
Journal Pre-proofs

Review

Respiratory complications and sleep disorders in children with chronic kidney
disease: a correlation often underestimated

M. Lelii, L. Senatore, F. Paglialonga, S. Consolo, G. Montini, A. Rocchi, P.
Marchisio, M.F. Patria

PII: S1526-0542(22)00008-2
DOI: https://doi.org/10.1016/j.prrv.2021.12.003
Reference: YPRRV 1495

To appear in: Paediatric Respiratory Reviews

Received Date: 7 October 2021
Revised Date: 9 November 2021
Accepted Date: 2 December 2021

Please cite this article as: M. Lelii, L. Senatore, F. Paglialonga, S. Consolo, G. Montini, A. Rocchi, P. Marchisio,
M.F. Patria, Respiratory complications and sleep disorders in children with chronic kidney disease: a correlation
often underestimated, Paediatric Respiratory Reviews (2022), doi: https://doi.org/10.1016/j.prrv.2021.12.003

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of a cover
page and metadata, and formatting for readability, but it is not yet the definitive version of record. This version
will undergo additional copyediting, typesetting and review before it is published in its final form, but we are
providing this version to give early visibility of the article. Please note that, during the production process, errors
may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

© 2022 Elsevier Ltd. All rights reserved.

https://doi.org/10.1016/j.prrv.2021.12.003
https://doi.org/10.1016/j.prrv.2021.12.003


1

Review

Respiratory complications and sleep disorders in children with chronic kidney disease: a 

correlation often underestimated

Lelii M1, Senatore L1, Paglialonga F2, Consolo S2, Montini G2,3, Rocchi A4, Marchisio P1,3, Patria 

MF1

1 Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Pediatric Highly Intensive Care 

Unit, via della Commenda 9, 20122 Milan, Italy
2 Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Pediatric Nephrology, Dialysis and 

Transplant Unit, Via della Commenda 9, 20122 Milan, Italy
3Department of Clinical Sciences and Community Health, University of Milan, Milan, Italy
4Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Pediatric Emergency Department, 

via della Commenda 9, 20122 Milan, Italy

Mara Lelii mara.lelii@policlinico.mi.it 

Laura Senatore lsenatore88@gmail.com

Fabio Paglialonga fabio.paglialonga@policlinico.mi.it

Silvia Consolo silvia.consolo@policlinico.mi.it

Giovanni Montini giovanni.montini@policlinico.mi.it

Alessia Rocchi alessia.rocchi@policlinico.mi.it

Paola Marchisio paola.marchisio@policlinico.mi.it

Maria Francesca Patria francesca.patria@policlinico.mi.it

Correspondence information:

Address correspondence to: Maria Francesca Patria, MD; Via Commenda 9, 20122 Milano;

E-Mail: francesca.patria@policlinico.mi.it

mailto:mara.lelii@policlinico.mi.it
mailto:lsenatore88@gmail.com
mailto:fabio.paglialonga@policlinico.mi.it
mailto:silvia.consolo@policlinico.mi.it
mailto:giovanni.montini@policlinico.mi.it
mailto:alessia.rocchi@policlinico.mi.it
mailto:paola.marchisio@policlinico.mi.it
mailto:francesca.patria@policlinico.mi.it
mailto:francesca.patria@policlinico.mi.it


2

Disclosure statement

All authors have seen and approved the manuscript.

The authors do not have any financial support, conflicts of interest, and off-label or investigational 

use to report.

Acknowledgments 

The authors thank Letizia Maria Gebbia for her review of the manuscript.

Keywords: lung function; sleep-disordered breathing; hypoventilation; central apnoea; chronic 

kidney disease; end-stage renal disease; quality of life.

Educational Aims

The reader will come to appreciate that:

  Respiratory aspects are often overlooked in children with CKD;

 The quality of sleep is often not investigated in children with CKD;

 hildren with CKD have respiratory complications and sleep disorders that further worsen their 

quality of life and cause increased morbidity and mortality; Paediatricians must be aware of 

these complications and act early.

Future research directions

 The study of sleep and respiratory function must be included in the diagnostic-therapeutic protocols 

of children with CKD. Well-designed studies are needed in order to better describe the respiratory 

complications and sleep disorders in children with CKD. We need to define how to best investigate 

the respiratory and sleep breathing abnormalities in these children and the optimal timing of such 

investigations. 

Abbreviations

CKD: chronic Kidney Disease;

ESKD: end-stage kidney disease;

SD: sleep disorder;

SDB: sleep-disordered breathing;



3

PLMD: periodic limb movement disorder;
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PSQ: Pediatric Sleep Questionnaire;

CRP: C-reactive protein;

IL-6: interleukin-6;
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eGFR: estimated glomerular filtration rate;

IL-10: interleukin-10.
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Abstract 

Chronic Kidney Disease (CKD) is characterized by a progressive and irreversible loss of kidney 

function which gradu¬ally leads to end-stage kidney disease (ESKD). Virtually all the organs 

are damaged by the toxicity of uremic compounds. The lungs may be affected and the impaired 

pulmonary function may be the direct re¬sult of fluid retention and metabolic, endocrine and 

cardiovascular alterations, as well as systemic activation of the inflammation. An increased 

prevalence in sleep disorders (SD) is also reported in patients with CKD, leading to a further 

negative impact on overall health and quality of life. While these complex relationships are well 
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documented in the adult population, these aspects remain relatively little investigated in 

children. The aim of this review is to provide a brief overview of the pathophysiology between 

lung and kidney and to summarize how CKD may affect respiratory function and sleep in 

children.

1. Introduction

Chronic kidney disease (CKD) is a clinical syndrome caused by many disorders and characterized by 

a progressive and irreversible decrease of kidney function, which gradually progresses to end-stage 

kidney disease (ESKD). The incidence of CKD in Europe is around 11–12 per million of age-related 

children for CKD stages 3–5, and 8 per million for CKD stages 4–5 [1,2]. A wide range of 

complications result from the loss of kidney function and multiple organ systems may be affected. 

Consequently, as the life expectancy of these patients has increased with dialysis technology 

improvement, systemic complications of CKD are likely to become increasingly important [3]. 

Pulmonary involvement associated with CKD has gained increased attention and a variety of 

pulmonary manifestations have been described over time, especially in the adult populations [4]. 

Respiratory complications may be related to circulating uremic toxins or may indirectly result from 

fluid overload, electrolyte disorders, acid-base imbalances, anemia, immunosuppression, 

extraosseous tissue calcifications and malnutrition, which are common issues in ESKD patients [5]. 

Likewise, sleep-related disorders, such as sleep-disordered breathing (SDB), insomnia, periodic limb 

movement disorder (PLMD), restless leg syndrome (RLS) and poor sleep quality are more often 

described in CKD adult patients, compared to the general population. Although less investigated than 

adults, children who undergo dialysis appear to experience a higher prevalence of these disorders, 

mostly linked to changes in central chemoreceptor sensitivity and pharyngeal narrowing due to fluid 

overload, metabolic acidosis and accumulation of uremic toxins [6-8].  From the routine clinical 

viewpoint, it is possible that the respiratory and sleep changes in  children with CKD remain often 

underestimated. 

The aim of this review is to provide insights on the mechanisms underlying lung involvement, 

respiratory function impairment and sleep disturbances in children with CKD, in order to increase the 

awareness and optimize the management of these disturbances.

2. Lung involvement in CKD 
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Lung and kidney function are closely related. Either CKD itself, or the therapeutic options, including 

haemodialysis (HD) and peritoneal dialysis (PD), can severely affect the lungs. It is reasonable to 

think that the complex pathophysiology that supports pulmonary involvement in CKD could be 

similar in children compared to adults. Patients suffering from CKD or undergoing dialysis are 

exposed to frequent pulmonary injuries whose pathogenesis is complex and heterogeneous, involving 

alteration in volume and in plasma oncotic pressure, heart failure, anemia, malnutrition, altered 

calcium-phosphorous metabolism, chronic systemic inflammation and immune function (Figure 1). 

Fluid overload, in association with decreased plasma oncotic pressure secondary to 

hypoalbuminemia, can lead to pulmonary oedema, pleural effusions and lung congestion. Heart 

failure and other cardiac diseases, common findings in CKD, may also contribute to the development 

of congestive heart failure and may further complicate the aetiology of pulmonary oedema [9]. 

Furthermore, in patients with CKD the increase of pulmonary capillary permeability due to uremia 

and mediated by high plasma levels of endothelial cell-derived glycoproteins [von Willebrand Factor, 

tissue plasminogen activator, urokinase-type plasminogen activator, soluble thrombomodulin, 

endothelin-1, Intercellular Adhesion Molecule 1, Vascular cell adhesion protein 1, and Monocyte 

chemoattractant protein-1] and Vascular Endothelial Growth Factor further contributes to pulmonary 

congestion [10]. An increased venous return and uremic endothelial dysfunction of the vascular wall, 

in addition to hypoxia, due to high prevalence of sleep apnea in this population, are risk factors for 

pulmonary hypertension, which is ten times more prevalent in CKD and HD children than in the 

general pediatric population [11]. This condition must be suspected and investigated early, because 

pulmonary hypertension remains asymptomatic until right ventricular dysfunction becomes apparent 

with dyspnea, fatigue, chest pain and cyanosis [12,13]. 

Anemia resulting from impaired production of erythropoietin and hepcidin-mediated iron-restricted 

erythropoiesis is another important cardiovascular and pulmonary risk factor in children, which may 

contribute to dyspnea and may adversely impact the quality of life of the patients [14]. Also, 

malnutrition is another common condition in children with CKD; in association with hypercatabolic 

status and uremic respiratory muscle dysfunction, malnutrition can decrease muscle mass and can 

lead to the worsening of the respiratory muscles efficiency and to the deterioration of the respiratory 

function tests [15,16]. 

Pulmonary calcifications are a recognized complication of CKD, caused by the deposition of calcium 

in lung tissue, mostly seen in patients with advanced stages of CKD. This condition is quite rare in 

the pediatric age, even despite an autopsy study of 120 pediatric kidney transplant recipients and/or 
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HD children identified soft tissue calcifications in 60% of the subjects, with the lungs among the most 

involved organs [17]. The deposition of calcium salts occurs predominantly at the alveolar 

epithelial basement membranes and, in case of extensive injuries, alteration of pulmonary function 

could be severe [18,19]. Chest x-rays may be normal or show confluent or patchy opacities, especially 

in the upper lobe area and in the vessels of the chest wall, while high-resolution computed tomography 

[CT] scans remain the most sensitive imaging in detecting even small lesions. Pulmonary 

calcifications should be kept in mind when children on dialysis develop unexplained radiographic 

changes or pulmonary symptoms. At the same time radiologists must be able to identify the imaging 

patterns of this complication. [20]. 

Recent studies suggest that an increased expression of pro-inflammatory mediators, produced by 

injured kidney, could promote lung impairment. In a recent study in a murine model of alveolar 

involvement with leukocyte infiltration, an increase of Th17 cells in the lungs and in the systemic 

circulation, and an enhanced airway contractility were rapidly observed in response to kidney injury. 

It is noteworthy that all these effects on lung were long lasting despite the resolution of the kidney 

disease [21].  

Finally, subjects with CKD also experience severe immune dysregulation of the innate and adaptive 

immunity, which seems to be independent from the underlying disease. The immune impairment is 

generally present from the early phase of the disease and predisposes to recurrent infections and poor 

vaccine responses, which are one of the most common causes of morbidity and mortality in chronic 

kidney dysfunctions [22,23]. Many underlying conditions are responsible for the impaired 

immunological response, including uremic toxins, endocrine abnormalities, especially vitamin D-

parathyroid hormone axis alteration, and intestinal dysbiosis, which, in turn, promotes pathogen 

overgrowth and loss of intestinal barrier integrity [24]. In particular, the uremia-associated pro-

inflammatory condition and the resulting oxidative stress can lead to the impaired T-cell system, 

causing premature immunological aging, which seems to be irreversible by renal replacement 

therapy, including kidney transplantation [25] 

2.1 Lung function and exercise testing in children with CKD

As a consequence of lung involvement, in CKD adult patients pulmonary function is often impaired 

and many studies reported both obstructive and restrictive spirometry patterns, pointing out a close 

association with the severity of kidney damage [26,27]. Impaired diffusion capacity of carbon 

monoxide (CO), reflecting the interstitial involvement of the lungs, has also been described, 

https://www.sciencedirect.com/topics/medicine-and-dentistry/basement-membrane
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especially in those patients receiving long-term (more than 5 years) HD [28]. Unfortunately, lung 

function assessment is not a routine clinical practice in the management of  adult and pediatric patients 

with CKD, and the prevalence, characteristics and clinical implications of pulmonary dysfunction in 

individuals with different degrees of kidney impairment, are poorly described [26,29]. There are few 

reports on links between pulmonary dysfunction and mortality in patients with CKD and even fewer 

studies involved children. Mukai et al. documented that, in adults, lung dysfunction, and in particular 

restrictive lung patterns, are associated with the degree of kidney function impairment and the 

presence of comorbidities; at the same time. These variables are an independent predictor of increased 

mortality in CKD patients [30]. In an observational cross-sectional study of 40 children (age range 8-

17 years) with CKD, Teixeira et al. documented a significant reduction of the pulmonary functional 

capacity, measured at the 6-minutes walking test (6MWT). The mean walked distance at 6MWT was, 

in fact, around 64% of the mean distance predicted (396 ± 71 vs 620.2 ± 44 meters, p < 0.001) with 

a positive correlation between the result of the test, forced vital capacity (FVC) and forced expiratory 

volume in the first second (FEV1) [31]. Pulmonary edema, often described as ‘uraemic lung’, 

resulting from fluid overload, anemia, hypoproteinemia and depressed myocardial function can also 

lead to the collection of fluid near the small airways, resulting in reversible airway obstruction and 

air trapping [32]. Dialysis treatment, removing the excess fluid from the body, decreases water 

content of the lungs and the pressure on airways, often resolving the obstruction [33].  In 1991, Paul 

et al. measured lung volumes in 45 children with CKD and in 10 healthy controls. They documented 

that lung volumes were frequently reduced in children with CKD, while, during a HD session, the 

mean FEV1 increased significantly [34]. More recently, in a case-control study, Youssef et al. 

evaluating the pulmonary function and plasma Nitric Oxide (NO) level in 20 children with ESKD, 

documented significantly lower values of forced volumes (FVC, FEV1) and forced expiratory flows 

(FEF 25-75) compared to controls. In addition, plasma NO levels were significantly higher in patients 

with ESKD, suggesting the possibility that NO could be involved in the deterioration of pulmonary 

function and that it could be used as a marker of clinical course. Finally, the authors documented the 

positive effect of dialysis on FVC and a negative, although not significant, correlation between the 

lung function and duration of treatment [35]. However, other studies reported that, in children with 

CKD, volume overload may be associated with a restrictive spirometry pattern (defined as 

FEV1/FVC ratio > 0.7 and an FVC < 80% of the predicted value) [32].   As a result of uremic 

myopathy, in association with chronic inflammation and decreased protein-calorie intake, children 

with CKD also show reduced respiratory muscle mass and strength, which, in turn, leads to a decrease 

in pulmonary functional capacity, exercise capacity, dyspnea and is an independent predictor of 

mortality in these patients [36,37].  Muscle weakness may also be related to the dialytic treatment 
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itself. In a cross-sectional study on 40 children with CKD, Painter et al., using an isokinetic muscle 

function system, showed that HD patients achieved lower peak torque values and low exercise 

capacity, not completely rectified by transplantation [38]. Likewise, Alayli et al. found a positive 

correlation between muscle strength and physical performance, expressed as 6MWT test, suggesting 

that muscle weakness may be a contributing factor to reduced aerobic exercise capacity in children 

on peritoneal dialysis [39]. Recently, there was a growing awareness of the benefits of aerobic 

exercise for these patients and in a meta-analysis of four studies on 110 adults undergoing dialysis 

treatment, regular inspiratory muscle training significantly improved muscle strength, lung function, 

maximal respiratory pressures and the 6MWT distance [40]. These findings indicate the need of early 

implementation of physical function, regardless of modality, for children and adults with CKD and 

in patients on dialytic treatment.

3. CKD-related sleep disorders  

Many studies reported that patients with CKD, in particular those with ESKD, show an increase in 

sleep-related disorders, compared to the general population. Sleep disturbances range from 30% to 

80% and are associated with serious complications regarding general and mental health, body pain, 

fatigue, physical functioning, cardiovascular and metabolic disease [41,42]. As for lung function, 

most of the data pertain to the adult population.  In many articles, kidney failure frequently co-exists 

with RLS/PLMD, a neurological sensory-motor disorder characterized by an uncontrollable need to 

move the limbs during sleep or resting time, which is associated with a worse quality of life [43,44]. 

While in the general population this condition is described in 5-15%, RLS is reported in up to 25% 

of patients with ESKD [45-48]. In a cross-sectional study of 788 adult kidney transplant patients and 

161 dialyzed patients, the presence of RLS symptoms was strictly associated with depression and the 

relationship remained significant even after accounting for insomnia [49]. Several factors may explain 

the relatively high frequency of RLS/PLMD in children with CKD: iron deficiency, which is frequent 

in this population, has been implicated in the etiology of secondary RLS [50]. Even in healthy 

subjects, iron deficiency has long been recognized as a risk factor for RLS and, until now, the usual 

therapeutic approaches include iron supplementation [51].

There are also numerous studies in adult populations regarding SDB. It is well known that obstructive 

sleep apnea (OSA) contributes to the onset and progression of CKD through intermittent hypoxia, 

hypertension, sympathetic nervous system activity, oxidative stress and metabolic dysregulation [52]. 

Marrone et al. in the European Sleep Apnea Database (ESADA) cohort study from 7700 unselected 

adult patients with suspected obstructive sleep apnea, documented that severe nocturnal hypoxemia 
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may be a risk factor for kidney dysfunction, even if present for only a part of the night [53]. In turn, 

CKD, especially in the latter stages of the disease, could be a risk factor for OSA and central sleep 

apnea (CSA). Although the exact mechanisms are not well known, uremia-induced neuropathy and 

myopathy, in association with altered chemosensitivity of ventilatory drive, and hypervolemia 

leading to upper airway oedema and obstruction, are some of the variables that correlate CKD and 

nocturnal oxygen saturation [54-57] (Figure 2). OSA is the most frequent sleep disorder also in the 

general paediatric population and it is characterized by repeated upper airway obstruction during 

sleep, that leads to hypoxaemia and sleep fragmentation, while CSA and hypoventilation are less 

common, even if their real prevalence in childhood is unknown and probably underestimated [58].

So far, there are only few paediatric studies that demonstrate a greater prevalence of sleep disorders 

in children suffering from CKD and in that undergoing dialysis, compared to the healthy paediatric 

population. While paediatric OSA in healthy children is mostly related to tonsillar and adenoidal 

hypertrophy, in children with CKD many other mechanisms could play a role. Fluid accumulated in 

the legs during the day may shift rostrally into the neck during sleep, leading to distension of the great 

veins and swelling of the pharyngeal soft tissue and predisposing to upper airway obstruction [59]. 

In addition, uremic status decreases the upper airway muscle tone during sleep, because of neuronal 

depressive effects of uremic toxins, and seems to be reversible after dialysis [60-62]. Children with 

CKD may also experience CSA due to metabolic disturbances, acidosis and uremia. All these 

conditions can alter chemoreceptor sensitivity and can lead to an increased ventilatory drive and 

ventilatory over-shoot, lowering CO2 below the apnea threshold and resulting in apnea. Furthermore, 

there are some reports highlighting that nocturnal hypoventilation could result because of 

bicarbonate-based dialysis fluid with metabolic alkalosis and compensatory nocturnal reduction in 

minute volume [62]. 

If untreated, sleep disturbances can cause significant adverse consequences such as cardiovascular, 

metabolic and neurodevelopmental disorders, increasing the risk of morbidity and mortality and 

reducing the quality of life of the affected children [63-65]. Tsampalieros et al, in 2019, studying 13 

children in stage 2-5 of CKD with PSG and ambulatory blood pressure monitoring, showed that the 

obstructive apnoea/hypopnea index is strongly correlated with night time blood pressures of these 

patients [66]. In 2005 Davis et al. conducted a telephone or clinic-based interview in 21 children and 

adolescents on chronic dialysis, identifying a sleep disturbance in 18 cases (86%), in particular SDB 

(46%), RLS/periodic limb movement (29%) and excessive daytime sleepiness (60%) [7]. Few years 

later, the same authors conducted a survey of sleep habits and sleep disturbances in 159 school-aged 
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patients with CKD through a set of five questionnaires. Sleep disturbances were present in 93 patients 

(58.5%), with a prevalence ranging from 50% in children on conservative therapy to almost 77% in 

dialysis patients. The presence of a sleep disturbance correlated with a decrease in health-related 

quality of life scores and was independent of the CKD stage [67]. Unfortunately, most of these 

studies identified SDB on the basis of subjective sleep scales and not through objective tools such 

as polysomnography (PSG) or home sleep apnoea testing. In 2013, a case-control study evaluated 

25 ESKD children on HD, using a sleep questionnaire and a full-night PSG. Data from the 

questionnaires revealed markedly affected sleep quality in HD children, as reflected by excessive day 

time sleepiness, night awakening, difficult morning arousal and limb pain, while PSG analysis 

showed in affected children differences in sleep architecture, less slow wave sleep, similar rapid eye 

movement and non-rapid eye movement sleep time, more SDB and more periodic limb movement 

disorders [68]. More recently, Amin et al. evaluated 19 children with CKD stages 3–5 (7 children on 

dialysis) and collected data from PSG, the Epworth Sleepiness Scale Score, the Pediatric Sleep 

Questionnaire (PSQ) and the Pediatric Quality of Life Inventory at the time of the PSG. Based on 

PSG results, the authors found a 37% prevalence of SDB, either central or obstructive sleep apnea, 

while the validated sleep questionnaires did not correlate with the obstructive apnea-hypopnea index, 

pointing out the limitations of sleep questionnaires in diagnosing SDB in the CKD population [60]. 

Finally, in 2017, Gomes et al. confirmed the results of the previous study, testing by PSG and 

questionnaire the quality of sleep in 8 children on PD; a sleep disorder was present in 5 children 

(62.5%), but the authors warned that data resulting from the sleep questionnaire underestimated PSG 

findings [69]. The possible role of different type of dialysis and of kidney transplantation on sleep 

disturbances remains unclear. Some authors documented that daytime HD patients had the worst sleep 

quality and that melatonin rhythm was present only in nocturnal HD, being suppressed in daytime 

HD and in automatic PD [70]. However, other authors did not find significant differences between 

patients on continuous cycling PD and on HD [7]. Similarly, in some studies conducted only on adults, 

kidney transplantation has been associated with a SDB improvement, while others showed only 

marginal or no improvement [71-73]. As SDB may have serious repercussions on life of patients with 

CKD, a systematic sleep assessment should be part of the management.

4. The role of systemic inflammation 

A persistent activation of the inflammatory response has been recognized in patients with CKD. 

Markers of systemic inflammation, such as C-reactive protein (CRP) or interleukin-6 (IL-6) are 

independent predictors of increased mortality [74,75]. Although data suggest an upregulation of the 

pro-inflammatory cytokine production in patients with CKD, the etiology of systemic inflammation 

remains unknown. Some authors did not document major differences in serum cytokine levels 
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between long-term dialysis patients and those not yet dialyzed, suggesting that ESKD itself, rather 

than the dialysis procedure, may be an important cause of elevated cytokine concentration [76].  

Interestingly, some spirometric parameters, such as VC, FVC, peak expiratory flow (PEF), seem to 

be significantly lower in patients with elevated serum CRP levels, which seem to be negatively 

correlated also with diffusing capacity for carbon monoxide (DLCO) [29,77-79]. Furthermore, the 

accumulation of proinflammatory cytokines could play a role in muscle wasting through the 

stimulation of protein catabolism via the ubiquitin–proteasome pathway. This process could therefore 

affect respiratory muscles, potentially resulting in lung damage [29].  Many  studies in adults have 

demonstrated that increased levels of cytokines and chemokines in ESKD can promote kidney fibrosis 

and, at the same time, affect lung fibrosis and DLCO [80,81]. In 2013, Taraz et al. conducted a cross-

sectional study evaluating the relationship between sleep quality and circulating levels of anti-

inflammatory markers in 72 HD adult patients. Poor sleepers showed significantly lower levels of 

serum interleukin-10 (IL-10) in combination with higher serum triglyceride and parathyroid hormone 

concentrations, being at high risk for cardiovascular disease [82]. Because cardiovascular disease 

accounts for most deaths also in children with CKD [83], the detection and prevention of the 

underlying mechanisms may have important effects on clinical outcomes. Long-term studies of the 

role of chronic inflammatory status on both pulmonary involvement and sleep disorders in children 

with CKD are necessary.

5. Conclusions

As the life expectancy of children with CKD has significantly improved, systemic complications of 

kidney disease are likely to become increasingly important. Among the most common complications, 

lung function assessment and the evaluation of sleep quality are not part of the routine clinical practice, 

especially in younger subjects. Nonetheless lung function is an indicator of increased morbidity and 

mortality and SDB are associated with negative effects on behaviour, neuro-cognitive function and 

school performance, as well as metabolic and cardiovascular consequences. So, we emphasize the 

importance of early and regular evaluation of lung function and sleep disorders. At the same time, 

we hope that well-designed studies will be shortly conducted, in order to better characterize the 

respiratory complications and sleep disorders in these patients.



12

6. References

1) Harambat J, van Stralen KJ, Kim JJ, Tizard EJ. Epidemiology of chronic kidney disease in 

children. Pediatr Nephrol 2012;27:363-374. https://doi.10.1007/s00467-011-1939-1

2) Van Arendonk KJ, Boyarsky BJ, Orandi BJ, James NT, Smith JM, Colombani PM, Segev 

DL. National trends over 25 years in pediatric kidney transplant outcomes. Pediatrics. 2014; 

133:594-601. DOI: 10.1542/peds.2013-2775

3) Bush A, Gabriel R. Pulmonary function in chronic renal failure: Effects of dialysis and 

transplantation. Thorax 1991;46:424–428. https://doi.10.1136/thx.46.6.424

4) Yılmaz S, Yildirim Y, Yilmaz Z, Kara AV, Taylan M, Demir M, Coskunsel M, Kadiroglu 

AK, Yilmaz ME. Pulmonary Function in Patients with End-Stage Renal Disease: Effects of 

Hemodialysis and Fluid Overload. Med Sci Monit 2016 7;22:2779-2784. 

https://doi.10.12659/msm.897480

5) Senatore M, Buemi M, Di Somma A, Sapio C, Gallo GC. Respiratory function abnormalities 

in uremic patients. G Ital Nefrol 2004;21:29–33

6) Nicholl DDM, Ahmed SB, Loewen AHS, Hemmelgarn BR, Sola DY, Beecroft JM, Turin 

TC, Hanly PJ. Declining kidney function increases the prevalence of sleep apnea and 

nocturnal hypoxia. Chest 2012;141:1422–30. https://doi.10.1378/chest.11-1809

7) Davis ID, Baron J, O’Riordan MA, Rosen CL. Sleep disturbance in pediatric dialysis 

patients. Pediatr Nephrol 2005;20:69–75. https://doi.10.1007/s00467-004-1700-0

8) Wadhwa NK, Mendelson WB. A comparison of sleep disordered respiration in ESRD 

patients receiving hemodialysis and peritoneal dialysis. Adv Perit Dial 1992;8:195–198

9) Colella S, Fioretti F, Massaccesi C, Primomo GL, Panella G, D’Emilio V, Pela R. Usefulness 

of medical thoracoscopy in the management of pleural effusion caused by chronic renal 

failure. J Bronchology Interv Pulmonol 2017;24:285-289. 

https://doi.10.1097/LBR.0000000000000421

10) Harper SJ, Bates DO. Endothelial permeability in uremia. Kidney International 2003;63:S41-

44. https://doi.10.1046/j.1523-1755.63.s84.15.x

11) Gallibois CM, Jawa NA, Noone DG. Hypertension in pediatric patients with chronic kidney 

disease: management challenges. Int J Nephrol Renovasc Dis 2017;10:205-213. 

https://doi.10.2147/IJNRD.S100891

12) Sise ME, Courtwright AM, Channick RN. Pulmonary hypertension in patients with chronic 

and end-stage kidney disease. Kidney Int 2013;84:682–692. https://doi.10.1038/ki.2013.186

https://doi.org/10.1378/chest.11-1809
https://doi.org/10.1007/s00467-004-1700-0
https://doi.org/10.1097/lbr.0000000000000421
https://doi.org/10.1046/j.1523-1755.63.s84.15.x
https://doi.org/10.2147/ijnrd.s100891
https://doi.org/10.1038/ki.2013.186


13

13) Peter ID, Asani MO, Aliyu I, Obiagwu PN. Elevated mean pulmonary artery pressure and 

right ventricular dysfuntion in children with chronic kidney disease. J Cardiovasc Echogr 

2018;28: 109-113. https://doi.10.4103/jcecho.jcecho_56_17.

14) Atkinson MA, Warady BA. Anemia in chronic kidney disease. Pediatr Nephrol 2018;33:227-

238 https://doi.10.1007/s00467-017-3663-y.

15) Larson-Nath C, Goday P. Malnutrition in children with chronic disease. Nutr Clin Pract 

2019;34:349-358. https://doi.10.1002/ncp.10274.

16) Thome T, Salyers ZR, Kumar RA, Hahn D, Berru FN, Ferreira LF, Scali ST, Ryan TE. Uremic 

metabolites impair skeletal muscle mithocondrial energetics through disruption of the electron 

transport system and matrix dehydrogenase activity. Am J Physiol Cell Physiol 

2019;317:C701-C713. https://doi.10.1152/ajpcell.00098.2019.

17) Milliner DS, Zinsmeister AR, Lieberman E, Landing B. Soft tissue calcification in pediatric 

patients with end-stage renal disease. Kidney Int 1990;38:931–936. doi: 10.1038/ki.1990.293.

18) Walter JM, Stanley M, Singer BD. Metastatic pulmonary calcification and end-stage renal 

disease. Cleve Clin J Med 2017;84:668-669. https://doi.10.3949/ccjm.84a.16132.

19) Milliner DS, Lieberman E, landing BH. Pulmonary calcinosis after renal transplantation in 

pediatric patients. Am J Kidney Dis 1986;7:495-501. https://doi.10.1016/s0272-

6386(86)80191-3

20) Camara Belém L, Zanetti G, Soares Souza A Jr, Hochhegger B, Duarte Guimarães M, Nobre 

LF, Souza Rodrigues R, Marchiori E. Metastatic pulmonary calcification: state-of-the-art 

review focused on imaging findings. Respir Med 2014;108:668-676. https://doi. 

10.1016/j.rmed.2014.01.012.

21) Mehrotra P, Collett JA, Gunst SJ, Basile DP. Th17 cells contribute to pulmonary fibrosis and 

inflammation during chronic kidney disease progression after acute ischemia. Am J Physiol 

Regul Integr Comp Physiol 2018;314:R265-R273. https://doi.10.1152/ajpregu.00147.2017

22) Syed-Ahmed M, Narayanan M. Immune dysfunction and risk of infection in chronic kidney 

disease. Adv Chronic Kidney Dis 2019;26:8-15. https://doi.10.1053/j.ackd.2019.01.004

23) Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, Tranaeus A, 

Stenvinkel P, Lindholm B. Aspect of immune dysfunction in end-stage renal disease. Clin J 

Am Soc Nephrol 2008;3:1526-1533. https://doi.10.2215/CJN.00950208.

24) Anders HJ, Andersen K, Stecher B. The intestinal microbiota, a leaky gut, and abnormal 

immunity in kidney disease. Kidney Int. 2013;83:1010-1016. https://doi.10.1038/ki.2012.440.



14

25) Meijers RW, Litjens NH, de Wit EA, Langerak AW, Baan CC, Betjes MGH. Uremia-

associated immunological aging is stably imprinted in the T-cell system and not reversed by 

kidney transplantation. Transpl Int .2014;27:1272-1284. https://doi.10.1111/tri.12416.

26) Mukai H, Ming P, Lindholm B, Heimburger O, Barany P, Stenvinkel P, Qureshi AR. Lung 

dysfunction and mortality in patients with chronic kidney disease. Kidney Blood Press Res 

2018;43:522-535. https://doi.10.1159/000488699.

27) Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P, Fukuchi Y, Jenkins C, 

Rodriguez-Roisin R, van Weel C, Zielinski J. Global strategy for the diagnosis, management, 

and prevention of chronic obstructive pulmonary disease: GOLD executive summary. Am J 

Respir Crit Care Med. 2007;176:532-555. https://doi.10.1164/rccm.200703-456SO.

28) Herrero JA, Alvarez-Sala JL, Coronel F, Moratilla C, Gamez C, Sanchez-Alarcos JMF, 

Barrientos A. Pulmonary diffusing capacity in chronic dialysis patients. Respir Med 

2002;96:487-492. https://doi.10.1053/rmed.2002.

29) Zhang P, Wu HM, Shen QY, Liu RY, Qi X. Associations of pulmonary function with serum 

biomarkers and dialysis adequacy in patients undergoing peritoneal dialysis. Clin Exp 

Nephrol 2016 Dec;20(6):951-959. https://doi.10.1007/s10157-016-1244-1.

30) Mukai H, Ming P, Lindholm B, Heimbürger O, Barany P, Anderstam B, Stenvinkel P, Qureshi 

AR. Restrictive lung disorder is common in patients with kidney failure and associates with 

protein-energy wasting, inflammation and cardiovascular disease. PLoS One. 2018 

27;13:e0195585. https://doi.10.1371/journal.pone.0195585.

31) Teixeira CG, Duarte Mdo C, Prado CM, Albuquerque EC, Andrade LB. Impact of chronic 

kidney disease on quality of life, lung function, and functional capacity. J Pediatr (Rio J). 

2014;90:580-6. https://doi.10.1016/j.jped.2014.03.002.

32) Turcios NL. Pulmonary complications of renal disorders. Paediatr Respir Rev 2012;13:44-49. 

https://doi.10.1016/j.prrv.2011.04.006.

33) Prezant DJ. Effect of uremia and its treatment on pulmonary function. Lung 1990;168:1–14. 

https://doi.10.1007/BF02719668.

34) Paul K, Mavridis G, Bonzel KE, Schärer K. Pulmonary function in children with chronic renal 

failure. Eur J Pediatr 1991;150:808-812. https://doi.10.1007/BF02026718.

35) Youssef DM, Shokry DM, Elbehidy RM, Mohammed Khedr MK. Pulmonary function and 

plasma nitric oxide levels in pediatric hemodialysis. Saudi J Kidney Transpl 2018;29:578-

585. https://doi.10.4103/1319-2442.235174.

36) Oliveira EA, Cheung WW, Toma KG, Mak RH. Muscle wasting in chronic kidney disease. 

Pediatr Nephrol 2018;33:789-798. https://doi.10.1007/s00467-017-3684-6.



15

37) Hogan J, Schneider MF, Pai R, Denburg MR, Kogon A, Brooks ER, Kaskel FJ, Reidy KJ, 

Saland JM, Warady BA, Furth SL, Patzer RE, Greenbaum LA. Grip strength in children with 

chronic kidney disease. Pediatr Nephrol 2020;35:891-899. https://doi.10.1007/s00467-019-

04461-x.

38) Painter P, Krasnoff J, Mathias R. Exercise capacity and physical fitness in pediatric dialysis 

and kidney transplant patients. Pediatr Nephrol 2007;22:1030-1039. 

https://doi.10.1007/s00467-007-0458-6.

39) Alayli G, Ozkaya O, Bek K, Calmasur A, Diren B, Bek Y, Canturk F. Physical function, 

muscle strength and muscle mass in children on peritoneal dialysis. Pediatr Nephrol 2008 

23:639–644. https://doi.10.1007/s00467-007-0711-z.

40) De Medeiros AIC, Fuzari HKB, Rattesa C, Brandão DC, de Melo Marinho PE’. Inspiratory 

muscle training improves respiratory muscle strength, functional capacity and quality of life 

in patients with chronic kidney disease: a systematic review. J Physiother 2017;63:76-83. 

https://doi.10.1016/j.jphys.2017.02.016.

41) Parker KP. Sleep disturbances in dialysis patients. Sleep Med Rev 2003;7:131–143. 

https://doi.10.1053/smrv.2001.0240.

42) Unruh ML, Buysse DJ, Dew MA, Evans IV, Wu AW, Fink NE, Powe NR, Meyer KB. Sleep 

quality and its correlates in the first year of dialysis. Clin J Am Soc Nephrol 2006;1:802–810. 

https://doi.10.2215/CJN.00710206.

43) Novak M, Winkelman JW, Unruh M. Restless legs syndrome in patients with chronic kidney 

disease. Semin Nephrol 2015;35:347-358. https://doi.10.1016/j.semnephrol.2015.06.006.

44) Mao S, Shen H, Huang S, Zhang A. Restless legs syndrome in dialysis patients: a meta-

analysis. Sleep Med 2014;15:1532-1538. https://doi.10.1016/j.sleep.2014.07.017.

45) Unruh ML, Levey AS, D’Ambrosio C, Fink NE, Powe NR, Meyer KB. Restless legs 

symptoms among incident dialysis patients: association with lower quality of life and shorter 

survival. Am J Kidney Dis 2004; 43: 900-909. https://doi.10.1053/j.ajkd.2004.01.013.

46) Araujo SM, de Bruin VM, Nepomuceno LA, et al. Restless legs syndrome in end-stage renal 

disease: clinical characteristics and associated comorbidities. Sleep Med. 2010;11(8): 785-

790. https://doi.10.1016/j.sleep.2010.02.011.

47) Lin CH, Wu VC, Li WY, et al. Restless legs syndrome in end-stage renal disease: a 

multicenter study in Taiwan. Eur J Neurol 2013;20:1025-1031. 

https://doi.10.1111/ene.12095.

48) Gigli GL, Adorati M, Dolso P, et al. Restless legs syndrome in end-stage renal disease. Sleep 

Med. 2004;5:309-315. https://doi.10.1016/j.sleep.2004.01.014.

https://doi.10.2215/CJN.00710206
https://doi.10.1016/j.semnephrol.2015.06.006
https://doi.10.1016/j.sleep.2014.07.017
https://doi.10.1053/j.ajkd.2004.01.013
https://doi.10.1016/j.sleep.2010.02.011
https://doi.10.1111/ene.12095
https://doi.10.1016/j.sleep.2004.01.014


16

49) Szentkiralyi A, Molnar MZ, Czira ME, Deak G, Lindner AV, Szeifert L, Torzsa P, Vamos 

EP, Zoller R, Mucsi I, Novak M. Association between restless legs syndrome and depression 

in patients with chronic kidney disease. J Psychosom Res. 2009;67:173-180. 

https://doi.10.1016/j.jpsychores.2009.05.004.

50) Trenkwalder C, Paulus W (2010) Restless legs syndrome: path physiology, clinical 

presentation and management. Nat Rev Neurol 26:337–346. https://doi. 

10.1038/nrneurol.2010.55

51) Riar SK, Leu RM, Turner-Green TC, Rye DB, Kendrick-Allwood SR, McCracken C, et al. 

Restless legs syndrome in children with chronic kidney disease. Pediatr Nephrol. 2013 

May;28(5):773-95. https://doi. 10.1007/s00467-013-2408-9.

52) Kanbay A, Buyukoglan H, Ozdogan N, Kaya E, Oymak FS, Gulmez I, Demir R, Kokturk O, 

Cobic A. Obstructive sleep apnea syndrome is related to the progression of chronic kidney 

disease. Int Urol Nephrol 2012;44:535-539. https://doi.10.1007/s11255-011-9927-8.

53) Marrone O, Battaglia S, Steiropoulos P, Basoglu OK, Kvamme JA, Ryan S, Pepin JL, 

Verbraecken J, Grote L, Hedner J, Bonsignore MR; ESADA study group. Chronic kidney 

disease in European  patients with obstructive sleep apnea: the ESADA cohort study. J Sleep 

Res 2016;25:739-745. https://doi.10.1111/jsr.12426.

54) Lin CH, Lurie RC, Lyons OD. Sleep apnea and chronic kidney disease – a state of the art 

review. Chest 2020;157:673-685. https://doi.10.1016/j.chest.2019.09.004.

55) Kinebuchi S, Kazama JJ, Satoh M,  Sakai K, Nakayama H, Yoshizawa H, Narita I, Suzuki E, 

Gejyo F. The short-term use of continuous positive airway pressure ameliorates glomerular 

hyperfiltration in patients with obstructive sleep apnea syndrome. Clin Sci (Lond) 

2004,107:317–322. https://doi.10.1042/CS20040074.

56) Bulcun E, Ekici M, Ekici A, Cimen DA and Kisa U. Microalbuminuria in obstructive sleep 

apnea syndrome. Sleep Breath 2015;19:1191–1197 https://doi.10.1007/s11325-015-1136-8.

57) Sim JJ, Rasgon SA, Derose SF. Review article: managing sleep apnoea in kidney diseases. 

Nephrology (Carlton) 2010;15:146–152. https://doi.10.1111/j.1440-1797.2009.01260.x.

58) Felix O, Amaddeo A, Olmo Arroyo J,Zerah M, Puget S, Cormier-Daire V, Baujat G, Pinto 

G, Fernandez-Bolanos M, Fauroux B. Central sleep apnea in children: experience at a single 

center. Sleep Med 2016;25:24-28. https://doi.10.1016/j.sleep.2016.07.016.

59) Redolfi S, Yumino D, Ruttanaumpawan P, Yau B, Su MC, Lam J, Bradley TD. Relationship 

between overnight rostral fluid shift and Obstructive Sleep Apnea in nonobese men. Am J 

Respir Crit Care Med. 2009;179:241–246. https://doi.10.1164/rccm.200807-1076OC.

https://doi.10.1016/j.jpsychores.2009.05.004
https://doi.10.1007/s11255-011-9927-8
https://doi.10.1111/jsr.12426
https://doi.10.1016/j.chest.2019.09.004
https://doi.10.1042/CS20040074
https://doi.10.1007/s11325-015-1136-8
https://doi.10.1111/j.1440-1797.2009.01260.x
https://doi.10.1016/j.sleep.2016.07.016
https://doi.10.1164/rccm.200807-1076OC


17

60) Amin R, Sharma N, Al-Mokali K, Sayal P, Al-Saleh S, Narang I, Harvey E. Sleep-disordered 

breathing in children with chronic kidney disease. Pediatr Nephrol. 2015;30:2135-2143 

https://doi.10.1007/s00467-015-3155-x.

61) Tang SC, Lam B, Lai AS, Pang CB, Tso WK, Khong PL, Ip MSM, Lai KN. Improvement of 

sleep apnea during nocturnal dialysis is associated with reduced airway congestion and better 

uremic clearance. Clin J Am Soc Nephrol 2009;4:410–418. 

https://doi.10.2215/CJN.03520708.

62) Sharma N, Harvey E, Amin R. Sleep-Disordered Breathing in 2 Pediatric Patients on 

Peritoneal Dialysis. Perit Dial Int 2016;36:109-112. https://doi.10.3747/pdi.2014.00205.

63) Montgomery-Downs HE, Crabtree VM, Gozal D. Cognition, sleep and respiration in at risk 

children treated for obstructive sleep apnea. Eur Respir J 2005;25:336–342. 

https://doi.10.1183/09031936.05.00082904.

64) Gozal D, Capdevila OS, Kheirandish-Gozal L. Metabolic alterations and systemic 

inflammation in obstructive sleep apnea among non obese and obese pre-pubertal children. 

Am J Resp Crit Care Med 2008;117:1142–1149. https://doi.10.1164/rccm.200711-1670OC.

65) Gozal D, Kheriandish-Gozal L, Bhattacharjee R, Spruyt K. Neurocognitive and endothelial 

dysfunction in children with obstructive sleep apnea. Pediatrics 2010;126:e116–117. 

https://doi.10.1542/peds.2010-0688.

66) Tsampalieros A, Blinder H, Hoey L, et al. Obstructive sleep apnea and hypertension in 

pediatric chronic kidney disease. Pediatr Nephrol. 2019;34(11):2361-2370. https://doi. 

10.1007/s00467-019-04295-7

67) Davis ID, Greenbaum LA, Gipson D, Wu LL, Sinha R, Matsuda-Abedini M, Emancipator JL, 

Lane JC, Hodgkins K, Nailescu C, Barletta GM, Arora S, Mahan JD, Rosen CL. Prevalence 

of sleep disturbances in children and adolescents with chronic kidney disease. Pediatr Nephrol 

2012;27:451-459. https://doi.10.1007/s00467-011-2010-y.

68) El-Refaey AM, Elsayed RM, Sarhan A, Bakr A, Hammad A, Elmougy A, Aboelyazeed AY. 

Sleep quality assessment using polysomnography in children on regular hemodialysis. Saudi 

J Kidney Dis Transpl 2013;24:714-718. https://doi.10.4103/1319-2442.113862.

69) Gomes C, Oliveira L, Ferreira R, Simão C. Sleep disturbance in pediatric patients on 

automated peritoneal dialysis. Sleep Med 2017;32:87-91. 

https://doi.10.1016/j.sleep.2016.12.010.

70) Koch BC, Nagtegaal JE, Hagen EC, Wee PM, Kerkhof GA. Different melatonin rhythms and 

sleep-wake rhythms in patients on peritoneal dialysis, daytime hemodialysis and nocturnal 

hemodialysis. Sleep Med 2010;11:242–246. https://doi.10.1016/j.sleep.2009.04.006.

https://doi.10.1007/s00467-015-3155-x
https://doi.10.2215/CJN.03520708
https://doi.10.3747/pdi.2014.00205
https://doi.10.1183/09031936.05.00082904
https://doi.10.1164/rccm.200711-1670OC
https://doi.10.1542/peds.2010-0688
https://doi.10.1007/s00467-011-2010-y
https://doi.10.4103/1319-2442.113862
https://doi.10.1016/j.sleep.2016.12.010
https://doi.10.1016/j.sleep.2009.04.006


18

71) Russcher M, Nagtegaal JE, Nurmohamed SA, Koch BC, van der Westerlaken MM, van 

Someren EJ, Bakker SJ, Ter Wee PM, Gaillard CA.  The effects of kidney transplantation on 

sleep, melatonin, circadian rhythm and quality of life in kidney transplant recipients and living 

donors. Nephron Physiol 2015;129:6–15. https://doi.10.1159/000369308

72) Silva DS, Andrade Edos S, Elias RM, David-Neto E, Nahas WC, Castro MC, Castro MC. The 

perception of sleep quality in kidney transplant patients during the first year of transplantation. 

Clinics (Sao Paulo) 2012;67:1365–1371. https://doi.10.6061/clinics/2012(12)04.

73) Rodrigues CJ, Marson O, Togeiro SM, Tufik S, Ribeiro AB, Tavares A. Sleep-disordered 

breathing changes after kidney transplantation: a polysomnographic study. Nephrol Dial 

Transplant 2010;25:2011–2015. https://doi.10.1093/ndt/gfp752.

74) Razeghi E, Parkhideh S, Ahmadi F, Khashayar P. Serum CRP levels in pre-dialysis patients. 

Ren Fail 2008;30:193–198. https://doi.10.1080/08860220701810539.

75) Bologa RM, Levine DM, Parker TS, et al: Interleukin- 6 predicts hypoalbuminemia, 

hypocholesterolemia, and mortality in hemodialysis patients. Am J Kidney Dis 1998;32:107-

114. https://doi.10.1053/ajkd.1998.v32.pm9669431.

76) Pecoits-Filho R, Heimbürger O, Bárány P, Suliman M, Fehrman-Ekholm I, Lindholm B, 

Stenvinkel P. Associations between circulating inflammatory markers and residual renal 

function in CRF patients. Am J Kidney Dis. 2003;41:1212-1218. https://doi.10.1016/s0272-

6386(03)00353-6.

77) Bolton CE, Schumacher W, Cockcroft JR, Timpson NJ, Smith GD, Gallacher J, Rumley A, 

Lowe GD, Ebrahim S, Shale DJ, Ben-Shlomo Y. The CRP genotype, serum levels and lung 

function in men: the caerphilly prospective study. Clin Sci 2011;120:347–355. 

https://doi.10.1042/CS20100504.

78) Jiang R, Burke GL, Enright PL, Newman AB, Margolis HG, Cushman M, Tracy RP, Wang 

Y, Kronmal RA, Barr RG. Inflammatory markers and longitudinal lung function decline in 

the elderly. Am J Epidemiol 2008;168:602–610. https://doi.10.1093/aje/kwn174. 

79) Shaaban R, Kony S, Driss F, Leynaert B, Soussan D, Pin I, Neukirch F, Zureik M. Change in 

C-reactive protein levels and FEV1 decline: a longitudinal population-based study. Resp Med 

2006;100:2112–2120. https://doi.10.1016/j.rmed.2006.03.027.

80) Furuichi K, Kaneko S, Wada T. Chemokine/chemokine receptor mediated inflammation 

regulates pathologic changes from acute kidney injury to chronic kidney disease. Clin Exp 

Nephrol 2009;13:9–14.  https://doi.10.1007/s10157-008-0119-5.

https://doi.10.1159/000369308
https://doi.10.6061/clinics/2012(12)04
https://doi.10.1093/ndt/gfp752
https://doi.10.1080/08860220701810539
https://doi.10.1053/ajkd.1998.v32.pm9669431
https://doi.10.1016/s0272-6386(03)00353-6
https://doi.10.1016/s0272-6386(03)00353-6
https://doi.10.1042/CS20100504
https://doi.10.1016/j.rmed.2006.03.027
https://doi.10.1007/s10157-008-0119-5


19

81) Wada T, Sakai N, Sakai Y, Matsushima K, Kaneko S, Furuichi K. Involvement of bone-

marrow-derived cells in kidney fibrosis. Clin Exp Nephrol 2011;15:8–13. 

https://doi.10.1007/s10157-010-0372-2.

82) Taraz M, Khatami MR, Hajiseyedjavadi M, Farrokhian A, Amini M, Khalili H, Abdollahi A, 

Dashti-Khavidaki S. Association between antiinflammatory cytokine, IL-10, and sleep quality 

in patients on maintenance hemodialysis. Hemodial Int 2013;17:382-

390.  https://doi.10.1111/hdi.12035.

83) Weaver DJ, Mitsnefes M. Cardiovascular disase in children and adolescents with chronic 

kidney disease. Semin Nephrol 2018;38:559-569. 

https://doi.10.1016/j.semnephrol.2018.08.002.
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