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Abstract

Abstract: Background: This meta-analysis assessed the relationship between Obstructive Sleep Apnea (OSA) and echocardio-
graphic parameters of diastolic dysfunction (DD), which are used in the assessment of Heart Failure with Preserved Ejection
Fraction (HFpEF). Methods: We searched the databases including Ovid MEDLINE, Ovid Embase Scopus, Web of Science,
Google Scholar, and EBSCO CINAHL from inception up to December 26th, 2020. The search was not restricted to time,
publication status or language. Comparisons were made between patients with OSA, diagnosed in-laboratory polysomnog-
raphy (PSG) or home sleep apnea testing (HSAT), and patients without OSA in relation to established markers of diastolic
dysfunction. Results: Primary search identified 2512 studies. A total of 18 studies including 2509 participants were included.
The two groups were free of conventional cardiovascular risk factors. Significant structural changes were observed between the
two groups. Patients with OSA exhibited greater LAVI (3.94 CI [0.8, 7.07]; p=0.000) and left ventricular mass index (11.10
CI [2.56,19.65]; p=0.000) as compared to control group. The presence of OSA was also associated with more prolonged DT
(10.44 ms CI [0.71,20.16]; p=0.04), IVRT (7.85 ms CI[4.48, 11.22]; p=0.000), and lower E/A ratio (-0.62 CI [-1,-0.24]; p=0.001)
suggestive of early DD. The E/e’ ratio (0.94 CI[0.44, 1.45]; p=0.000) was increased. Conclusion: An association between OSA
and echocardiographic parameters of DD was detected that was independent of conventional cardiovascular risk factors. OSA
may be independently associated with DD perhaps due to higher LV mass. Investigating the role of CPAP therapy in reversing
or ameliorating diastolic dysfunction is recommended.
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Abstract:

Background: This meta-analysis assessed the relationship between Obstructive Sleep Apnea (OSA) and
echocardiographic parameters of diastolic dysfunction (DD), which are used in the assessment of Heart
Failure with Preserved Ejection Fraction (HFpEF).

Methods: We searched the databases including Ovid MEDLINE, Ovid Embase Scopus, Web of Science,
Google Scholar, and EBSCO CINAHL from inception up to December 26th, 2020. The search was not
restricted to time, publication status or language. Two independent investigators screened the identified
studies and extracted the data, in duplicate. We conducted a meta-analysis using RevMan v.5. Risk of
bias was assessed using Cochrane collaboration tools. Comparisons were made between patients with OSA,
diagnosed in-laboratory polysomnography (PSG) or home sleep apnea testing (HSAT), and patients without
OSA in relation to established markers of diastolic dysfunction.

Results:

Primary search identified 2512 studies. A total of 18 studies including 2509 participants were included.
The two groups were free of conventional cardiovascular risk factors. Significant structural changes were
observed between the two groups. Patients with OSA exhibited greater LAVI (3.94 CI [0.8, 7.07]; p=0.000)
and left ventricular mass index (11.10 CI [2.56,19.65]; p=0.000) as compared to control group. The presence
of OSA was also associated with more prolonged DT (10.44 ms CI [0.71,20.16]; p=0.04), IVRT (7.85 ms
CI[4.48, 11.22]; p=0.000), and lower E/A ratio (-0.62 CI [-1,-0.24]; p=0.001) suggestive of early DD. The
E/e ratio (0.94 CI[0.44, 1.45]; p=0.000) was increased. Linear correlation between severity of OSA and
LAVI and IVRT parameters was observed but this association did not sustain for the E/A and E/e’. The
ejection fraction was not significantly different between patients with OSA and healthy controls (-0.48 CI
[1.18,0.23]; p=0.18).

Conclusion: An association between OSA and echocardiographic parameters of DD was detected that
was independent of conventional cardiovascular risk factors. OSA may be independently associated with
DD perhaps due to higher LV mass. Investigating the role of CPAP therapy in reversing or ameliorating
diastolic dysfunction is recommended.

Introduction:

Diastolic heart failure, or heart failure with preserved ejection fraction (HFpEF) accounts for approximately
50% of all heart failure and it is associated with increased morbidity and mortality similar to systolic heart
failure (1). It has been suggested that DD is the result of a response to systemic inflammation predisposed
by multiple comorbidities such as obesity, hypertension, and diabetes that may lead to remodeling of the



myocardium, signaling dysfunction and finally cardiomyocyte hypertrophy, myocardial stiffness and progres-
sive interstitial fibrosis (2). Noteworthy, DD has been found to be an independent predictor of mortality in
patients with normal left ventricular ejection fraction (1). Therefore, the early detection of susceptible per-
sons and the identification of new risk factors for DD and HFpEF and attempting to control such conditions
is crucial for the management of these patients.

Although observational data suggest a bidirectional relationship between obstructive sleep apnea (OSA) and
HFpEF (3), it remains unknown whether this association is due to OSA itself or is mediated by the higher
burden of co-existing cardio-metabolic disorders frequently seen in OSA patients.

OSA is a chronic respiratory sleep disorder characterized by repetitive apnea/hypopnea episodes induced
by narrowing of the upper airway during sleep. The intermittent episodes of hypoxemia and sympathetic
overdrive shown to be associated with these apneas and hypopneas lead to endothelial dysfunction, systemic
inflammation, oxidative stress, arterial hypertension exerting deleterious effects in the cardiovascular system.
OSA has been associated with increased risk for coronary artery disease, heart failure, arrhythmias, and
pulmonary hypertension (4).

Although previous studies have suggested an association between OSA and DD, the majority of them were
limited by the retrospective nature, small sample size, and the high prevalence of clinical confounders in-
cluding hypertension, obesity, and diabetes that these patients exhibit. Therefore, in this meta-analysis we
sought to investigate the correlation between DD and OSA in patients free of conventional cardiovascular
risk factors.

Methods:
Literature search and data sources

This systematic review and meta-analysis were executed using a preplanned protocol. The results were
reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines(5). An electronic search with the assistance of a librarian was conducted. We searched the
databases including Ovid MEDLINE, Ovid Embase Scopus, Web of Science, Google Scholar, and EBSCO
CINAHL from inception up to December 26th, 2020 were queried. The search was not restricted to time,
publication status or language. Moreover, the references as well as studies related to first author and
corresponding author of included studies were hand-searched for other relevant studies. We used Medical
Subject Headings (MeSH) terms with keywords sleep apnea, sleep-disordered breathing, hypoventilation
disorder/disease, DD and heart failure with preserved/normal ejection fraction. (Figure 1) shows details. We
included randomized and quasi-randomized designs, pre-post trials, cross-sectional studies, and observational
studies.

Study selection and quality assessment

Two reviewers (MA and AK) screened independently and blindly the potential eligibility of each of the
abstracts and titles that result from executing the search strategy using a systematic review software (Covi-
dence, London, UK). The reviewers evaluated the abstracts for inclusion and exclusion criteria, in case that
all are not disclosed in abstract methods, the study was classified as potentially eligible and the complete
article was examined to determine inclusion. Subsequently, disagreements were solved by consensus. Then,
both reviewers evaluated the full text versions of all potentially eligible studies. Inclusion criteria are: (1)
studies contains data of echocardiographic parameters in two groups; group with sleep apnea disorder and a
control group (2) studies with data of echocardiographic parameters in different groups with varying sleep
apnea severity.

Echocardiographic parameters needed for inclusion were prespecified according to the update published in
2016 by the American Society of Echocardiography (ASE) and the European Association of Cardiovascular
Imaging (EACVI) for the evaluation of Left Ventricular Diastolic Function by Echocardiography(6). Any
study with at least one parameter was included. The parameters commonly found were mitral valve decelera-
tion time, isovolumic relaxation time, the ratio of early mitral inflow velocity to mitral annular early diastolic



velocity E/e’, left atrial volume index (> 34 mL/m2), the ratio of early to late mitral inflow velocities E/A
( > 14), and left ventricular mass index.

Diagnosis of sleep apnea was considered according to the guidelines of American Academy of Sleep Medicine
Clinical Practice Guideline (7). The sleep disorder group consisted of symptomatic patients who had an in-
laboratory polysomnography (PSG) or home sleep apnea testing (HSAT) confirmation of sleep apnea with
an apnea hypopnea index (AHI) greater than 5.

Data extraction

Data extraction was done by two reviewers (MA, FS) with discrepancies resolved by consensus. Data
included: first author, date of publishing, eligibility criteria, methods, risk of bias assessment, participants,
intervention and control groups, outcomes, and results (dichotomous or continuous outcomes). Original
authors were contacted, if needed, for non-published or incomplete data.

Statistical analysis

The meta-analysis was performed using Review Manager, version 5 (Cochrane Collaboration). Mean differ-
ences were evaluated along with 95% confidence intervals (95% ClIs). All parameters were summarized using
the random-effects model. Heterogeneity, Cochran’s Q, tau-squared test, and 12 index were assessed for each
study. Risk of bias was assessed using Cochrane collaboration tools.

Results:

Our primary search identified potentially eligible 2512 studies. After the removal of duplicates and screening
of titles and abstracts, 54 studies underwent full -text review. After screening references and authors, a
total of 18 studies met all eligibility criteria and were included in our meta-analysis. 2509 participants were
included. (Figure 2)(7-23)

Patient Characteristics

The mean age and Body Mass Index (BMI) showed no statistical difference between the obstructive sleep
apnea patients (58.8+11 years; 29.1245.11, respectively) and the control group (55.06+11 years, 26.7+4.4
respectively), (p>0.05). Demographic data, blood pressure, diabetes and lipid profile of the participants are
summarized in Table 1.

Relation with DD

For DD echocardiographic parameters, OSA group had higher values in deceleration time than the control
group (10.44 ms CT [0.71,20.16]; p=0.04). Isovolumic relaxation time was statistically prolonged in OSA
group (7.85 ms CI [4.48, 11.22]; p=0.000). The ratio of early mitral inflow velocity to mitral annular early
diastolic velocity E/e’ (0.94 CI[0.44, 1.45]; p=0.000) and left atrial volume index (3.94 CI [0.8, 7.07]; p=0.000)
were significantly higher in OSA group. The ratio of early to late mitral inflow velocities (E/A ratio) was
significantly lower in the OSA group compared to the control group (-0.62 CI [-1,-0.24]; p=0.001). The
LV mass index was also higher in OSA group compared to control group (11.10 CI [2.56,19.65]; p=0.000).
Additionally, the systolic pulmonary artery pressure (mmHg) was significantly higher in OSA group (8.06 CI
[0.94,15.17]; p=0.03). The left ventricular ejection fraction was not significantly different between patients
with OSA and controls (-0.48 CI [-1.18,0.23]; p=0.18). Forest plots are shown in Figure 3.

Relation between OSA severity and the degree of diastolic dysfunction

Isovolumic relaxation time was significantly longer in severe vs mild OSA (mean difference 9.69 ms CI [5.16,
14.23]). The E/¢’ ratio was not significantly different between mild vs control but was higher in moderate to
severe OSA vs control (1.62 [0.06, 3.18]). Left ventricular mass was significantly higher in moderate to severe
vs mild OSA (16.25 g [10.26, 22.23]). Although not statistically significant there was a trend towards inverse
relationship between E/A ratio and severity of OSA, such that patients with more severe degree of sleep
apnea had lower E/A ratio. Patients with moderate to severe sleep apnea tended to have greater LAVT as
compared to controls or those with mild OSA but this association was not statistically significant. There was



a trend toward higher left atrial volume index in both mild OSA vs control (1.71 [0.16, 3.26]) and moderate
to severe vs control (5.49 [2.33, 8.64]) but the differences were not statistically significant. Forest plots are
shown in Figure 4.

Discussion

To our knowledge this is the largest to date meta-analysis investigating the relationship between OSA and
echocardiographic parameters of DD. An association between obstructive sleep apnea DD parameters was
demonstrated which was independent of other risk factors.

Although cumulative data from observational studies have linked OSA with increased risk of DD, it has been
argued that this association is driven mainly by the significant burden of cardiovascular risk factors observed
in patients with OSA. To overcome this argument, we only included studies in which OSA patients were free
from major cardiac risk factors. Therefore, our study results suggest a direct relationship between OSA and
DD.

Of the numerous echocardiographic parameters mentioned, the American society of echocardiography (ASE)
guidelines gives prominence to that the mitral inflow velocity ratios of E/A, e as an estimation of LV filling
pressure, left atrium volume index (LAVI), tricuspid regurgitation velocity and deceleration time in the
assessment of the presence of DD. Two principal mechanisms are responsible for DD including impaired
ventricular relaxation and increased passive myocardial stiffness (or decreased compliance). In grade I DD,
there is impaired relaxation due to increased stiffness of the left ventricular chamber, resulting in slow early
diastolic filling. LV relaxation is affected by load, inactivation, and asynchrony. Increased LV afterload leads
to delayed and slow relaxation (6).

Sleep related breathing disorders including OSA exert a wide range of deleterious cardiovascular effects via
direct and indirectly mechanisms. The repetitive episodes of apnea or hypopnea are associated with inter-
mittent hypoxia, hypercapnia, increasingly negative intrathoracic pressure and sympathetic overdrive which
all adversely affect the cardiovascular system. The hemodynamic and metabolic sequela of OSA result in en-
dothelial dysfunction, increased inflammation, atherogenesis, hypertension, arrhythmias, and increased left
ventricular transmural pressures. The combination of increased afterload and elevated heart rate contribute
to left ventricular hypertrophy. Patients with OSA have been found to have increased levels of catecholamines
and aldosterone suggesting activation of the renin-angiotensin-aldosterone axis (RAAS system), through the
sympathetic overdrive, which in turn leads to cardiac fibrosis and remodeling contributing to impairment of
myocardial relaxation, left ventricular stiffness and consequently to DD(3).

In agreement with the results of our analysis is the study by Butt et al (12) who provided a comprehensive
assessment of LV structural and functional parameters using 2D and 3D echocardiography in moderate-
severe OSA patients who were free of other concomitant confounder morbidities. The study included 120
otherwise healthy subjects with no evidence of cardiovascular disease, dyslipidemia or diabetes mellitus and
were stratified into 3 groups based on the severity of sleep apnea and the presence of hypertension. The
OSA group which included patients with AHI >15 and no hypertension (n=40) were compared with matched
disease control subjects who had essential hypertension but no OSA (N=40) and healthy control subjects who
had neither hypertension nor OSA (N=40). It was demonstrated that patients with OSA and hypertension
compared to the healthy subjects had higher left ventricular mass index and impaired systolic (decreased
S systolic velocity) and diastolic function (E/A, IVRT, and E/e’). OSA patients were also found to have
greater LAVI and lower ejection fraction as assessed by 3D echocardiography. Therapy with CPAP (mean
duration of 6 months) resulted in significant structural changes (reduction in the LV mass and PWT/IVST)
and improvement on the echocardiographic parameters of systolic and diastolic function.

On the contrary Kim et al (18) in a similar study with 62 patients classified into 3 groups (mild to moderate
OSA, severe OSA, and control subjects) failed to detect significant correlation between OSA and DD. It
was found that patients with OSA had decreased early diastolic velocity compared to control subjects but
otherwise no differences in terms of E/A, isovolumic relaxation time, deceleration time, and pulmonary vein
systolic/diastolic pulmonary vein velocity ratio were detected among the groups. Masa JF in a prospective



study enrolled 196 patients with obesity hypoventilation syndrome and concomitant OSA treated with either
NIV or CPAP. It was demonstrated that NIV and CPAP therapies improved left ventricular DD, reduced
left atrial diameter, and pulmonary artery pressures at 3 years suggesting an association between sleep apnea
and DD.

The prevalence of OSA has increased substantially in the past decade and it is expected to continue to
rise due to the obesity epidemic, yet it is believed that OSA remains underdiagnosed (3). A major reason
for underdiagnosis is that most patients with heart failure (HF) and sleep disordered breathing (SDB) do
not complain of daytime sleepiness despite having significantly less sleep time. Another important factor
that is that HF by itself or standard medications like beta-blockers in the treatment of HF can also cause
fatigue masking SDB symptoms and thus offering an alternative to SDB leading to its underdiagnosis. This
highlights the need to adopt a low threshold to test for sleep apnea in the context of HF.

With the increasing number of patients with HFpEF and the continued focus on reducing the rate of associ-
ated hospital admissions, comprehensive assessment of diastolic parameters and evaluation for those patients
with HFpEF is an important aspect of cardiac testing. While all those with DD may not have HFpEF, when
present this portends a worse prognosis. Grading of diastolic function is an important predictor of outcome.
Longitudinal studies have shown an increased rate of all-cause mortality in patients with DD (24). Redfield
and associates demonstrated an increased mortality risk in patients with DD when controlled for age, sex,
and EF (25).

Therefore, it appears the early recognition of DD and HFpEF would be of clinical value, leading to more
aggressive prevention and therapeutic strategies to ameliorate HF related symptoms or reduce disease pro-
gression. The association between OSA and DD underscores the need for increased level of awareness of
such association among clinicians, and to have a low threshold for echocardiographic assessment of diastolic
function.

To date the treatment of DD is treatment of the underlying etiology. The potential cardioprotective effects
of CPAP or other therapy for OSA may offer a therapeutic tool for the treatment of DD in patients with
OSA.

Limitations

Several limitations should be addressed when interpreting our results. First, our analysis consists of ob-
servational, non-randomized studies, which have inherent flaws in terms of selection bias and unmeasured
confounders. Second, the current meta-analysis is based on study-level data; lack of patient level data
precludes further subgroup analysis. Third, the lack of clinical outcomes limits conclusions regarding the
long-term implications of this association. Fourth, there was significant heterogeneity among studies for
many end point definitions such as OSA definition, severity, echocardiographic definition of DD. Fifth, the
number of studies examining the correlation between DD and severity of sleep apnea were limited therefore
definitive conclusions with regards to the association between DD and OSA severity would be precarious. In
spite these limitations, the results of the present study can be used to inform future studies.

Conclusion

In our meta-analysis an association between OSA and DD was detected that appears independent of conven-
tional cardiovascular risk factors. Investigation of OSA in HFpEF patients and conversely echocardiographic
testing in OSA patients to screen for HFpEF is recommended. On the other hand, early application of OSA
treatments might lead to more favorable outcomes in this therapeutically challenging clinical setting. Large
prospective studies are warranted to demonstrate whether this approach confers more optimal long-term
clinical outcomes.



Search terms:

SEARCH STRATEGY: obstructive sleep apnea, obstructive sleep apnea syndrome, OSAHS, sleep apnea,
sleep-disordered breathing, OSA, hypoventilation disorder, hypoventilation disease, obesity
hypoventilation disorder, Sleep Apnea Hypopnea Syndrome, obesity hypoventilation disease, Sleep Apnea
Hypopnea disorder, Sleep Apnea Hypopnea disease, Upper Airway Resistance Sleep Apnea Syndrome,
Heart failure, HF, heart failure with preserved ejection fraction, heart failure with normal ejection fraction,
HFpEF, diastolic heart failure, heart failure with diastolic disease, heart failure with diastolic disorder,
heart failure with diastolic dysfunction.

[ obstructive sleep apnea OR obstructive sleep apnea syndrome OR OSAHS OR sleep apnea OR sleep-
disordered breathing OR OSA OR, hypoventilation disorder OR hypoventilation disease OR, obesity
hypoventilation disorder OR Sleep Apnea Hypopnea Syndrome OR obesity hypoventilation disease OR
Sleep Apnea Hypopnea disorder R Sleep Apnea Hypopnea disease OR Upper Airway Resistance Sleep
Apnea Syndrome]

AND

[Heart failure OR HF OR heart failure with preserved ejection fraction OR heart failure with normal
ejection fraction OR HFpEF OR diastolic heart failure OR heart failure with diastolic disease OR heart failure
with diastolic disorder OR heart failure with diastolic dysfunction]

Figure 1: Medical Subject Headings (MeSH) terms with keywords used for systematic review.

Total Publications Identified from Search
(n=2512)

Duplicated Removed (n=10)

Potentially Relevant Records Screened By
Title and Abstracts (n=2502)

Records Excluded (n=2448)

Full Text Record Retrieved
(n=54)

Records Excluded (n=36)

Studies Included in Final Analysis
(n=18)

Figure 2: PRISMA flowchart describing the study’s systematic literature search and study selection.
(in Excel sheet)



Tablel: Studies Characteristics and Demographic data of the participants.
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Forest plot of Odd ratios of left ventricular ejection fraction (LVEF) OSA vs non OSA.
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Forest plot of comparison: 1 HFpEF in OSA vs non OSA, outcome: 1.10 LVMI (left ventricular mass index)
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Forest plot of comparison: 1 HFpEF in OSA vs non OSA, outcome: 1.13 LAVI (left atrial volume in-

dex)(ml/m2).
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Forest plot of comparison: 1 HFpEF in OSA vs non OSA, outcome: 1.14 E/A (ratio between diastolic early
and late diastolic mitral inflow velocities).
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Forest plot of comparison: 1 HFpEF in OSA vs non OSA, outcome: 1.15 DecT (deceleration time) (ms).
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Forest plot of comparison: 1 HFpEF in OSA vs non OSA, outcome: 1.16 IVRT (isovolumic relaxation
time)(ms).
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Forest plot of comparison: 1 HFpEF in OSA vs non OSA, outcome: 1.17 E/e’ (ratio between early diastolic

mitral inflow velocity and early diastolic annular velocity).
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Forest plot of comparison: 1 HFpEF in OSA vs non OSA, outcome: 1.18 SPAP ( systolic pulmonary artery
pressure (mmHg).

o SE(MD)

MD

Funnel plot of comparison: 1 HFpEF in OSA vs non OSA, outcome: 1.1 LVEF.
Figure 3: Relationship between OSA and Echocardiographic parameters.

(In a separate word file)

Figure 4: Relationship between OSA severity and Echocardiographic parameters.
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