricular diastolic function and reduction in 

myocardial perfusion. Various small patient population studies have shown an association of 

diastolic dysfunction and hs-cTnI levels in patients with OSA [23,29,32,33]. Our data 

strengthen the evidence for an association between OSA and myocardial injury hence 

leading to chronic myocardial ischemia and diastolic dysfunction.

Our study has some limitations: (1) patients attending hospital clinics are likely to have more 

severe disease and do not adequately reflect the characteristics of the general population, 

Thus, our conclusions are limited to the population studied. (2) small sample size. We 

acknowledge the need for larger studies but we were adequately powered for our main 

findings. (3) women were not adequately represented in our sample (10% of the patients). 

Thus, further work is needed to assess for gender differences between groups. (4) no control 

arm in the study. Thus, we cannot draw conclusions about people without OSA but our goal 

was to study varying OSA severity. (5) effect of CPAP on diastolic dysfunction and hs-cTnI 

was not evaluated. (6) Arousal index was not included in the polysomnography variables. (7) 

split-night protocol was used in the study which may underestimate or overestimate the 

severity of OSA.

Thus, the reversibility of the observed abnormalities is unclear. Nonetheless, despite these 

limitations, we view our findings as important and hope that they help to encourage further 

research in this area.

5. Conclusion

Here in our study, we found OSA a potential risk factor for development of myocardial 

injury and diastolic dysfunction. Higher severity grades of OSA are associated with higher 

levels of serum hs-cTnI and greater diastolic dysfunction. Frequent episodes of hypoxemia 

and/or apnoea causing chronic myocardial injury and diastolic dysfunction may be the 

underlying a pathogenetic mechanisms of heart failure in patients with OSA.
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Fig. 1. 
Flow chart showing enrolment of patients in the study.

Abbreviation: OSA; Obstructive sleep apnea, PSG; Polysomnography
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Fig. 2. 
Scatter plot shows the correlation between different cardiac variables and AHI. (A) positive 

correlation (ρ = 0.3244, p = 0.04) between AHI events per hour and mitral E/e' ratio; (B) 

positive correlation (ρ = 0.3244, p = 0.04) between AHI events per hour and hs-cTnI. (C) 

positive correlation (ρ = 0.58, P < 0.001) between T Sat 90% and hs-cTnI. hs-cTnI: high-

sensitivity cardiac troponin T; AHI: apnea hypopnea index; T Sat 90%: Total sleep time with 

SaO2 < 90%.
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Fig. 3. 
Association between diastolic dysfunction grades and severity grades of OSA. OSA: 
obstructive sleep apnoea.
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