CardiORenal Cardiorenal Med 2017;7:74-82

DOI: 10.1159/000450796 © 2016 S. Karger AG, Basel

Med i Ci n e Received: April 13, 2016 www.karger.com/crm

Accepted: September 5, 2016
Published online: November 5, 2016

Review

The Triad of Sleep Apnea, Hypertension,
and Chronic Kidney Disease: A Spectrum of
Common Pathology

Fahad Aziz? Kunal Chaudhary?® ®

aDivision of Nephrology, University of Missouri Health Science Center, and °Nephrology
Section, Harry S. Truman Veterans' Hospital, Columbia, MO, USA

Keywords
Sleep apnea - Resistant hypertension - Chronic kidney disease - Volume overload

Abstract

Obstructive sleep apnea (OSA), hypertension, and chronic kidney disease (CKD) are different
entities and are generally managed individually most of the time. However, CKD, OSA, and
hypertension share many common risk factors and it is not uncommon to see this complex
triad together. In fact, they share similar pathophysiology and have been interlinked with each
other. The common pathophysiology includes chronic volume overload, hyperaldosteronism,
increased sympathetic activity, endothelial dysfunction, and increased inflammatory markers.
The combination of this triad has significant negative impact on the cardiovascular health, and
increases the mortality and morbidity in this complicated group of patients. On one hand,
progression of CKD can lead to the worsening of OSA and hypertension; similarly, worsening
sleep apnea can make the hypertension difficult to treat and enhance the progression of CKD.
This review article highlights the bidirectional interlink among these apparently different dis-
ease processes which share common pathophysiological mechanisms and emphasizes the
importance of treating them collectively to improve outcomes. © 2016 S. Karger AG, Basel

Introduction

Obstructive sleep apnea (OSA) continues to be one of the most difficult to manage
medical problems causing a significant impact on the individual’s health and health-care
expense. As per 2005 National Sleep Foundation pool, 1 in 4 Americans is at risk for devel-
oping OSA with increasing risk until the age of 65 [1]. The classic Wisconsin Sleep Cohort
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study reported that approximately 2% of the women and 4% of the men in the middle age
meet the minimal diagnostic criteria for OSA, and in the general population 9% of men and
4% of the women have moderate to severe OSA [2]. OSA is associated with daytime hyper-
somnolence, poor quality of life, increased overall morbidity and mortality [3, 4]. At the same
time, OSA is independently associated with hypertension [5]. Multiple mechanisms have
been proposed to explain the negative impact of OSA on cardiovascular hemodynamics
including hypertension, heart failure, and increased risk of coronary artery disease [5].
Recent evidence suggests that there is a bidirectional relationship between OSA and chronic
kidney disease (CKD). CKD increases the risk of OSAs, while OSAs hasten the progression of
CKD [6]. Kraus and Hamburger [7] reported that 50-70% patients with end-stage renal
disease (ESRD) have OSA. CKD, OSA, and hypertension share many risk factors and it is not
uncommon to see this complex triad together, making the management more challenging.
The purpose of this review is to summarize the evidence supporting the complex interrela-
tionship between 0OSA, CKD, and hypertension and how that should affect our management
in treating this patient population.

OSA, Hypertension, and CKD

OSA is defined as “transient partial or complete upper airway obstruction during sleep,
leading to loud snoring and increased daytime somnolence” [8]. An obstructive episode is
defined as >10-s cessation of respiratory airflow, associated with intermittent hypoxia [9].
The apnea-hypoxia index (AHI) is used to diagnose OSA. AHI >5 per hour is usually sufficient
to consider someone as having OSA. AHI is also a useful marker to grade the severity of OSA
and to guide the management of OSA [8].

A history of loud snoring, apneic episodes during sleep, and daytime somnolence often
leads to the diagnosis of OSA [10-12]. The presentation of OSA in CKD usually lacks the
typical features of OSA including loud snoring, apneic episodes, and daytime somnolence,
which leads to the underdiagnosis of OSA in this patient population [13]. Features asso-
ciated with CKD such as chronic fatigue, uremia or side effects of medications may over-
shadow the complaint of subjective sleepiness, and the increased sympathetic activity in the
setting of volume overload may hinder the development of excessive sleepiness [14].
Approximately 50% of the patients with ESRD have OSA, making it common among this
patient group [15]. Sakaguchi et al. [16] reported a high prevalence of OSA in nondialysis
CKD patients; they found moderate to severe OSA in these patients as compared to mild to
moderate OSA in the control group. In a large and contemporary cohort of more than 3
million US veterans, a diagnosis of incident OSA was associated with higher mortality,
coronary artery disease, stroke, and CKD along with faster decline of kidney function [17].
In another retrospective cohort study from Taiwan of >4,600 incident patients with sleep
apnea, the investigators showed a 1.94-fold increase in the incidence of CKD, as well as a
2.2-fold increase in the incidence of ESRD [18]. Markou et al. [19] measured AHI in patients
with stable CKD (creatinine clearance <40 mL/min) and found that the severity of AHI
correlates with urea concentration and creatinine clearance. Similarly, Fleischmann et al.
[20] found that the patients with GFR <60 mL/min/1.73 m? have a high tendency to develop
OSA. Similarly, one study showed that the severity of metabolic acidosis in patients with
CKD is significantly associated with the severity of the OSA [21]. Both CKD and OSA share
the same major risk factors including diabetes and hypertension, making it difficult to
determine the direct relationship between CKD and OSA. This combination is also frequently
associated with hypertension, suggesting a common pathophysiology which drives all the 3
diseases together.
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Pathological Mechanisms Linking OSA with Hypertension and CKD

Many mechanisms have been proposed to explain the complex relationship between the
triad of OSA, hypertension, and CKD. Episodes of intermittent hypoxia occur in association
with OSA and likely contribute to the pathogenesis of hypertension [22]. OSA has also been
associated with diastolic dysfunction and increased left ventricular (LV) mass index which,
besides increases in afterload, is also the result of episodes of repetitive hypoxemia during
sleep [23, 24]. In one study, the authors found that the LV mass index was correlated with AHI
and AHI was an independent risk factor for LV hypertrophy [25]. In another study of normo-
tensive versus hypertensive subjects with or without OSA, both the LV mass index and
percentage of LV hypertrophy had similar increases in normotensive OSA and patients with
hypertension and no OSA, with a significant further increase in the LV mass index and
percentage of LV hypertrophy in subjects with OSA and hypertension [26]. In a recent study
of 74 nonobese Japanese male OSA patients, it was shown that severe OSA itself may contribute
directly to LV diastolic dysfunction [27]. Increased transmural pressure, which is caused by
excessive negative intrathoracic pressure during apneic episodes may be a contributory
factor, as well as an increase in central blood pressure (BP) [27]. In another study, Abdel-
Kader et al. [28] found an association between OSA with resistant hypertension in patients
with ESRD and nondialysis CKD, and non-CKD patients. They found that the patients with OSA
and treatment-resistant hypertension had advanced kidney disease. Furthermore, 30% of the
patients with CKD had resistant hypertension, and 25% of them had severe OSA. Besides
episodes of apnea, other major mechanisms linking them together are thought to be volume
overload, secondary hyperaldosteronism, increased sympathetic activity, vasoconstriction,
and increased inflammatory markers.

Volume Overload

It has been thought that volume overload is one of the most likely causes of treatment-
resistanthypertensionand difficultto manage OSAin CKD and ESRD patients. Inthe recumbent
position during sleep, volume may be shifted from the lower extremities to the upper parts
of the body causing the worsening of peripharyngeal edema leading to the worsening of OSA.
Bucca et al. [29] used aggressive diuretic therapy in patients with OSA and heart failure, and
they found a significant improvement in AHI with the improved volume status. Similarly,
Beecroft et al. [30] found 12% decreased pharyngeal cross-sectional area in a CKD patient as
compared to the control group. Elias et al. [31] investigated the role of overnight fluid shift in
patients with OSA and ESRD. They concluded that the amount of volume shift is directly
related with the episodes of apnea and that the redistribution of volume overload could make
the OSA worsen, which can be treated with aggressive volume removal. In another study of
20 ESRD patients on thrice weekly HD, the investigators found that the greater the upper
airway mucosal water content and internal jugular vein volume, the higher the AHI [32].
Hypertension in CKD is multifactorial, volume overload and renin-angiotensin-aldosterone
system (RAAS) activation being the 2 most important mechanisms, making BP difficult to
control in these patients [33]. Many studies have shown that the intensive dialysis techniques
in patients with ESRD on dialysis can decrease the severity of 0SA and can allow better control
of BP. Additionally, the ultrafiltration guided by bioimpedance may provide a practical way
of achieving a fair volume status in these patients and better volume control would be
extremely helpful in the management modalities in these patients [34].

Increased Sympathetic Tone

Patients with OSA have high sympathetic activity during sleep [35]. The mechanism
behind this finding is unclear but can be secondary from the increased chemo-reflex drive
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[34]. They are also found to have increased heart rates and increased BP variability [35-37].
This increased sympathetic outflow can be hypoxia driven in these patients because studies
of some animal models have suggested that OSA-induced hypoxia can increase the sympa-
thetic outflow which will lead to vasoconstriction, leading to resistant hypertension and
worsening renal function [37]. The uncontrolled BP can further worsen the kidney function,
and worsening kidney function can further aggravate OSA. In a pig model of OSA, Linz et al.
[38] showed that renal sympathetic denervation can prevent postapneic increase in the BP,
suggesting an association between the increased sympathetic tone, OSA, and resistant hyper-
tension. A study comparing functioning renal transplants with matched controls in the general
population did not show any difference in the prevalence of sleep breathing disorder in the 2
groups [39]. Another interesting finding observed in renal transplant patients is that there
was no association between the presence of OSA and the rate of decline in graft function in
prevalent kidney transplant recipients [40]. Though the study was small and underpowered,
one might speculate that since the transplanted kidney is denervated, it is protected from
sympathetic overactivation [40].

RAAS Activation

Aldosterone excess plays an important role in the complicated pathophysiology linking
OSA, resistant hypertension, and progression of CKD. Increased vascular resistance due to
increased sympathetic outflow during night-time from the hypoxic events of OSA leads to the
activation of RAAS, which will subsequently increase the plasma aldosterone level [37].
Increased plasma aldosterone has been shown to be associated with glomerulosclerosis,
renal fibrosis, and progression of CKD [41]. Various observational studies showed that the
increased aldosterone levels are associated with resistant hypertension and severity of OSA
[42, 43]. Hyperaldosteronism may be a key link between resistant hypertension and OSA,
leading to the progression of CKD. As all these studies are observational, more prospective
trials are needed to establish this bidirectional relationship, which can be a novel target for
the management of patient with OSA, treatment-resistant hypertension and CKD.

Endothelial Dysfunction

Intermittent hypoxia from OSA during the night leads to the release of endothelin. It is a
potent vasoconstrictor, which is another contributor towards resistant hypertension in OSA
[44]. In OSA, the determination of endothelial function includes functional evaluation of
vascular response by accessing changes in the blood flow in response to the endothelium-
dependent vasodilators or hypoxemia [45]. Lattimore et al. [46] used intra-arterial acetyl-
choline and sodium nitroprusside to assess endothelial function in 10 subjects with moderate
0OSA and found that treatment with continuous positive airway pressure (CPAP) improved
endothelial function. The subjects had detailed forearm vascular reactivity studies before and
after 3 months of CPAP treatment. After CPAP therapy, endothelium-dependent dilation to
acetylcholine was significantly increased, and resting NO production was also higher. This is
a potential mechanism which improves systemic and vascular function in patients with OSA
treated with CPAP. Many animal models have been shown to develop resistant hypertension
after exposure to intermittent hypoxia [47, 48]. OSA-induced intermittent hypoxia leads to
the production of increased inflammatory markers such as serum C-reactive protein, IL-6,
and TNF-a [49-51]. Similarly, hypoxia increases reactive oxygen species and oxidative stress
markers [52]. The combination of severe vasoconstriction, increased inflammatory markers
and increased reactive oxygen species leads to the progression of the CKD in patients with
OSA [53].
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OSA and Proteinuria

Many studies have shown that urinary albumin-creatinine ratio is an independent risk
factor associated with the severity of OSA [54-56]. Faulx et al. [54] have shown that the
severity of OSA is significantly associated with increased urine albumin excretion. Similarly,
in a case study of 2 patients with severe OSA, it was shown that proteinuria could be corrected
by treating the OSA with CPAP [57]. Excessive proteinuria can also hasten the progression of
CKD due to its toxic effects on glomeruli and tubules. Worsening renal function will increase
the severity of OSA, which will increase the degree of proteinuria.

Inflammatory and Oxidative Stress in OSA, CKD, and Resistant Hypertension

It has been shown that the repeated collapse of the airway in OSA leads to a cyclic alter-
ation in arterial oxygenation (hypoxia/reoxygenation phenomenon). This cyclic variation in
the arterial oxygenation has been shown to be the major cause of oxidative burst of neutro-
phils, thus creating a systemic inflammatory and oxidative state [49-52]. Similarly, irre-
spective of the cause of renal disease, there is strong evidence that both acute and chronic
inflammatory states exist in patients with CKD and ESRD. Hypoalbuminemia, malnutrition,
atherosclerosis, etc. are thought to be the inflammatory mediator in this patient population.
Both OSA and CKD put the patient at high risk for systemic inflammatory and oxidative stress,
which has a negative impact on the cardiovascular health, and increase the mortality and
morbidity in this complicated group of patients. Mgller et al. [58] reported disturbed 24-h BP
profile in patients with OSA. They also observed elevated heart rates in this patient popu-
lation. The severity of hypoxemia during night-time was demonstrated to be the main stimulus
for RAAS activation leading to abnormal heart and BP profile, with strongly negative impact
on the cardiovascular morbidity and mortality. To summarize, OSA, treatment-resistant
hypertension and progression of CKD have common pathogenic associations, including
volume overload, excessive RAAS activation, hyperaldosteronism, endothelin-derived vaso-
constriction, increased inflammatory and reactive oxygen markers, and excessive proteinuria.

Treatment

Positive Airway Pressure Therapy

OSA can be treated with positive airway pressure therapy, either CPAP or BIPAP. CPAP
remains the most widely used therapy for OSA and remains the gold standard treatment.
CPAP delivers compressed air to the patient, which prevents the collapse of the upper airway,
thus preventing the hypoxic episodes during the night. It has been shown that proper use of
CPAP can reduce the nocturnal apneic episodes, which can improve resistant hypertension
and overall cardiovascular prognosis [59]. By better control of hypertension, CPAP can also
reduce the glomerular hyperfiltration, thus slowing the progression of the CKD [60]. Logan
et al. [61] published a small study of 11 patients with resistant hypertension. They showed
that nightly use of CPAP for 2 months was associated with significant decrease in both systolic
and diastolic BP. CPAP improves baseline endothelial NO release and stimulates endothelium-
dependent vasorelaxation in the systemic circulation [45]. In a clinical study of 27 patients
with OSA, the investigators measured the glomerular function and the short-term effect of
CPAP, and found that OSA patients were generally in a condition of glomerular hyperfiltration,
and filtration fraction significantly decreased after 1 week of CPAP therapy [62]. It has also
been shown that plasma brain natriuretic peptide and urinary meta-adrenaline levels have
been reduced with the regular use of CPAP [63]. The above-mentioned studies suggest that
the proper use of CPAP can effectively control the BP, thus reducing the cardiovascular risks
and slowing the progression of CKD.
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Role of Renal Replacement Therapy

In patients with ESRD on HD, intensive dialysis techniques have been shown to improve
the severity of OSA [64-66]. Hanly et al. [64] have shown significant improvement in OSA of
the patients who were switched from conventional HD to nocturnal HD. In a recent study in
thrice-weekly HD patients, Lyons et al. [67] performed isolated ultrafiltration on a nondi-
alysis day in patients with AHI >20 and found that the AHI decreased by 36% without affecting
uremia, reinforcing the notion that fluid removal by UF attenuates sleep apnea without
altering the uremic status. In a study of patients on peritoneal dialysis (PD), patients
performing nocturnal PD using a cycler had lower AHI during sleep compared to patients
undergoing CAPD [68]. Using bioelectrical impedance analysis, it has been shown that the
total body water content is significantly lower during NPD than CAPD during sleep [68, 69].
Thus, preventing hypervolemia in the patients with ESRD can significantly improve OSA and
resistant hypertension. Further, renal transplant in patients with ESRD has been associated
with significant improvement of OSA. Thus, preventing hypervolemia in the patients with
ESRD can significantly improve OSA and resistant hypertension. In a trial where a sleep study
was performed before and after transplant, there was a significant decrease in AHI in OSA
patients after transplant [70]. In another study, renal transplantation was found to ameliorate
sleep disturbances and lead to improvement of sleep architecture [71].

Antihypertensive Therapy

Fluid displacement from the lower extremities to the upper body during sleep is strongly
associated with OSA in hypertensive patients, and it has been shown that intensified diuretic
therapy reduces the apnea-hypopnea index along with overnight change in leg fluid volume
as well as neck circumference [72]. In one study, the investigators evaluated the changes in
the severity of OSA in patients with resistant hypertension after treatment with spirono-
lactone and found that with treatment, the AHI and hypoxic index, weight, and clinic and
ambulatory BP were significantly reduced [73]. Though ACE inhibitors are used frequently in
OSA patients, there are case reports of ACE inhibitors worsening OSA due to upper airway
inflammation, so they should probably be stopped if they cause a cough [74].

Conclusions

0SA is found more frequently in patients with CKD than in healthy individuals. Difficult
to control hypertension is highly prevalent in this patient population. There are multiple
mechanisms contributing to a complicated relationship between OSA, hypertension, and
CKD. Enough evidence is available showing appropriate treatment of OSA can improve BP
control and slow the progression of CKD. Therefore, OSA should be carefully investigated in
patients with CKD and treatment-resistant hypertension. Referral should be made to conduct
a sleep study for timely diagnosis and treatment of OSA, when clinically suspected. When
diagnosed with OSA, patients should be appropriately counseled regarding the use of CPAP
and importance of compliance with the therapy. Appropriate dry weight should be deter-
mined in patients with ESRD on hemodialysis, and dialysis treatment should be tailored to
prevent volume overload and subsequent worsening of OSA and hypertension. More intense
hemodialysis and use of night-time cycler in PD patients for optimal ultrafiltration to maintain
euvolemia is recommended when ESRD patients have difficult to control OSA and hyper-
tension.
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