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Abstract

Central sleep apnea (CSA) rather than obstructive sleep apnea (OSA) is widely believed to be the dominant form
of sleep apnea (SA) in patients with heart failure (HF). Hitherto, no study has characterized sleep disordered
breathing (SDB) in Indian subjects with heart failure and evaluated its impact on severity of HF, which this study
attempts to do. A retrospective data-analysis was done in 65 consecutive patients with stable mild-to-moderate HF
referred for evaluation on the basis of fatigue and excessive daytime somnolence (EDS) regarded by the institute’s
cardiologists. Patients with ejection fraction (EF) <565% or LV fractional shortening of 28% were included in the study.
PSG was scored according to current AASM recommendations. Based on the Apnea-Hypopnea Index (AHI), OSA
was classified as mild (AHI:5-15), moderate (AHI: 15-30) and severe (AHI: >30). HF was arbitrarily classified as mild
(EF:<35%) moderate (EF:35-45%) and severe (EF:45-55%). OSA emerged as the exclusive form of SA (95.4%;
n=65) and was more severe in males. Patients with more severe HF tended to be less obese, and interestingly to
have less severe OSA. In contrast to Western literature, OSA seems to be by far the most prevalent form of sleep
apnea in Indian subjects with HF. HF mortality is known to be high in underweight individuals yet, persons with
severe HF are often less obese and partly by reason of a lower BMI, appear to be relatively protected against severe
OSA and severe nocturnal hypoxemia. This study thus raises important and intriguing questions which merit further
enquiry.
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Introduction

Heart Failure (HF) is now considered to be an epidemic. The burden
of HF may be underestimated, since population-based studies suggest
that a substantial portion of those with systolic dysfunction are
asymptomatic [1]. Importantly, even in the absence of symptoms
impaired ventricular function is associated with an increased mortality
risk and this is an often under-recognized fact [2].

However, the mechanisms of heart failure as broadly understood are
primarily based on the information acquired during the wakefulness
state: a better understanding of the nocturnal events impacting upon
heart failure is required.

Patients with HF sleep fewer hours and suffer from interrupted
sleep and intermittent hypoxia which is a hallmark feature of sleep
apnea [3,4].

Sleep apnea is part of the spectrum of disorders characterized by
abnormal breathing during sleep, which range from intermittent to
persistent snoring, upper airway resistance syndrome and obesity
hypoventilation syndrome (OHVS) [5].

Sleep Apnea is classified into Obstructive Sleep Apnea (OSA/OSAS),
Central Sleep Apnea (CSA) or Mixed Sleep Apnea [6]. Obstructive
apneas and hypopneas result from complete or partial collapse of a

narrowed pharynx, respectively, whereas central apneas and hypopneas
arise from reductions in central respiratory drive.

Sleep apnea and heart failure share a bidirectional relationship, each
worsening the outcome of the other. At least 50% of patients with HF
have OSA or CSA, both of which are capable of disrupting the normal
restorative effects of sleep on the cardiovascular system [7].

OSA is far more common in the general population than is CSA. It
is also an important denominator in cardiac disease. Emerging data
suggest that cardiac function influences upper airway patency in OSA
by myriad intermediary mechanisms such as ventilatory drive changes,
alterations in circulation time, peri-pharyngeal edema and neuro-
humoral control [8].

On the other hand sleep apnea (both obstructive and central) can
potentially exacerbate heart failure by exposing the heart to
intermittent hypoxia, sympathetic activation and vascular endothelial
dysfunction, increased preload and afterload.

Given the prevalence and public health burden of both sleep-
disordered breathing and HE the implications for effective treatment
of these often comorbid conditions are enormous [9].

Therefore, the purpose of this study is twofold: to determine the
prevalence of dominant type of sleep apnea in patients with HF
referred to our sleep laboratory; and to determine the impact of
severity of HF with severity of sleep apnea.
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Materials and Methods

Study protocol

76 consecutive patients with congestive heart failure referred to the
Department of Pulmonary Medicine of this institute for suspected
sleep disordered breathing (SDB) by cardiologists we're taken up for
the study. 6 patients declined participation; 5 patients did not
participate as there were already on therapy for OSA. 65 patients were
enrolled in the study and underwent polysomnography.

Data on demographic characteristics, medical history, medication
use and other habits were obtained with the use of a standardized
questionnaire before the initiation of overnight polysomnography.
Each patients height and weight were recorded, and the body-mass
index (BMI) calculated.

Sleep-history data which included a validated measure of daytime
sleepiness (the Epworth Sleepiness Scale), fatigue score and self-
reported habitual snoring (defined as loud snoring occurring
“frequently” or “constantly”) were obtained. Most interviews were
attended by the patient’s spouse or a close relative staying at home.

Clinical data included any history of hypertension, atrial fibrillation
(or other arrhythmias), diabetes mellitus or hyperlipidemia-either
reported by the patient on the baseline medical questionnaire, or noted
by the referred physician.

The Study was approved by the Institutional Ethics Committee,
Deccan College of Medical Sciences, Hyderabad and informed consent
was taken from all the participants.

Inclusion criteria and exclusion criteria

Patients with an ejection fraction (EF) that was below normal limits
(<55%) who were considered clinically stable for out-patient
evaluation and treatment were included in the study.

Patients with unstable angina, acute pulmonary oedema congenital
and valvular heart disease, and those patients with heart failure who
were considered too sick to undergo evaluation were excluded from
the study.

Cardiac assessment

Left ventricular ejection fraction (LVEF) recorded within 6 months
of the diagnostic sleep study was used as an objective measure of
cardiac function. The LVEF was determined at rest during the daytime
while patients were awake, using 2-D echocardiography.

The quantitation and reporting of LVEF were performed by
personnel who were not aware of the patients sleep study findings.

Systolic heart failure was defined by:

o Left ventricular ejection fraction (LVEF) of 55%, which was
measured by either nuclear angiography or an echocardiography

o Left ventricular fractional shortening of 28% as measured by
echocardiography [10]. HF was arbitrarily classified as mild
(EF:<35%) moderate (EF:35-45%) and severe (EF:45-55%).

Assessment of obstructive sleep apnea

A standard full-night diagnostic PSG was performed in each
subject. Bedtime was left to each subject’s individual choice, and at
least 7 hours recording time was obtained. Data were collected from an

electroencephalogram, a bilateral electro-oculogram, a submental
electromyogram, and an electrocardiogram.

Data analyses were collected using a 16-channel computerized sleep
system. Total sleep time was defined as the time from the first to last
recorded sleep period, excluding wakefulness.

OSA were classified according to apnea-hypopnea index (AHI)
values: AHI <5: normal, AHI 5-15: mild, AHI 15-30: moderate, AHI
>30: severe [11]. Based on WHO classification of BMI (kg/m?),
patients were divided into 4 categories: normal (BMI range
18.50-24.99), overweight (BMI 25-29.99), obese (BMI 30-39.99), and
morbid obese (BMI > 40) [12].

Statistical analysis

Student’s t-test was used to compare mean values at baseline among
the OSA group with those in the control group. Categorical data were
compared with the use of the 2 paired t test. Pearson’s coefficient was
used to evaluate the association between normally distributed
continuous variables; Spearman rank correlation test was used to
evaluate the association between nonparametric variables. Data were
expressed as mean + SD. Significance was defined as p value of <0.05.
All statistical tests were performed with the uses of SPSS version-18
and ORIGIN Pro8.0 software’s.

Results

A total of 77 consecutive patients were referred to the sleep center
during this study period, of whom, 65 patients were eligible to
participate in the sleep study, 11 patients were deemed ineligible for
various reasons. Table 1 shows the demographic and other relevant
data of study population. OSA was found to be the most dominant
form of SDB in 95.4% patients and 4.6% were found to have CSA; none
of the patients, however, were found to have mixed SA. The mean + SD
of AHI was 31.5 £ 17.6 and the distribution of patients that were
classified as mild, moderate and severe OSA (with respect to the AHI
criteria discussed above), was 23%, 35.4%, and 27%, respectively. Based
on WHO classification of BMI (kg/m?), 21.5% of patients had BMI
within normal range (18.50-24.99), 27.7% were overweight (BMI
25-29.99), 46.2% were in obese category (BMI 30-39.99), and 4.6%
were morbidly obese (BMI>40). 2.3% of patients in the study group
were found to have mild heart failure (EF:<35%), 60% moderate (EF:
35-45%) and 27.7% severe (EF:45-55%) heart failure respectively.
Gender specific demographic data is illustrated in Table 2. The OSA
was more severe in males. The mean + SD age in males was 55.2 + 7.7
and 59.4 + 8.4 years in females respectively. BMI was found to be 31.09
+ 6.82 in males whereas in females it was 28.88 + 5.7.

Through the correlation between AHI and BMI among the study
population after controlling for gender and heart failure was
statistically not significant (r=0.223, p=0.08), a step-ladder incremental
trend was noticed in median AHI among BMIs (Normal=15,
overweight/obese=30 and morbidly obese 3) (Figure 1). The
comparative analysis of severity of heart failure in association with
AHI and HF category is shown in Figure 2. There was highly
significant association found between BMI category and Heart failure
category (x*(df=3)=22.938, p=0.000). Those study subjects (in contrast
to overweight and obese category) who had a normal BMI were
incidentally found to be having high AHI and the most severe heart
failure among the subjects studied (Figure 2).
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Parameters Mean * SD Number (%)
Age (years) 56+8
Body Mass Index (kg/m?2)
BMI Category Normal 30.51 £6.58 14 (21.5%)
Overweight 18 (27.7%)
Obese 30 (46.2%)
Morbid obesity 3 (4.6%)
Heart failure category Mild 8 (12.3%)
Moderate 39 (60%)
Severe 18 (27.7%)
Apnea Hypopnea Index (Events/hour)
AHI Category (Events/hour) Mild 31.5+17.6 15 (23%)
Moderate 23 (35.4%)
Severe 27 (41.5%)
Sleep-disordered breathing Mixed sleep apnea 0
Central sleep apnea 3 (4.6%)
Obstructive sleep apnea 62 (95.4%)
Mean £ SD
Sleep Efficiency (%) 75.3+13.1
Apneas (Events/hour) 43 £ 35
Hypopneas (Events/hour) 106 + 66
Apnea REM (Events/night) 14
Apnea NREM (Events/night) 11 +£12
Hyponea REM (Events/night) 5+8
Hyponea NREM (Events/night) 101+ 68
Wake-after-sleep Onset (min) 85.8+49.4
Lowest O, saturation (%) 79+10
Table 1: Demographic characteristics of participants.
Gender
Parameters
Male Female
Mean + SD Number (%) Mean £ SD Number (%)
Age (years) 552+7.7 59.4+84
Body Mass Index (kg/m?)
BMI Category Underweight 31.09 £ 6.82 0 0
28.88 +5.7
Normal 8 (16.7%) 6 (35.3%)
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Overweight 16 (33.3%) 2 (11.8%)
Obese 21 (43.8%) 9 (52.9%)
Morbid obesity 3 (6.3%) 0

Heart failure category Mild 5(10.4%) 3 (17.6%)
Moderate 27 (56.3%) 12 (70.6%)
Severe 16 (33.3%) 2 (11.8%)

Apnea Hypopnea Index (Events/hour)

AHI Category (Events/hour) Normal 0 0
Mild 11 (22.9%) 4 (23.5%)
Moderate 15 (31.3%) 8 (47%)
Severe 33.2+17.7 22 (45.8%) 26.9+17.1 5(29.4%)

Sleep-disordered breathing Mixed 0 0
Central sleep apnea 2 (4.2%) 1(5.9%)
Obstructive sleep apnea 46 (95.8%) 16 (94%)

Mean * SD
Sleep Efficiency (%)
746 £13.6 774+11.4

Apneas (Events/hour) 45 + 37 3929

Hypopneas (Events/hour) 114 + 66 82 + 60

Apnea REM (Events/night) 25 1£2

Apnea NREM (Events/night) 13+12 8+ 11

Hyponea REM (Events/night) 5+9 36

Hyponea NREM (Events/night) 110 £ 68 74 + 61

Wake-after-sleep Onset (min) 90.0 £50.8 742 +445

Lowest O, saturation (%) 78.8 £ 11 785+7.7

Table 2: Gender specific demographic data.
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Figure 1: Changes in mean Apnea-Hypopnea Index in accordance
with BMIL.
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Figure 2: Analysis of severity of heart failure in accordance with
BMI and AHIL

Discussion

Sleep-related breathing disorders are highly prevalent in patients
with established cardiovascular disease [13]. It has relatively recently
been recognized that obstructive and central sleep apnea are both
common in heart failure, and may participate in its progression by
exposing the heart to intermittent hypoxia, increased preload and
afterload, sympathetic activation and vascular endothelial dysfunction.
As well it has been acknowledged that effective treatment of sleep
apnea in patients with heart failure may reverse these detrimental
effects, while alleviating symptoms of sleep apnea. SDB in the context
of heart failure in Indian patients has not been well characterized.

In general, the symptoms of CSA are witnessed apneas without
significant snoring, insomnia and fatigue. Since CSA patients generally
have relatively severe heart failure, symptoms such as orthopnea,
paroxysmal nocturnal dyspnea are present as well [14]. On the other
hand the defining symptom of OSA is loud snoring, which along with
witnessed apneas, excessive daytime somnolence, fatigability and
decreased cognition completes the constellation of the OSA syndrome
[15].

The objectives of this study were to assess the characteristics of heart
failure patients with regard to the prevalence of dominant type of sleep
apnea whether OSA/CSA or Mixed SA. The impact of the severity of

heart failure on the severity of sleep apnea was studied and the results
were compared with those of similar studies available in the literature.

The mean (+ SD) age of the study population was 56 + 8 years. The
most dominant events in sleep were found to be the obstructive event
in both males and females when compared to central and mixed events
(Table 2). In other words, obstructive sleep apnea was by far the
dominant sleep apnea. This finding contradicts the popular notion that
central rather than obstructive sleep apnea is the dominant form of
sleep apnea in heart failure, a finding that has been hitherto supported
by a wealth of literature [16-18]. Thus, the present study challenges the
previous paradigm that CSA is the most common sleep apnea in heart
failure.

However these results were in accordance with previous studies
carried out by who also showed OSA as the dominant sleep in heart
failure patients [7,19-21].

Sin et al carried out study in 450 men and women with congestive
heart failure at the Sleep Research Laboratory of the Toronto
Rehabilitation Institute and the Departments of Medicine, The Toronto
Hospital and Mount Sinai Hospital, University of Toronto, Toronto,
Ontario, Canada to assess the risk factors for central and obstructive
sleep apnea and found that OSA was the dominant sleep apnea.

Similarly Ferrier et al. carried out studies in 87 patients at WellSleep,
Sleep Investigation Centre, Wellington School of Medicine, New
Zealand in 55 male patients at sleep lab in Central London and in 218
patients at the Heart Failure Clinic of the Mount Sinai Hospital and all
found that sleep disordered breathing was common in heart failure
patients, with OSA being the dominant form [19-20]. Thus, the
growing literature reflects that the dominance of OSA in heart failure
is not restricted to one part of the globe. The above studies were
carried out exclusively in Caucasian dominant populations. This study
addresses for the first time the sleep apnea profile in Indian patients
with heart failure.

In this study, it was found that the association of OSA in heart
failure was more common in men than women who again are
consistent with the study carried out by the following authors: Sin et al.
had carried out studies in 450 patients of which 382 were males (85%),
Ferrier K et al. had 87 patients of which 77% were males. Yumino D et
al. had 218 patients in which predictors of OSA and CSA were males.

In 2006, a population-based survey from North India had estimated
the overall prevalence of OSA in the screened population was 13.7%
and that of OSAS was 3.57%. (males 19.7% and females 2.1%
respectively in the general population [22]. Recently, prevalence and
risk factors of OSAS in different socio- economic classes in an urban
Indian population have been reported from South Delhi. The authors
observed a prevalence of OSA to be 9.3% and OSAS to be 2.8%. The
prevalence of OSA and OSAS in males was 13.4% and 4% respectively
whereas in females, these were 5.6% and 1.5% respectively. Thus, the
prevalence of OSA in the Indian population is three-fold higher in
men as compared to women [23].

The incidence of OSA increases with age; however age is not an
independent risk factor for the OSA. The mean (+ SD) age of the study
population was 56 + 8 years. The mean age of males was 55.2yrs and
females were 594.

In this study about 23% of patients had mild AHI, 35.4% of patients
had moderate AHI and 41.5% of patients had severe AHI, reflecting
the strong association of AHI with the severity of incident heart failure
(Table 1 and Figure 2).
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Patients that belong to obesity class 1 (the less obese patients)
constitute the majority of heart failure patients. Thus the prevalence of
relatively severe obesity in heart failure patients in this study was not
very high, most patients being only mildly obese. Most of the patients
with moderate and severe AHI abnormality fell into obesity Class-1.
Heart failure patients frequently lose muscle weight due to low cardiac
output and a consequent reduction in physical activity a condition
described as cardiac cachexia as well as of course voluntarily. Of note,
low body weight has recently been correlated with an increased
mortality in heart failure [24,25].

When the sleep efficiency was compared to EF it was found
paradoxically that patients with relatively higher EF had worse sleep
efficiency compared to those patients with lower EE. When the sleep
efficiency was contrasted with the severity of AHI, it was found that
the severity of AHI correlated with poor sleep efficiency.

Between patients with EF between 35-45% and 45-55%, patients
with relatively higher EF had higher AHI, thus demonstrating an
inverse correlation of AHI with LV ejection fraction. However, for
more severe heart failure (EF<35%), this relationship could not be
further explored owing to the paucity of patients in this group. The
possible explanation for this apparent aberration seems to be that the
cohort with severe heart failure was comprised of relatively
underweight patients as compared the cohort with less severe heart
failure. Although being underweight is known to be associated with
adverse outcomes in HF per se it is also recognized that low body
weight can be protective against sleep apnea of the obstructive type
[26]. Thus, it is possible that the patients with lower EF have had less
severe OSA on account of the ‘protection’ afforded by a lower BMI. The
significance of this finding is that weight loss in heart failure patients
could offer a significant protective benefit against the development of
OSA in precisely those patients who are most at risk for heart failure
mortality on account of being underweight. One study by Malone et al.
did note that the usual symptoms of OSA do not occur with the usual
frequency in the presence of heart failure [27].

This explanation does not seem to be all encompassing. Some
epidemiological studies have in fact suggested that uncharacterized
protective mechanisms could be operative in heart failure patients [28].
The enigma is further compounded by the observation that Gottleib et
al. did not find any association of sleep disordered breathing and
cardiovascular morbidity while noted a paradoxically increased
survival of elderly patients with relatively mild OSA [29,30].

A few other points merit attention. Firstly, all the patients who
underwent PSG for a possible diagnosis of SDB had sleep apnea
diagnosed at the end of the study. This was for the reason that only
those patients with a fairly strong pretest probability of SDB (based on
EDS and fatigability) were considered for polysomnography although
of course EDS and fatigability, could equally suggest heart failure.
Secondly, the screening evaluation did not specifically look for a
history of snoring: it relied rather on the suspicion of a sleep apnea
based on a preliminary screening history of EDS and fatigability which
was considered by the treating cardiologist to be out of proportion to
the heart failure alone. In other words a potential observer bias which
could have led to an inclusion of disproportionately more OSA
patients if a screening history of snoring or snorting during sleep were
included was avoided. Thirdly, since the results of this study showed
that in patients with HE a high pretest clinical probability of OSA
invariably translates into a diagnosis of OSA, a history of excessive
daytime somnolence and fatigue as well as of snoring becomes of
critical importance in patients with HE, though as discussed, the same

symptoms might possibly occur on account of the HF alone. Finally,
the appearance of significant OSA in patients with lesser severities of
HF (especially with relatively overweight patients) means that such
PSG-testing should be considered even in patients with less severe HE.

Conclusion

By far the most dominant form of SDB in HF in Indian patients
seems to be OSA. More men than women appear affected. The severity
of HF significantly impacts sleep efficiency. The most severe categories
of heart failure seem to protect against severe OSA and severe
desaturations.

Finally, the presence of HF can mask the presence of OSA: a high
pretest clinical probability of SDB almost invariably translates into a
diagnosis of OSA, and so a history of daytime somnolence and fatigue
as well as snoring should always be taken in patients with less severe
HF especially if they are overweight.
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