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Sleep disorders are highly prevalent in patients with chronic kidney disease (CKD) but are often
underrecognized. The most common sleep disturbances in people with CKD include insomnia, sleep
apnea syndrome, restless legs syndrome, and periodic limb movement disorder. The presence of sleep
disorders in CKD can further worsen the burden of high morbidity and mortality in a patient population
with already high mortality rates. The detection and management of sleep disorders in patients with
CKD are often challenging because the classic symptoms of sleep disorders (poor concentration,
daytime sleepiness, and insomnia) overlap with CKD symptomatology. The treatment of one symptom
may have a negative impact on others; hence treatment of these disorders is challenging and may
need to be individualized and modified based on the response to treatment and the development of
adverse effects. However, treatment of sleep disorders may have significant clinical benefits, leading to
improved health-related quality of life. This Review presents an overview of sleep disorders in patients
with CKD, with emphasis on relevant pathophysiology, diagnosis and treatment strategies.
Introduction

Sleep disorders are highly prevalent in patients with
chronic kidney disease (CKD) and have a profound effect
on quality of life.1,2 The impact of sleep disorders is
increasingly recognized across all stages of kidney disease,
including those persons with early CKD and also those
persons with kidney failure receiving kidney replacement
therapy (dialysis or kidney transplant). The reported
prevalence of sleep disorders is 36% to 59% among those
with CKD stages 3-4,3,4 25% to 80% in patients receiving
dialysis,5-7 and 8% to 46% in kidney transplant re-
cipients.4,8 The most common sleep disturbances include
insomnia, sleep apnea syndrome, restless legs syndrome
(RLS), and periodic limb movement disorder (PLMD).
These disorders frequently overlap, and the treatment of
one may have a negative impact on others; hence treat-
ment of these disorders is challenging and may need to be
individualized and modified based on the response to
treatment and the development of adverse effects. This
Review summarizes the current knowledge on the epide-
miology, pathogenesis, clinical sequelae, and treatment
options of these CKD-associated sleep disorders.
Insomnia

According to the International Classification of Sleep Disorders,
Third Edition (ICSD-3), insomnia is characterized by the
presence of all 3 of the following criteria: (1) difficulty
initiating sleep, maintaining sleep, or waking up too early;
(2) sleep difficulties occur despite adequate opportunity
and circumstances for sleep; and (3) the problem nega-
tively impacts daytime functioning.4 ICSD-3 classifies
insomnia into short-term (duration < 3 months), and
chronic (≥3 months). Patients suffering from insomnia
often have difficulty functioning during the day, poor
health-related quality of life (HRQoL),2,9,10 increased
health care costs,11 poor work performance, fatigue,12

depression,13 and increased mortality.14-17
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The reported prevalence of insomnia is 36% to 59% in
patients with CKD not on dialysis,4,18 25% to 80% in patients
on dialysis,4,5,19 and 8% to 46% in kidney transplant re-
cipients8,20 in comparison with 10% to 15% in the general
population.21

Pathogenesis

Factors causing insomnia are complex, with multiple
pathophysiological, biochemical, psychological, lifestyle,
and treatment-related factors having been identified (Fig 1).

Metabolic Factors
Anemia and iron deficiency are associated with insomnia
in patients on dialysis.22 The metabolic consequences of
CKD, including calcium and phosphate dysregulation and
hyperparathyroidism, are reportedly associated with
insomnia. Insomnia in patients with severe hyperpara-
thyroidism improved after parathyroidectomy.23,24 Ure-
mic pruritus,25 muscle cramps, neuropathic pain, and
chronic bone pain also have a negative impact on sleep.2

Systemic inflammation is common among patients with
CKD, and inflammatory mediators (interleukin-1β,
interleukin-6, interleukin-18, tumor necrosis factor α, and
C-reactive protein) may alter sleep quality, but the rela-
tionship is controversial.26,27

Medications
The side effects of medications commonly used in patients
with CKD, such as β-agonists and antagonists, antide-
pressants, diuretics, and immunosuppressive medications,
may include insomnia.8,28,29

Physical and Psychological Symptoms
One important contributor to poor sleep is the high
burden of chronic, undermanaged pain seen in CKD.1,2,30

Depression, anxiety, and worry about disease, financial,
and family issues (including sexual dysfunction) can
further impair sleep. Several studies have shown strong,
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Figure 1. Factors contributing to insomnia in patients with chronic kidney disease. Abbreviations: PLMD, periodic limb movement
disorder; RLS, restless legs syndrome.
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bidirectional associations between insomnia and depres-
sion in patients on hemodialysis or peritoneal dialysis.22,31

Lifestyle-related Factors
Dialysis timing may impact insomnia. Patients on dialysis
during early morning or late-night shifts have higher rates
of insomnia than patients undergoing dialysis in the af-
ternoon.32 Sleep hygiene-related behaviors such as nap-
ping during the day or inactivity during waking hours
have also been associated with insomnia in CKD18 and
might help to explain the relationship between insomnia
and dialysis timing.33

Disturbance in the Circadian Rhythm
The pineal hormone melatonin plays an important role in
circadian sleep-wake rhythm. In a healthy person, mela-
tonin levels are low during the day and high at night.
However, several studies have shown alteration in the
diurnal variation of melatonin in those with CKD or on
dialysis. Study findings vary, with some showing reduced
levels while others show significant accumulation of both
melatonin and active metabolites.34-37

Diagnosis

Insomnia is a clinical diagnosis. The assessment of
insomnia begins with a detailed sleep history to identify
the specific sleep problem, sleep habits, bedtimes and
wakeup times, and issues around sleep hygiene. Concerns
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may range from difficulty falling asleep, waking early,
excessive daytime somnolence, unusual leg movements, or
features of breathing difficulty at night and often result in
objective sleep disruptions (documented with poly-
somnography), poor subjective sleep quality, and
impaired daytime functioning. A sleep diary can document
symptoms, which can help with developing a management
plan within the framework of formal assessment. Validated
screening tools (Pittsburgh Sleep Quality Index,38 Athens
insomnia scale,39 and Insomnia Severity Index40) can help
in detecting insomnia. Actigraphy and polysomnography
are not essential for diagnosing insomnia, but they can
help in excluding other sleep disorders causing insomnia
such as sleep apnea and RLS.

Treatment

The treatment goals of insomnia focus on improving
subjective and objective sleep quality and preventing
daytime sleepiness and fatigue, thereby improving daytime
functioning. Both nonpharmacologic and pharmacologic
measures are considered for treating insomnia in the
general population. Those measures may also be consid-
ered for treating insomnia in patients with CKD. The initial
assessment may point to a need for simple modifications to
the sleep environment that were previously overlooked
and may help set realistic patient expectations. In addition
to reviewing sleep hygiene recommendations, identifica-
tion and treatment of sleep-influencing symptoms, such as
755



• Psycho-educaƟon and cogniƟve 
restructuring to correct dysfuncƟonal 
aƫtudes toward sleep

• MeditaƟon and mindfulness
• Progressive muscle relaxaƟon
• Breathing techniques

• Restores sleep pressure or homeostaƟc 
drive to sleep

• Reduce bed Ɵme to total sleep Ɵme; 
reaching sleep efficiency (Total sleep
Ɵme/Ɵme in bed x 100) of greater than 
90%, calculated by sleep log average

• Go to bed only when sleepy.
• Use the bed and bedroom only for sleep
• If you are in bed and unable to sleep, get out 

of bed and return only when sleepy. Typically, 
this is within 20 minutes.

• Get up at the same Ɵme in the morning 
regardless of how much sleep was obtained.

• Do not nap during the day.

• Regular bedƟme and rise Ɵme
• Keep sleep environment dark and quiet
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• Avoid nicoƟne
• Avoid napping
• Exercise 
• Evening eaƟng Sleep 
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Figure 2. Components of cognitive behavioural therapy for insomnia (CBT-I).
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pain, pruritus, depression, or anxiety, may improve
insomnia. Because small improvements in daytime func-
tioning may be seen, patients could be encouraged to
participate in more exercise, allowing further improve-
ment in sleep quality.41 Pharmacologic treatment is mostly
indicated for short-term insomnia. Long-term medication
use to treat chronic insomnia is not favored, although it
might be necessary in certain situations.

Nonpharmacologic Treatment
A comprehensive assessment of sleep behaviors using a
sleep diary can identify simple modifications of sleep
environment or hygiene that had not previously been
noted. It may also help set realistic patient expectations of
sleep. Symptoms of pain and anxiety must be addressed
early as they can limit the success of other interventions.
Cognitive behavioral therapy for insomnia (CBT-I) is the
recommended first-line therapy in the general population
and can be delivered in person or virtually.42,43 A prefer-
ence for CBT-I or other behavioral therapies over medi-
cation as initial therapy has been endorsed in clinical
practice guidelines of the American Academy of Sleep
Medicine,44 the British Association for Psychopharmacol-
ogy,45 the American College of Physicians,42 and the Eu-
ropean Sleep Research Society.46 The components of CBT-I
include sleep hygiene, sleep restriction, stimulus control
therapy, cognitive therapy, and relaxation (Fig 2). However,
the effectiveness may be lower in patients receiving dialysis.

In a recently published small trial of 126 individuals
with mild to moderate insomnia receiving dialysis who
were randomized to trazadone, CBT-I (delivered virtually),
or placebo, there was little difference between the
groups.47 Although sleep scores were numerically better in
the CBT-I group, the difference was not statistically or
756
clinically significant. The trazadone group appeared to
have a higher risk of cardiovascular hospitalization,
although small differences in baseline comorbidity may
have contributed to this finding.

Increasing physical activity during waking hours is
another approach to improving sleep. In older adults, ex-
ercise and tai chi improved symptoms.48 A systematic re-
view and meta-analysis by Valera et al41 found aerobic
exercise to be associated with improved sleep quality in
people with CKD, with the majority of evidence derived
from people on hemodialysis. Mindfulness-based in-
terventions may also improve sleep and daytime symptoms
in people with insomnia,46,49,50 but we have no data about
the impact of mindfulness on insomnia symptoms in pa-
tients with kidney disease.

Pharmacologic Treatment
The American College of Physicians recommends that clini-
cians use a shared decision making approach, including a
discussion of the benefits, harms, and costs of short-term use
of medications, to decide whether to add pharmacologic
therapy in adults with chronic insomnia disorder in whom
CBT-I alone was unsuccessful. The commonly used phar-
macologic treatments for insomnia are nonbenzodiazepine
Ω-receptor agonists (“Z-drugs”: eg, zolpidem, zaleplon,
zopiclone, and eszopiclone); benzodiazepine-receptor ago-
nists (eg, temazepam, lorazepam, triazolam), melatonin and
melatonin receptor agonists (eg, ramelteon), dual orexin
receptor antagonists (eg, suvorexant), and histamine H1 re-
ceptor antagonist (low-dose doxepin). The use of other
sedating medications for insomnia might be considered for
patients who do not have an adequate therapeutic response to
first-line medications and these include trazodone, mirtaze-
pine, and gabapentin.
AJKD Vol 85 | Iss 6 | June 2025



Table 1. Commonly Used Medications for Insomnia in Patients With Kidney Disease

Drug Evidence Study Methods Participants Key Findings
Side-Effect
Profile Recommendation

Z drugs
Zaleplon Sabbatini et al, 2003111 Randomized

crossover study;
zaleplon vs placebo

10 HD patients Higher sleep quality, reduced
sleep latency, but duration of
sleep was not modified.

Low Short-term use

Zolpidem Dashti-Khavidak et al,
2011112

Randomized cross-
over study; zolpidem
vs clonazepam

23 HD patients Clonazepam improved PSQI
more than zolpidem.

Higher side
effect profile for
clonazepam
compared with
zolpidem

Avoid benzodiazepines;
zolpidem can be
considered for short-term
use.

Benzodiazepines Winkelmayer et al, 2007113 Retrospective cohort
study of US incident
HD patients

3,690 incident HD
patients

Benzodiazepine or zolpidem
use is common in dialysis
patients and associated with
greater mortality.

15% increase
in mortality risk

Advisory against use due
to mortality risk,
especially if used
concurrently with opioids

Muzaale et al, 2020114 Retrospective cohort
of incident HD
patients in US

69,368 HD patients Codispensing of opioids and
short-acting benzodiazepines is
common in dialysis patients and
associated with a higher risk of
death.

Melatonin Koch et al, 2008115

(EMSCAP study)
Randomized cross-
over study; melatonin
vs placebo

24 HD patients Melatonin resulted in an
improvement of subjective and
objective sleep parameters, as
well as a recovered nocturnal
melatonin rhythm.

Low Short-term use

Russcher et al, 201335

(MELODY study)
RCT; melatonin vs
placebo

67 HD patients No improvement in sleep quality
and quality of life at 12 mo
follow-up; high dropout rate.

Low Inconclusive data; may
be used for short-term
benefit

Yousef et al, 2022116 RCT; melatonin vs
placebo

60 HD patients Improvement in total score of
PSQI Insomnia Severity Index,
subjective sleep quality, and
daytime dysfunction.

Low Short-term use

Trazadone Mehrotra et al, 202447 RCT; CBT-I,
trazadone vs placebo

126 HD patients No statistically significant
difference in the effectiveness
of 6 wk of CBT-I or trazodone
compared with placebo.

Higher
incidence of
side effects for
trazadone

Use with caution

Abbreviations: CBT-I, Cognitive Behavioural Therapy-Insomnia trial; HD, hemodialysis; PSQI, Pittsburgh Sleep Quality Index; RCT, randomized controlled trial.
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Assessment
• Sleep-related symptoms- difficulty falling asleep, maintaining sleep, poor 

quality sleep, insufficient sleep quantity, daytime fatigue, impaired 
cognitive functioning

• Sleep-specific questions - do you sleep well, do you have sleep problems, 
do you snore etc

• Insomnia screening questionnaires –Insomnia severity index, Athens 
insomnia scale, PROMIS sleep disturbance item bank

• Symptom questionnaires include generic sleep-related questions: IPOS-
renal, ESAS renal, KDQOL36 

Management 
• Treat underlying disorders and potential causative factors (OSA, RLS, pruritus, iron deficiency, fluid 

overload)
• Restrict alcohol/ caffeine/ drug use
• Control pruritus/chronic pain
• Treat mood/mental health  disorders 
• Sleep hygiene checklist, advice- e.g. https://symptomcare.org/patient/chronic-diseases/sleep-

disturbance/
• Mindfulness/meditation
• Discontinue medications implicated in insomnia – if possible

Insomnia persists

• Likely to resolve soon(e.g. acute 
stressor, etc)

• Consider short-term use of sleeping 
pills(Melatonin), provide sleep 
education

Non-pharmacological measures
Cognitive Behavioral Therapy- Insomnia

Review in 4 weeks- Improved?
Consider alternative 

medications/interventions
Refer to sleep specialist

Yes 

Suspected insomnia
No Continue usual management

Regular screening, 
assessment

Focused assessment
• Medical history – Obstructive sleep apnea, Restless leg syndrome, pain, pruritus, mood disorders
• Use of medication implicated in insomnia 
• Caffeine, nicotine, alcohol or recreational drug use

Figure 3. Approach to diagnosis and treatment of insomnia. Abbreviations: ESAS, Edmonton Symptom Assessment Scale;
KDQOL36, Kidney Disease and Quality of Life; OSA, obstructive sleep apnea; PROMIS, Patient-Reported Outcomes Measurement
Information System; RLS, restless legs syndrome.
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Although a variety of medications are commonly used
in the management of chronic insomnia, there have
been no appropriately designed studies to evaluate their
safety and efficacy in patients with kidney failure.
758
Melatonin has been formally studied in patients on he-
modialysis, but results remain inconclusive. Harms
associated with melatonin are low. Although other
pharmacologic treatments are often used, they must be
AJKD Vol 85 | Iss 6 | June 2025
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Figure 4. The complex bidirectional relationship between sleep apnea and chronic kidney disease. Abbreviations: CKD, chronic kid-
ney disease; SNS, sympathetic nervous system and RAAS, renin-angiotensin-aldosterone system.
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used with caution and preferably for short intervals
only. Safety and efficacy data for these medications are
limited in the dialysis and CKD population, and in-
teractions and side effects are common. Commonly used
medications along with their evidence for use are listed
in Table 1.

Kidney Replacement Therapy
In patients with insomnia, it remains unclear if a change in
dialysis modality can result in improved sleep. A systematic
review that examined the effects of nocturnal hemodialysis
on sleep parameters documented a significant improve-
ment in sleep apnea after switching from conventional
hemodialysis to nocturnal hemodialysis, although there
did not seem to be a net benefit in overall subjective sleep
quality.51-53 This may be because nocturnal hemodialysis
can disrupt sleep in some patients due to technical diffi-
culties with the mode of dialysis (eg, alarms or discomfort
due to body or arm positions), as well as to anxiety about
receiving dialysis during the night. Novak et al8 showed
that the prevalence of insomnia was lower in transplant
than wait-listed patients. A recent study also showed sleep
quality was more likely to improve among males after
kidney transplantation.29

We summarized our perspective on the diagnosis and
treatment of insomnia in Figure 3.
Sleep Apnea Syndrome

Sleep apnea is defined as intermittent episodes of partial or
complete interruption of respiratory airflow during sleep.
Sleep apnea leads to sleep fragmentation, excessive daytime
sleepiness, cognitive impairment, and impaired HRQoL.
There are 2 types of sleep apnea: obstructive sleep apnea
(OSA), which occurs due to intermittent closure of the upper
airway during sleep, and central sleep apnea (CSA), which
AJKD Vol 85 | Iss 6 | June 2025
occurs due to intermittent loss of respiratory drive. An apneic
episode is defined as the absence of airflow for 10 seconds or
greater, and a hypopneic episode is the decrease in airflow by
50% for 10 seconds or decreases by 30% if there is an
associated decrease in oxygen saturation or an arousal from
sleep. The apnea-hypopnea index (AHI) is determined by the
total number of apneas and hypopneas during sleep divided
by the total number of hours of sleep. An AHI of 5-15 is
considered mild and 15-30 as moderate apnea. An AHI of
greater than 30 is classified as severe apnea.54

The reported prevalence of sleep apnea is 31% to 57%
in early CKD, whereas a prevalence of 45% to 66% is re-
ported in patients on dialysis55-57 and 38% to 56% in
kidney transplant recipients.58,59
Pathogenesis

Kidney disease may cause sleep apnea or worsen pre-
existing sleep apnea. There is often a component of both
obstructive and central sleep apnea in patients with CKD.
There are several proposed pathophysiologic mechanisms
by which kidney disease could potentially contribute to
sleep apnea. A combination of hypervolemia leading to
upper airway collapse, increased chemoreceptor sensi-
tivity causing central ventilatory instability,60,61 and
uremic myopathy leading to respiratory muscle fatigu-
ability62 are implicated as important pathogenic factors
(Fig 4).

Hypervolemia and rostral fluid shift from the legs
overnight contributes to subsequent fluid accumulation in
the neck, leading to pharyngeal narrowing by causing
interstitial edema and/or increased fluid volume in the
neck and peripharyngeal structures. This leads to increased
upper airway collapsibility causing obstructive sleep apnea,
and this may explain some of the observed improvements
in sleep with nocturnal dialysis where volume control
759



Box 1. The International Restless Legs Syndrome Study Group
criteria93

1. Urge to move the legs usually with unpleasant sensations in
the legs; arms and other body parts are occasionally
involved.

2. Symptoms begin or worsen during periods of rest or
inactivity.

3. Symptoms partially or completely relieved by movement and
as long as the activity continues.

4. Symptoms are worse during the evening or night than
during the day.

5. The occurrence of the above features is not solely
accounted for as symptoms primary to another medical or
behavioural condition (eg, myalgia, venous stasis, leg
edema, arthritis, leg cramps, positional discomfort, habitual
foot tapping).
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occurs overnight.63 Hypervolemia and pulmonary fluid
accumulation may stimulate pulmonary irritant receptors,
leading to a cycle of hyperventilation and apnea and pre-
disposing to central sleep apnea.64,65 Individuals with
sleep apnea had a significantly higher total body extracel-
lular fluid volume and segmental fluid volumes than those
with no sleep apnea, and fluid removal by ultrafiltration
reduces the apnea-hypopnea index of patients with kidney
failure and sleep apnea, supporting the role of fluid
overload as an important mechanism in the pathogenesis
of sleep apnea in kidney failure.66,67

Studies have shown enhanced chemoreceptor sensitivity
to hypercapnia in patients with kidney failure,61 and a
reduction in ventilatory sensitivity has been demonstrated
among dialysis patients whose apnea improved when they
were switched from conventional to nocturnal hemodial-
ysis.68 Among such patients, the reduction in ventilatory
sensitivity correlated with a reduction in apnea severity, as
reflected by a fall in the apnea-hypopnea index in all
apneic patients.

Several investigators have explored the relationship between
sleep apnea and the progression of CKD.69 Intermittent hyp-
oxia occurring due to sleep apnea can cause chronic intrarenal
hypoxia,70 oxidative stress, and inflammation along with
activation of the sympathetic nervous system and renin-
angiotensin-aldosterone system leading to intraglomerular
hypertension and hyperfiltration,71 eventually resulting in
chronic tubulointerstitial fibrosis and the progression of kidney
damage72 (Fig 4). The repeated cycles of hypoxia/hypercapnia
lead to sympathetically mediated vasoconstriction along with
renin-angiotensin-aldosterone system activation leading to
hypertension.73,74 The nocturnal hypoxia and neurohumoral
activation have been linked with the development of resistant
hypertension,75,76 left ventricular hypertrophy,75 accelerated
atherosclerosis, and increased cardiovascular mortality.76

However, studies in kidney transplant recipients did not
directly confirm the association between OSA and CKD
progression.77,78
760
Diagnosis

Because the prevalence of sleep apnea is high in patients
with CKD, routine screening (eg, using the STOP-Bang
questionnaire79,80 or the Epworth Sleepiness Scale80)
could be considered to identify patients who may benefit
from further assessment. The definitive diagnosis of sleep
apnea requires polysomnographic studies (either in labo-
ratory testing or at home). The diagnosis of obstructive
sleep apnea is confirmed if there are 15 or more
obstructive respiratory events (apneas, hypopneas, or res-
piratory effort-related arousal per hour of sleep) or if there
are 5 or more predominantly obstructive respiratory events
(apnea/hypopnea/respiratory effort-related arousals) per
hour of sleep, seen in a patient with 1 or more of the
following: (1) sleepiness, fatigue, insomnia, or other
symptoms; (2) waking up with breath holding, gasping,
or choking; or (3) habitual snoring or breathing in-
terruptions noted by a bed partner or other observer.81

Treatment

A number of behavioral interventions are recommended for
sleep apnea. These include weight loss, exercise, positional
therapy, and avoidance of alcohol and sedatives which are
often prescribed for poor sleep. The American Academy of
Sleep Medicine (AASM) recommends offering continuous
positive airway pressure (CPAP) therapy to all patients who
have been diagnosed with OSA.81 CPAP keeps the pharyn-
geal airway open by delivering positive pressure through a
nasal mask, which ameliorates nocturnal apneas and hypo-
pneas, improves daytime somnolence, performance, and
HRQoL,82,83 and reduces blood pressure.84 Oral appliances,
such as mandibular advancement or tongue-retaining de-
vices,81,85 are sometimes used in patients with mild to
moderate OSA who are intolerant of continuous positive
airway pressure. Surgical procedures to correct airway
obstruction, including maxillomandibular advancement and
uvulopalatoplasty,86 are usually used as a last option for
selected patients who have an inadequate response or
intolerance to CPAP and oral appliances.81

As discussed in the section on pathogenesis, fluid over-
load plays an important role in the pathogenesis of OSA in
patients receiving dialysis. Hence, optimizing volume status
by modifying ultrafiltration may help with counteracting
rostral fluid shift and may lead to a reduction in OSA
severity. Sleep apnea may be improved by changing the
mode of kidney replacement therapy.63,87-89 Nocturnal
dialysis modalities that maximize nocturnal fluid removal
may be favored.67,88 In a small landmark study of nocturnal
hfmodialusis, changing from conventional 3 times weekly
hemodialysis to nocturnal hemodialysis was associated with
a significant reduction in the AHI.87 Similarly, nocturnal
cycler–assisted peritoneal ԁialusis may also reduce the
prevalence and severity of sleep apnea compared with those
treated with continuous ambulatory peritoneal dialysis.88

However, it is still controversial whether patients with
sleep apnea should be converted from conventional
AJKD Vol 85 | Iss 6 | June 2025
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Figure 5. Pathogenesis of restless legs syndrome and the various therapeutic options. Abbreviation: PLMD, periodic limb movement
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hemodialysis to nocturnal dialysis. A recent meta-analysis
that included 6 single-arm studies, 1 observational study,
and 2 randomized controlled trials (a total of 286 partic-
ipants) concluded that a significant improvement in sleep
apnea was observed by switching from conventional he-
modialysis to nocturnal hemodialysis but a net benefit in
overall subjective sleep quality was not seen.51

Kidney transplantation improves many aspects of well-
being and health, including fluid overload, but has only
shown resolution of sleep apnea in some patients.90 A
meta-analysis that included 8 prospective cohort studies
with a total of 401 patients did not find a statistically
significant effect on the apnea-hypopnea index, total sleep
time, sleep efficiency, slow wave, or rapid eye movement
after transplantation.91
Restless Legs Syndrome and Periodic Limb

Movement Disorder

RLS, also known as Willis-Ekbom syndrome, is a sensori-
motor movement disorder characterized by an irresistible
need to move the legs. It is associated with limb discom-
fort and paresthesias, typically in the evening or early part
of the night, which worsen during periods of inactivity
and are transiently relieved by movement.92,93 By contrast,
PLMDs are sudden, repetitive, and highly stereotyped
jerking leg movements occurring during sleep. These are
seen in roughly 80% of patients with RLS. Around 60% to
70% of patients with RLS experience disrupted sleep,
including difficulties in falling asleep, reduced total sleep
time, and an increased number of awakenings with RLS
symptoms.94

The reported prevalence of RLS in patients with CKD
stages 3-4, those receiving dialysis, and those with a
AJKD Vol 85 | Iss 6 | June 2025
kidney transplant ranges from 9% to 37%,95,96 15% to
30%,96,97 and 5% to 7%,95,98 respectively.

Pathogenesis

The pathogenesis of RLS and PLMD in CKD is not clearly
understood. Numerous studies have noted low iron
availability in RLS.99 Brain iron deficiency is a result of
altered brain iron acquisition, and this is an important
pathogenic factor in RLS.100 The dopaminergic system is
involved in the pathophysiology of RLS by causing a
presynaptic hyperdopaminergic state, resulting in post-
synaptic down-regulation of dopaminergic D2 receptors,
leading to reduced dopaminergic signaling when dopa-
mine levels are low in the evening due to the circadian
dipping, and causing a relative nighttime dopamine ac-
tivity deficit.101,102 This is responsible for sensorimotor
activation leading to periodic limb movements and
restlessness.

In addition, there is a hyperglutaminergic state and
hypoadenosinergic state, which is responsible for the hy-
perarousal and insomnia associated with RLS (Fig 5).
Among the factors that increase the risk of RLS include
medications (that patients with kidney failure frequently
receive for relief of depression and psychological issues,
pruritus, and gastroparesis), pregnancy, and peripheral
neuropathy.103

Diagnosis

The diagnostic criteria for RLS were revised in 2014 add-
ing a fifth criterion93 (Box 1). Similarly, the International
Classification of Sleep Disorders, Third Edition, has defined the
diagnostic criteria of PLM disorder based on the presence
of periodic limb movements of sleep of more than 15
periodic limb movements per hour in adults, and more
761



Table 2. Therapeutic Options in Restless Leg Syndrome

Drug Dose, mg/d Common Side Effects
α2δ Ligands
Gabapentin 300-1,800

(CLcr 30-49 mL/min, max dose 900;
15-29 mL/min, max dose 600; <15 mL/min,
max dose 300)

Dizziness, somnolence

Pregabalin 50-450
(CLcr 30-60 mL/min, max dose 75;
<30 mL/min, max dose 25)

Fatigue

Dopaminergic agents
Levodopa/carbidopa 100/25-600/150 Augmentation, contraindicated with a history of

cardiac, pulmonary, or retroperitoneal fibrosis
Cabergoline 2-3 Contraindicated with cardiac valve abnormalities
Ropinirole 0.78-4.6 Augmentation, impulse control disorder, local site

reaction
Rotigotine 2-3 Augmentation, impulse control disorder
Pramipexole 0.25-0.75

(CLcr < 15 mL/min, max dose up to 0.5)
Augmentation, impulse control disorder

Opioids
Oxycodone 5-40

(50% of dose when CLcr < 30 mL/min)
Sleep-related respiratory problems

Iron therapy
Oral iron preparations
IV ferric carboxymaltose
IV iron sucrose Rare allergic reactions

Abbreviations: CLcr, creatinine clearance; IV, intravenous; max, maximum.

Gopal et al
than 5 periodic limb movements per hour in children,
causing sleep problems that impact daytime functioning in
the absence of any other sleep-related, psychiatric, or
medical illnesses.104 Polysomnography can be used to
quantify periodic limb movements of sleep and serves as
an indirect index of disease severity. Evaluation of iron
stores with serum ferritin and transferrin saturation is
recommended; iron deficiency should be treated.105,106

Treatment

Nonpharmacologic approaches for RLS management
include cool dialysate, intradialytic aerobic exercise,
aromatherapy massage, reflexology, acupoint therapy, and
neuromuscular electrical stimulation. In a meta-analysis
that included 24 randomized controlled trials with 1,252
dialysis patients, cool dialysate produced the largest RLS
severity score reduction among the nonpharmacologic
interventions.107

Multiple pharmacologic approaches have been used in
RLS and are summarized in Table 2 and Figure 5. Before
initiating treatment, a review of medications may be
important to identify and potentially stop (if possible)
drugs that may induce or worsen RLS (eg, domperidone,
metoclopramide, nortriptyline, haloperidol, risperidone,
etc). First-line therapies often include α2δ ligands (gaba-
pentin and pregabalin) and dopaminergic agonists (eg,
pramipexole, ropinirole, and rotigotine). Factors favoring
dopamine agonists over the α2δ ligands as initial
762
treatments include obesity, past or present moderate/se-
vere depression, gait instability, disorders causing respi-
ratory failure, and a history of substance use disorder. Over
the past decade, the use of dopamine agonists has declined
because they are associated with a high incidence of
“augmentation” (dopamine agonist-induced worsening of
RLS symptoms) and may worsen impulse control disorders
when used long term.

A meta-analysis that looked at various treatment stra-
tegies for RLS in patients with kidney failure treated with
dialysis concluded that gabapentin was the most potent
pharmacologic treatment to reduce RLS severity.107 Opi-
oids are considered a second-line therapy for RLS and are
used when symptoms are refractory to other treatments or
in the case of associated severe pain disorder requiring
opioids. Finally, kidney transplantation is associated with
significant improvement or disappearance of the symp-
toms of RLS and PLMD.98,108-110
Summary

Sleep disorders are common in patients with CKD and
kidney failure, and can be complicated to manage. Future
research is required to better understand the complex
relationship between sleep and kidney disease, to test
standard treatments in CKD patients, and to develop novel
therapies for sleep disorders to improve the quality of life,
morbidity, and mortality in this high-risk population.
AJKD Vol 85 | Iss 6 | June 2025
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