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The relationship between obstructive sleep apnea (OSA) 
and chronic kidney disease (CKD) is the object of an 
increasing interest. OSA and CKD share some common 
risk factors, like older age and obesity, and both of them 
have complex interrelationships with conditions like 
systemic hypertension or diabetes, so that to some extent 
their joint occurrence may be expected. However, several 
mechanisms, like sympathetic hyperactivity, apnea-related 
hypertensive peaks, and oxidative stress with subclinical 
inflammation and endothelial dysfunction, could account 
for an independent harmful effect of OSA on the kidney, 
in addition to effects of comorbidities (1). In the last years, 
evidence has accumulated from both epidemiological and 
pathophysiological studies supporting some independent 
pathogenetic role of OSA in kidney disease.

About 30 years ago, based on small case series, a 
relationship was proposed between end-stage renal disease 
and sleep apnea (2). Thereafter, several epidemiological 
studies have been published which explored the association 
between OSA and CKD from different perspectives (OSA 
in CKD, CKD in OSA, OSA and CKD in diabetes) and 
with different experimental designs (cross-sectional, 
longitudinal, pre-post therapy, randomized controlled trial). 

Cross-sectional studies, mostly performed in patients 
recruited in sleep laboratories for suspected OSA, analysed 
estimated glomerular filtration rate (eGFR), albumin 
excretion, or, more rarely, both of them (3-9). Some 
relationship between OSA and CKD was found in most 

studies, but discordant data were often reported, especially 
about the possible correlates of CKD in OSA [apnea/
hypopnea index (AHI) or severity of nocturnal hypoxemia]. 

Longitudinal studies have mostly shown an increased 
incidence of CKD, or a faster decline in eGFR, in patients 
with OSA than in controls (10-14). However, they often 
lacked important information, i.e., data on severity of OSA 
and CKD, or on OSA treatment.

Studies on effects of OSA treatment by continuous 
positive airway pressure (CPAP) provided interesting 
additional data, mostly supporting some positive effects 
of treatment. Some studies demonstrated a decrease in 
albumin excretion after CPAP (15,16). GFR was reported 
to decrease after CPAP when it was high and associated 
with glomerular hyperfiltration before OSA treatment 
(17,18), and to increase (19), or decrease at a slower rate (20), 
when it was low. At variance with these studies, a recent 
randomized controlled trial has shown non-significant 
differences in eGFR decline between treated and untreated 
OSA subjects, although this negative result could be due to 
an insufficient sample size or to mild nocturnal hypoxemia 
at baseline (21).

Pathophysiological studies support a detrimental role 
of OSA. In patients with OSA, impaired renal vasodilating 
capacity (22) and increased renal vascular resistance 
(23,24) and filtration fraction (17,18) were reported, which 
could be related to increased intrarenal renin-angiotensin 
system (RAS) activation (18,25). While some alterations 
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were already observed in mild-moderate OSA (23), severe 
hypoxemia was associated with worse hemodynamic and 
functional renal impairment (17,25). 

In their study, Adams et al. cross-sectionally analysed the 
association between OSA, defined as AHI ≥10, and CKD in 
a large sample of men (26). Polysomnographic findings were 
typical of general population studies, i.e., a high prevalence of 
OSA (52.1%) with mild nocturnal hypoxemia [highest tertile 
of time spent with oxygen saturation (SaO2) <90%: ≥2.21%].  
For their analyses, the authors accurately collected 
extensive information, including demographic data, clinical 
history (comorbidities, symptoms, drug therapy), and data 
on socioeconomic condition (workforce participation, 
household income, education) that had been disregarded 
in previous studies on this subject. They divided their 
population into three groups: normal kidney function 
(eGFR ≥90 mL/min/1.73 m2), mildly reduced kidney 
function (eGFR 60–89) and CKD (albumin/creatinine ratio 
≥3 mg/mmol and/or eGFR <60). Among demographic 
and biomedical factors, age, diabetes and smoking were 
significantly and independently associated to CKD. 
When considering polysomnographic indices, factors 
independently associated with CKD were AHI values 
exceeding different thresholds, the highest tertile of the 
respiratory arousal index (≥7.63), but not total arousal index 
or hypoxia parameters. 

One peculiarity of this study is that the subjects under 
analysis did not come from a sleep laboratory, but from the 
general population, unlike in most previous cross-sectional 
studies. One consequence was that in most subjects under 
investigation OSA, when present, was mild or moderate 
and, more than else, characterised by mild oxygen 
desaturations. Studies that found a relationship between 
hypoxemia and kidney function usually had populations 
where severe or protracted hypoxic levels were reached 
(6,7,9,10,16). Conversely, other studies reporting no effect 
of hypoxemia mainly included subjects with mild respiratory 
disorders and desaturations (8). One experimental study in 
humans demonstrated that the more severe hypoxemia, the 
greater the activation of the RAS and, therefore, the more 
likely a renal impairment (25). Longitudinal studies used 
a threshold of 12% night time with SaO2 <90% as cut-off 
to separate patients with and without accelerated eGFR 
decline (10). The only longitudinal study that did not find 
detrimental influence of OSA on eGFR decline was based 
on the Wisconsin cohort, which included only a small 
percentage of subjects with severe OSA (27). Therefore, the 
mild desaturations could explain the lack of a relationship 

between hypoxemia and CKD in Adams’ study.
The question arises whether OSA may be a risk factor 

for CKD in the absence of significant hypoxemia. OSA 
could exert some of its harmful effects through mechanisms 
like, for example, sleep fragmentation associated with apnea 
recurrence. However, in Adams’ study it remains unclear 
why AHI and respiratory arousal index were associated 
to CKD while total arousal index was not. Some studies 
observed significant associations between AHI and some 
parameters of kidney damage or dysfunction even when no 
effect of hypoxemia was found (5,12), whereas the opposite 
was reported by others (10,16). Further studies are needed 
to explore possible non-hypoxic mechanisms that may 
endanger the kidney in OSA.

An important aspect of the OSA-CKD relationship 
evaluated by Adams and coworkers was the clinical 
presentation of OSA in CKD. Loud snoring in OSA was 
more often reported by patients without than by those with 
CKD. Besides, among patients with CKD, as opposed to 
patients without CKD, witnessed apneas and loud snoring 
were reported similarly by patients with and without OSA. 
Likewise, a score corresponding to a high OSA risk at the 
STOP questionnaire was more frequently found in OSA 
than in non-OSA patients only if they were not affected by 
CKD (26). 

Similar findings were reported in another study (28) 
where, however, the OSA patients had been taken from a 
sleep laboratory population, so that they could represent 
a group preselected for OSA symptoms and risk factors. 
Instead, in Adams’ study all OSA subjects came from the 
general population (26), which demonstrates that OSA with 
coexistent CKD is really associated with fewer symptoms 
than isolated OSA, particularly as concerns snoring and 
witnessed apneas. Mild symptoms were already observed 
in OSA diagnosed after stroke or heart failure (29,30). 
That arises the question whether OSA symptoms are not 
perceived equally in patients with cardiovascular or renal 
diseases as opposed to OSA patients without comorbidities. 
Alternatively, obstructive apneas in these diseases may have 
different characteristics than in the general or in sleep 
laboratory populations, and generate more soft snoring 
that may make them less evident to bed partners. The most 
common OSA screening questionnaires proved poorly 
performant in CKD (31), and other screening tools have 
been advocated, as it was the case in other diseases, like 
stroke or diabetes (32,33). Developing new tools could 
have clinically important consequences, since the clinical 
course of CKD might improve if OSA is recognised and 
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treated. Although data in that respect are still uncertain, 
a preliminary analysis of our data suggests a benefit of 
treatment by fixed CPAP on eGFR in OSA (34). 

In clinical populations of suspected OSA patients, the 
link between OSA and CKD appeared stronger in female 
subjects (9,14). One limitation of Adams’ study is that it 
cannot provide any information on possible gender-related 
differences in the general population, since it included only 
male subjects (26).

To conclude, the study by Adams et al. may open 
perspectives for new investigations on OSA, both from a 
pathophysiological and a clinical point of view. It suggests 
the need of new studies on the role of non-hypoxic risk 
factors for CKD in OSA and on their pathophysiological 
mechanisms. Besides, it could open the way to the study of a 
new phenotype of OSA. Today, much interest is aroused by 
the variability of the clinical presentation of many diseases, 
including OSA, and by the management required by each 
of them. Several analyses have been performed in OSA 
that have identified highly different clinical clusters, often 
characterised by presence of comorbidities with poor OSA 
symptomatology (35). While some studies have underscored 
a decreased risk for hypertension in non-hypersomnolent 
OSA patients (36), other investigations have shown that 
OSA after stroke is characterised by poor symptoms 
but, in spite of that, may worsen life expectancy (37).  
OSA characterised by the association of CKD with rarely 
reported loud snoring and witnessed apneas could be a 
new phenotype with prognostic implications as regards 
the evolution of kidney dysfunction. The importance of 
paucisymptomatic OSA is still poorly understood and 
deserves great attention due to its very high prevalence. 
Results of new studies on poorly symptomatic OSA and on 
its therapy in patients with different comorbidities may have 
important implications for public health.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare.

 

References

1. Abuyassin B, Sharma K, Ayas NT, et al. Obstructive 

sleep apnea and kidney disease: a potential bidirectional 
relationship? J Clin Sleep Med 2015;11:915-24. 

2. Millman RP, Kimmel PL, Shore ET, et al. Sleep apnea in 
hemodialysis patients: the lack of testosterone effect on its 
pathogenesis. Nephron 1985;40:407-10. 

3. Faulx MD, Storfer-Isser A, Kirchner HL, et al. Obstructive 
sleep apnea is associated with increased urinary albumin 
excretion. Sleep 2007;30:923-9. 

4. Iseki K, Tohyama K, Matsumoto T, et al. High prevalence 
of chronic kidney disease among patients with sleep related 
breathing disorder (SRBD). Hypertens Res 2008;31:249-55. 

5. Kanbay A, Buyukoglan H, Ozdogan N, et al. Obstructive 
sleep apnea syndrome is related to the progression of 
chronic kidney disease. Int Urol Nephrol 2012;44:535-9. 

6. Leong WB, Nolen M, Thomas GN, et al. The impact 
of hypoxemia on nephropathy in extremely obese 
patients with type 2 diabetes mellitus. J Clin Sleep Med 
2014;10:773-8. 

7. Bulcun E, Ekici M, Ekici A, et al. Microalbuminuria 
in obstructive sleep apnea syndrome. Sleep Breath 
2015;19:1191-7. 

8. Ogna A, Forni Ogna V, Haba Rubio J, et al. Sleep 
Characteristics in early stages of chronic kidney disease in 
the HypnoLaus cohort. Sleep 2016;39:945-53. 

9. Marrone O, Battaglia S, Steiropoulos P, et al. Chronic kidney 
disease in European patients with obstructive sleep apnea: the 
ESADA cohort study. J Sleep Res 2016;25:739-45. 

10. Ahmed SB, Ronksley PE, Hemmelgarn BR, et al. 
Nocturnal hypoxia and loss of kidney function. PLoS One 
2011;6:e19029. 

11. Molnar MZ, Mucsi I, Novak M, et al. Association of 
incident obstructive sleep apnoea with outcomes in a large 
cohort of US veterans. Thorax 2015;70:888-95. 

12. Tahrani AA, Ali A, Raymond NT, et al. Obstructive sleep 
apnea and diabetic nephropathy: a cohort study. Diabetes 
Care 2013;36:3718-25. 

13. Chu H, Shih CJ, Ou SM, et al. Association of sleep apnoea 
with chronic kidney disease in a large cohort from Taiwan. 
Respirology 2016;21:754-60. 

14. Lin YS, Liu PH, Lin SW, et al. Simple obstructive sleep 
apnea patients without hypertension or diabetes accelerate 
kidney dysfunction: a population follow-up cohort study 
from Taiwan. Sleep Breath 2017;21:85-91. 

15. Daskalopoulou EG, Liavvas C, Nakas CT, et al. 
Obstructive sleep apnoea syndrome promotes reversal 
albuminuria during sleep. Sleep Breath 2011;15:589-97. 

16. Yaşar ZA, Ucar ZZ, Demir AU, et al. Does CPAP therapy 
alter urinary albumin level in adult patients with moderate 



48 Marrone and Bonsignore. OSA and CKD

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(1):45-48jtd.amegroups.com

to severe obstructive sleep apnea syndrome? Sleep Breath 
2014;18:525-32. 

17. Kinebuchi S, Kazama JJ, Satoh M, et al. The short-term 
use of continuous positive airway pressure ameliorates 
glomerular hyperfiltration in patients with obstructive 
sleep apnea syndrome. Clin Sci (Lond) 2004;107:317-22. 

18. Nicholl DD, Hanly PJ, Poulin MJ, et al. Evaluation of 
continuous positive airway pressure therapy on renin-
angiotensin system activity in obstructive sleep apnea. Am 
J Respir Crit Care Med 2014;190:572-80. 

19. Koga S, Ikeda S, Yasunaga T, et al. Effects of nasal 
continuous positive airway pressure on the glomerular 
filtration rate in patients with obstructive sleep apnea 
syndrome. Intern Med 2013;52:345-9. 

20. Puckrin R, Iqbal S, Zidulka A, et al. Renoprotective 
effects of continuous positive airway pressure in chronic 
kidney disease patients with sleep apnea. Int Urol Nephrol 
2015;47:1839-45. 

21. Loffler KA, Heeley E, Freed R, et al. Effect of Obstructive 
Sleep Apnea Treatment on Renal Function in Patients 
with Cardiovascular Disease. Am J Respir Crit Care Med 
2017;196:1456-62. 

22. Bruno RM, Rossi L, Fabbrini M, et al. Renal vasodilating 
capacity and endothelial function are impaired in patients 
with obstructive sleep apnea syndrome and no traditional 
cardiovascular risk factors. J Hypertens 2013;31:1456-64. 

23. Buchner NJ, Wissing KR, Stegbauer J, et al. The 
renal resistance index is increased in mild-to-moderate 
obstructive sleep apnoea and is reduced under continuous 
positive airway pressure. Nephrol Dial Transplant 
2011;26:914-20. 

24. Sardo L, Palange P, Di Mario F, et al. Intrarenal 
hemodynamic and oxidative stress in patients with 
obstructive sleep apnea syndrome. Sleep Breath 
2015:19:1205-12. 

25. Zalucky AA, Nicholl DD, Hanly PJ, et al. Nocturnal 
hypoxemia severity and renin-angiotensin system activity 
in obstructive sleep apnea. Am J Respir Crit Care Med 
2015;192:873-80. 

26. Adams RJ, Appleton SL, Vakulin A, et al. Association of 
kidney disease with obstructive sleep apnea in a population 

study of men. Sleep 2017;40. 
27. Canales MT, Hagen EW, Barnet JH, et al. Sleep apnea 

and kidney function trajectory: results from a 20-year 
longitudinal study of healthy middle-aged adults. Sleep 
2018;41. 

28. Nicholl DD, Ahmed SB, Loewen AH, et al. Clinical 
presentation of obstructive sleep apnea in patients with 
chronic kidney disease. J Clin Sleep Med 2012;8:381-7. 

29. Arzt M, Young T, Finn L, et al. Sleepiness and sleep in 
patients with both systolic heart failure and obstructive 
sleep apnea. Arch Intern Med 2006;166:1716-22. 

30. Arzt M, Young T, Peppard P, et al. Dissociation of 
obstructive sleep apnea from hypersomnolence and obesity 
in patients with stroke. Stroke 2010;41:e129-34. 

31. Nicholl DD, Ahmed SB, Loewen AH, et al. Diagnostic 
value of screening instruments for identifying obstructive 
sleep apnea in kidney failure. J Clin Sleep Med 2013;9:31-8. 

32. Westlake K, Plihalova A, Pretl M, et al. Screening for 
obstructive sleep apnea syndrome in patients with type 
2 diabetes mellitus: a prospective study on sensitivity 
of Berlin and STOP-Bang questionnaires. Sleep Med 
2016;26:71-6. 

33. Boulos MI, Wan A, Im J, et al. Identifying obstructive 
sleep apnea after stroke/TIA: evaluating four simple 
screening tools. Sleep Med 2016;21:133-9. 

34. Marrone O, Cibella F, Pépin JL, et al. Estimated 
glomerular filtration rate (eGFR) changes after obstructive 
sleep apnea (OSA) treatment by positive airway pressure: 
data from the European Sleep Apnea Database (ESADA). 
Eur Respir J 2017;50:PA4733.

35. Bonsignore MR, Giron MCS, Marrone O, et al. 
Personalised medicine in sleep respiratory disorders: focus 
on obstructive sleep apnoea diagnosis and treatment. Eur 
Respir Rev 2017;26:170069. 

36. Kapur VK, Resnick HE, Gottlieb DJ, et al. Sleep 
disordered breathing and hypertension: does self-reported 
sleepiness modify the association? Sleep 2008;31:1127-32. 

37. Parra O, Arboix A, Montserrat JM, et al. Sleep-related 
breathing disorders: impact on mortality of cerebrovascular 
disease. Eur Respir J 2004;24:267-72. 

Cite this article as: Marrone O, Bonsignore MR. Obstructive 
sleep apnea and chronic kidney disease: open questions on a 
potential public health problem. J Thorac Dis 2018;10(1):45-
48. doi: 10.21037/jtd.2017.12.12


