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Abstract 

Sleep disturbance is one of the most common dialysis-related symptoms reported 

by haemodialysis patients. Poor sleep confers significant physical and 

psychological burden on patients with kidney disease and is associated with 

reduced quality of life and survival. More recent evidence also indicates that 

sleep-disordered breathing may be a risk factor for kidney injury.  

 

Despite the high prevalence and the importance of sleep disturbance to patients 

with kidney disease, relatively few studies have addressed therapeutic 

interventions to improve patient outcomes for sleep disordered patients, and there 

is a lack of clinical guideline to aid patient management. 

 

The purpose of this review is to describe the existing studies that have evaluated 

sleep disorders in the haemodialysis population, outline the current understanding 

of the pathophysiology of sleep-disordered breathing, and to discuss the role of 

haemodialysis modality in management of sleep-disordered breathing. 
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========================== 

Sleep disturbance is common in people with chronic kidney disease (CKD) 1, and 

the severity progresses when deteriorating kidney function necessitates dialysis 

2. Up to 80% of patients with End-Stage Kidney Disease (ESKD) experience 

sleep disturbance 3,4. Although sleep disturbance may be associated with 

declining kidney function and uraemic syndrome 5,6, an increasing dose of 

standard dialysis treatment in the ESKD population itself does not improve the 

sleep quality of most patients 7. 

 

The cause of disturbed sleep in haemodialysis patients can be considered as either 

intrinsic or extrinsic. Pain associated with dialysis treatment, such as chronic 

pain, cannulation pain or muscle cramping are common external factors that 

potentially cause sleep disturbance in haemodialysis patients 8,9. Other uraemia-

related problems such as accumulation of uraemic toxins and fluid may reduce 

sleep efficiency and cause sleep disturbance in patients on maintenance 

haemodialysis 2,10. Specific types of sleep disorders in patients receiving dialysis 

include insomnia, restless leg syndrome (RLS), periodic limb movement disorder 

(PLMD) and sleep-disordered breathing (SDB) 11-13. Each may represent different 

or overlapping clinical entities, with different pathophysiological mechanisms 

and clinical correlates. For example, anaemia, hyperphosphatemia, reduced 

melatonin levels and change in circadian rhythm are thought to be the main causes 
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of insomnia and RLS/PLMD 14-17, whilst upper airway oedema and destabilised 

ventilatory sensitivity are reported to cause the development of SDB in renal 

patients 18-20.  

 

Sleep disturbance is one of the most prevalent and intense symptom burdens 

identified by patients with ESKD 21,22. The consequences of sleep disorders such 

as fatigue and depression can profoundly impact patients’ mental and physical 

function, cause poor quality of life (QoL) and adversely affect survival 9,23-26. 

Short sleep duration not only is associated with rapid decline in kidney function 

27, patients who have less sleep and more total arousals per hour of sleep 

experience a 50% higher mortality risk compared with those with less sleep 

disturbance 28.  

 

Despite the significance and high prevalence of sleep disturbance, there is 

insufficient evidence for clinicians to manage this common symptom burden in 

the dialysis population 29. In the absence of robust data to inform improvements 

in clinical care, patients who receive maintenance dialysis are likely to continue 

to experience poor QoL.  

 

In this review, we first outline the overall prevalence and known risk factors of 

intrinsic sleep disturbances in ESKD patients. We then focus on SDB specifically 

and the relationship between SDB and kidney disease. Finally, we discuss the 
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proposed mechanism and the influence of dialysis treatment in ESKD patients 

with SDB.  

 

A literature search was undertaken using the Ovid database, Embase and Medline 

from 1996 to the present. Keywords used included: sleep wake disorder, sleep, 

sleep-disordered breathing, sleep apnoea, kidney disease, renal replacement 

therapy, dialysis, or their corresponding synonyms in MeSH term, with limits on 

English language and adult (age ≥ 18 years). The focus of this review is on 

haemodialysis patients; hence the studies on peritoneal dialysis and transplant 

patients were excluded. There were a total of 546 papers, of which 104 were 

selected to be of relevance for this review.  
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Sleep disturbance in haemodialysis patients: Prevalence and Terminology 

In the last decade, many studies have explored the high prevalence of sleep 

disturbances in haemodialysis patients (Table 1). Similar studies have been 

conducted in various countries around the world including Europe, Asia, and the 

Middle-East, and the common types of sleep disturbance/symptoms identified 

were insomnia, RLS, sleep apnoea and excessive daytime sleepiness. The overall 

prevalence of sleep disturbance in haemodialysis patients is between 49-98%. 

 

There are several potential difficulties in interpreting prior literature. Firstly, the 

terminology used to describe sleep disorders has been inconsistent and not always 

based on consensus definitions. Some terms describe symptomology that is based 

on patient complaints. For example, sleep disturbance is used as a general term 

to describe poor sleep quality or interrupted sleep. Similarly, insomnia describes 

the symptom of an insufficient amount of sleep or not feeling rested after sleep.  

The International Classification of Sleep Disorders (ICSD) also includes daytime 

consequences, such as daytime sleepiness, mood swings or impairment of 

daytime function, as part of the overall constellation of insomnia 30.  

 

In contrast, some terms describe specific pathophysiological abnormalities that 

cause symptomatic sleep disturbance. One good example is sleep apnoea, which 

is defined as a pause in breathing of 10 seconds or more during sleep that is often 

accompanied by reduction in blood oxygen saturation 31. Clinically, there are 
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three types of sleep apnoea: Obstructive sleep apnoea (OSA); central sleep 

apnoea (CSA); and mixed sleep apnoea 30. OSA is classified as ventilatory effort, 

observed by chest movement, but no airflow. CSA is characterised by decreased 

or absence of ventilatory effort that results in reduced or no airflow. Mixed sleep 

apnoea, is a clinical presentation of both OSA and CSA 32. Due to the various 

clinical presentations associated with sleep apnoea, sleep-disordered breathing 

has been increasingly used in literature as a general term for all breathing 

dysfunctions occurring during sleep, which covers diagnoses such as OSA, CSA, 

as well as sleep-related hypoventilation or hypoxemia disorder 33.  

 

Finally, some terms such as RLS, or PLMD are symptom-based but may reflect 

specific clinical entities. RLS describes the presence of an irresistible urge to 

move the legs prior to sleep onset, and the urge to move the legs is often the main 

reason for sleep disturbance 32. Similar to RLS, PLMD presents with repetitive 

and highly stereotyped limb movement that occurs during sleep, but the 

movement is not limited to the lower limbs and can also be observed in the arms 

34. It is important to note that these disorders/clinical symptoms often do not exist 

alone. For example, patients who complain of insomnia may fulfil diagnostic 

criteria for OSA or RLS that lead to insomnia 35. The cause of sleep disturbance 

is often complex and multifaceted, and may include psychological components 

36, which can make the diagnosis of sleep disorder complicated.  
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Existing screening and diagnostic tools 

The complexity of diagnosis and mix of symptomatic and diagnostic labels has 

led to the development of various screening and assessment tools. Commonly 

used tools include the Pittsburgh Sleep Quality Index (PSQI) 37, Epworth 

Sleepiness Scale (ESS) 38, Berlin Questionnaire 39, and the STOP-BANG 40 

questionnaire. Each tool has a different purpose and functionality in identifying 

sleep problems. Although the majority of these tools are validated, it is important 

to understand their limitations and applicability, when used in the haemodialysis 

population.  Table 2 summarises the most commonly used tools in terms of the 

number of items, the purpose, the domains measured and the validity. 

The PSQI is a tool to distinguish a “good” sleeper from a “poor” sleeper 37. 

Studies by Chen et al, Menon et al and Sabet et al used the PSQI to screen for 

sleep disorders in haemodialysis populations and the prevalence was consistently 

above 66% (range 66-73%) 12,41,42. Whilst PSQI is a validated screening tool with 

excellent sensitivity (89.6%) and specificity (86.5%), it is not a diagnostic tool 

nor does it reflect sleep disorder severity 37. Many studies have used PSQI to 

detect the prevalence of insomnia. However, this could potentially overestimate 

the significance of strictly defined insomnia. According to ICSD, there are three 

severities of insomnia: mild, moderate and severe. These are derived based on 

evidence of impaired daytime function 30. Using PSQI alone could potentially 

include patients who experience a one-off bad night sleep with those who have 

significant daytime dysfunction as the result of constant poor sleep quality. Given 
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that sleep complaints can be subjective and many people with poor sleep 

quality/quantity do not experience significant daytime consequences 33, it is 

important for clinicians to know the severity of sleep disturbance to justify the 

need for clinical interventions. 

 

The function of ESS is to assess the level of “sleepiness”, with a high score (above 

10 out of a total score of 24) indicating daytime sleepiness which is believed to 

be associated with poor sleep quality 38.  Although excessive daytime sleepiness 

often presents in adults with sleep disorders, it is important to note that there are 

other factors, such as advancing age, hormonal changes and the use of certain 

medications, which can also contribute to excessive daytime sleepiness without 

changing sleep patterns 43. Renal patients, in particular, can present with some 

degree of daytime sleepiness irrespective of the presence or absence of sleep 

disorders due to underlying disease progression with anaemia, uraemic fatigue 

and depression, 44,45. A study of 89 CKD patients not receiving haemodialysis 

(HD) (estimated glomerular filtration rate (eGFR) ≤ 40ml/min/1.73m2) and 75 

HD-dependent patients used the ESS questionnaire to screen for excessive 

daytime sleepiness, found that almost all patients reported excessive daytime 

sleepiness, but this did not correlate with the severity of sleep disorder 46. This 

finding highlights that excessive daytime sleepiness is a common subjective 

complaint present in patients with kidney disease, and that the use of ESS alone 

to assess a sleep disorder may overestimate the issue in this population. 
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In contrast to PSQI and ESS, Berlin and STOP-BANG questionnaires have been 

designed specifically for sleep-related disordered breathing. The Berlin 

questionnaire uses prominent risk factors for SDB such as snoring behaviour, 

daytime sleepiness and the presence of obesity and hypertension to assess the 

likelihood of SDB. Similarly, STOP-BANG screens for risk factors of SDB but 

has an additional emphasis on age, body mass index (BMI) and neck 

circumference. Both Berlin and STOP-BANG have high sensitivity to predict 

OSA when used in non-disease-specific adult populations (86% and 84% 

respectively) 39,40. However, when tested in renal populations, although 

sensitivity remains high, specificity (compared with gold standard 

polysomnography), was only 52% (Berlin) and 64% (STOP-BANG) in the CKD 

group, and 51% and 75% respectively in the ESKD group 47.  

 

There are a number of potential explanations for this result. Firstly, the prevalence 

of hypertension and elderly patients in CKD and ESKD populations is high 47, 

which can potentially reduce specificity. Additionally, the traditional correlates 

of SDB such as excessive daytime sleepiness and snoring behaviour present 

differently in patients with kidney disease; less snoring behaviour was observed 

in ESKD patients with OSA compared with OSA patients with normal kidney 

function 48,49. This highlights a potential issue of using these questionnaire tools 

alone and the need for using objective measures to assess SDB in patients with 

kidney disease. 
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The gold standard for the diagnosis of SDB is polysomnography (PSG) 50. PSG 

is an objective measure of sleep that records the total sleep time, the percentage 

of total sleep time in non-rapid eye movement (NREM) and rapid eye movement 

(REM) stages respectively, apnoea and hypopnea index (AHI) and sleep 

efficiency. There are five stages of sleep which can be divided into 2 main 

categories: NREM (stage 1-4) and REM (stage 5) 51. The structure of sleep stages 

is described as sleep architecture 51. Sleep efficiency is calculated by the sum of 

sleep stages divided by the total time in bed and multiplied by 100, with higher 

efficiency scores denoting better sleep 52. PSG can be performed either at home 

or in-laboratory. Home-based PSG, also known as unattended portable 

monitoring, records oximetry, airflow, respiratory effort and is considered a good 

alternative when in-laboratory PSG is not feasible 53. In-laboratory PSG monitors 

additional complex body functions including brain activity, eye movements, 

muscle activity or skeletal muscle activation, heart rhythm and oxygen levels 

during sleep, and from a technical point, is superior to home-based PSG 54. The 

severity of SDB can be identified through AHI reported in a PSG. AHI is the total 

number of apnoea and hypopnea events during sleep divided by the total number 

of sleep hours 55. AHI categorises sleep apnoea into three levels, with mild sleep 

apnoea defined as an AHI of 5-15/hour, moderate 15-30 and severe > 30 55. Parker 

et al is one of the few studies that have reported sleep quality of haemodialysis 

patients using an objective measure 56. Sixteen HD and 8 CKD (stage 4-5 pre HD) 

patients were enrolled in the study, and both groups showed reduced total sleep 
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time (≤6 hours) and efficiency (mean: 77% in CKD group and 87% in HD group) 

compared with normative data in the same age group.  

 

The total sleep time and sleep efficiency can also be objectively measured by 

actigraphy 57. An actigraph is a device that can be worn by an individual to record 

movement. Although actigraphy does not provide comprehensive analysis of 

aspects of sleep patterns such as sleep architecture and AHI, it is recognised as 

clinically useful particularly in the evaluation of treatment outcomes 58. Barmar 

et al studied 36 CKD (stage 4-5-pre HD) and 51 HD patients using a wrist 

actigraphy for 2 weeks, to document patients’ total sleep time, sleep efficiency 

and fragmentation index. They found that although both groups had reduced total 

sleep time and efficiency, the HD group fared worse in all measures. Compared 

with the CKD group the total sleep time, sleep efficiency, and fragmentation 

index were 343 vs.410 (min), 71% vs 77% and 28.7 vs 24 respectively. Although 

this was a single-centred study with a small sample size, it suggests that dialysis 

patients have significant sleep impairment and that dialysis treatment does not 

ameliorate sleep problems 59.  

 

Risk factors for sleep-disordered breathing in haemodialysis patients 

In the general population risk factors for SDB include male gender, obesity, 

hypertension and neck circumference (>40 centimetres) 60,61. Although similar 

risk factors are identified in the haemodialysis population 62,63, some of these 
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factors are not as pronounced nor as useful to screen for SDB in patients with 

ESKD. 

 

Gender is a predisposed risk factor for a certain type of sleep disorder 64. It is 

believed that differences in hormones, body fat and physical attributes can 

contribute to differences in sleep disorders. For example, insomnia is more female 

predominant due to changes in hormones (menstrual cycle or menopause), and 

sleep-disordered breathing is more often found in males due to larger pharyngeal 

length 65. In the haemodialysis population, gender difference does not correlate 

to poor sleep quality 11,66,67, nor to the presence of SDB 63,68,69. Tada et al assessed 

119 ESKD patients and compared those with SDB (defined by oxygen 

desaturation index (ODI) more than 5) to those without (ODI less than 5); they 

found no differences in gender between the two groups 68. A similar finding was 

reported by Pfister et al using ODI of 15 as a cut-off point 63. Ogna et al further 

demonstrated that gender was a weak predictor of SDB in the haemodialysis 

population (OR: 0.72; CI: 0.12-4.20, P>0.2) and should not be used to screen for 

SDB in this population 69. 

 

Obesity and, particularly, a large neck circumference are strong predictors of 

SDB in the general population 60. Fat deposition in the tissues, particularly 

surrounding the upper airway (neck circumference) is believed to result in a 

smaller lumen and collapsible upper airway and considered a predisposition to 
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apnoea 70. Several studies have reported positive correlations between high body 

mass index (BMI) and the development of SDB in haemodialysis patients 

62,68,71,72. However, a high BMI is not a perfect measure of excess fat, and certainly 

not a reflection of excess localised fat. In haemodialysis patients, the value of 

BMI is further affected by fluid overload and protein-energy wasting, whereby 

excess catabolism of muscle and fat occur as kidney disease progresses 73. For 

this reason, neck circumference (>40cm) is increasingly recognised as a more 

predictive factor of SDB in the haemodialysis population 69. In haemodialysis 

patients, an increased neck circumference is positively associated with fluid 

overload and severity of SDB 74,75. Ogna et al described a positive association 

between less fluid overload (after a haemodialysis treatment) and a lower AHI in 

12 haemodialysis patients (r=0.49, p=0.04) 75. Lyons et al further supported the 

effect of fluid removal in 15 haemodialysis patients, and reported an 

ultrafiltration of 2.17 ± 0.45 litres in dialysis decreases AHI by 36% (AHI 

43.8±20.3 to 28.0±17.7, p<0.001). Both studies indicate that haemodialysis 

treatment with fluid removal had impact on AHI, which supports the existing 

evidence that fluid accumulation may cause airway narrowing and symptoms of 

SDB in haemodialysis patients.   

 

 

Impact of SDB on kidney injury and patient outcomes 

Although most studies focus on the effect of renal disease in causing or 
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exacerbating sleep disorders 5,6,76-78, there is some evidence that SDB may itself 

contribute to renal disease and its outcomes. Hypoxia and hypercapnia, as the 

result of sleep apnoea, increase sympathetic neural tone and cause persistent 

hypertension 79, which can cause kidney injury. A large national study compared 

43,434 individuals (8687 with sleep apnoea; 34,747 without sleep apnoea) and 

found that the risk of CKD development was 1.58 times greater in patients with 

sleep apnoea than in those without (adjusted HR 1.58, 95% CI: 1.29–1.94) 80. 

This study did not exclude patients with hypertension and/or diabetes, which are 

the common comorbidities of CKD. There were more patients with hypertension 

and diabetes in the sleep apnoea cohort than the non-sleep apnoea cohort (20% 

vs 13%; 38% vs 24%, respectively, P<0.001), which may have confounded the 

study results. Chou et al analysed the relationship between the severity of sleep 

apnoea and kidney function of 40 individuals without hypertension or diabetes. 

AHI was used to assess the severity of sleep apnoea, and they found that higher 

AHI was independently associated with worse kidney outcomes, assessed by 

urine albumin to creatinine ratio (β=0.26, P=0.01, R2=0.17) and eGFR (β=0.32, 

P<0.01, R2=0.32) 81. The study authors suggest that sleep apnoea is an 

independent risk factor for kidney injury and potentially a predictor of 

progression of kidney disease.  

 

Although the relationship between severity of SDB and mortality remains 

unproven, there is some evidence that poorer sleep quality is associated with 
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worse mortality. Unruh et al found in 909 haemodialysis patients that a decline 

in sleep quality during the first year on dialysis was associated with shorter 

survival time compared with those who had stable or improved sleep quality (HR 

1.44; 95% CI: 1.13-1.83, P=0.003) 24. Benz et al also found that patients (n=29) 

with more sleep disturbance (quantified by PSG) had 50% less chance of survival 

compared to those with less sleep disturbance (P=0.007) 28.  

 

Proposed mechanisms for development of SDB in haemodialysis patients 

Fluid accumulation and disturbed respiratory drive are the two mechanisms that 

have been most frequently postulated for the high prevalence of SDB in 

haemodialysis patients (Figure 1). Excess fluid in these patients can redistribute 

to the upper airway when they lie down at night and cause pharyngeal narrowing 

and OSA 69,74,82-84. Elias et al studied 20 haemodialysis patients using bioelectrical 

impedance to measure volume status and magnetic resonance imaging to record 

upper airway mucosal water content and internal jugular volume.  They found 

that jugular volume and upper airway congestion were associated with worse 

apnoea (assessed by AHI), and together accounted for 72% of the variability in 

AHI scores 20. Pharyngeal narrowing in the dialysis population was reported by 

Beecroft et al using an acoustic pharyngometer, HD patients (N=44) were found 

to have a smaller pharyngeal area when compared with a non-renal group (N=41) 

(3.04 vs 3.46 cm; P=0.033); and this difference was proposed to be the factor 

responsible for sleep apnoea in dialysis patients 85.  
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De-stabilised chemoreceptor responsiveness is another potential cause of SDB in 

haemodialysis patients 86. Normal respiratory drive is regulated by the 

chemoreceptors base on the change of concentration in partial pressure of oxygen 

(pO2), carbon dioxide (pCO2) and pH of blood 87. For example, when there is an 

increase in pCO2 leading to a decrease in pH, the chemoreceptors will detect the 

change and stimulate ventilation to maintain homeostatic regulation. When the 

chemoreceptors are hyperactive due to prolonged or uncorrected hypoxia or 

hypercapnia, instability and variability in respiratory control will occur and cause 

periodic breathing 88. During normal NREM sleep, ventilation is predominately 

controlled by the chemoreceptors 89; therefore, changes in chemoreflex sensitivity 

could cause sleep disturbance by promoting periodic breathing during sleep 19. 

 

 Beecroft et al confirmed increased chemoreflex sensitivity in HD patients by 

studying 58 chronic HD patients; 38 were apnoeic and 20 non-apnoeic as assessed 

by AHI. Chemoreflex responsiveness was measured by ventilatory sensitivity to 

pCO2 level using the modified Read rebreathing technique 90, where participants 

were asked to perform voluntary hyperventilation for 5 mins and ventilation was 

measured from hypocapnia to hypercapnia. In this procedure, chemoreflex 

responses can be determined by the difference between ventilatory responses to 

pCO2 at high constant O2 tension (isoxic hyperoxic) and low constant O2 tension 

(isoxic hypoxic) 91. The total respiratory response consists of central and 
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peripheral chemoreflexes, and because the main trigger of peripheral 

chemoreceptors is the change of pCO2 level at low constant O2 tension, when the 

test is performed during hyperoxia, the ventilatory response mainly reflects the 

activity of central chemoreflexes 90. The difference between hyperoxic and 

hypoxic responses therefore represents the peripheral chemoreflex response 91. 

They found that although all patients had the same ventilatory threshold; the 

apnoeic group showed higher ventilatory sensitivity during both isoxic hypoxia 

and hyperoxia compared with the non-apnoea group. This suggested that 

increased chemoreflex sensitivity (both central and peripheral) in HD patients can 

lead to destabilisation of respiratory control and result in sleep apnoea 18. 

 

The influence of dialysis treatment in SDB 

Although the mechanism responsible for increased chemoreflex sensitivity in 

dialysis patients remains unclear, chemoreflex responsiveness can be enhanced 

by metabolic acidosis 92.  Patients who require chronic haemodialysis are often 

acidemic prior to each dialysis treatment 93. During a haemodialysis treatment, 

bicarbonate is used as a buffer system to restore normal blood pH levels. Loss of 

CO2 throughout the dialysis treatment in theory will reduce the CO2 level in the 

blood and cause hypoventilation 94. Whether increasing dialysis intensity will 

exacerbate the apnoea episodes due to dialysis-induced hypoventilation, or 

improve the clinical symptom of SDB by reducing fluid retention and the 

sensitivity of the chemoreflex remains unclear. 
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Currently, the most common dialysis model is conventional haemodialysis which 

provides daytime treatment 3 times/week for 4 hours a day. Intensified dialysis 

modalities such as nocturnal haemodialysis (NHD) have been explored as a 

management approach for sleep apnoea 95. In contrast to conventional dialysis, 

NHD delivers slow, frequent, and long dialysis treatment (6-7nights/week for 10-

12 hours during the night), which has shown better efficacy in uraemia and fluid 

control 96,97. Hanly et al compared the effect of conventional dialysis (4 hours 

daytime/3 times/week) and NHD (8hours/ 6-7nights/week) on AHI scores in 

patients with sleep apnoea. They found that the frequency of AHI was 

significantly reduced (from mean 25±25 to 8±8, P=0.03) when patients were 

switched to NHD from conventional HD 98. NHD is positively associated with 

decreasing chemosensitivity and increasing pharyngeal size 99-101.  

 

Nocturnal dialysis however, is a therapy, which is not viable for most 

haemodialysis patients. There is clearly a need to explore the effectiveness of 

dialysis treatment on SDB using more-widely available dialysis treatments. 

Currently there are no interventional studies comparing the effect of increasing 

dialysis dose on conventional haemodialysis and SDB, nor has any study 

investigated the effect of haemodiafiltration (HDF). Some studies indicate that 

HDF reduces all-cause mortality in HD patients as well as improving blood 
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pressure, fluid control, nutritional status and anaemia 102,103, all of which have 

been linked to sleep disturbance 104-106.  

 

Clearance in standard HD is predominantly due to diffusion, which enables 

effective removal of low molecular weight molecules (< 500 Daltons (Da)) such 

as urea (60 Da) and creatinine (113 Da) 107. This method however is less effective 

in removal of middle ( 0.5-600 kDa ) to large (>60 kDa) molecular weight 

molecules 108, which are considered to mediate many of the adverse effects of 

uraemia . HDF utilises convection which enables more effective removal of 

middle molecular weight molecules, including beta-2 microglobulin (11 kDa) and 

Leptin (16 kDa) 109,110. Better clearance of these molecules may reduce chronic 

inflammation and alleviate symptoms of SDB 111-113 (Figure 1). High serum pro-

inflammatory cytokine levels such as high-sensitivity C-reactive protein, serum 

interleukin-1β and leptin are commonly found in patients with OSA 114-119. 

Although the mechanism linking OSA and inflammation is unclear 112, existing 

evidence suggests that systemic inflammation may be a contributing factor to the 

pathogenesis of OSA 112,120. Increased inflammatory responses could potentially 

cause chemoreflex hypersensitivity by stimulating the carotid body where 

peripheral chemoreceptors are located 121. It can also induce upper airway oedema 

and cause pharyngeal narrowing 85, both of which can exacerbate symptoms of 

SDB. HDF may be a good alternative in managing sleep disturbance, particularly 

in SDB 111. 
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Conclusion and future direction 

The true prevalence of sleep apnoea and overall sleep disorders is difficult to 

ascertain due to the lack of a standard definition and methodology. However, it 

is quite clear that sleep disorders are common in both HD-dependent and non-HD 

requiring kidney patients; they have a detrimental impact on patients’ quality of 

life; and are associated with poor survival. More studies on the management of 

sleep disorders are required to improve health outcomes in patients with kidney 

disease; especially studies investigating sleep disorders with objective markers 

and robust outcome measures. The mechanisms behind the improvement of sleep 

apnoea in ESKD patients on nocturnal dialysis and other dialysis models should 

be explored in future studies.  



p.22 of 34. 
 

References 

1. Iliescu EA, Yeates KE, Holland DC. Quality of sleep in patients with chronic kidney disease. 
Nephrol Dial Transplant. 2004;19(1):95-99. 

2. Agarwal R, Light RP. Sleep and activity in chronic kidney disease: a longitudinal study. Clinical 
journal of the American Society of Nephrology : CJASN. 2011;6(6):1258-1265. 

3. Parker KP. Sleep disturbances in dialysis patients. Sleep medicine reviews. 2003;7(2):131-
143. 

4. Al-Jahdali H. A comparison of sleep disturbances and sleep apnea in patients on 
hemodialysis and chronic peritoneal dialysis. Saudi J Kidney Dis Transpl. 2011;22(5):922-930. 

5. Sakaguchi Y, Shoji T, Kawabata H, et al. High prevalence of obstructive sleep apnea and its 
association with renal function among nondialysis chronic kidney disease patients in Japan: a 
cross-sectional study. Clinical Journal of The American Society of Nephrology: CJASN. 
2011;6(5):995-1000. 

6. Nicholl DD, Ahmed SB, Loewen AH, et al. Declining kidney function increases the prevalence 
of sleep apnea and nocturnal hypoxia. Chest. 2012;141(6):1422-1430. 

7. Tosun N, Kalender N, Cinar FI, et al. Relationship between dialysis adequacy and sleep 
quality in haemodialysis patients. Journal of clinical nursing. 2015;24(19-20):2936-2944. 

8. Brkovic T, Burilovic E, Puljak L. Prevalence and severity of pain in adult end-stage renal 
disease patients on chronic intermittent hemodialysis: a systematic review. Patient 
preference and adherence. 2016;10:1131-1150. 

9. Harris TJ, Nazir R, Khetpal P, et al. Pain, sleep disturbance and survival in hemodialysis 
patients. Nephrol Dial Transplant. 2012;27(2):758-765. 

10. Abdelwhab S, Kamel M, Noshey M. Sleep Disorders in Hemodialysis Patients. Kidney. 
2010;19(4):175-181. 

11. Merlino G, Piani A, Dolso P, et al. Sleep disorders in patients with end-stage renal disease 
undergoing dialysis therapy. Nephrol Dial Transplant. 2006;21(1):184-190. 

12. Chen WC, Lim PS, Wu WC, et al. Sleep behavior disorders in a large cohort of chinese 
(Taiwanese) patients maintained by long-term hemodialysis. Am J Kidney Dis. 
2006;48(2):277-284. 

13. Sabry AA, Abo-Zenah H, Wafa E, et al. Sleep disorders in hemodialysis patients. Saudi J 
Kidney Dis Transpl. 2010;21(2):300-305. 

14. Mao S, Shen H, Huang S, Zhang A. Restless legs syndrome in dialysis patients: a meta-
analysis. Sleep Medicine.15(12):1532-1538. 

15. Kavanagh D, Siddiqui S, Geddes CC. Restless legs syndrome in patients on dialysis. Am J 
Kidney Dis. 2004;43(5):763-771. 

16. Koch BC, van der Putten K, Van Someren EJ, et al. Impairment of endogenous melatonin 
rhythm is related to the degree of chronic kidney disease (CREAM study). Nephrol Dial 
Transplant. 2010;25(2):513-519. 

17. Parker KP, Bliwise DL, Rye DB. Hemodialysis disrupts basic sleep regulatory mechanisms: 
building hypotheses. Nurs Res. 2000;49(6):327-332. 

18. Beecroft J, Duffin J, Pierratos A, Chan CT, McFarlane P, Hanly PJ. Enhanced chemo-
responsiveness in patients with sleep apnoea and end-stage renal disease. Eur Respir J. 
2006;28(1):151-158. 

19. Mahamed S, Hanly PJ, Gabor J, Beecroft J, Duffin J. Overnight changes of chemoreflex 
control in obstructive sleep apnoea patients. Respiratory Physiology & Neurobiology. 
2005;146(2–3):279-290. 

20. Elias RM, Chan CT, Paul N, et al. Relationship of pharyngeal water content and jugular 
volume with severity of obstructive sleep apnea in renal failure. Nephrol Dial Transplant. 
2013;28(4):937-944. 



p.23 of 34. 
 

21. Yong DS, Kwok AO, Wong DM, Suen MH, Chen WT, Tse DM. Symptom burden and quality of 
life in end-stage renal disease: a study of 179 patients on dialysis and palliative care. 
Palliative medicine. 2009;23(2):111-119. 

22. Ramkumar N, Beddhu S, Eggers P, Pappas LM, Cheung AK. Patient preferences for in-center 
intense hemodialysis. Hemodialysis International. 2005;9(3):281-295. 

23. Jhamb M, Argyropoulos C, Steel JL, et al. Correlates and outcomes of fatigue among incident 
dialysis patients. Clinical journal of the American Society of Nephrology : CJASN. 
2009;4(11):1779-1786. 

24. Unruh ML, Buysse DJ, Dew MA, et al. Sleep quality and its correlates in the first year of 
dialysis. Clinical journal of the American Society of Nephrology : CJASN. 2006;1(4):802-810. 

25. Iliescu EA, Coo H, McMurray MH, et al. Quality of sleep and health-related quality of life in 
haemodialysis patients. Nephrol Dial Transplant. 2003;18(1):126-132. 

26. Sanner BM, Tepel M, Esser M, et al. Sleep-related breathing disorders impair quality of life in 
haemodialysis recipients. Nephrol Dial Transplant. 2002;17(7):1260-1265. 

27. McMullan CJ, Curhan GC, Forman JP. Association of short sleep duration and rapid decline in 
renal function. Kidney International.89(6):1324-1330. 

28. Benz RL, Pressman MR, Hovick ET, Peterson DD. Potential novel predictors of mortality in 
end-stage renal disease patients with sleep disorders. Am J Kidney Dis. 2000;35(6):1052-
1060. 

29. Davison SN, Levin A, Moss AH, et al. Executive summary of the KDIGO Controversies 
Conference on Supportive Care in Chronic Kidney Disease: developing a roadmap to 
improving quality care. Kidney Int. 2015;88(3):447-459. 

30. Medicine AAoS. International Classification of Sleep Disorders: Revised: diagnostic and 
Coding Mannual. In: Medicine AAoS, ed. Chicago, Illinois: American Academic of Sleep 
medicine; 2001. 

31. Fleetham J, Ayas N, Bradley D, et al. Canadian Thoracic Society guidelines: Diagnosis and 
treatment of sleep disordered breathing in adults. Canadian Respiratory Journal : Journal of 
the Canadian Thoracic Society. 2006;13(7):387-392. 

32. Benca RM. Clinical Sleep Disorders. 2nd ed. Philadelphia, USA: Lippincott Williams & Wilkins; 
2012. 

33. Sateia MJ. International classification of sleep disorders-third edition: highlights and 
modifications. Chest. 2014;146(5):1387-1394. 

34. Benca RM. Sleep Disorders the clinician's guide to diagnosis and managment. New York: 
Oxford University Press; 2012. 

35. Roth T. Insomnia: Definition, Prevalence, Etiology, and Consequences. Journal of Clinical 
Sleep Medicine : JCSM : official publication of the American Academy of Sleep Medicine. 
2007;3(5 Suppl):S7-S10. 

36. Schutte-Rodin S, Broch L, Buysse D, Dorsey C, Sateia M. Clinical Guideline for the Evaluation 
and Management of Chronic Insomnia in Adults. Journal of Clinical Sleep Medicine : JCSM : 
Official Publication of the American Academy of Sleep Medicine. 2008;4(5):487-504. 

37. Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality 
Index: a new instrument for psychiatric practice and research. Psychiatry research. 
1989;28(2):193-213. 

38. Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. 
Sleep. 1991;14(6):540-545. 

39. Netzer NC, Stoohs RA, Netzer CM, Clark K, Strohl KP. Using the Berlin Questionnaire to 
identify patients at risk for the sleep apnea syndrome. Annals of internal medicine. 
1999;131(7):485-491. 

40. Chung F, Yang Y, Brown R, Liao P. Alternative Scoring Models of STOP-Bang Questionnaire 
Improve Specificity To Detect Undiagnosed Obstructive Sleep Apnea. Journal of Clinical Sleep 



p.24 of 34. 
 

Medicine : JCSM : Official Publication of the American Academy of Sleep Medicine. 
2014;10(9):951-958. 

41. Menon VB, Alla P, Madhuri S, Sanathan SR, Shetty MS, Ram D. Sleep quality in end-stage 
renal disease patients on maintenance hemodialysis: A six month prospective survey. 
International Journal of Pharmaceutical Sciences and Research. 2015;6(2):660-668. 

42. Sabet R, Naghizadeh MM, Azari S. Quality of sleep in dialysis patients. Iranian journal of 
nursing and midwifery research. 2012;17(4):270-274. 

43. Slater G, Steier J. Excessive daytime sleepiness in sleep disorders. Journal of Thoracic 
Disease. 2012;4(6):608-616. 

44. Parker KP, Bliwise DL, Bailey JL, Rye DB. Daytime sleepiness in stable hemodialysis patients. 
Am J Kidney Dis. 2003;41(2):394-402. 

45. Joshwa B, Khakha DC, Mahajan S. Fatigue and depression and sleep problems among 
hemodialysis patients in a tertiary care center. Saudi J Kidney Dis Transpl. 2012;23(4):729-
735. 

46. Roumelioti ME, Buysse DJ, Sanders MH, Strollo P, Newman AB, Unruh ML. Sleep-disordered 
breathing and excessive daytime sleepiness in chronic kidney disease and hemodialysis. 
Clinical Journal of The American Society of Nephrology: CJASN. 2011;6(5):986-994. 

47. 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(1):31-38. 

48. 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(4):381-387. 

49. Beecroft JM, Pierratos A, Hanly PJ. Clinical presentation of obstructive sleep apnea in 
patients with end-stage renal disease. J Clin Sleep Med. 2009;5(2):115-121. 

50. Kushida CA, Littner MR, Morgenthaler T, et al. Practice parameters for the indications for 
polysomnography and related procedures: an update for 2005. Sleep. 2005;28(4):499-521. 

51. Carney PR, Geyer JD, Berry RB. Clinical Sleep Disorders. Philadelphia, USA: Lippincott 
Williams & Wilkins; 2012. 

52. Shrivastava D, Jung S, Saadat M, Sirohi R, Crewson K. How to interpret the results of a sleep 
study. Journal of Community Hospital Internal Medicine Perspectives. 
2014;4(5):10.3402/jchimp.v3404.24983. 

53. Portier F, Portmann A, Czernichow P, et al. Evaluation of Home versus Laboratory 
Polysomnography in the Diagnosis of Sleep Apnea Syndrome. American Journal of 
Respiratory and Critical Care Medicine. 2000;162(3):814-818. 

54. Gagnadoux F, Pelletier-Fleury N, Philippe C, Rakotonanahary D, Fleury B. Home unattended 
vs hospital telemonitored polysomnography in suspected obstructive sleep apnea syndrome: 
a randomized crossover trial. Chest. 2002;121(3):753-758. 

55. Guidelines for sleep studies in adults. 2014. 
56. Parker KP, Bliwise DL, Bailey JL, Rye DB. Polysomnographic measures of nocturnal sleep in 

patients on chronic, intermittent daytime haemodialysis vs those with chronic kidney 
disease. Nephrol Dial Transplant. 2005;20(7):1422-1428. 

57. Martin JL, Hakim AD. Wrist Actigraphy. Chest. 2011;139(6):1514-1527. 
58. Van de Water AT, Holmes A, Hurley DA. Objective measurements of sleep for non-laboratory 

settings as alternatives to polysomnography--a systematic review. Journal of sleep research. 
2011;20(1 Pt 2):183-200. 

59. Barmar B, Dang Q, Isquith D, Buysse D, Unruh M. Comparison of sleep/wake behavior in CKD 
stages 4 to 5 and hemodialysis populations using wrist actigraphy. Am J Kidney Dis. 
2009;53(4):665-672. 

60. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The Occurrence of Sleep-
Disordered Breathing among Middle-Aged Adults. New England Journal of Medicine. 
1993;328(17):1230-1235. 



p.25 of 34. 
 

61. Stradling JR, Crosby JH. Predictors and prevalence of obstructive sleep apnoea and snoring in 
1001 middle aged men. Thorax. 1991;46(2):85-90. 

62. Al-Jahdali H. Prevalence of sleep apnea and excessive day time sleepiness in patients with 
end-stage renal disease on dialysis. Saudi J Kidney Dis Transpl. 2012;23(2):251-261. 

63. Pfister M, Jakob SM, Marti HP, Frey FJ, Gugger M. Ambulatory nocturnal oximetry and sleep 
questionnaire-based findings in 38 patients with end-stage renal disease. Nephrol Dial 
Transplant. 1999;14(6):1496-1502. 

64. Mallampalli MP, Carter CL. Exploring sex and gender differences in sleep health: a Society for 
Women's Health Research Report. Journal of women's health (2002). 2014;23(7):553-562. 

65. Krishnan V, Collop NA. Gender differences in sleep disorders. Current opinion in pulmonary 
medicine. 2006;12(6):383-389. 

66. Ibrahim JM, Wegdan OM. Epidemiology of sleep disorders in patients with chronic renal 
disease in Cairo, Egypt. The Journal of the Egyptian Public Health Association. 2011;86(3-
4):68-72. 

67. Araujo SM, Bruin VM, Daher EF, Medeiros CA, Almeida GH, Bruin PF. Quality of sleep and 
day-time sleepiness in chronic hemodialysis: a study of 400 patients. Scand J Urol Nephrol. 
2011;45(5):359-364. 

68. Tada T, Kusano KF, Ogawa A, et al. The predictors of central and obstructive sleep apnoea in 
haemodialysis patients. Nephrol Dial Transplant. 2007;22(4):1190-1197. 

69. Ogna A, Ogna VF, Mihalache A, et al. Obstructive sleep apnea severity and overnight body 
fluid shift before and after hemodialysis. Clinical Journal of the American Society of 
Nephrology. 2015;10(6):1002-1010. 

70. Romero-Corral A, Caples SM, Lopez-Jimenez F, Somers VK. Interactions Between Obesity and 
Obstructive Sleep Apnea: Implications for Treatment. Chest. 2010;137(3):711-719. 

71. Argekar P, Griffin V, Litaker D, Rahman M. Sleep apnea in hemodialysis patients: risk factors 
and effect on survival. Hemodialysis International. 2007;11(4):435-441. 

72. Wali SO, Alkhouli A, Howladar M, et al. Risk of obstructive sleep apnea among Saudis with 
chronic renal failure on hemodialysis. Annals of Thoracic Medicine. 2015;10(4):263-268. 

73. Carrero JJ, Stenvinkel P, Cuppari L, et al. Etiology of the protein-energy wasting syndrome in 
chronic kidney disease: a consensus statement from the International Society of Renal 
Nutrition and Metabolism (ISRNM). J Ren Nutr. 2013;23(2):77-90. 

74. Elias RM, Bradley TD, Kasai T, Motwani SS, Chan CT. Rostral overnight fluid shift in end-stage 
renal disease: relationship with obstructive sleep apnea. Nephrol Dial Transplant. 
2012;27(4):1569-1573. 

75. Ogna A, Forni Ogna V, Mihalache A, et al. Obstructive Sleep Apnea Severity and Overnight 
Body Fluid Shift before and after Hemodialysis. Clinical Journal of the American Society of 
Nephrology. 2015. 

76. Canales MT, Taylor BC, Ishani A, et al. Reduced renal function and sleep-disordered 
breathing in community-dwelling elderly men. Sleep Medicine. 2008;9(6):637-645. 

77. Unruh ML, Sanders MH, Redline S, et al. Subjective and objective sleep quality in patients on 
conventional thrice-weekly hemodialysis: comparison with matched controls from the sleep 
heart health study. Am J Kidney Dis. 2008;52(2):305-313. 

78. Abuyassin B, Sharma K, Ayas NT, Laher I. Obstructive Sleep Apnea and Kidney Disease: A 
Potential Bidirectional Relationship? J Clin Sleep Med. 2015;11(8):915-924. 

79. Wolf J, Hering D, Narkiewicz K. Non-dipping pattern of hypertension and obstructive sleep 
apnea syndrome. Hypertension research : official journal of the Japanese Society of 
Hypertension. 2010;33(9):867-871. 

80. Chu H, Shih CJ, Ou SM, Chou KT, Lo YH, Chen YT. Association of sleep apnoea with chronic 
kidney disease in a large cohort from Taiwan. Respirology (Carlton, Vic). 2016. 

81. Chou YT, Lee PH, Yang CT, et al. Obstructive sleep apnea: a stand-alone risk factor for chronic 
kidney disease. Nephrol Dial Transplant. 2011;26(7):2244-2250. 



p.26 of 34. 
 

82. Redolfi S, Yumino D, Ruttanaumpawan P, et al. Relationship between Overnight Rostral Fluid 
Shift and Obstructive Sleep Apnea in Nonobese Men. American Journal of Respiratory and 
Critical Care Medicine. 2009;179(3):241-246. 

83. White LH, Bradley TD. Role of nocturnal rostral fluid shift in the pathogenesis of obstructive 
and central sleep apnoea. The Journal of physiology. 2013;591(5):1179-1193. 

84. Jafari B, Mohsenin V. Overnight Rostral Fluid Shift in Obstructive Sleep Apnea: Does It Affect 
the Severity of Sleep-Disordered Breathing? Chest. 2011;140(4):991-997. 

85. Beecroft JM, Hoffstein V, Pierratos A, Chan CT, McFarlane PA, Hanly PJ. Pharyngeal 
narrowing in end-stage renal disease: implications for obstructive sleep apnoea. Eur Respir J. 
2007;30(5):965-971. 

86. Marcus NJ, Del Rio R, Schultz HD. Central role of carotid body chemoreceptors in disordered 
breathing and cardiorenal dysfunction in chronic heart failure. Frontiers in Physiology. 
2014;5:438. 

87. Nattie E. CO2, brainstem chemoreceptors and breathing. Progress in neurobiology. 
1999;59(4):299-331. 

88. Khoo MC. Determinants of ventilatory instability and variability. Respiration physiology. 
2000;122(2-3):167-182. 

89. Naughton MT. Loop Gain in Apnea. American Journal of Respiratory and Critical Care 
Medicine. 2010;181(2):103-105. 

90. Duffin J. Role of acid-base balance in the chemoreflex control of breathing. Journal of 
applied physiology (Bethesda, Md : 1985). 2005;99(6):2255-2265. 

91. Duffin J. Measuring the ventilatory response to hypoxia. The Journal of physiology. 
2007;584(Pt 1):285-293. 

92. Sarah H, Renshaw J, Williams R. Respiratory System. 4th ed. London, UK: Mosby Elsevier; 
2013. 

93. Mehrotra R, Kopple JD, Wolfson M. Metabolic acidosis in maintenance dialysis patients: 
clinical considerations. Kidney international Supplement. 2003(88):S13-25. 

94. Pierson DJ. Respiratory Considerations in the Patient With Renal Failure. Respiratory Care. 
2006;51(4):413-422. 

95. Chan CT, Hanly P, Gabor J, Picton P, Pierratos A, Floras JS. Impact of nocturnal hemodialysis 
on the variability of heart rate and duration of hypoxemia during sleep. Kidney International. 
2004;65(2):661-665. 

96. Ranganathan D, John GT. Nocturnal hemodialysis. Indian Journal of Nephrology. 
2012;22(5):323-332. 

97. Lacson E, Xu J, Suri R, et al. Survival with Three-Times Weekly In-Center Nocturnal Versus 
Conventional Hemodialysis. Journal of the American Society of Nephrology. 2012. 

98. Hanly PJ, Pierratos A. Improvement of sleep apnea in patients with chronic renal failure who 
undergo nocturnal hemodialysis. New England Journal of Medicine. 2001;344(2):102-107. 

99. Beecroft JM, Duffin J, Pierratos A, Chan CT, McFarlane P, Hanly PJ. Decreased 
chemosensitivity and improvement of sleep apnea by nocturnal hemodialysis. Sleep 
Medicine. 2009;10(1):47-54. 

100. Beecroft JM, Hoffstein V, Pierratos A, Chan CT, McFarlane P, Hanly PJ. Nocturnal 
haemodialysis increases pharyngeal size in patients with sleep apnoea and end-stage renal 
disease. Nephrol Dial Transplant. 2008;23(2):673-679. 

101. Hanly PJ, Gabor JY, Chan C, Pierratos A. Daytime sleepiness in patients with CRF: impact of 
nocturnal hemodialysis. Am J Kidney Dis. 2003;41(2):403-410. 

102. Maduell F, Moreso F, Pons M, et al. High-Efficiency Postdilution Online Hemodiafiltration 
Reduces All-Cause Mortality in Hemodialysis Patients. Journal of the American Society of 
Nephrology. 2013. 



p.27 of 34. 
 

103. Mercadal L, Franck J-E, Metzger M, et al. Hemodiafiltration Versus Hemodialysis and Survival 
in Patients With ESRD: The French Renal Epidemiology and Information Network (REIN) 
Registry. Am J Kidney Dis.68(2):247-255. 

104. Benz RL, Pressman MR, Hovick ET, Peterson DD. A preliminary study of the effects of 
correction of anemia with recombinant human erythropoietin therapy on sleep, sleep 
disorders, and daytime sleepiness in hemodialysis patients (The SLEEPO study). Am J Kidney 
Dis. 1999;34(6):1089-1095. 

105. Burrowes J, Russell G, Unruh M, Rocco M. Is nutritional status associated with self-reported 
sleep quality in the HEMO study cohort? Journal of renal nutrition : the official journal of the 
Council on Renal Nutrition of the National Kidney Foundation. 2012;22(5):461-471. 
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/098/CN-00882098/frame.html. 

106. Bilgic A, Akgul A, Sezer S, Arat Z, Ozdemir FN, Haberal M. Nutritional status and depression, 
sleep disorder, and quality of life in hemodialysis patients. J Ren Nutr. 2007;17(6):381-388. 

107. Clark WR, Winchester JF. Middle molecules and small-molecular-weight proteins in ESRD: 
properties and strategies for their removal. Advances in renal replacement therapy. 
2003;10(4):270-278. 

108. Nube' MJ, Grooteman MPC, Blankestijn PJ. Haemodiafiltration Theory, Technology and 
Clinical Practice. Switzerland: Springer; 2016. 

109. Chou ET, Francis RS, Mudge DW, Hawley CM, Johnson DW. Principles and Practices of 
Haemodiafiltration. In: Updates in Hemodialysis. Rijeka: InTech; 2015:Ch. 0. 

110. Daugirdas JT, Blake PG, Ing TS. Handbook of Dialysis. 5th ed. Philadelphia, US: Wolters 
Kluwer; 2015. 

111. Jia P, Jin W, Teng J, et al. Acute Effects of Hemodiafiltration Versus Conventional 
Hemodialysis on Endothelial Function and Inflammation: A Randomized Crossover Study. 
Medicine. 2016;95(16):e3440. 

112. Calvin AD, Albuquerque FN, Lopez-Jimenez F, Somers VK. Obstructive Sleep Apnea, 
Inflammation, and the Metabolic Syndrome. Metabolic Syndrome and Related Disorders. 
2009;7(4):271-277. 

113. Pan W, Kastin AJ. Leptin: A biomarker for sleep disorders? Sleep medicine reviews. 
2014;18(3):283-290. 

114. Chiu YL, Chuang YF, Fang KC, et al. Higher systemic inflammation is associated with poorer 
sleep quality in stable haemodialysis patients. Nephrol Dial Transplant. 2009;24(1):247-251. 

115. Chen HY, Cheng IC, Pan YJ, et al. Cognitive-behavioral therapy for sleep disturbance 
decreases inflammatory cytokines and oxidative stress in hemodialysis patients. Kidney 
International. 2011;80(4):415-422 418p. 

116. Ryan S, Taylor CT, McNicholas WT. Systemic inflammation: a key factor in the pathogenesis 
of cardiovascular complications in obstructive sleep apnoea syndrome? Thorax. 2009;64. 

117. Patel SR, Palmer LJ, Larkin EK, Jenny NS, White DP, Redline S. Relationship between 
obstructive sleep apnea and diurnal leptin rhythms. Sleep. 2004;27(2):235-239. 

118. Harsch IA, Konturek PC, Koebnick C, et al. Leptin and ghrelin levels in patients with 
obstructive sleep apnoea: effect of CPAP treatment. Eur Respir J. 2003;22(2):251. 

119. Lord GM. Leptin as a proinflammatory cytokine. Contributions to nephrology. 2006;151:151-
164. 

120. Dempsey JA, Veasey SC, Morgan BJ, O’Donnell CP. Pathophysiology of sleep apnea. Physiol 
Rev. 2010;90. 

121. Paton JF, Sobotka PA, Fudim M, et al. The carotid body as a therapeutic target for the 
treatment of sympathetically mediated diseases. Hypertension. 2013;61(1):5-13. 

122. Walker S, Fine A, Kryger MH. Sleep complaints are common in a dialysis unit. Am J Kidney 
Dis. 1995;26(5):751-756. 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/098/CN-00882098/frame.html


p.28 of 34. 
 

123. Elder SJ, Pisoni RL, Akizawa T, et al. Sleep quality predicts quality of life and mortality risk in 
haemodialysis patients: results from the Dialysis Outcomes and Practice Patterns Study 
(DOPPS). Nephrol Dial Transplant. 2008;23(3):998-1004. 

124. Rosenthal LD, Dolan DC. The Epworth sleepiness scale in the identification of obstructive 
sleep apnea. The Journal of nervous and mental disease. 2008;196(5):429-431. 

125. Ulasli SS, Gunay E, Koyuncu T, et al. Predictive value of Berlin Questionnaire and Epworth 
Sleepiness Scale for obstructive sleep apnea in a sleep clinic population. The clinical 
respiratory journal. 2014;8(3):292-296. 

126. Johns MW. Reliability and factor analysis of the Epworth Sleepiness Scale. Sleep. 
1992;15(4):376-381. 



p.29 of 34. 
 

Table1. Summary of previous studies on prevalence of sleep disorder in haemodialysis patients  
Study Study Design Limitations Screening Tool Populatio

n  
Sample size Prevalence  

Walker et al 
1995122 

Single centre 
Observational 
study 
 

Single centre study 
 
Non-validated 
screening tool 
 
No objective 
assessment 

1.Unspecified 
questionnaire contains 19 
questions 

Canada N= 54  1. 83% (Insomnia) 
    66% (EDS) 

Chen et al  
200612 

Observational 
cross-sectional 
study 
 

No criteria for 
diagnosis of 
common sleep 
disorders 
 
No objective 
assessment 

1. PSQI 
2. ESS 
3. Berlin  
 

Taiwan N= 700  1. 66% (Insomnia) 
2. 17.8% (EDS) 
3. 15% (OSA) 

Merlino et al  
200811 

Multicentre 
Observational 
study 

No objective 
assessment 

1. Ohayon method 
2. IRLSSG 
3. Berlin  
4. ESS 
5. ICSD 
6. Hatoum’s 

Italy N= 883  1. 69% (Insomnia) 
2. 18% (RLS) 
3. 23% (OSA)  
4. 11% (EDS) 
5. 1.4% (narcolepsy) 
6. 2% (sleep-
walking) 

Elder et al  
2008123 

Retrospective 
review 

Retrospective 
 

1. KDQOL-SF-36 France 
Germany 
Italy 

N= 17034 49% (Sleep disorder) 
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Not using a sleep 
specific 
questionnaire 
 
No objective 
assessment 

Japan 
Spain 
UK 
US 

Sabry et al  
201013 

Single centre 
Observational 
study 

Single centre study 
 
No objective 
assessment 

1. Ohayon method 
2. IRLSSG  
3. ESS 
4. ICSD 
5. Berlin 
5. Hatoum’s  

Egypt N= 88 1. 65% (Insomnia) 
2. 42% (RLS) 
3. 27% (EDS) 
4. 16% (Narcolepsy) 
5. 31% (OSA) 
6. 3.4% (sleep-
walking) 

Al-Jahdali et 
al  
20104 

Observational 
Cross-sectional 
study 

Single centre study 
 
No objective 
assessment 

1. ICSD 
2. IRLSSG  
3. ESS 
4. Berlin 
5. PSQI 

Saudi 
Arabia 

N= 227 1. 60% Insomnia 
2. 46% (RLS) 
3. 63% (EDS) 
4. 67% (OSA) 
5. 98% (Poor sleep 
quality) 

Ibrahim et al  
2011 66 

Observational 
Cross-sectional 
study 

No objective 
assessment 

1. AIS 
2. IRLSSG 
3. Berlin 

Egypt N= 264 1. 57% (Insomnia) 
2. 56% (RLS) 
3. 21% (OSA) 
 

Sabet et al  
201242 

Observational 
Cross-sectional 
study 

Single centre study 
 

1. PSQI Iran N= 61 73% (Sleep disorders) 
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No criteria for 
diagnosis common 
sleep disorder 

Menon et al  
201541 

Observational 
Cross-sectional 
study 

Single centre study 
 
No criteria for 
diagnosis common 
sleep disorder 

1. PSQI 
 

India N= 126 67% (sleep disorders) 
 

Table 1. PSQI: Pittsburgh sleep quality index, IRLSSG: The international restless legs syndrome study group, ESS: Epworth 
sleepiness scale, ICSD: International classification sleep disorder, KDQOL-SF-36: Kidney disease quality of life-short form-
36, AIS: Arthens insomnia scale, EDS: Excessive daytime sleepiness, OSA: Obstructive sleep apnoea, RLS: Restless leg 
syndrome,  
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Table2. Summary of commonly used screening and assessment tools 
 

Questionnair
e  

Purpose Domains  Sensitivity Specificity  Consideration when used in CKD/ESKD 
patients 

PSQI Measures 
sleep 
quality 
and sleep 
habits 

Sleep duration, 
latency and 
difficulty. Use of 
sleep medication 
and daytime 
function. 

89.6% 37 86.5% 37 No validation in CKD population or community 
sample.  

ESS Measures 
level of 
sleepiness 

Likelihood of 
falling sleep 

Dependent on the diagnosis, 
when used to predict OSA 
(with AHI 5 as cut-off), the 
sensitivity is reported 
between 46-66% 124,125. 
However, the internal 
consistency is reported high 
(Cronbach’s alpha 
statistic=0.88), and 
considered a reliable tool for 
measuring daytime 
sleepiness 126   

Not validated in CKD population.  
Not suitable for patients with cognitive 
impairment.  

Berlin  Measures 
risk of 
sleep 
apnoea 

Severity of 
snoring, daytime 
function and 
history of high 
blood pressure 

86% (to 
predict RDI* 
greater than 
5) 39 

77% (to 
predict RDI* 
greater than 
5) 39 

Focuses on the traditional risk factors for sleep 
apnoea such as snoring and daytime sleepiness. 
These symptoms are not pronounced in 
CKD/ESKD patients with sleep apnoea. 48,49 

STOP-BANG Measures 
risk of 
obstructiv

Observed snoring 
and stop breathing, 
daytime function, 

87% (to 
predict AHI 

31% (to 
predict AHI 

Focuses on the traditional risk factors for sleep 
apnoea such as snoring and daytime sleepiness. 
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e sleep 
apnoea 

high blood 
pressure and body 
mass index 

greater than 
15) 40 

greater than 
15) 40 

These symptoms are not pronounced in 
CKD/ESKD patients with sleep apnoea. 48,49 

Table 2. PSQI: Pittsburgh Sleep Quality Index, ESS: Epworth Sleepiness Scale: RDI: respiratory disturbance index (average 
number of apnoeas, hypopneas and respiratory event–related arousals events, AHI: apnoea-hypopnea index (average 
number of apnoeas and hypopneas events), OSA: obstructive sleep apnoea, CKD: Chronic kidney disease, ESKD: End stage 
kidney disease
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