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INTRODUCTION

Central sleep apnea (CSA) is a disorder character

ized by a lack of drive to breathe during sleep. Rare 

in the general population, it is most commonly 

seen in patients with heart failure, but is also prev

alent, though often under-recognized, in condi

tions such as chronic kidney disease (CKD), 

acromegaly and to a lesser extent hypothyroidism. 

CKD, especially end-stage renal disease (ESRD), 

similar to heart failure, is characterized by fluid 

overload, which can predispose to ventilatory con

trol instability and subsequent development of 

CSA, while in endocrine diseases such as acro

megaly and hypothyroidism, changes in hormonal 

and biochemical status can lead to direct effects 

on ventilatory control stability, predisposing to 

CSA. While there is a relative paucity of data 

compared to obstructive sleep apnea (OSA), there 

is evidence to suggest CSA may have an impact on 

morbidity and mortality in CKD, driven by the dele

terious impact of intermittent hypoxia on kidney 

pathology. This article aims to review the preva

lence, pathophysiology, diagnosis, and treatment 

of CSA in these disparate conditions.

DEFINITIONS AND DIAGNOSIS

CKD, defined by a glomerular filtration rate (GFR) 

less than 60 mL/minute/1.73 m2 or the presence 

of pathologic evidence of kidney damage with a 

preserved GFR for ≥ 3 months.

ESRD, an advanced form of CKD, occurs when 

kidney function has deteriorated to an extent that 
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KEY POINTS

• Central sleep apnea (CSA) is prevalent, though often under-recognized, in conditions such as 

chronic kidney disease (CKD) and endocrine conditions such as acromegaly and hypothyroidism.

• End-stage renal disease (ESRD) is characterized by fluid overload predisposing to ventilatory con

trol instability and CSA, while in acromegaly and hypothyroidism, changes in hormonal status can 

lead to direct effects on ventilatory control stability, predisposing to CSA.

• The presence of CSA in CKD may have a negative impact on kidney function mediated through the 

actions of intermittent hypoxia on the kidney medulla.

• In CKD and ESRD, optimization of fluid volumes through more intensified renal replacement therapy 

can attenuate CSA severity.

• In acromegaly and hypothyroidism, biochemical correction of the underlying hormonal imbalance 

can abolish CSA.
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renal replacement therapy (RRT) in the form of 

chronic dialysis or transplant is required.

GFR, mathematically derived entity based on 

patient’s serum creatinine, age, sex, and race, 

calculated by using one of several validated 

formulas.

Acromegaly, a rare disorder caused by the 

excessive production of growth hormone (GH), 

typically from a benign pituitary adenoma, after 

skeletal growth is complete. It results in the gradual 

enlargement of bones, cartilage, organs, and soft 

tissues, particularly in the hands, feet, and face.

Hypothyroidism, a disorder in which the thyroid 

gland does not produce sufficient thyroid hor

mones (T3 and T4), usually due to an issue with 

the thyroid gland itself or more rarely due to pitui

tary or hypothalamic failure.

Apnea, defined as the absence of tidal volume 

for at least 10 seconds. Hypopnea, defined as a 

decrease in the tidal volume of 30% for at least 

10 seconds that is accompanied by at least a 

3% decrease in oxygen saturation or is terminated 

by an arousal from sleep, as measured on over

night polysomnography (PSG).1

Obstructive or Central: Apneas are classified as 

obstructive if they are accompanied by inspiratory 

effort against the occluded pharynx, and central if 

they are not. Hypopneas are classified as obstruc

tive if there are signs of upper airway flow limita

tion, or central if there are no such signs.

Apnea–hypopnea index (AHI), PSG measure

ment of sleep apnea severity. It is the average num

ber of apneas and hypopneas per hour of sleep; 

sleep apnea can be classified as absent (AHI <5), 

mild (AHI 5–< 15), moderate (AHI 15–< 30) or 

severe (AHI ≥ 30).2

PaCO2, the partial pressure of carbon dioxide in 

arterial blood.

Apnea threshold, the threshold level of PaCO2 

required to stimulate breathing.

CENTRAL SLEEP APNEA AND CHRONIC 

KIDNEY DISEASE

CKD is very common with 10% to 16% global 

prevalence.3,4 Patients with CKD have increased 

morbidity and mortality, and this worsens as 

kidney function declines. ESRD in particular is 

associated with very high mortality, morbidity, 

and increased use of health care resources.5,6

Compared to the general population, patients 

with CKD have a high prevalence of sleep- 

related breathing disorders including both OSA 

and CSA. In contrast to OSA which is character

ized by repetitive pharyngeal collapse during 

sleep, CSA is characterized by a lack of drive to 

breathe during sleep,7,8 with central apneas and 

hypopneas arising from complete or partial reduc

tions in central neural outflow to the respiratory 

muscles during sleep.1,2

The presence of sleep apnea in CKD has been 

associated with poor sleep quality, poor quality 

of life, and increased cardiovascular risk, further 

contributing to the burden of heightened 

morbidity and mortality. However, although highly 

prevalent in CKD, sleep apnea, whether obstruc

tive or central, remains under-recognized and un

der-diagnosed.

Prevalence, Presentation and Diagnosis of 

Central Sleep Apnea in Chronic Kidney 

Disease

There are several limitations in our understanding 

of true prevalence rates of CSA in CKD. Studies 

to date have been heterogenous in terms of the 

patient cohorts studied and also in the type of 

diagnostic tool used to diagnose sleep apnea, 

varying from in-lab PSG to a variety of different 

home sleep study diagnostic devices. Many 

research studies fail to differentiate between 

obstructive and CSA, instead using nonspecific 

terminology such as sleep apnea or sleep-disor

dered breathing. Further complicating this issue 

is that in patients with CKD there is significant 

night-to-night variability in both overall sleep ap

nea severity but also the predominant type of 

sleep apnea, obstructive or central, particularly in 

patients on dialysis, in whom there is marked 

night-to-night variability in fluid volume status. 

The implication of this is that a traditional one- 

night sleep study may not accurately capture the 

true burden of disease. It is estimated that 

compared to the general population, in which the 

Abbreviations

AHI apnea–hypopnea index

ASV adaptive servo-ventilation

BPAP bilevel positive airways pressure

CAPD continuous ambulatory peritoneal 

dialysis

CHD conventional hemodialysis

CKD chronic kidney disease

CSA central sleep apnea

ESRD end-stage renal disease

GFR glomerular filtration rate

GH growth hormone

IGF-1 insulin-like growth factor-1

NHD nocturnal hemodialysis

NPD nocturnal peritoneal dialysis

ODI oxygen desaturation index

OR odds ratio

OSA obstructive sleep apnea

PSG polysomnography

RRT renal replacement therapy
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prevalence of CSA is less than 1%, the prevalence 

of CSA is high in CKD is ∼10%.9,10 Furthermore, 

central events and mixed apneas are also 

commonly seen in CKD patients with predomi

nantly obstructive events, and thus classified as 

OSA, and the prevalence rates of moderate– 

severe OSA in CKD range from 25% to 57% 

depending on the severity of the underlying kidney 

disease.11–15 The increased prevalence of CSA in 

CKD is not explained by age or comorbidities, sug

gesting that the underlying kidney disease itself 

might be the main cause.12,16,17

The presence of CSA in CKD/ESRD is often not 

clinically apparent. Similar to heart failure patients 

with CSA, typical symptoms are of sleep fragmen

tation and daytime fatigue/tiredness rather than 

overt excessive sleepiness.18,19 These symptoms 

are common and nonspecific in CKD patients, 

who often have other sleep disorders, such as 

restless legs syndrome and/or insomnia, which 

along with comorbid disease such as anemia 

and the underlying kidney disease itself, can lead 

to poor sleep and daytime tiredness, masking 

the presence of CSA.20–22 It is not surprising there

fore that there are no prediction scores or ques

tionnaires to help identify the potential presence 

of CSA in CKD. Given the high prevalence of 

CSA and the fact it may not be clinically apparent, 

it has been suggested that diagnostic testing with 

overnight PSG should be considered in all patients 

with CKD, particularly in more advanced stages of 

disease.

Pathophysiology of Central Sleep Apnea in 

Chronic Kidney Disease

A growing body of evidence supports the concept 

of a bidirectional relationship between sleep ap

nea and CKD, in that the presence of OSA, and 

possibly CSA, can contribute to an accelerated 

decline in kidney function in patients with CKD, 

and in the later stages of disease, ESRD contrib

utes to the pathogenesis of both OSA and CSA.

Central sleep apnea as a risk factor for 

worsening kidney function

There is a substantial body of evidence to 

support the role of OSA in accelerating decline in 

kidney function, through various pathophysiolog

ical mechanisms including intermittent hypoxia, 

increased negative intrathoracic pressure swings, 

and cortical arousals leading to sympathetic 

nervous system activation, hypertension, inflam

mation, oxidative stress and activation of the 

renin–angiotensin–aldosterone system.23–30 CSA 

does not lead to increased negative intrathoracic 

pressure swings, given that central apneas/hypo

pneas occur in the presence of a patent airway, 

and is not associated with the same degree of 

cortical arousals as OSA, however, it does lead 

to intermittent hypoxia. While CSA is far less prev

alent than OSA in the earlier stages of CKD, its 

presence can lead to worsening kidney function, 

mediated through intermittent hypoxia, which is 

of particular importance given the susceptibility 

of the kidney medulla to hypoxia.23,31 While the 

kidneys receive about 25% of cardiac output, 

renal oxygen tension is relatively low due to low 

renal oxygen consumption. Intermittent hypoxia 

has been shown, in animal models of sleep apnea, 

to lead to kidney injury with histologic damage, 

characterized by glomerular hypertrophy, mesan

gial matrix expansion and increased cellular 

apoptosis.32 Intermittent hypoxia has also been 

shown to activate the renin–angiotensin system 

in animal and human studies.30,33,34 This in turn 

can lead to increased hypertension, hyperfiltration, 

and renal inflammation and fibrosis, leading to 

worsening CKD.35

In a prospective cross-sectional study of 7700 

individuals from the European Sleep Apnea Data

base cohort the overnight minimum oxygen satu

ration was found to be an independent predictor 

of the presence of CKD, with a 2% higher proba

bility of CKD for every unit decrease in the mini

mum oxygen saturation.36 Another prospective 

study of more than 800 patients that followed 

changes in GFR over 2 years, of whom approxi

mately 20% had CKD at baseline, showed that 

those with hypoxia (defined as ≥12% of the 

recording time with oxygen saturation <90%) 

had a higher risk (odds ratio [OR]) 2.89 (1.25– 

6.67) of rapid loss of kidney function (that is, esti

mated glomerular filtration rate [eGFR] decline ≥

4/ml/minute/1.73 m2 per year) after adjustment 

for sleep apnea severity and other recognized 

risk factors for CKD progression.37 In a study of 

161 patients with stage 3 to 4 CKD, GFR decline 

was 3- to 4-fold faster in patients with a 4% oxy

gen desaturation index (ODI) ≥15 compared with 

those with a 4% ODI less than 15, after adjust

ment for confounders.38

The role of chronic kidney disease/end-stage 

renal disease in the pathogenesis of central 

sleep apnea

Pathophysiological mechanisms related to the 

underlying CKD/ESRD that can lead to CSA 

include hypervolemia, altered chemosensitivity 

and possibly uremia-induced myopathy (Fig. 1).

While it has been postulated that uremia- 

induced neuropathy or myopathy may play a role 

in the pathogenies of both OSA and CSA, there 

are actually very little data regarding their role in 

the pathogenesis of CSA in ESRD. Uremic 
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myopathy increases fatigability of the respiratory 

muscles, including the diaphragm.39 However, 

while this may contribute to a degree of hypoven

tilation it is not clear whether it leads to CSA and as 

such the concept of the role of uremic myopathy in 

the pathogenesis of CSA remains a hypothesis.

There is, however, a substantial body evidence 

to support the role of hypervolemia and altered 

chemosensitivity in the pathogenesis of both 

OSA and CSA in ESRD, similar to as in heart fail

ure, which is also characterized by fluid overload 

and high prevalence of both types of sleep ap

nea.40–42 Central apneas occur during sleep 

when the PaCO2, decreases to less than the ap

nea threshold. Similar to heart failure patients 

with CSA who chronically hyperventilate causing 

hypocapnia with PaCO2 closer to the apnea 

threshold than normal,43,44 it has been shown 

that ESRD patients with CSA also have low- 

normal PaCO2.45 During sleep, any transient in

crease in ventilation for any reason, for example, 

an arousal, leads to a decrease in the PaCO2 

below the apnea threshold causing a central ap

nea. Fluid overload and nocturnal rostral fluid shift 

from the legs contributes to accumulation of fluid 

in the neck and chest.40–42 Fluid accumulation in 

the lungs stimulates pulmonary irritant receptors 

causing chronic hyperventilation and leading to 

CSA by promoting cycles of hyperventilation and 

apnea,.42,46

The role of hypervolemia in the pathogenesis of 

CSA in CKD is supported by findings from obser

vational studies. In a cross-sectional study of pa

tients with CKD who were not receiving dialysis 

and had a body mass index of 24 ± 3.9 kg/m2, 

brain natriuretic peptide levels and cardiothoracic 

ratio were significantly higher in those with severe 

sleep apnea than in those without sleep apnea.47

Among patients with ESRD on conventional he

modialysis (CHD), those with moderate–severe 

sleep apnea had a greater total body extracellular 

fluid volume (>2 L) than those with mild or no 

sleep apnea and in a multivariate analysis, the to

tal body extracellular fluid volume was the only 

factor that was independently and directly asso

ciated with sleep apnea severity (r = 0.47, P = 

.002).12 Other studies have shown that interdia

lytic weight gain greater than 2 kg and the degree 

of fluid overload posthemodialysis are indepen

dent predictors of sleep apnea severity in patients 

with ESRD on CHD.48,49 Increased ventilatory 

sensitivity to hypercapnia has also been shown 

Fig. 1. Pathophysiological mechanisms 

promoting CSA in patients with ESRD. 

In CSA, the upper airway remains pat-

ent. ESRD-associated hypervolemia 

can lead to pulmonary congestion, 

similar to what is observed in heart 

failure, another condition in which 

CSA is common. This congestion leads 

to alterations in chemical feedback 

loop mechanisms to the respiratory 

center, which can in turn trigger cycles 

of hyperventilation alternating with 

central apneas or hypopneas. aWhile 

it has been postulated that uremic 

neuromyopathy may play a role in 

pathogenesis of sleep apnea, there is 

little data to support this.
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to correlate with CSA severity in patients with 

ESRD.50 Furthermore, transition from CHD to 

nocturnal hemodialysis (NHD) reduced ventilatory 

sensitivity, which was associated with a decrease 

in CSA severity.51

Impact of Central Sleep Apnea on Morbidity 

and Mortality in Chronic Kidney Disease/End- 

stage Renal Disease

The evidence base linking CSA with morbidity and 

mortality in CKD is quite limited.

One prospective study of 180 patients with 

CKD followed over 9 years, in whom just more 

than half had ESRD, showed that although sleep 

apnea severity, as measured by AHI, was not 

associated with increased mortality when adjusted 

for confounders, measures of overnight hypoxic 

burden—a higher proportion of sleep time with ox

ygen saturation less than 90% and lower mean ox

ygen saturation—were significantly associated 

with higher mortality hazard ratio (HR), 1.4; 95% 

confidence interval (CI), 1.1–1.7; P = .007 for every 

15% higher proportion of time with low oxygen 

saturation, and HR, 1.6; 95% CI, 1.2–2.1; P = 

.003 for every 2% lower mean oxygen satura

tion).52 In a recent large retrospective cohort study 

of the United States Renal Data system, of more 

than 600,000 patients, the presence of CSA was 

associated with an increased risk of stroke 

(adjusted relative risk [aRR] 1.69, 95% CI = 1.28– 

2.23) and increased mortality (adjusted hazard ra

tio [aHR] 1.42, 95% CI 1.29–1.56) thought the 

methodology likely led to under-recognition of 

the presence of CSA with a reported prevalence 

of only 0.1%.53,54

Treatment of Central Sleep Apnea in Chronic 

Kidney Disease

Positive airway pressure (PAP) therapy for 

central sleep apnea in chronic kidney disease

There is a paucity of evidence-based guidelines 

to inform treatment of CSA in CKD or ESRD. A 

meta-analysis of 8 studies, that included patients 

with both OSA and CSA, treated with continuous 

positive airway pressure (CPAP), bilevel positive 

airways pressure (BPAP) or adaptive servo- 

ventilation (ASV) showed no overall change in 

GFR before and after PAP treatment in patients 

with sleep apnea.55 However, in a subgroup anal

ysis of the data, longer PAP usage duration and 

increased age were associated with significant 

improvements in GFR.55 There are no CKD- 

specific data to guide treatment of CSA for sub

jective improvement in terms of sleep quality or 

overall quality of life. Recent 2025 American 

Academy of Sleep Medicine (AASM) guidelines 

on treatment of CSA reflect the lack of evidence, 

with conditional recommendations based on 

low certainty evidence for the use of CPAP or 

ASV for treatment of CSA in CKD, and conditional 

recommendation based on very low certainty 

evidence for BPAP with a backup rate.56 PAP 

therapy can be challenging in all patients but 

can be particularly so in CKD and especially 

ESRD patients given the burden of their underly

ing kidney disease, the burden of treatment, and 

the impact of comorbidities including other sleep 

disorders such as restless leg syndrome and 

insomnia.22

Impact of intensification of renal replacement 

therapy on central sleep apnea severity

A meta-analysis of 9 studies that evaluated the 

impact of RRT modality on sleep apnea severity 

showed that intensive RRT was superior to con

ventional RRT in AHI reduction (OR 0.66, CI 95% 

0.51–0.84, P<.001) and sleep quality improve

ment.57 In patients with ESRD, intensification of 

dialysis treatment, either by conversion from 

CHD to NHD, or from continuous ambulatory peri

toneal dialysis (CAPD) to nocturnal peritoneal dial

ysis (NPD), has been shown to reduce sleep 

apnea severity.58,59 In a study of 14 patients with 

ESRD on thrice-weekly CHD, conversion to NHD 

reduced AHI from 25 ±25 to 8±8 (P = .03).58 While 

fluid volumes were not measured in this study, a 

more recent study evaluated the impact of fluid 

removal on sleep apnea severity using ultrafiltra

tion. The study included 15 individuals on CHD 

with moderate–severe sleep apnea (including 

OSA and CSA) and showed a 36% reduction in 

AHI after fluid removal during a single ultrafiltra

tion session with average volume removed of 

2.2 L. Uremic and metabolic status were un

changed.45 In those subjects with CSA, the AHI 

decreased by 40% from 60.4 ± 16.7 to 

36.0 ± 19.1 (P = .003). The study also showed a 

correlation between AHI reduction and the 

decrease in total body fluid volume (r = 0.567; 

P = .027) and a reduction in thoracic fluid volume 

of approximately 500 mL (P<.001) postultrafiltra

tion as measured by bioelectrical impedance. 

Furthermore transcutaneous CO2 levels also 

normalized with the decrease in fluid volume, sug

gesting a decrease in respiratory drive and 

possibly improved ventilatory stability.45 In a 

study of patients with ESRD on CAPD, conversion 

to NPD led to a reduction in prevalence of sleep 

apnea from 33.3% to 4.2%, in association with a 

reduction in total body water from 35.1 ± 7.35 L 

to 32.8 ± 7.37 (P = .004), further highlighting the 

important role of hypervolemia in the pathogen

esis of sleep apnea ESRD.
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Summary

CSA is far more common in CKD than the general 

population and its presence has potential signifi

cant impact for morbidity and mortality, mediated 

through intermittent hypoxia. As CKD progresses, 

CSA is even more common, underpinning the 

concept of a bidirectional relationship between 

the disorders, with hypervolemia playing an impor

tant role in CSA pathogenesis. Given the increased 

prevalence of CSA in CKD and its potential impact 

on outcomes, there should be a low threshold to 

proceed with diagnostic testing for CSA in this 

population. While PAP therapy still plays an impor

tant role in terms of treatment options there are 

practical barriers to adherence. Optimization of 

fluid volume status by conversion to NHD or NPD 

can attenuate sleep apnea severity, in some cases 

obviating the need for PAP therapy.

CENTRAL SLEEP APNEA AND 

HYPOTHYROIDISM

Hypothyroidism is a relatively common endocrine 

disorder with prevalence rates of biochemical 

(subclinical) hypothyroidism occurring in 4% to 

5% of the population, with overt clinical hypothy

roidism occurring in 0.3%–0.4%.60 It is a disorder 

in which the thyroid gland does not produce suffi

cient thyroid hormones (T3 and T4), usually due to 

an issue with the thyroid gland itself or more rarely 

due to pituitary or hypothalamic failure. OSA oc

curs in approximately 20% to 25% of patients 

with hypothyroidism, thought to be possibly due 

to narrowing of the upper airway secondary to 

deposition of mucopolysaccharides and protein 

extravasation into the tissues, while CSA is far 

less common and is associated with more severe 

cases, which were more common historically 

than currently.61,62

Thyroid hormones are important to ensure 

normal sensitivity of chemoreceptors and defi

ciency of thyroid hormones may manifest with 

blunted ventilatory responses, with subsequent 

correction of the deficiency with exogenous 

thyroxine leading to normalization of the ventilatory 

response and attenuation of CSA severity.61–63

Interestingly, women seem to be more vulnerable 

to the effect of hypothyroidism on ventilatory 

drive.62

CENTRAL SLEEP APNEA AND ACROMEGALY

Acromegaly is a rare endocrine disorder, with re

ported prevalence of 122 cases/106 persons. It 

is caused by excessive secretion of GH and 

insulin-like growth factor-1 (IGF-1), usually from 

a benign pituitary hormone64 and results in the 

gradual enlargement of bones, cartilage, organs, 

and soft tissues, particularly in the hands, feet, 

and face. Soft tissue hypertrophy in the upper 

airway can lead to OSA, and the prevalence of 

OSA is reported to be as high as 60%.65–67 Inter

estingly, CSA, though less common than OSA, is 

prevalent and has been reported to occur in 5% 

to 10% of cases.68 It is has been shown that acro

megalic patients with CSA have increased GH and 

IGF-1 levels compared with their counterparts 

with OSA.68 Furthermore, measures of ventilatory 

responsiveness correlate with GH levels.68 It is 

thought that GH and IGF-1 directly sensitize the 

central chemoreceptors leading to ventilatory 

instability. Identification of CSA in patients with 

acromegaly is important as it is a condition asso

ciated with increased cardiovascular risk of 

hypertension, arrythmias and cardiomyopathy. 

Biochemical control of acromegaly with either 

surgical resection or somatostatin analogs may 

lead to a reduction in CSA severity. If there is 

persistence of CSA, PAP therapy with CPAP or 

ASV can be used.56

SUMMARY

CSA is often under-recognized in endocrine condi

tions such as acromegaly and hypothyroidism. In 

both conditions, hormonal changes seem to play 

a role in leading to ventilatory instability and sub

sequent CSA. While relatively rare, the presence 

of CSA is associated with poorer outcomes in 

these conditions. While biochemical correction of 

the underlying hormonal imbalance with surgery 

or medication often leads to a resolution of CSA, 

PAP therapy can be considered if CSA persists.

CLINICS CARE POINTS

• Given the increased prevalence of CSA in CKD 

and its potential impact on morbidity and 

mortality, clinicians should have a low 

threshold for screening for its presence.

• PAP therapy plays an important role in treat

ment of CSA but in patients with CKD/ESRD, 

adherence to treatment can be a problem 

due to the impact of co-morbid disease, 

insomnia and other factors.

• Before considering PAP therapy for treat

ment of CSA in ESRD, consideration should 

be given to optimization of fluid volume sta

tus by intensification of dialysis, which may 

obviate the need for PAP therapy.

• While CSA is rare in endocrine diseases, clini

cians should be aware that its presence can be 

associated with increased mortality.
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