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Circadian sleep-wake rhythm disturbances in end-stage  
renal disease

Abstract

End-stage renal disease (ESRD) is an increasing health problem worldwide. Given 

the increasing prevalence of this disease, the high cost of hemodialysis treatment 

and the burden of hemodialysis on a patient’s life, more research on improving 

the clinical outcomes and the quality of life of hemodialysis-treated patients is 

warranted. Sleep disturbances are much more prevalent in the dialysis population 

than in the general population. Several studies investigating the impact and 

importance of sleep problems on quality of life in dialysis patients revealed that sleep 

disturbances have a major effect on the vitality and general health of these patients. 

Sleep disturbances in this patient group are caused both by the pathology of the 

renal disease and by the dialysis treatment itself. This Review focuses on circadian 

sleep–wake rhythm disturbances in individuals with ESRD. The possible external 

and internal influences on sleep–wake rhythmicity in patients with ESRD, such 

as the effect of dialysis, medications, melatonin and biochemical parameters, are 

presented. In addition, possible approaches for strengthening the synchronization 

of the circadian sleep–wake rhythm, such as nocturnal hemodialysis, exogenous 

melatonin, dialysate temperature, exogenous erythropoietin, use of bright light 

and exercise during dialysis treatment, are explored. Further research in this area 

is warranted, and a greater awareness of sleep problems is needed to improve the 

quality of life of patients with ESRD.

Introduction

Sleep disturbances are much more prevalent in the dialysis population than in 

the general population [1]. Several studies on the impact and importance of sleep 

problems on quality of life in patients on dialysis revealed that sleep disturbances 

have a major effect on the vitality and general health of these patients [2]. Sleep 

disturbances in patients on dialysis might be caused by both the pathology of 

the renal disease and the dialysis treatment itself [3]. Although sleep disorders 

found in this population can be complex—for example, sleep apnea and restless 

legs syndrome and periodic limb movement disorder can cause sleep problems in 

patients on dialysis—this Review will focus on disturbances in the circadian sleep–

wake rhythm. Focusing on these disturbances is a novel field of interest in this 

patient group, but such disturbances can have a prominent role in the development 

of sleep disorders, and therefore in impairment of quality of life, in patients with 

end-stage renal disease (ESRD).  

An overview of circadian sleep–wake rhythm, the scope of the problem regarding 

sleep disturbances in this population, the possible external and internal influences 

on sleep–wake rhythmicity in patients with ESRD and also possible approaches for 

strengthening the synchronization of the circadian sleep–wake rhythm will be 

explored. 

Circadian rhythms 

Circadian rhythms are f luctuations in nearly all bodily functions that recur on 

a cycle of about 24 hours. In mammals, the circadian system (Figure I) is composed 

of many individual tissue-specific cellular clocks whose phases are synchronized 

by the master circadian pacemaker residing in the suprachiasmatic nucleus (SCN) 

in the anterior hypothalamus of the brain.

These endogenous biological clocks are fundamental to all living organisms. 

They control the release of hormones that have a role in sleep and wakefulness, the 

metabolic rate, body temperature and many more biochemical and physiological 

functions. The SCN is actually a pair of pinhead-sized brain structures that together 

contain about 20,000 neurons. The tissue-specific clocks are located throughout 

the body, and they can also function independently of the SCN [4,5].   Light that 

impinges upon photoreceptors in the retina, causes signals to travel along the 

optic nerve to the SCN. Signals from the SCN travel to several brain and peripheral 

regions.

Circadian rhythms are described quantitatively as having a ‘mean’, or the level 

at which the oscillation takes place, a ‘period’ (tau), or the time to complete one 

cycle, an ‘amplitude’, or the distance between the mean and the peak of the cycle’s 
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Circadian sleep-wake rhythm 

The circadian sleep-wake cycle can be described by periods of low and high 

sleep propensity (i.e. urge to fall asleep) each day [10]. The sleep-wake cycle can be 

influenced by a number of factors, presented in Figure 2.

A circadian temperature cycle is well documented [12]. Core body temperature 

variations over time follow a near sinusoidal rhythm with the temperature 

minimum normally occurring between 04:00 and 06:00 (Figure 3). Sleep propensity 

is closely linked to core body temperature. In humans, sleep is typically initiated 

in the falling limb of the temperature rhythm, and occurs about 5-6 h before the 

core body temperature minimum, with maximum circadian sleepiness occurring 

at the core body temperature minimum. Habitual wake up time usually occurs 

about 1-3 hours after the core body temperature minimum, when core body 

temperature begins to rise [13]. It is a pattern apparently affected by a homeostatic 

oscillation, and an ‘acrophase’ or the time at which the peak of the circadian 

rhythm occurs [7-9]. The cycle is divided into 24 circadian hours each lasting tau/24 

hours of real time. Examples of circadian rhythms are core temperature, melatonin 

secretion, sleep, feeding pattern and photo synthesis. 

By means of isolation from external time cues, most notably the light-dark cycle, 

it has been shown that the human biological clock has an average intrinsic period 

of 24.2 hours and is synchronized to the 24h day-night cycle by so-called Zeitgebers 

(time cues). In addition to the light-dark cycle, many more external time cues can 

have a Zeitgeber function, such as the beeping of the alarm clock, the clatter of a 

garbage truck, working hours or the timing of meals [7-9]. 
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Figure 1 The human circadian clock

The circadian clock can be described as having three components: the inputs, the 24-h clock 

and the outputs. The mammalian circadian clock is organized in a hierarchy of multiple 

oscillators, in which the SCN is the central pacemaker at the top of the hierarchy. The SCN 

is synchronized by the external 24-h cycle and in turn coordinates the physiological outputs. 

The multi-oscillator network is synchronized through multiple lines of communication. For 

the SCN, light represents the primary input. Peripheral oscillators are reset by timing cues 

from the SCN (that is, SCN outputs), which regulate local circadian physiology (local 

outputs). Intercellular synchronization within the SCN is very important for the robust 

operation of the entire body clock. Abbreviation: SCN, suprachiasmatic nucleus. Adapted, 

with permission, from Liu, A.C. Lewis, W.G & Kay, S.A.l. Mammalian circadian signaling 

networks and therapeutic targets. Nat Chem Biol. 3, 630-639 (2007) [6].

Figure 2 Factors influencing the sleep–wake cycle

The signals from the extrinsic factors to the SCN and the signals deriving from the SCN to 

the sleep-wake rhythm, the physiological and neuro-behavioral variables are indicated by 

the solid arrows, The feedback inf luences of the variables on this pathway are indicated by 

dashed arrows [11].
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(in DSPT) or advanced (in ASPT) by 3 or more hours relative to desired or socially 

acceptable sleep and wake times. Nonentrained—or free-running—sleep-wake type 

is a disorder that occurs predominantly in blind individuals and is characterized 

by a steady daily drift of the major sleep period as the sleep–wake cycle is usually 

longer than 24 hours. When the nonentrained circadian clock is out of phase with 

the timing of conventional sleep and wake times, affected individuals suffer from 

insomnia and excessive daytime sleepiness [17]. 

Definitions of sleep

Two main states of sleep have been defined: non-rapid eye movement (NREM) 

and rapid eye movement (REM) sleep. Both types are present in nearly all mammals 

and these states are as distinct from each other as each is from wakefulness. During 

REM sleep, the electroencephalogram (EEG) is desynchronized, muscles are atonic 

(lacking normal muscular tone or strength) and dreaming is typical. During NREM 

sleep, cortical EEG shows a synchronous pattern and this sleep state is associated 

with low muscle tone and minimal mental activity [18]. 

NREM sleep is conventionally subdivided into four stages, 1, 2, 3 and 4. Under 

normal circumstances, sleep begins with NREM stage 1 sleep and advances through 

progressively deeper sleep—NREM stages 2, 3 and 4—before the first episode of REM 

sleep occurs approximately 80–100 minutes after sleep onset. On EEG, stages 3 and 

4 NREM sleep are characterized by increasing amounts of high-voltage, slow-wave 

activity [18]. NREM sleep and REM sleep alternate through the night in a cyclical 

fashion [18]. 

Several parameters are used to measure sleep patterns in normal sleep. Sleep 

parameters can be measured objectively through use of polysomnography or 

actigraphy, and subjectively through use of sleep logs or sleep questionnaires. 

Subjective sleep measurements can be correlated against objective measurements. 

Sleep onset latency is the length of time between going to bed and sleep onset. Total 

sleep time is the duration of recorded sleep. Awake time is the total duration of 

intermittent wakefulness within the sleep period [18]. Sleep efficiency is the total 

sleep time divided by the time in bed and is a well recognized measure of sleep 

quality [19]. The fragmentation index is an index of restlessness of the sleep and is 

calculated in a number of different ways [20-22]. 

Melatonin and the sleep-wake rhythm

The neurochemical agent melatonin, which is produced mainly by the pineal 

gland, plays a key role in the regulation of the circadian sleep–wake rhythm [23].The 

feedback process that integrates thermoregulatory and hypnogenic controls 

located in the preoptic anterior hypothalamus [13]. Insomnia has been associated 

with a disturbed circadian body temperature rhythm [14]. In healthy humans, the 

nocturnal decline in core body temperature is inversely related to the rise in level 

of the neurohormone melatonin (Figure 3) [15].

Figure 3

Diagrammatic representation of normally entrained endogenous rhythms of core body 

temperature (solid curve), plasma melatonin (dotted curve), and objective sleep propensity 

(dashed curve) placed in the context of the 24-h clock time and normal sleep period (shaded 

area). Adapted from Lack LC, et al. The relationships between insomnia and body temperature. 

Sleep Med Rev 12, 307-317 (2008) [14] . 

Circadian rhythm sleep disorders are primarily caused by alterations in the 

circadian time-keeping system or by a misalignment between the endogenous 

circadian rhythm and the external factors that affect the timing or duration of 

sleep. The diagnostic criteria for circadian rhythm sleep disorders and subtypes 

of these disorders are similar to the criteria published in the 2nd edition of the 

International Classification of Sleep Disorders (ICSD-2) [16]. In clinical practice, 

the most commonly encountered primary circadian rhythm sleep disorders are 

delayed sleep phase type (DSPT) and advanced sleep phase type (ASPT) disorders. 

These disorders are characterized by sleep onset and wake-up times that are delayed 
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The light/dark cycle is the main zeitgeber (time cue) of the regulating system of 

melatonin secretion. The photic information is transmitted to the SCN via retino-

hypothalamic fibers. The subsequent signal of the SCN  travels onwards through the 

cervical sympathetic ganglia and ultimately affecting the melatonin production in 

the pineal gland [23,24]. During the day, the presence of light inhibits melatonin 

secretion by the pineal gland (Figure 5) [25]. 

Figure 5

The mechanism through which light inhibits melatonin secretion by the pineal gland involving 

the neural pathway originating in the retina and passing through the suprachiasmatic nucleus 

(SCN) in the brain, to reach pinealocytes via adrenergic nerves and adrenergic receptors, and 

subsequently to the periphery. During darkness, the circadian system ‘free runs’, resulting in 

increased melatonin concentrations. The dotted lines represent the signal pathway. Adapted 

with permission, from Konturek, S.J., Konturek, P.C., Brzozowski, T. & Bubenik, G.A. Role of 

melatonin in upper gastrointestinal tract. J Physiol Pharmacol. 58 Suppl 6, 23-52 (2007) [25].

production pathway for the synthesis of melatonin from tryptophan is schematically 

presented (Figure 4). Activity of the rate-limiting enzyme in melatonin synthesis—

serotonin N-acetyltransferase (NAT)—is regulated by the adrenergic activation of 

the pineal cells. 

Figure 4 Synthesis of melatonin from tryptophan

The two important enzymes, that are rate-limiting in melatonin synthesis, are HIOMT and 

 NAT. Abbreviations: NAT: Serotonin-N-Acetyltransferase; HIOMT: Hydroxyindole-O-Methyl-

transferase
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cardiovascular morbid events in comparison to dippers (DIP). Whereas in DIP 

hypertensives a normal nocturnal melatonin surge has been shown, in NDIP 

hypertensives nocturnal melatonin elevations appeared absent [38]. Melatonin 

might affect circadian BP by several mechanisms. Firstly, melatonin suppresses 

sympathetic activity. When a nocturnal surge of melatonin is absent, the normal 

fall in BP is prevented. Secondly, melatonin can have a direct dilating effect on the 

peripheral arteries, possibly by reduction of peripheral resistance [38]. Alterations 

in sleep have been reported in NDIP hypertensive patients suggesting an impaired 

internal “biological clock” [39]. Many patients with renal disease demonstrate a 

non-dipper profile [40]. However, data on melatonin levels in hypertensive dialysis 

patients are lacking. 

Furthermore, melatonin receptors have been identified in the cardiac 

ventricular wall, coronary arteries and aorta, possibly leading to vasodilatation, 

inhibition of isoproterenol mediated  production of cyclic adenosine phosphate 

(cAMP: a messenger used in intracellular signal transduction in many different 

organisms), stimulation of voltage-activated calcium current and negative inotropy 

[33]. 

Inflammation
The pineal gland has an important role in modulating immune responses [33]. 

Cytokines are a category of signaling proteins and glycoproteins that are used 

extensively in cellular communication in the inflammation cascade. There are 

five classes of cytokines according to their prominent biological properties: pro-

inflammatory cytokines, anti-inflammatory cytokines, lymphocyte growth and 

differentiation factors, hematopoietic colony stimulating factors and mesenchymal 

cell growth factors. The cytokines interleukins (IL) 2, 6, 12 and tumor necrosis factor 

(TNF) possess several pro-inflammatory properties. Melatonin has been shown to 

have a stimulating effect on the release of IL-2 and IL-12, but a negative effect on 

the release of TNFα and IL-6, suggesting a role for melatonin in the inflammation 

cascade [34]. Increased TNFα on its turn can decrease the nocturnal melatonin 

surge [41].

Definitions of renal disease [42]

Chronic kidney disease (CKD) is defined according to the presence of kidney 

damage and level of kidney function. Five stages of CKD are specified, although 

cut-off levels between stages are arbitrary. Stage 1 CKD is mildly diminished renal 

function, with few overt symptoms and Stage 5 CKD is a severe illness and requires 

some form of renal replacement therapy (dialysis or renal transplant). CKD might 

be a progressive loss of renal function over a period of months or years through five 

In physiological conditions, melatonin is only secreted during the night, with 

higher maximum levels of the hormone occurring in the serum of young adults than 

in older subjects [26-28]. The timing of onset of the circadian melatonin rhythm is 

best quantified by the onset of the evening rise in plasma melatonin, the dim light 

melatonin onset (DLMO) [11]. The DLMO can be calculated as the first interpolated 

point above 10 pg/ml in serum after which the melatonin concentration continues 

to rise [29]. The increase in melatonin levels that occurs in the evening correlates 

with the onset of self-reported evening sleepiness [30] and with the increase in the 

evening sleep propensity [31]. The salivary concentration of DLMO is proposed to be 

4 pg/ml in patients with DSPT [32]. 

The SCN initiates synthesis of melatonin by the pineal gland. Melatonin 

influences the SCN by a feedback mechanism (Figure 2). 

Melatonin receptors have been detected in several organs, including the kidney. 

In addition to its effects on the circadian sleep–wake rhythm, melatonin has been 

suggested to influence the other circadian rhythms [33,34].

Direct effect of melatonin on other circadian rhythms 

Endocrinology
Melatonin also affects other circadian rhythms than the sleep-wake rhythm. 

It has been demonstrated that melatonin receptors are present in the primate 

adrenal gland and that physiological doses of melatonin inhibit the in vitro 

ACTH-stimulated cortisol production [23]. Melatonin and cortisol production are 

stimulated under different light conditions. The light conditions in the early 

morning have a positive effect on cortisol production, whereas melatonin is 

synthesized in a strictly nocturnal light pattern [35]. Insulin-like Growth Factor 

(IGF) is a mediator of cell proliferation and differentiation. Nutritional status in 

chronic disease can be analyzed by measurement of IGF. Levels of IGF seems to 

follow a circadian rhythm in heifers, influenced by light [36]. A negative correlation 

between plasma melatonin and IGF concentrations has been reported in heifers 

[36]. Furthermore, photoperiod extension on long summer days in comparison to 

short winter days increased plasma IGF levels in dairy cow [37].  

Blood pressure
Evidence for a disturbed circadian pacemaker function in essential hypertension 

is accumulating. Patients with hypertension show blunted day-night rhythms in 

sympathetic and parasympathetic heart tone [38]. In hypertensive patient diurnal 

patterns of blood pressure have an important role in determining cardiovascular 

complications. Patients with impaired nocturnal blood pressure (BP) reduction 

(non dipper; NDIP) are at a higher risk of developing target organ damage and 
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Patients on daytime hemodialysis and patients with CKD both have reduced 

total sleep time and reduced sleep efficiency in comparison with healthy subjects 

[47]. Patients on hemodialysis have less rapid eye movement sleep, a higher brief 

arousal index, a higher respiratory disturbance index, less total sleep time, 

increased wake-time after sleep onset, lower sleep efficiency, a higher periodic 

limb movement index and longer sleep onset latencies in comparison to patients 

with CKD [47]. These findings suggest that the sleep problems experienced by 

patients with CKD and those experienced by individuals on hemodialysis might 

have different etiologies. Functional and psychological factors might have a greater 

role in patients with CKD, and intrinsic sleep disruption (e.g. arousal, apnea and 

limb movements) secondary to the effects of intermittent daytime hemodialysis 

may play a more important role in individuals on hemodialysis [47]. Furthermore, 

low serum albumin and psychological stress have been associated with insomnia 

in individuals with CKD [48]. Population-specific sleep-promoting interventions 

might be needed. 

Little data comparing the prevalence of sleep disorders in patients on daytime 

hemodialysis and those on PD exist. One study reported that sleep disturbances 

affect more hemodialysis patients than PD patients [49]. However other studies have 

found that the type of dialysis and dialysis adequacy did not affect the prevalence 

of sleep disorders [50]. One study showed that patients on APD were more likely to 

experience sleep problems than patients on CAPD [51]. Another study showed that 

changing from CAPD to APD resulted in an alleviation of sleep apnea, possibly owing 

to more vigorous clearance of f luid with APD [52]. Actigraphy or polysomnography 

studies have been rarely performed in patients on PD and more such studies are 

needed. It may be hypothesized that the different dialysis techniques (the short, 

but intense urea reduction in conventional daytime hemodialysis in comparison 

to the slow, but constant urea reduction in PD patients) may have an important 

role in the difference of the prevalence of sleep problems in these populations.  

The influence of urea on melatonin and sleep–wake rhythm will be discussed. 

Factors that might cause sleep disturbances in ESRD

In patients with ESRD, the circadian sleep-wake rhythm can be disrupted by both 

internal factors (e.g. biochemical parameters and melatonin) and external factors 

(e.g. dialysis and medication), as is presented in Figure 6. 

The effects of dialysis 
Daytime hemodialysis can increase daytime sleep propensity, which can lead to 

delayed sleep onset and decreased night time sleep. Several possible causes for these 

sleep disturbances exist. 

stages, but a patient can also been diagnosed with stage 5 CKD or progression of 

CKD in a patient can, fortunately, stop. With each stage glomerular filtration rate 

deteriorates, which is determined by the creatinin level in blood and the amount of 

proteins in urine (proteinuria). When CKD proceeds to stage 4-5, metabolic acidosis, 

abnormal levels of potassium, calcium and phosphate and anemia can occur. Long-

term complications are cardiovascular disease (which is the primary cause of death 

in this population) and bone disease (for example: osteodystrophy) 

In Stage 5 of CKD dialysis can be indicated. Dialysis can be performed by 

means of hemodialysis and peritoneal dialysis. In hemodialysis, the patient’s 

blood is pumped through the blood compartment of a dialyzer, exposing it to a 

semipermeable membrane. The cleansed blood is then returned back to the body. 

Ultrafiltration occurs by the hydrostatic pressure across the dialyzer membrane. 

This usually is done by applying a negative pressure to the dialysate compartment 

of the dialyzer. This pressure gradient causes water and dissolved solutes to move 

from blood to dialysate, and allows removal of several liters of excess f luid during a 

typical 3 to 5 hour dialysis treatment. Hemodialysis treatments are typically given 

in a dialysis center three times per week (Conventional daytime hemodialysis).  

However, recently different dialysis regimens have been introduced: nocturnal 

dialysis (slow dialysis 8 hours for 6 days at home or in-center on different days) or 

short daily dialysis (5-6 times a week 2 hours).  

In peritoneal dialysis (PD), a sterile solution containing minerals and glucose 

is run through a tube into the peritoneal cavity, the abdominal body cavity 

around the intestine, where the peritoneal membrane acts as a semipermeable 

membrane. The dialysate is left there for a period of time to absorb waste products. 

Subsequently it is drained out through the tube and discarded. This cycle or 

“exchange” can be repeated manually 4-5 times during the day, which is called 

continuous daytime peritoneal dialysis (CAPD) or can be performed overnight with 

an automated system (APD). Ultrafiltration occurs via osmosis; the dialysis solution 

used contains a high concentration of glucose, and the resulting osmotic pressure 

causes f luid to move from the blood into the dialysate. As a result, more f luid is 

drained than was instilled. Peritoneal dialysis is less efficient than conventional 

daytime hemodialysis, but because it is carried out each day and for a longer period 

of time the net effect in terms of removal of waste products and of salt and water 

are similar to hemodialysis. 

Sleep disturbances in renal disease

Studies have suggested that between 30% and 80% of individuals with ESRD 

report subjective sleep-related problems [43-46]. Information on circadian rhythm 

sleep disorders, such as DSPT, is not available in patients with ESRD. 
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[57,58]. Therefore, the depression of the CNS in dialysis patients can lead to daytime 

sleepiness and can therefore result in an impaired sleep–wake rhythm [59]. 

Also, the hemodialysis procedure is a significant physical and psychological 

stressor. The stress response triggered by emotional arousal can lead to reactions 

such as anxiety, depression and increased daytime sleepiness [60,61].

Finally, hemodialysis may also affect the sleep–wake cycle by altering exposure 

to zeitgebers (time cues) that help set or entrain the circadian system. The time of day 

that treatment is given can affect an individual’s wake-up time, time for physical 

activity, meal times, light exposure, social activities [3] and even survival [62]. 

The effects of medication 
Several drugs that are commonly prescribed to patients on dialysis can 

have negative adverse effects on sleep such as insomnia and sedation [63]. This 

introduction focuses only on medications with potentially sleep-disturbing effects 

that are prescribed more often to ESRD patients than to individuals of the same 

age and gender in the general population [64]. Among the antihypertensive drugs, 

[beta]-adrenergic-receptor antagonists ([beta]-blockers) have been associated with 

tiredness, insomnia, nightmares and vivid dreams, depression, mental confusion 

and psychomotor impairment [63,65]. Both age of the patient (older patients are 

more sensitive to medication, due to altered absorption and metabolism of drugs 

in older age [66]) and the dose given can affect the severity of adverse effects, 

which may diminish with time on the medication. In general, sleep disturbances 

seem to be more common with lipophilic [beta]-blockers [e.g. metoprolol] than 

with hydrophilic [beta]-blockers [e.g. atenolol]. However, even atenolol, the most 

hydrophilic [beta]-blocker available, has been shown to increase total wake time at 

night [65]. [Beta]-blockers have also been associated with depression of nocturnal 

melatonin production [67]. 

Benzodiazepines can be used for their sleep-inducing effects. These drugs 

increase total sleep time, reduce sleep latency, and suppress REM and slow-wave 

sleep [68]. Benzodiazepines also decrease nocturnal melatonin production [69]. 

Benzodiazepines have been shown to have minimal efficacy in the general older 

population with sleep problems [70].  

The effects of melatonin 
Studies in patients with chronic renal failure, patients on daytime hemodialysis 

and animal models of chronic renal failure have shown that the nocturnal surge 

in melatonin above DLMO is absent in chronic renal failure [71-75]. The melatonin 

rhythm was more likely to be abolished in patients on hemodialysis than in patients 

with chronic renal insufficiency, not on hemodialysis, suggesting an influence of 

hemodialysis on the rhythm [73]. Lower melatonin levels were associated with more 

severe sleep disturbances in hemodialysis patients [76]. Melatonin levels during 

Figure 6

Overview of possible mechanisms of desynchronization of sleep-wake rhythm, leading to 

sleep disturbances in ESRD. 

Firstly, mononuclear cells produce IL-1, IL-6 and TNF as a result of complement 

activation, interaction with the dialyzer, and/or exposure to bacteria wall fragments 

(muramyl peptides) [53-55]. IL-1 is involved in both fever production and sleep 

induction [53]. Fever and chills commonly occur during or after dialysis in the presence 

of endotoxin-contaminated dialysate. However, a slight increase in body temperature 

has also been observed in patients undergoing hemodialysis with uncontaminated 

dialysate [55]. It is suggested that IL-1, IL-6 or TNF produced by peripheral blood 

mononuclear cells in the bloodstream are recognized as a pyrogenic signal by specific 

centers within the central nervous system (CNS). Such signals induce the synthesis 

of prostaglandins that represent the central mediators of the coordinated response 

which leads to a rise in core body temperature [3,53-55].

Body temperature can also rise as a result of heat load from the dialysis bath. 

Because of the known association between body cooling and sleep onset [13,14], 

hemodialysis-associated elevations in body temperature might activate cooling 

mechanisms that enhance daytime sleep propensity, particularly during the post-

hemodialysis period. Chronic, episodic elevations in body temperature in association 

with hemodialysis might therefore alter the sleep propensity rhythm [56].

In addition, dialysis can induce imbalances of brain and serum osmolarity, 

resulting in shifts of water from the blood to the brain. This condition, known as 

disequilibrium syndrome, is associated with a paradoxical acidosis in the cerebral 

spinal f luid that results from the slow movement of bicarbonate across the blood–

brain barrier. Disequilibrium syndrome causes cerebral edema, which can lead to 

depression of the CNS. This depression causes a decrease in alertness and arousal 
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compared with normal values [84]. Such impairment in adrenergic function is 

associated with the decline in melatonin levels in patients with renal insufficiency 

[74].

The results of earlier studies in patients on hemodialysis investigating other 

possible associations between biochemical parameters and sleep disturbances show 

conflicting results. On study showed serum phosphate levels to correlate inversely 

with sleep disturbances [85], but another study showed that only urea showed a 

significant relationship with sleep disturbances [43]. Other researchers found no 

correlations at all between biochemical markers and sleep disturbances [44]. In 

one study investigating sleep disturbances among 694 patients on hemodialysis, 

plasma creatinine and urea levels were surprisingly higher in the control group 

(without insomnia) than in the insomnia group [45]. This finding was probably a 

result of an increased protein intake and a greater percentage of male individuals 

in the control group [45]. A study of 883 patients on maintenance dialysis found that 

advanced age, excessive alcohol intake, cigarette smoking, polyneuropathy and a 

dialysis shift in the morning were independent risk factors for sleep disturbances 

[46]. Laboratory data were not, however reported in that study [46]. Erythropoietin 

deficiency seems to play a role in dysregulation of melatonin metabolism in 

chronic renal failure [71]. However, the precise role of erythropoietin in melatonin 

metabolism in renal failure, the existence of its circadian rhythm [86-89] and its 

relationship with melatonin need further investigation. 

Resynchronizing the sleep-wake rhythm

Various approaches have the potential to resynchronize a disrupted circadian 

sleep–wake rhythm, including nocturnal dialysis, lowering of dialysate 

temperature, administration of exogenous melatonin, administration of exogenous 

erythropoietin, bright light and intradialytic exercise (Figure 7). Studies of these 

approaches in ESRD, although limited, have been successful in strengthening the 

circadian sleep–wake rhythm in this population. 

Nocturnal hemodialysis 
Several studies have investigated the effect of changing from conventional 

hemodialysis to nocturnal home hemodialysis. The prevalence of sleep apnea 

declined in patients switching from conventional hemodialysis to nocturnal home 

hemodialysis, but improvements in sleep efficiency, periodic limb movement 

disorder and sleep fragmentation were not seen [90,91]. Another study showed 

conversion to nocturnal home hemodialysis resulted in a decrease in daytime 

sleepiness and an improvement in sleep onset latency, partly owing to improved 

control of uremia [83]. With respect to strengthening the sleep–wake rhythm, 

the daytime in patients with renal disease are conflicting as both increased and 

decreased melatonin levels have been reported in daytime hemodialysis patients 

[72-75].

A number of mechanisms could explain the disturbance of the circadian 

melatonin rhythm in patients with renal disease. As mentioned above, daytime 

dialysis can result in daytime sleepiness and nocturnal insomnia [1,3]. The 

resulting disturbed sleep–wake rhythm could lead to the absence of the trigger to 

start melatonin production at night [3]. The decline in melatonin levels in patients 

with renal insufficiency has been reported to be the result of an impairment in 

[beta]-adrenoreceptor-mediated responsiveness [73,77]. The adrenergic system 

plays an important role in the synthesis of NAT [58,66], a key enzyme in melatonin 

biosynthesis (Figure 4). Nocturnal levels of NAT activity are decreased in rats 

rendered uremic by partial nephrectomy [78]. In addition, sleep apnea is common 

in patients with ESRD [79]. During daytime, melatonin levels have been reported 

to be much higher in the general apnea patient population without ESRD than in 

healthy controls, but the nocturnal melatonin surge was absent in the patients 

with apnea [80].

Although knowledge on the dialyzability of substances is important in ESRD, 

information on  dialysis properties of melatonin and its metabolites is scarce and 

contradicting. In one study [75], the concentration of serum melatonin and its 

main urinary metabolite 6-sulfatoxymelatonin (6-SM) were measured 2 minutes 

after onset of daytime hemodialysis (pre-dialysis), 90 minutes thereafter (mid-

dialysis) and shortly before the end of the 3 hours dialysis treatment (post-dialysis). 

The pre-dialysis melatonin concentration was not significantly different from 

the control group of normal volunteers. Serum melatonin concentration fell in 

the hemodialysis group approximately 25% during dialysis while 6-SM remained 

virtually unchanged, probably due to the considerable binding of melatonin to 

albumin and the acute-phase protein α1-acid glycoprotein [81]. The small change in 

melatonin concentration between predialysis and postdialysis was considered as an 

attenuated variation of serum melatonin and metabolite in the morning hours [75].  

Lüdemann, however, found increased daytime melatonin levels and a significant 

dialyzability for melatonin (50%) and its metabolite 6-SM (50%) [82]. 

The effects of biochemical parameters 
Blood urea nitrogen level is significantly higher in patients on conventional 

hemodialysis with pathological daytime sleepiness than in “alert” patients [79,83]. 

In addition, sleep onset latency is negatively correlated with blood urea nitrogen 

level [83].83 These findings indicate that excessive daytime sleepiness in patients 

with ESRD might be related to uremia [79,83].Furthermore, in plasma from uremic 

patients the number of ß1- and ß2-adrenoreceptors is significantly decreased, 
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melatonin resulted in the synchronization of the melatonin rhythm and an 

improved sleep rhythm [92,93]. Subjective sleep quality improved and patients felt 

more refreshed after a night of sleep [92,93]. Research on the effect of exogenous 

melatonin supplementation in patients on dialysis is limited. Exogenous melatonin 

has also been shown to have a beneficial effect on symptoms of insomnia in 

medically ill patients recently admitted to hospital with diseases including 

cardiovascular disease, diabetes, pulmonary disease and liver disease [94]. Again, 

the study included no patients with renal disease and only subjective measurements 

of sleep evaluation were used. 

In individuals with an inappropriately timed endogenous melatonin rhythm, 

exogenous melatonin can produce a phase advance or a phase delay in the melatonin 

rhythm, thereby resynchonizing the rhythm [95]. In individuals with an abolished 

melatonin rhythm and an absence of the nocturnal melatonin surge, however, 

exogenous melatonin might play another role. Exogenous melatonin bypasses a key 

enzyme in melatonin synthesis (NAT), which might result in a temporal recovery 

of the enzymatic activity [93]. Therefore, after a period of exogenous melatonin 

administration, the endogenous enzymatic activity of NAT might be resensitized, 

enabling the synthesis and release of endogenous melatonin to be triggered at 

night [93]. 

Lowering dialysate temperature and improved sleep-wake rhythm
Patients on hemodialysis, who are typically hypothermic [96], often obtain a 

net heat load during a dialysis treatment session. This net heat load activates the 

cooling process in the body, which is associated with the onset of sleep propensity 

[48]. Subsequent daytime napping therefore increases, which can then result in a 

disturbed sleep–wake rhythm [56,60]. One study showed that decreasing dialysate 

temperature resulted in improved nocturnal sleep, by decreasing sympathetic 

activation and maintaining the normally elevated nocturnal skin temperature 

until later into the morning [97]. The time of sleep onset was earlier with cool 

dialysate (35°C) than with warm dialysate (37°C), and trends were seen in longer 

total sleep and shorter latencies to REM sleep. The heat load was significantly lower 

with cool dialysate than with warm dialysate during and after dialysis [97].

Correction of erythropoietin by exogenous erythropoietin
A study in rats with chronic renal failure showed that administration of 

erythropoietin resulted in the normalization of the defective melatonin rhythm 

[71]. Amelioration of melatonin metabolism with erythropoietin administration in 

rats with chronic renal failure appears to be consistent with the demonstrated 

effects of this therapy on various other neuroendocrinological disorders of uremia 

[98]. Erythropoietin therapy has been shown to restore thyroid-stimulating hormone 

response to thyroid-releasing hormone, improve follicle-stimulating hormone 

nocturnal hemodialysis has some advantages. Although anxiety, restricted positions 

and alarms might have adverse effects on sleep during nocturnal dialysis, the sleep-

promoting effects of dialysis described earlier coincide with the appropriate and 

conventional time of day. Therefore, a switch to nocturnal dialysis could restore 

the normal temporal relationship between the sleep period and the other circadian 

rhythms, and would likely result in an improved quality of both sleep and daytime 

functioning. The increased dialysis time of nocturnal hemodialysis leads to 

improved clearance of toxins, which might enhance the improvements in sleep 

and daytime functioning further. In addition, it is hypothesized that if the normal 

synchronization between sleep–wake behavior and the circadian system is restored, 

the endogenous melatonin concentration will exhibit its normal nocturnal surge. 

To the best of our knowledge, only one study investigating the melatonin rhythm in 

nocturnal dialysis has been published, and found no difference between melatonin 

rhythm on dialysis nights and non-dialysis nights [76]. 

Effects of Exogenous melatonin on circadian sleep-wake rhythm
One potential solution to circadian desynchronization problems is a 

chronobiotic, a drug that phase shifts circadian rhythms in the desired direction 

and acts as a zeitgeber to maintain this stable phase. Exogenous melatonin could 

presumably fulfill this role [69]. In studies of individuals without renal disease 

in whom normal melatonin rhythm was disturbed, administration of exogenous 
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1000 lux) has been shown to ameliorate sleep disturbances in the elderly population 

[106]. With advancing age, the circadian clock may initiate sleep-promoting 

mechanisms at an earlier time of day (phase advance) and the amplitude of the 

circadian variation in sleep propensity is lower. Bright light can influence circadian 

factors, and timed exposure to bright light can be used to alleviate insomnia in 

older individuals [107,108]. Not all research on bright light in older individuals with 

insomnia have shown positive results, however [109]. 

Bright light has not been studied yet in patients with ESRD, but it might be an 

interesting new field of research given that ESRD patients show a desynchronization 

of the circadian sleep–wake rhythm as do older individuals with insomnia.

  

In summary, external and internal factors can impair the sleep–wake rhythms 

of patients with ESRD. These factors can lead to disruption of the circadian sleep–

wake rhythm and sleep disturbances in this patient population. Various approaches 

for resynchronization of the biological clock in patients are promising, but further 

research is warranted, and a greater awareness of the problem is needed to improve 

the quality of life of patients with ESRD.  

The aims of the thesis

This thesis addresses the relationship between renal disease and circadian 

sleep-wake rhythm. In Chapter 1, an overview of the external and internal factors 

involved in sleep-wake rhythm of ESRD is presented. These influences may lead 

to disruption of the circadian sleep-wake rhythm, which could result in sleep 

disturbances in this population. Studies on the relationship between circadian 

sleep-wake rhythm and renal function are limited to correlation studies between 

impaired sleep parameters and demographic or biochemical factors. This thesis 

focuses on objective and subjective circadian sleep-wake behavior and circadian 

melatonin rhythm in ESRD. 

The main objectives of the thesis were: 

Is the circadian sleep-wake rhythm in patients with ESRD impaired? •	
Does melatonin rhythm, as a synchronizer of the sleep-wake rhythm, decrease •	
with advancing renal dysfunction? 

What external or internal factors or approaches can affect the sleep-wake •	
pattern in the ESRD population? 

Several approaches for resynchronization of the biological clock in hemodialysis 

patients are discussed in chapter 1, In this thesis two approaches of resynchronization 

of the sleep-wake rhythm, exogenous melatonin and nocturnal dialysis, are 

response to gonadotropin-releasing hormone and to normalize the basal levels of 

growth hormone and prolactin in patients with ESRD [98]. 

The available data do not allow any conclusion as to the mechanism(s) 

erythropoietin replacement improves the dysregulation of melatonin metabolism 

in chronic renal failure. Further studies are required to determine if the effect of 

erythropoietin therapy is mediated by correction of anemia or represents a direct 

action of the hormone on melatonin production [71].

Exogenous melatonin has been shown to prevent oxidative stress induced by 

iron and erythropoietin administration in patients on chronic hemodialysis [99]. 

A study in patients on hemodialysis showed that normalization of hematocrit 

level with recombinant human erythropoietin therapy resulted in improvements in 

periodic limb movement disorder, improvements in sleep quality and less daytime 

sleepiness, probably owing to an increased sense of well-being and improved 

cognitive functioning [100].

Furthermore, a study investigating anemia correction in patients with 

congestive heart failure and anemia found that improvements in hemoglobin 

level (following treatment with erythropoietin and intravenous iron) correlated 

significantly with the improvements in minimal oxygen saturation seen during 

sleep and with decreases in daytime sleepiness [101]. Anemia correction with 

erythropoietin treatment was also associated with a reduction in sleep-related 

breathing disorders in this patient group.

Exercise during HD treatment
As daytime napping during hemodialysis treatment has been associated with 

disrupted night-time sleep [79], exercise during hemodialysis treatment might have 

a beneficial effect on the sleep–wake rhythm. Indeed, improvements in physical 

functioning and health-related quality of life were seen after the initiation of 

exercise training in patients on hemodialysis [102]. In addition, transcutaneous 

electrical muscle stimulation and passive cycling movements have been shown to 

have beneficial effects on blood pressure and urea and phosphate removal during 

hemodialysis [103]. 

Symptoms of restless legs syndrome have also been shown to be attenuated 

when hemodialysis patients participate in intradialytic aerobic exercise training 

[104]. No studies investigating the association between exercise and the sleep–wake 

rhythm in patients with ESRD have yet been published, but studies in other groups 

have shown that physical exercise is associated with improved sleep, as measured 

by actigraphy [105]. 

Use of bright light 
The circadian system is highly sensitive to environmental light and may not 

function optimally in the absence of its synchronizing effect. Use of bright light (± 
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the first study (Chapter 3a) was to characterize the rhythms of melatonin, cortisol 

and temperature in relationship to renal function in patients with CKD.  

Furthermore, whether a circadian rhythm exists for erythropoietin and 

Insulin-like Growth Factor-1 (IGF-1) in CKD is unknown, although appreciating the 

physiological rhythm can have consequences in anemia treatment. The aim of this 

study was to characterize diurnal levels of erythropoietin and IGF-1 (Chapter 3b), in 

relation to renal function and hemoglobin. Additionally, the relationship between 

melatonin and erythropoietin is researched. 

Chapter 4 Intervention studies
Nocturnal dialysis has two advantages; the sleep promoting mechanisms 

of dialysis coincide with appropriate and conventional time of day. In this way, 

the shift to nocturnal dialysis could restore the normal temporal relationship 

between the sleep period and other rhythms of the circadian system. Very likely, 

this will result in an improved quality of both sleep and daytime functioning. 

These improvements could be enhanced by the better clearance of toxins because 

of longer dialysis. Chapter 4a presents the effects on melatonin rhythm and sleep-

wake behavior when shifting from daytime to nocturnal hemodialysis. 

An absence of the nocturnal rise in melatonin concentration in daytime 

hemodialysis patients has been described earlier. Studies on exogenous melatonin 

and sleep-wake rhythm in other patient groups with impaired endogenous 

melatonin rhythms have shown promising results on sleep parameters and 

restored melatonin rhythm. The aim of the study, described in chapter 4b, was to 

investigate the effects of exogenous melatonin on sleep-wake rhythms in daytime 

hemodialysis patients. 

researched.  Can nocturnal dialysis or exogenous melatonin synchronize the 

disturbed biological clock and improve the sleep behavior of patients with ESRD? 

Chapter 2 Prevalence 
A common used objective measure of sleep disturbances is sleep efficiency, 

which is described in chapter 2a. Sleep efficiency estimated by sleep questionnaires 

is the most specific primary measurement utilized in insomnia research. This so-

called subjective sleep efficiency has not been researched before in hemodialysis 

patients, to our knowledge. In this chapter the prevalence of decreased subjective 

sleep efficiency in hemodialysis patients in comparison to control subjects is 

presented. Furthermore, associations between sleep measures and demographic 

parameters, biologically meaningful routine laboratory values and treatment 

efficacy parameters are researched.

As we know from literature there is an increased prevalence of sleep disturbances 

in hemodialysis patients. Probably, caused by these reported sleep problems, the 

use of hypnotics in this population is expected to be increased. However, the use 

of hypnotics in hemodialysis patients in comparison to the general population of 

the same age has not been investigated. Furthermore, potentially sleep-disturbing 

medication, such as beta blockers are frequently used in the hemodialysis 

population. In chapter 2b the prescription of these mentioned drugs is qualified 

and compared to the prescription in the general population. An association 

between the prescription of hypnotics and potentially sleep-disturbing medication 

is researched.

In chapter 2c, a comparison study between the sleep parameters of daytime 

hemodialysis and insomnia patients, measured with actigraphy, is presented. In 

addition, in hemodialysis patients sleep measures of polysomnography and sleep 

measures of actigraphy are compared. 

Little comparative data on sleep-wake rhythm disturbances and melatonin 

rhythms in different dialysis groups exist. Chapter 2d presents the different sleep-

wake parameters, measured with the objective method of actigraphy and the 

subjective method of sleep questionnaires, and melatonin rhythm of nocturnal 

in-hospital hemodialysis, conventional daytime dialysis and automated peritoneal 

dialysis patients. 

Chapter 3 Circadian rhythms in chronic kidney disease (Cream study)
In chronic kidney disease (CKD) circadian functions, such as blood pressure, 

are disturbed. The nocturnal endogenous melatonin rise, which is associated 

with the onset of sleep propensity, is absent in hemodialysis patients. Information 

on melatonin rhythm in CKD, prior to dialysis treatment, is limited.  Clear 

relationships exist between melatonin, core body temperature and cortisol in 

healthy subjects. In CKD, no data are available on these relationships. The aim of 
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Introduction

Every year more people suffer from End Stage Renal Disease (ESRD) [1]. Given 

this increasing prevalence, the high cost of hemodialysis treatment and its burden 

on a patient’s life, more research on improving clinical outcomes and quality of 

life of hemodialysis-treated patients is warranted. Sleep disturbances have been 

reported to be frequent in dialysis patients [1]. In several studies the impact and 

importance of sleep disturbances on quality of life in dialysis patients has been 

investigated from which has been concluded that sleep disturbances have a major 

influence on vitality and general health of these patients [2]. 

Despite the high impact of sleep disturbances on quality of life, the number 

of large studies on sleep disturbances is limited. Furthermore, most studies used 

single day sleep rating [3,4] and did not include a control group [4,5]. Besides this, 

the results of earlier studies in hemodialysis patients on possible risk factors for 

sleep disturbances show contradicting results. 

A commonly used objective measure of sleep disturbances is sleep efficiency. 

Sleep efficiency is under normal circumstances recorded best by means of 

polysomnography or actigraphy [6,7]. In several studies good correlations of sleep 

efficiency between sleep questionnaires and polysomnography/actigraphy have 

been shown [8,9]. Sleep efficiency estimated by sleep questionnaires is the most 

specific primary measurement utilized in research of insomnia [10]. This so-called 

subjective sleep efficiency has not been researched in hemodialysis patients. 

The aim of the present study was to investigate the prevalence of decreased 

subjective sleep efficiency in hemodialysis patients in comparison to healthy control 

subjects and to identify significant predictors for this decrease in sleep efficiency 

by correlating sleep measures to demographic parameters, biologically meaningful 

routine laboratory values and treatment efficacy parameters. Dialysis, demographic 

and laboratory parameters were gathered on the dialysis day in the investigation  

period. To our knowledge this is the first study in which a larger sample of hemo-

dialysis patients is tested on subjective sleep efficiency and correlated to laboratory, 

demographic and dialysis parameters in order to disclose possible predictors.

Methods

Subjects
All adult dialysis patients with ESRD undergoing stable maintenance 

hemodialysis in two community hospitals with medium sized dialysis units in the 

Netherlands, were asked to fill out the questionnaire between July and September 

of 2004. In the control group healthy family members or acquaintances of the 

dialysis patients of the same age were asked to fill out the same questionnaire. 

Koch BCP, Nagtegaal JE, Hagen EC, Van Dorp WTh, Boringa JBS, Kerkhof GA, Ter Wee PM. 

Clinical Nephrology 2008; 70: 411-418
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Abstract

Background

Sleep disturbances have a major influence on quality of life. A commonly used 

measure of sleep disturbances is sleep efficiency. The purpose of this study was to 

investigate the prevalence of decreased subjective sleep efficiency in hemodialysis 

patients. An additional goal was to identify clinical, dialysis or laboratory 

parameters that are independently associated with decreased sleep efficiency.

Methods

Adult stable hemodialysis patients (n = 112) filled out a sleep questionnaire during 

a three day investigation period. In addition, healthy control subjects (n = 44) filled 

out the same questionnaire. From this questionnaire sleep efficiency (ratio of total 

sleep time to time spent in bed) was derived as a measure for sleep disturbances in 

this population. Laboratory, demographic and dialysis data were collected during 

the investigation period. For statistical analysis linear regression models were used. 

Results

Median subjective sleep efficiency in hemodialysis patients was 80%, which was 

significantly less compared to the median subjective sleep efficiency of control 

subjects of 88% (p ≤ 0.05). Approximately 40% of the patients used sleep medication. 

However, less than 20% of them indicated improved sleep behaviour when using 

these drugs. Elevated levels of phosphate and urea correlated independently 

with impaired sleep efficiency. Haemoglobin levels between 10 and 12 g/dl were 

associated with better sleep efficiency. 

Conclusions

In conclusion, decreased sleep efficiency was frequently reported in hemodialysis 

patients and can be associated with biochemical parameters. Hemoglobin, 

phosphate and urea levels can affect subjective sleep efficiency. 
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Statistical analysis
Both sleep parameters of dialysis patients and healthy control subjects as well 

as sleep parameters on dialysis days and days without dialysis in dialysis patients 

were compared by means of Mann Whitney analysis (significance level p ≤ 0.05). 

Laboratory, dialysis and demographic parameters were correlated to subjective 

sleep efficiency. Plots of all correlations were assessed. When an optimum in a plot 

was found for a parameter, the squared parameter was tested to verify the optimum. 

Correlations were calculated in F statistics with p < 0.05 as significant. Univariate 

linear regression models of sleep efficiency and predictors were performed 

stepwise. In final multivariate linear regression analysis, the parameters with p < 

0.1 in univariate regression were used. The Statistical Package for Social Sciences 

(SPSS, Chicago, IL, USA) version 13 was employed for all analyses.    

Results

The main characteristics of the patients and control subjects enrolled in the 

study are shown in Table 1. The dialysis population is similar to that of the main 

characteristics from the Dutch dialysis population [12]. The median weekly Kt/V 

found in our patients was 3.64. The minimum target weekly Kt/V is 3.60. From these 

date we can conclude that some patients had a Kt/V lower than the target value of 

3.60. In the total study population 5 patients had a weekly Kt/V lower than 3.50. 

Husbands or wives were not included, because sleep disturbances of partners can 

influence someone’s own sleep behaviour. 

The study was approved by the local medical committees and informed consent 

was asked from every patient. Out of 125 eligible patients 5 were excluded because 

they were unable to write or read Dutch language. A total of 120 patients filled out the 

questionnaire. Of these questionnaires 8 were not complete filled out or information 

of patient’s characteristics could not be found. Thus, 112 questionnaires were used in 

the analysis of hemodialysis patients, 68 patients from Unit 1 and 44 patients from 

Unit 2. From these 112 patients 42% was female (n = 47) and 58% was male (n= 65). In 

the control group 44 questionnaires were used, of which 19 (= 42%) were filled out by 

female control subjects and 25 (= 58%) were filled out by male control subjects. 

Hemodialysis was performed in the majority of patients 3 times a week (n = 83) 

and in a subset of patients 2 times a week (n = 29), because residual renal function 

was present. Dialysis machines used were Integra®, Hospal International; Dialog®, 

Braun; or Fresenius 2008H®. Target blood f lows were 250-400 ml/min. Dialysis 

adequacy was monitored by means of weekly Kt/V. Weekly Kt/V (including residual 

renal function) was calculated. The minimum target weekly Kt/V (fractional 

reduction of urea per dialysis) was 3.6 (calculated by means of single-pool Kt/V). 

Patients were dialyzed for 3-4 hs either in the morning or in the afternoon. 

Dialyser membranes used were polyarylethersulfone (67 patients), polyacrylonitrile  

(1 patient), polymethallylsulfonate (22 patients) and hemofane (22 patients). 

 

 Sleep evaluation
The status of sleep disturbances of hemodialysis patients and control subjects 

was derived from the validated (against polysomnography) in non-ESRD patients 

Dutch sleep disorders questionnaire [8].  Patients and control subjects filled out the 

sleep questionnaire for 3 days. Patients completed this questionnaire on the day of 

dialysis and the following 2 days. The questions related to sleep behavior, daytime 

alertness, naps (daytime sleepiness) and the use of sleep medication. Subjective sleep 

efficiency is calculated from the items on the questionnaire. This is the percentage 

of total sleep time to total time in bed. Total sleep time is time in bed minus sleep 

onset latency minus wake periods minus difference between wake up time and get 

up. Sleep efficiency values of 85% or more are accepted as normal [11]. 

Biochemical and dialysis parameters
On the day of dialysis in the investigation period predialysis urea and 

creatinine, hemoglobin, glucose, iron, ferritin, transferrin, phosphate, parathyroid 

hormone, calcium, and bicarbonate were measured. Information on dialyser blood 

f low, dialysis time of day and dialysis frequency were collected and weekly Kt/V 

was calculated. If the dialysis frequency was 3 times a week the minimum target 

weekly Kt/V was 3.6, calculated by means of single-pool Kt/V. 

Prevalence

2

Chapter 2

Parameters Patients Control subjects 
 (n = 112) (n = 44)

 Median Median
 [interquartile range] [interquartile range]

Age (years) 73 [22.3]  65.0 [22.0]

Dialysis vintage (months) 23 [27.5] Not applicable

BMI (kg/m2) 24.2 [4.3] 24.7 [3.5]

Dialysis efficiency (Weekly Kt/V)  3.64 [0.80] Not applicable

Table 1  General characteristics of the patients and control subjects,  
shown as median and interquartile range

BMI: Body Mass Index; Kt/V: dialyzer clearance in dialysis time divided by volume 

(patient’s total body water) 
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than 90% felt refreshed after a nap (Z = -2.60, p = 0.01). Impaired daytime alertness 

was reported by 65% of the patients in comparison to 30% in the control group (Z 

= -2.05, p = 0.04). 

There was no difference between sleep behavior on a dialysis day compared to 

a day without dialysis, except for the duration of the naps on these days (median 

30 min on dialysis days compared to 15 min on days without dialysis, Z = -2.20, 

p = 0.03, Table 3). In our dialysis population 38% used sleep medication (control 

subjects 17%), with temazepam as the most frequently used hypnotic. Interestingly, 

less than 20% of these hypnotic users in the dialysis group reported that their sleep 

behavior is improved when using sleep medication.

Possible predictors for impaired sleep efficiency
Our study population had a median phosphate concentration of 1.8 mmol/l and 

a median urea concentration before dialysis of 25.5 mmol/l, as is shown in Table 

2. Phosphate (R = 0.23, F = 5.88, p = 0.02) and urea before dialysis (R = 0.21, F = 4.90, 

p = 0.03) were significant predictors for impaired subjective sleep efficiency. The 

more phosphate and urea were increased, the more sleep efficiency was decreased. 

In addition, an optimum between 10.0 and 12.0 g/dl was found for hemoglobin 

(confirmed by the parameter hemoglobin-squared in SPSS, R = 0.25, F = 7.38, p < 

0.01) in relationship with higher sleep efficiency. Figure 1, which shows the plot 

of the relationship between hemoglobin and sleep efficiency, reveals the optimum 

haemoglobin range. 

The underlying diseases causing ESRD were extracted from the patient charts, 

using the ERA-EDTA Primary Renal Diagnosis Codes: 20 patients had diabetic 

nephropathy, 13 chronic glomerulonephritis, 29 hypertensive nephropathy, 

1 tubular necrosis, 10 polycystic kidney disease, 5 IgA nephropathy, 10 chronic 

renal failure etiology uncertain, 8 chronic pyelonephritis and 16 other diseases. 

Of our population 54% dialyzed in the morning and 46% in the afternoon. Table 2 

withholds laboratory data of the patients enrolled. These parameters are normal 

for a hemodialysis population [13,14].

Sleep evaluation
Table 3 displays the results of subjective sleep efficiency and the duration of the 

naps. The median subjective sleep efficiency in the patient group was 80%, with an 

interquartile range of 22, which was significantly different to the control group 

with a median subjective sleep efficiency of 88%, interquartile range 14 (Z = -1.96,  

p ≤ 0.05). In the patient group 60% of the subjects showed subjective sleep efficiency 

scores lower than 85% (control group 22%). There was a significant difference in 

naps between the patient group and the control subjects. The median duration of 

a nap in the patient group was 30 minutes on dialysis days, in the control group 

a median of 0 minutes was reported (Z = -2.10, p = 0.04). Of the patient group only 

59% felt refreshed after taking a nap in contrast to the control group of which more 
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Parameters (units) Median  Interquartile range

Hemoglobin (g/dl) 11.2      1.6

Iron (µmol/l) 10.0 5.0

Ferritin (µg/l) 160.0  190.0

Transferrin (µmol/l) 19.0    22.1

Glucose (mmol/l) 6.4  2.0

Urea before dialysis (mmol/l) 25.5    8.0

Creatinine before dialysis (µmol/l) 910.0  279.0

[Ca]2+ (mmol/l) 2.3     0.3

PTH (pmol/l) 26.8   35.8

Phosphate (mmol/l) 1.8   0.7

Sleep parameters  Patients   Control group
 Day of  Day after Median
 dialysis  dialysis [interquartile
 Median  Median range]
 [interquartile  [interquartile
 range]  range]
 

Subjective sleep efficiency (%) 80 [22]**  79 [23]** 88 [14]

Nap during the day (minutes) 30 [90]*/**  15 [60] */** 0 [30]

Table 2  Laboratory parameters of the patients (n=112), shown as median 
(middle column) and interquartile range (right column)

Table 3  Sleep characteristics measured during the investigation period

[Ca]2+: Calcium ions; PTH: Parathyroid Hormone 

* Significant difference day of dialysis and day without dialysis (p ≤ 0.05)

** Significant difference patient group and control group (p ≤ 0.05)
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regressions showed a correlation (R = 0.46, F = 6.84. p < 0.05, Bonferroni corrected) 

between higher subjective sleep efficiency and urea (ß = -1.64), hemoglobin-squared 

(optimum hemoglobin, earlier paragraph) (ß = -3.78) and phosphate (ß = -0.164). 

Discussion

The aim of the present study was to investigate the prevalence of decreased 

subjective sleep efficiency in a larger group of dialysis patients and to find 

possible predictors for this decrease in this population by correlating the sleep 

outcomes to demographic parameters, routine laboratory values and treatment 

efficacy parameters of dialysis patients. Our study found an increased prevalence 

of decreased subjective sleep efficiency in hemodialysis population compared to 

healthy subjects. Decreased sleep efficiency could be partly predicted by phosphate, 

urea and hemoglobin. An optimum range for hemoglobin and increased subjective 

sleep efficiency was found. 

We demonstrated that dialysis patients suffer from significantly decreased 

subjective sleep efficiency, more daytime naps and decreased daytime alertness 

in comparison to healthy control subjects. There are little data regarding sleep 

disturbance in other groups of chronically ill patients. Uremic patients seem to 

have more sleep disturbance and restless legs syndrome than chronic cardiac 

patients [15]. No differences between sleep behavior on days with hemodialysis 

and days without hemodialysis were found, except for the duration of the naps. 

Hemodialysis induces daytime sleepiness, which would result in longer and more 

frequent naps [1]. The duration of the naps was indeed significantly longer on the 

day of hemodialysis, but the difference found (30 minutes instead of 15 minutes) 

was less impressive than expected. A lot of patients did not feel refreshed after 

a nap, which is characteristic for a disturbed sleep-wake function [16]. In our 

study hemoglobin, urea and phosphate could partly predict impaired subjective 

sleep efficiency. Higher levels of urea and phosphate correlated negatively with 

subjective sleep efficiency. High phosphate levels have been reported previously 

to be significant risk factors for sleep disturbances [4]. A possible explanation 

for this might be that a high phosphate level results in bone pain and pruritus. 

The consequence could be poor and fragmented sleep [1,4]. Low and high levels 

of hemoglobin were associated with relatively impaired sleep efficiency. The 

optimum for hemoglobin was between 10.0 and 12.0 g/dl. The new international 

guidelines in dialysis patients advise a target hemoglobin range of 11.0-12.0 g/dl 

[17]. The association between hemoglobin and sleep disturbances has been found 

earlier in literature [18-20]. Urea has been reported to be more elevated in patients 

with sleep disturbances [1,5]. Not all patients included in our study reached the 

target dialysis efficiency of 3.60. Five patients scored a dialysis efficiency lower 

There were no other significant correlations between sleep efficiency and 

laboratory parameters. Likewise, dialysis parameters did not correlate with 

subjective sleep efficiency. Furthermore, no relationship was found between 

decreased sleep efficiency and gender (Z = -1.2, p = NS).  The median sleep efficiency 

was in male patients 79% on dialysis nights and on non-dialysis nights 81%, in 

females 81% on dialysis nights and 77% on non-dialysis nights. In addition, no 

relationship was found between decreased sleep efficiency and other demographic 

parameters, e.g. age and sleep efficiency (R = 0.13, p = NS).

There was no significant difference in subjective sleep efficiency between 

afternoon-shift dialysis patients and morning-shift dialysis patients. The median 

sleep efficiency was in morning dialysis patients 78% and in afternoon dialysis 

patients 82% on dialysis nights (Z = -1.0, p = NS). 

In our dialysis patients 85% used antihypertensive medication (57% used 

ß-blockers). In the dialysis population no significant difference in sleep efficiency 

between patients with or without ß-blockers usage was found (Z = -1.8, p = NS). The 

median sleep efficiency was in patients on ß-blockers on dialysis nights 76%.

The parameters with P < 0.1 in univariate analysis were used in the multivariate 

analysis: urea, hemoglobin, Kt/V, creatinine, phosphate and iron. Multivariate 
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Figure 1 Graph on the correlation between hemoglobin and sleep efficiency.

On the horizontal axis the hemoglobin concentration in g/dl is presented. The vertical axis 

represents the sleep efficiency (in %). The dots are the individual values of the patients. 

Observed
Linear
Quadratic

Haemoglobin (g/dl)

8.0 11.0 15.0

S
l
e
e
p

e
f
f
i
c
i
e
n
c
y

(%)

100,00

80,00

60,00

40,00

20,00



50 51

of this sleep disturbance. The distinctions in the causes of sleep disturbances seem 

to be more important in the diagnosis and treatment than in the implication on 

vitality and quality of life [26]. However, when treatment is requested, the causes of 

disturbed sleep should be identified as therapy can alter significantly. Hypnotics, 

often used in dialysis patients, were effective in less than 20% of the patients. The 

poor reaction on sleep medication has previously been reported in elderly nondialysis 

patients with sleep medication [25]. Sleep medication like benzodiazepines usually 

improves sleep quantity, but never sleep quality [11,25]. Sleep apnea, frequently 

seen in dialysis patients, worsens with the use of benzodiazepines due to reduction 

in upper airway muscle tone and blunting of the arousal response to hypercapnia 

[27]. The use of benzodiazepines should, therefore, be minimized in dialysis 

patients. ß-blockers, frequently used in our population, have been associated with 

sleep disturbances [28]. In our population a difference in sleep efficiency between 

patients with ß-blockers and patients without ß-blockers was not demonstrated. 

 We investigated if sleep disturbances were more prevalent in the morning 

shift dialysis patients, as has been reported before [18,23]. However, we did not 

find a difference in sleep parameters between morning shift and afternoon shift 

patients. Morning shift dialysis has been associated with insomnia [18]. No clear 

explanation was suggested either for the difference in dialysis shift and sleep 

disturbances. A possible explanation could be that daytime dialysis can activate 

sleep-promoting factors such as the production of interleukin I and the lowering 

of body temperature, which can influence circadian sleep-wake rhythm [29]. This 

interference of the dialysis on circadian rhythms cannot be excluded and warrants 

future research. Likewise, we did not find a relationship between decreased sleep 

efficiency and dialysis vintage, as has been reported in a single study before [18]. 

The number of patients in this study is still relatively small and cross-sectional. 

Furthermore the questionnaire has been validated in the general population 

and not in the hemodialysis population. However, the questionnaire has been an 

established method for years in all patient groups. In addition, a control group 

of the general population is added. Our aim was to compare sleep disturbances 

of hemodialysis patients with sleep disturbances of the general population and 

to identify significant predictors for decreased sleep efficiency. Hemoglobin, urea 

and phosphate could only partly predict decreased sleep efficiency, which has been 

described before [4,5,17-19]. 

In conclusion we have demonstrated that there is a high prevalence of 

subjective sleep disturbances in hemodialysis patients, expressed as decreased 

subjective sleep efficiency, decreased daytime alertness and increased daytime 

napping. Phosphate, urea and hemoglobin were confirmed as possible predictors 

for decreased subjective sleep efficiency. The contribution of these problems to 

other morbidity and mortality remains a field of interest as will be the study of 

medical interventions.

than 3.50. The dialysis efficiency was not optimal in our study population.  

As under normal circumstances patients are sometimes not adequately enough 

dialyzed, these patients were, nevertheless, included. Furthermore, we postulated 

that low dialysis efficiency (Kt/V) could be related to decreased sleep efficiency in 

the investigation period. Patients with normal subjective sleep efficiency should 

then have a higher Kt/V than poor sleepers. However, in our results of subjective 

sleep efficiency, we did not find this correlation. Dialysis efficiency is measured 

in Kt/V, which is only calculated by urea clearance. Middle-sized molecules are 

not taken into this calculation. Maybe the development of sleep disturbances in 

hemodialysis patients is the result of inadequate dialysis efficiency of these middle 

size or larger molecules. Increasing the dialysis efficiency (like nocturnal dialysis) 

or a different dialysis technique (like hemodiafiltration) can further decrease toxin 

levels. Recently, results of nocturnal dialysis have shown a significant decrease in 

phosphate levels and use of phosphate binders [21]. Furthermore, nocturnal dialysis 

also showed improved sleep parameters [22]. Hemodialysis patients with decreased 

sleep efficiency could therefore benefit from increases of dialysis dose. 

In literature several factors such as gender and age have been associated with 

the prevalence of sleep disturbances. Male sex was associated with more sleep 

complaints [4,5], other studies, however, found no association between gender 

and sleep disturbances [3,18,23] and even more frequent insomnia symptoms 

were reported in female patients [24]. We did not find a difference in sleep 

efficiency between male and female patients. Furthermore, the prevalence of sleep 

disturbances has been shown to increase with age in the general population [25], 

but we did not observe this tendency in our hemodialysis population either. The 

lack in association with age has also been reported before in this population [3], 

and seems to be the result of the specific modifying effect of the renal disease 

on the pathophysiology of sleep disturbances, as suggested by others [18]. The 

pathophysiology of sleep disturbances may differ in the general population and in 

the medically ill. The renal disease-specific factors, like anemia and symptoms of 

uremia, may be ref lected partly in the high prevalence of sleep disturbances and 

partly in the lack of the age effect and the gender effect observed in the dialysis 

population in comparison to the general population [18. The positive results on 

sleep disturbances when only changing from daytime to nocturnal hemodialysis 

support the theory that the pathophysiology of ESRD is more associated with sleep 

disturbances than the age or gender effect [22].

Impaired subjective sleep efficiency can be the result of fragmented sleep. 

Fragmented sleep could be caused by the presence of periodic limb movement 

disorder (PLMD), restless legs syndrome or sleep apnea syndrome [1]. We acknowledge 

that in this study only subjective measures of sleep disturbances were researched. 

The causes of impairment of sleep do not change the subjective sleep experience: 

the patient does not feel refreshed after a night of sleep, independent of the reason 
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Introduction

Approximately 3500 people in Holland depend on hemodialysis [1]. Hemodialysis 

patients suffer from sleep disturbances. On average, about 50-80% of the dialysis 

patients confirm that they suffer from delayed sleep onset and have trouble staying 

asleep [2,3]. Sleep apnea, Restless Legs Syndrome (RLS) and Periodic Limb Movement 

Disorder (PLMD) also occur more commonly with dialysis patients, in comparison 

to the general population [3,4,5]. These sleep disturbances have a severe bearing 

on general quality of life and result in a heightened risk of morbidity, hospital 

admittance and mortality [4]. 

There are a number of factors that possibly add to the sleep disturbances 

experienced by these patients: psychological problems (stress, anxiety), life style 

(coffee, nicotine), demographic factors (age, gender), an impaired kidney function 

(co-morbidity, anaemia, heightened urea) and the dialysis treatment [3,4,5]. Apart 

from these factors, it is a known fact that medication prescribed to dialysis patients 

often adversely influences sleep [3]. Beta-blockers are a chief example. Beta-blockers 

can cause insomnia and nightmares [6,7,8]. 

Apart from beta-blockers, there are a number of other drugs that can adversely 

influence the sleeping-waking rhythm, e.g. antidepressants, anti-epileptics 

and Parkinson medication. Antidepressants such as tricyclic antidepressants, 

monoamine-oxidase inhibitors, selective serotonine reuptake inhibitors and 

venlafaxin can cause daytime sedation and nocturnal insomnia. Trazodon, 

mirtazepine, maprotiline en mianserine can induce daytime sleepiness [9]. Use 

of bupropion can cause insomnia, nightmares and active dreams [9]. Parkinson 

medication such as levodopa/carbidopa (high dose), dopamine agonists, monoamine-

oxidase B inhibitors, amantadine and catechol-O-methyl transferase inhibitors can 

also induce nocturnal insomnia or daytime sleepiness. Anti-epileptics can lead to 

daytime sedation [9,10]. 

As yet, no research has been conducted into the use of hypnotics by dialysis 

patients, nor has there been any research into the use of potentially sleep disturbing 

medication among this population. The research at hand aims to inventarize 

dialysis patients’ use of hypnotics and sleep disturbing medications and compare 

the results to the use of these medicines by the general Dutch population of the 

same age, age breakdown and gender. 

Because one might expect that a hypnotic is often prescribed next to the use 

of a sleep disturbing drug, the research at hand has also researched the possible 

association between hemodialysis patients’ use of sleep-disturbing drugs and their 

use of hypnotics. 

Koch BCP, Wösten YBM, Nagtegaal JE, Kerkhof GA, Ter Wee PM. 

Wetenschappelijk Platform, Pharmaceutisch Weekblad 2008; 25: 132-135

Chapter 2b: Prescription of hypnotics and potentially  
sleep-disturbing medication in hemodialysis patients

Abstract

Background

To investigate the use of hypnotics and potentially sleep-disturbing medications 

in the hemodialysis population in comparison to the use in the general Dutch 

population. The second objective was to investigate the relationship between the 

use of sleep disturbing medication and hypnotics. 

Methods 

A random sample was collected in four dialysis centres (n = 306), 10% of the total 

Dutch dialysis population, matched for age and gender. The results were compared 

to data of the general Dutch population, matched for age and gender. 

Results

In the hemodialysis population 31% used a benzodiazepine in contrast to 15% in the 

general Dutch population. The use of beta-blockers was 56% in the patient group in 

comparison to 12% in the general population. No relation was found between the 

use of beta-blockers and benzodiazepines (p > 0.1). 

Conclusions 

The hemodialysis population used significantly more benzodiazepines than the 

general Dutch population. The use of beta-blockers, a potentially sleep disturbing 

drug, was approximately 4.5 times larger in the patients’ population than in the 

general population. However, no relationship was found between the use of beta-

blockers and the use of benzodiazepines in this study. 
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as a control group. Data was sourced from the Stichting Farmaceutische Kengetallen and 

ref lect drug prescriptions handed out in the year 2006. From this data, a selection 

was made, matched on age, age breakdown and gender relative to the patient group. 

The chi-quadrate test of SPSS 14.0 was used for statistics. 

Results

Data was gathered from all 306 hemodialysis patients residing in the four 

dialysis centres. Their characteristics can be found in Table 1. The hemodialysis 

population selected for this research corroborated with the average Dutch dialysis 

population, with regards to age, gender, body mass index and dialysis data [2006 

data according to Renine Foundation, June 27th, 2007]. The time of dialysis treatment 

was equally divided between mornings (49%) and afternoons (48%). The portion of 

patients on nocturnal dialysis was only 3% of the total number of patients, caused 

by the fact that not every dialysis centre was fitted out for nocturnal dialysis.  

Within the hemodialysis population, 39% was prescribed hypnotics. Figure I 

shows the different prescribed hypnotics. As this shows that benzodiazepines were 

described most often, only benzodiazepines were considered in the consequent 

analysis with regards to the general Dutch population and the analysis between 

hypnotics and potential sleep-disturbing medication. 

Methods

Research was conducted in May 2007. Data was gathered in four dialysis centers, 

one of which was an academic hospital. In this research, random sampling was used. 

As point of departure, 10% of the Dutch dialysis population was investigated. This 

10% was an accurate representation of the general Dutch hemodialysis population, 

with regards to average age, average age breakdown, male/female quota and patient 

division between academic and general hospitals. The random sample was based 

on data originating from the Hans Mak Institute (independent institute for quality 

care in the field of kidney diseases) and the Renine Foundation (Registration Kidney 

Function Replacement, The Netherlands). Medical Record research was conducted, 

gathering demographic and dialysis characteristics (Table 1) in order to determine 

if the sample population corroborated with the average Dutch hemodialysis 

population. 

Furthermore, data was gathered (based on prescriptions handed out in the year 

prior to the research project) on hypnotics (for drug names, see appendix I) and 

potentially sleep-disturbing medication (for drug names, see appendix I).  During 

the research, one center was conducting a study on melatonin, which might have 

increased the use of melatonin somewhat. The general Dutch population was used 
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Parameters Mean values (min-max)

Demographics 

Age (years) 62 (22-91)

BMI (kg/m2) 26 (17-62)

Gender (male/ female) 191 / 115 (62% / 38%)

Dialysis data

Dialysis duration (hours) 3.9 (2.0-8.0)

Dialysis vintage (months) 31 (1-311)

Dialysis frequency (times per week) 3 (2- 6)

Dialysis efficiency (weekly Kt/V without 3.8 (1.5-9.0) 
remaining kidney function)  

Table 1  Characteristics of the hemodialysis patients, included in the study

BMI: Body Mass Index; Kt/V: dialyzer clearance in dialysis time divided by volume 

(patient’s total body water)

promethazine and 
mirtazepine, 2%

zolpidem and 
zopiclon, 4%

melatonin, 6%

drugs used for
restless legs

syndrome, 23%

benzodiazepines, 65%

Figure 1

The different types of hypnotics prescribed in the group of hemodialysis patients who used 

hypnotics (39%); the different segments represent the different types of hypnotics, including 

the percentage prescribed, compared to the total of patients who used hypnotics.  
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did not use benzodiazepines; 52 (38%) did. A association between the prescription  

of beta-blockers and benzodiazepines could not be found (chi-quadrate test = 1,15, 

p = 0,284).  

Discussion

Among the investigated hemodialysis population, benzodiazepine as hypnotics 

were prescribed considerably more often than among the general Dutch population 

of the same age and gender. In comparison to the general Dutch population of the 

same age and gender, a considerably larger number of hemodialysis patients had 

a prescription for a potentially sleep-disturbing medication, in particular beta-

blockers. Even if beta-blocker use was far more widely spread in the hemodialysis 

population, an association between beta blocker use and benzodiazepine use could 

not be proved. 

Dialysis patients frequently suffer from sleep problems. Prescription of 

traditional hypnotics such as benzodiazepine is common among these patients, to 

alleviate sleep problems. Benzodiazepine use within this group is double that of 

benzodiazepine use within the general Dutch population. From benzodiazepine 

prescriptions, it can be concluded that sleep problems occur relatively often among 

the hemodialysis patient group, as has already been reported earlier [2,3,4,5]. 

Research into this population and the general older population has resulted in the 

conclusion that these drugs do not decrease sleep problems [2,12]. Less than 20% of 

hemodialysis patients using benzodiazepines reported a subjective improvement 

of sleep [2]. Benzodiazepines are not cleared significantly by means of hemodialysis 

[13]. This fact, therefore, cannot explain the minimal efficacy of benzodiazepine 

in this population. Benzodiazepines increase the quantity of sleep, but lower the 

quality at the same time, deep sleep phases 3 and 4  are less reached (the most 

important phases of resting) [10]. Furthermore, benzodiazepines can worsen sleep 

Within the hemodialysis population, 73% were given a prescription for 

potentially sleep- disturbing medications. Figure 2 shows the subdivision between 

the different prescribed potentially sleep-disturbing medications. 

Figure 2 shows that the larger part of the patients using a sleep disturbing 

medication were given a prescription for a beta-blocker. Due to the relatively 

large percentage of beta blockers, other potentially sleep-disturbing medications 

were left out of the further analyses of the relationship between hypnotics and 

potentially sleep-disturbing medication. 

Table 2 shows the use of benzodiazepines and beta-blockers, both in the general 

Dutch population and in the dialysis population. 

Of all hemodialysis patients, 31% used a benzodiazepine; of the general Dutch 

population, 15% used a benzodiazepine. Similar to the benzodiazepines, beta-

blockers were prescribed more often to hemodialysis patients (56% of the dialysis 

group, 12% of the Dutch general population). Using the chi-quadrate test, research 

was conducted into a possible association between prescriptions of benzodiazepines 

and prescriptions of beta-blockers. Out of 170 patients using beta-blockers, 55 (32%) 

also used benzodiazepines. In the non-beta-blockers group of patients, 84 (62%) 
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antidepressants
11%

beta-blockers 77%

Parkinson
medication 5%

anti-epiletics 7%

Figure 2

The different types of potentially sleep-disturbing medication prescribed in the group of 

hemodialysis patients who used potentially sleep-disturbing medication (73 %); the different 

segments represent the different types of medications, including the percentage prescribed, 

compared to the total of patients who used these medications.  

Medications Hemodialysis group (%) Dutch population (%) 

Benzodiazepines 31 15

Beta-blockers  56 12

Table 2  Percentages of the hemodialysis patients and the general  
Dutch population, to who benzodiazepines or beta- blockers  
were prescribed
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apnea by reducing tension of the upper respiratory muscles and dampening the 

physiological reaction to hypercapnia [14,15]. Sleep apnea frequently occurs within 

this population, probably as a result of chronic f luid overload and metabolic 

acidosis [3,15]. Apnea is a possible risk factor for the development of cardio-vascular 

diseases, which are common among this population [3]. 

Prescription of potentially sleep-disturbing medication is common among this 

group; beta- blockers are especially prescribed often. Use of beta-blockers within 

the hemodialysis population is 4.5 times that of the general Dutch population. 

Kidney Disease Outcomes Quality Initiative (K/DOQI) regulations state that dialysis 

patients’ blood pressure must remain below 130/80 mm Hg [16]. This reduces the risk 

of cardio-vascular mortality - the prime cause of death among this population. This 

Medical Record research has not discriminated between lipophilic and hydrophilic 

beta-blockers. Hemodialysis patients will, in the main, use lipophilic beta-blockers 

as advised by the K/DOQI [16]. These drugs are effective in the treatment of heart 

failure and they reduce cardio-vascular events [16].  They are also successful in 

the treatment of tachycardia and atrium fibrillation [16]. Lipophilic (and to a 

lesser extent hydrophilic) beta blockers can, however, be detrimental to sleep, by 

disturbing the melatonin rhythm and promoting the occurrence of nightmares 

[6,7,8] Quality of sleep can have great bearing on quality of life [3,4,5]. However, 

this study has not encountered an association between the use of beta blockers and 

the use of benzodiazepines – an association that, in theory, was a possibility. That 

this association could not be proved is possibly due to the fact that the selected 

population is rather small. However, because of the scope of the random sampling 

and the high percentage of cases where beta blockers were prescribed without 

accompanying hypnotics, it is to be expected that even in larger populations, no 

association will be encountered. Literature holds no precedent for an association 

between these medications in other populations. It is probable that other causes of 

sleep problems, such as sleep apnea, biological clock disturbances, restless legs and 

PLMD have a larger influence than the use of beta blockers. 

At the moment, research is ongoing, facilitated by the Dutch Kidney foundation, 

shedding more light on dialysis patients’ sleeping issues and biological clock issues. 

Influence of nocturnal dialysis and melatonin on dialysis patients’ sleep problems 

are, amongst others, areas of research that are being followed up.
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Hypnotics (Dosage time: 22:00 or ante noctem)

	 •	 Benzodiazepines

	 •	 Zolpidem (Stilnoct®)

	 •	 Zoplicon (Imovane®)

	 •	 Melatonin

	 •	 Drugs used for Restless legs syndrome or Periodic Limb 
  Movement Disorder 

  o hydroquinine 

  o pergolide 

  o ropinirol 

  o pramipexol 

	 •	 Mirtazepine (Remeron®)  

	 •	 Promethazine 

Potentially sleep-disturbing medications 

	 •	 Beta-blokkers

	 •	 Parkinson medication

  o Levodopa/carbidopa 

  o Dopamine agonists (in doses used for Parkinson’s disease)

  o Monoamine-oxidase B inhibitors

  o Amantadine

  o Catechol-O-methyltransferase-inhibitors

	 •	 Anti-epileptics

  o Benzodiazepines during daytime

  o Carbamazepine

  o Ethosuximide

  o Phenobarbital

  o Fenytoine

  o Valproinezuur

  o Felbamaat

  o Gabapentine

  o Lamotrigine

  o Levetiracetam

  o Tiagabine

  o Topiramaat

  o Vigabatrine

Appendix  List of hypnotics and potentially sleep-disturbing medication
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	 •	 Antidepressants

  o Triclyclic antidepressants

  o Monoamine-oxidase inhibitors

  o Selective serotonin reuptake inhibitors 

  o Venlafaxine

  o Trazodon

  o Bupropion

  o Mirtazepine 

  o Maprotiline

  o Mianserine
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Introduction

Every year more people suffer from end stage renal disease (ESRD) [1]. Given the 

high prevalence and the cost of treatment of ESRD more research must be carried out 

to improve the outcome of clinical treatment and, subsequently, their quality of life. 

Sleep disturbances have a major influence on quality of life in ESRD patients [2,3]. 

Most studies evaluating sleep disturbances in ESRD patients use sleep 

questionnaires to evaluate the type of sleep complaint [4,5]. In order to assess any 

potential neurological, respiratory or other pathology, polysomnography (PSG) is 

the gold standard for evaluating sleep [6]. This method is objective, but expensive, 

and sometimes difficult to perform. 

Actigraphy has become a valid alternative to measure sleep disturbances 

in case PSG is not feasible. It can be used to objectively characterize sleep-wake 

patterns and sleep fragmentation [7,8]. Actigraphy has been validated against PSG 

in insomnia patients [9]. In ESRD patients various sleep disturbances have been 

reported, like sleep-wake rhythm disturbances [2,4,5]. Sleep apnea syndrome (SAS) 

and periodic limb movement disorder (PLMD) are much more prevalent in dialysis 

patients than in the general population [10,11]. Because actigraphy only yields 

typical sleep-pattern measures and does not provide accurate information about 

sleep architecture, it cannot replace PSG when sleep apnoea has to be diagnosed. 

However, it could be valuable in evaluating sleep-wake rhythm disturbances and 

timing of sleep in the ESRD population, as it is has been reported for this purpose 

in insomnia patients. 

Our main objective was to investigate if actigraphy can be used for the detection 

of sleep disturbances in hemodialysis patients. Standard sleep measures such as 

sleep onset latency, sleep efficiency and actual sleep time of hemodialysis patients 

were compared with those of insomnia patients. 

Methods

Ten (1 woman, 9 men) patients, ranging from 40-84 years of age with End 

Stage Renal Disease (ESRD) undergoing stable maintenance hemodialysis (HD) in a 

community hospital with medium sized dialysis unit were enrolled from January 

2005 till April 2006. The study was approved by the local medical ethics committee 

and informed consent was obtained from every patient. 

Furthermore, ten insomnia patients from the sleep clinic of the Westeinde 

Sleep centre in The Hague were matched against these hemodialysis patients. 

Actigraphy
Model Actiwatch (Cambridge Neurotechnology Ltd ®, Cambridge, United Kingdom) 
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submitted

Chapter 2c: The use of actigraphy for sleep measures in 
hemodialysis patients: a comparison study with insomnia 
patients 

Abstract

Background

Sleep disturbances are frequently reported in hemodialysis patients. Primary 

screening is mostly performed by means of subjective sleep questionnaires. As 

diverse sleep disturbances are reported, the use of actigraphy to quantify sleep 

disturbances has not become standardized in hemodialysis patients. Our main 

objective was to investigate if actigraphy can be used for the detection of sleep 

disturbances in hemodialysis patients. Standard sleep measures of insomnia 

patients and hemodialysis patients were compared. 

Methods

The following actigraphy measures were compared: time in bed, sleep onset latency, 

sleep efficiency, intermittent awake time, actual sleep time, fragmentation index 

and amplitude. 

Results

Sleep disturbances were frequently seen in the hemodialysis patients (n =10) as most 

sleep parameters were impaired. In comparison to insomnia patients, hemodialysis 

patients had a longer sleep onset latency (p = 0.005), shorter sleep time (p = 0.001), 

lower sleep efficiency (p = 0.001) and more intermittent awake time (p = 0.01). 

Insomnia patients expressed more sleep fragmentation (p = 0.01) in comparison to 

hemodialysis patients. 

Conclusions

Primary screening for sleep disturbances in hemodialysis patients should be done by 

using sleep questionnaires. Subsequently, actigraphy can be indicated to objectify 

sleep disturbances. However, as hemodialysis patients expose more impaired 

sleep than insomnia patients and these disturbances might originate from sleep 

disturbances not to be diagnosed with actigraphy, polysomnography is still needed 

in these cases when specific questions about sleep architecture are warranted. 
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We found that HD patients had significantly longer sleep onset latency (p = 

0.005), shorter sleep time (p = 0.001), lower sleep efficiency (p = 0.001) and more 

intermittent awake (p = 0.01) than insomnia patients. Time in bed, bed-in time, 

amplitude and out-of –bed time were not significantly different.  Fragmentation of 

the sleep was significantly less impaired in hemodialysis patients than in insomnia 

patients (p = 0.017). 

Discussion

The aim of our study was to investigate if actigraphy in hemodialysis patients 

can be used as an easy and objective diagnosis tool to objectify sleep disturbances 

in this population. We found that actigraphy can discriminate between sleep and 

awake in hemodialysis patients. Hemodialysis patients showed more impaired sleep 

parameters in comparison to insomnia patients. Only sleep fragmentation occurs 

more frequently in insomnia patients than in hemodialysis patients. These results 

indicate that actigraphy can be used an useful tool to objectify sleep disturbances, 

actigraphs were used. A shunt for vascular access is present on one arm of 

hemodialysis patients. The actiwatch is placed on the wrist of the non-shunt arm, 

to log movements over one week. Patients were asked to write down the times going 

to bed and getting up.

The actiwatch is a small actigraphy device weighting 16 gm. The sensing element 

is a uni-axial accelerometer consisting of a small mass fixed to a bar of piezo-

ceramic material. Acceleration of the mass distorts the piezo-ceramic material, 

producing an electric current proportional to the acceleration. This output is 

amplified and filtered (<3 Hz and > 11 kHz) and the resulting signal, sampled at 

32 Hz, is integrated. Sensitivity is set at 0.05g (medium sensitivity). On the basis 

of dedicated software (Actiwatch Activity & Sleep Analysis version 5.32) 1 minute 

epochs of actigraphic data were scored as sleep or wake [12]. 

The following parameters were calculated: Actual Sleep Time (AST), defined 

as the duration of actually recorded sleep. Intermittent Awake Time (AAT) is the 

total duration of intermittent wake, i.e. the portion of wakefulness within the 

sleep period. Sleep efficiency (SE) is the actual sleep time divided by time in bed. 

Sleep Onset Latency (SOL) is the difference between bed-in time and sleep onset. 

Time in Bed (TIB) is total time spent in bed.  Amplitude is the difference between 

the mean activity counts of the wake and the sleep periods within one 24h period. 

The Fragmentation Index (FRA) was calculated as the total number of wake bouts 

(defined as a wake period by the Actiwatch  software) divided by the total sleep 

time in hours.  Normal values were derived from reference 13 and 14.

Statistical analysis
SPSS (The Statistical Package for Social Sciences (SPSS, Chicago, IL, USA) version 

14 was employed for all analyses. Differences between the parameters of the 

actigraphy of insomnia patients and HD patients were tested by means of Mann-

Whitney testing.

Non-symmetric data were log-transformed before differences were calculated. 

P-values < 0.05 were considered to represent statistical significance. 

 

Results

In Table 1 the results of actigraphy measurements of insomnia patients and 

HD patients are shown. In HD patients most parameters showed impaired sleep, 

such as actual sleep time, intermittent awake time, sleep onset latency and sleep 

efficiency. The time spent in bed presented normal values. Insomnia patients 

showed impaired intermittent awake time in comparison to normal values. 
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Parameters Normal values$  Insomnia patients Hemodialysis patients
  Median Median
  (interquartile (interquartile 
  difference) difference)

TIB (min.) 300-600 499 (483-564) 500 (487-534) 

AST (min.) > 350 431 (400-487)* 303 (260-391)*

AAT (%) < 10 13.5 (7.5-30.3)* 44.0 (28.8-60.5)*

SOL (min) < 30 21.5 (11-33.3)* 60.5 (49.5-80.0)*

SE (%) > 85 86.5 (80.8-91.3)* 62.5 (47.5-77.0)*

FRA Na  5.0 (4.0-5.5)* 3.5 (2.9-4.2)*

Amplitude Na 9.0 (7.8-11.3) 9.5 (5.8-12.3)

Table I  Sleep parameters measured with actigraphy.

TIB: Time in bed; AST: Actual sleep time; AAT: Intermittent awake time; SE: Sleep 

efficiency; SOL: Sleep onset latency; FRA: Fragmentation index; Amplitude: (mean wake 

activity – mean sleep activity) / maximal range) x 100; Na: non-applicable, normative 

date are not known at this moment. 

* p < 0.05: significant difference in actigraphy results of insomnia patients and 

hemodialysis patients; $ normal values derived from reference 13 and 14. 
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parameters, measured subjectively with sleep questionnaires and objectively with 

actigraphy, after treatment with melatonin.

In conclusion we have demonstrated that hemodialysis patients suffer from more 

severe sleep disturbances than insomnia patients. Actigraphy is a useful method 

for the detection of sleep-wake disturbances and timing of sleep in hemodialysis 

patients. When diagnosing and treating sleep disturbances in this population, 

firstly subjective sleep questionnaires have to be used to define the problem of the 

patient. Secondly, actigraphy is recommended if additional information is necessary. 

When insight in sleep architecture is necessary, PSG is obligatory. If there is no 

such necessity, actigraphy together with sleep questionnaires are easy methods for 

sleep measures in hemodialysis patients. Further work is recommended to refine 

the current actigraphic algorithms to achieve even better sleep measurements 

and to define normative values for sleep parameters measured with actigraphy. 

This would enable clinicians to easily objectify sleep disturbances in their patient 

population.

in addition to subjective sleep questionnaires, in hemodialysis patients where sleep 

apnoeas and PLMD are not suspected. 

Earlier reports suggested that 30-80% of hemodialysis patients complain of 

subjective sleep-related disturbances [2,4]. In our population of hemodialysis 

patients 60% experienced subjective sleep disturbances [5]. In these groups objective 

sleep measurement are only rarely used. PSG is only assessed when pathologic sleep 

or persistent sleep disturbances occur to exclude primary sleep disorders. PSG 

is expensive and sometimes difficult to perform. In our setting PSG is recorded 

in the hospital, as the most extensive method of PSG is used. However, dialysis 

patients are already going the hospital a minimum of three times as week and are 

often hospitalized. These patients are very reluctant to spend more time in the 

hospital to sleep in a sleep laboratory unit. With the practical restrictions of PSG, 

another objective method to assist in evaluating sleep-wake disorders is indicated. 

As hemodialysis patients suffer from multiple sleep disorders, research is required 

whether actigraphy is a method to detect these sleep disorders. Actigraphy has 

been used and validated in several patients groups and the practice parameters 

for the use of actigraphy report that actigraphy can be used to assist in evaluating 

sleep disorders particularly circadian rhythm disorders an also to characterize 

sleep patterns, timing of sleep and disturbances in patients with insomnia and 

hypersomnia [8]. As hemodialysis patients often experience insomnia and circadian 

sleep-wake disorders [2,4,5], one might conclude that actigraphy can be used in 

this population as well. To determine this possibility, actigraphy measures were 

compared between hemodialysis patients and insomnia patients. We found that 

actigraphy can discriminate between sleep and awake in both groups. However, 

certain differences were found. Sleep fragmentation was significantly more observed 

in insomnia patients. Other sleep measures were more impaired in hemodialysis 

patients. These patients suffer from multiple disorders, including sleep apnoea and 

PLMD [10,11,15]. We did not investigate these problems, as we merely interested 

in sleep-wake rhythm disturbances. Sleep fragmentation might be underscored 

in hemodialysis patients, as another study found that fragmentation index may 

underestimate arousals caused by respiratory events and offer misleading results 

in severe OSA patients [16]. However, as can be seen in Table 1, hemodialysis patients 

lay longer awake at night. If these periods of laying awake at night are long, it seems 

logical that the fragmentation index is lower, as this parameter calculates the 

amount of periods and not the amount of minutes laying awake. All these results 

indicate that hemodialysis patients suffer from multiple sleep disturbances and 

actigraphy can be of assistance when a previous sleep questionnaire has pointed 

out no susceptibility for sleep apnoea or PLMD.  Furthermore, in sleep intervention 

studies, regarding timing of sleep or sleep-wake pattern, actigraphy can be used 

as an objectively method to evaluate the success of the intervention, as we have 

been using in our melatonin study [17]. We found significantly improved sleep 
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Introduction

Sleep disturbances can be diagnosed with validated sleep questionnaires and 

polysomnography (PSG). The first method is very easy to perform, but subjective. 

The latter is objective, but expensive, sometimes difficult to perform and invasive. 

PSG is currently the gold standard for evaluating sleep [1,2]. Outcomes of former 

studies showed an interrater reliability of PSG between 60-90%, depending on the 

sleep stage monitored [3]. Actigraphy can be an alternative to PSG. This method 

measures sleep-wake rhythm from the presence or absence of limb movement, 

usually the wrist. Actigraphy yields typical sleep-pattern measures, such as latency 

to sleep, sleep efficiency and intermittent awakening, but does not assess sleep 

architecture [4]. Actigraphy is a low-cost, ambulant, non-invasive and objective 

method. The American Academy of Sleep Medicine recognizes it as useful adjunct 

in the clinical assessment of sleep disorders [5].

Some studies have compared actigraphy with PSG in terms of a number of 

crucial sleep parameters. The range of validity coefficients reported are: total 

sleep time (0.72-0.98), percentage sleep (0.82-0.96), sleep latency (0.49-0.85), sleep 

efficiency (0.56-0.91) and percentage agreements for sleep (78-99) [6]. Coefficients of 

the validity of actigraphy exceed those associated with common medical tests and 

the best psychological tests [3].

In our hospital, dialysis patients with sleep problems are normally treated with 

sleep medication like benzodiazepines. If the sleep problems still remain and have 

a pervasive impact on their quality of life, patients fill out a sleep questionnaire 

and sleep one night in our hospital for the recording of PSG. PSG is recorded in 

the hospital, because the most advanced method of PSG is used. However, dialysis 

patients are already going to the dialysis unit three times a week and are often 

hospitalized. These patients are reluctant to spend more time in the hospital to 

sleep in a sleep laboratory unit with PSG. Only extremely bad sleepers come in 

and undergo PSG. The sleep problems of a large number of dialysis patients are 

most likely not correctly diagnosed, identified and treated. With the practical 

restrictions of PSG, finding an alternative to identify sleep problems is clinically 

very relevant. Actigraphy could be a simple and quick alternative method for the 

diagnosis of sleep problems and the evaluation of treatment effects. 

In this study the purpose was to identify sleep disturbances in hemodialysis 

patients. Comparisons were made between sleep measures of actigraphy and 

sleep measures of PSG. Our target was to investigate if actigraphy can be used as 

a valid alternative for PSG for the detection of sleep disturbances in hemodialysis 

patients.   

Koch BCP, Nagtegaal JE, Hagen EC, Ter Wee PM, Kerkhof GA. 

Chapter 2c Addendum:  A comparison study between sleep 
measured by polysomnography and sleep measured by actigraphy 
in hemodialysis patients

Abstract

Background

Sleep disturbances are frequently reported in hemodialysis patients. These 

problems have a major effect on quality of life. Polysomnography (PSG) is still 

the gold standard for the diagnosis and quantification of sleep disturbances. This 

method is objective, but expensive and invasive. Actigraphy has been suggested as 

an alternative to PSG in assessing certain sleep disturbances. The purpose of this 

addendum study was to compare the sleep parameters measured with PSG with the 

sleep parameters measured with actigraphy. 

Methods

To compare the sleep measures of actigraphy and PSG the following parameters were 

used: sleep onset latency, sleep efficiency, intermittent wake time percentage, actual 

sleep time and fragmentation index  The sleep parameters of PSG and actigraphy 

were correlated by means of Pearson correlation analysis. In addition, specificity, 

sensitivity and accuracy were obtained from epoch-by-epoch comparison of PSG 

and actigraphy in a sub study. 

Results

Sleep efficiency, sleep onset latency, fragmentation index and intermittent wake 

time percentage were impaired in the hemodialysis patients in comparison to 

normal values. There was a significant correlation between PSG and actigraphy 

for sleep onset latency (r = 0.60, p < 0.05), percentage actual awake time (r = 0.83, 

p < 0.01), sleep efficiency (r = 0.77, p < 0.01) and fragmentation index (r = 0.83, p < 

0.01).  A trend in correlation was found for actual sleep time (r = 0.54, p = 0.07). 

Sensitivity, specificity and accuracy were respectively 0.95 (SD 0.01), 0.70 (SD 0.11) 

and 0.83 (SD 0.05).

Conclusions

The sleep parameters obtained by actigraphy are correlated to the sleep parameters 

measured with the standard method of PSG. However, when specific questions 

about sleep architecture are warranted, PSG is still the gold standard. If this is not 

the case, actigraphy is an easy and objective method to screen sleep problems in 

hemodialysis patients. 
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Sub study
Sensitivity, specificity and accuracy measures were obtained from epoch-

by-epoch comparison of PSG and actigraphy data of 3 patients in a sub study. In 

standard actigraphy measurements epochs are set at 1 minute. In standard PSG 

30-second epochs are used. In addition, to compare individual epochs of PSG 

and actigraphy, 3 patients were recorded with epochs set at 30 seconds for both 

methods. Sensitivity, specificity and accuracy were calculated using the following 

formulas for each subject: 

Sensitivity (ability to detect sleep via actigraphy when PSG scored it as sleep) = 

number of sleep epochs PSG and actigraphy agree on are sleep  / number of PSG-

scored-sleep epochs.

Specificity (ability to detect wake via actigraphy when PSG scored it as wake) = 

number of wake epochs PSG and actigraphy agree on are wake/ number of PSG-

scored-wake epochs.

Accuracy (ability to detect both sleep and wake compared to PSG) = number of wake 

and sleep epochs PSG and actigraphy agree on are wake and sleep/ number of PSG-

scored (sleep and wake) epochs [9]. 

Statistical analysis
SPSS (The Statistical Package for Social Sciences (SPSS, Chicago, IL, USA) version 

14 was employed for all analyses. Differences between all parameters of actigraphy 

and PSG were tested with Mann-Whitney-testing (p<0.05). All parameters were 

correlated with Pearson correlation analysis (p < 0.05). Non-symmetric data were 

log-transformed before correlations were calculated. P-values < 0.05 were considered 

to represent statistical significance.

Results

Sleep evaluation 
Time in Bed (TIB) and Actual Sleep Time (AST) did not differ significantly from 

normal values as is shown in Table 1. Furthermore, there were no significant 

differences between AST in PSG and actigraphy and TIB in PSG and actigraphy 

(AST t= 0.79, p = 0.45 and TIB t = 0.79, p = 0.44). Intermittent awake time (AAT %, 

normal < 10%) was higher than normal in both methods. There were no significant 

differences between AAT % in PSG and actigraphy (t = 1.9, p =0.07). 

Sleep onset latency (SOL) was normal (mean < 30 minutes) in PSG and actigraphy 

and the outcome was not significantly different between both methods (t = 0.70,  

p = 0.50). Sleep Efficiency (SE) was lower in comparison to a normal SE of more than 

85%. The results were not significant different for PSG and actigraphy (t = 1.47,  

Methods

Twelve (3 women, 9 men) patients, ranging from 30-84 years of age with End 

Stage Renal Disease (ESRD) undergoing stable maintenance hemodialysis in a 

community hospital with medium sized dialysis unit were enrolled from January 

2005 till April 2006. The study was approved by the local medical committee and 

informed consent was obtained from every patient. Actigraphy and PSG were 

performed concurrently for one night in our sleep clinic. 

Actigraphy
Model Actiwatch (Cambridge Neurotechnology Ltd®, Cambridge, United Kingdom) 

actigraphs were used. A shunt for vascular access is present on one arm of 

hemodialysis patients. The actigraph is placed on the wrist of the non-shunt arm, to 

log movements over a prolonged period of time in studies of sleep patterns. Patients 

were asked to write down bedtime and get up time.

The actiwatch is a small actigraphy device weighting 16 gm. The sensing element 

is a uni-axial accelerometer consisting of a small mass fixed to a bar of piezo-

ceramic material. Acceleration of the mass distorts the piezo-ceramic material, 

producing an electric current proportional to the acceleration. This output is 

amplified and filtered (<3 Hz and > 11 kHz) and the resulting signal, sampled at 

32 Hz, is integrated. Sensitivity is set at 0.05g. On the basis of dedicated software 

(Actiwatch Activity & Sleep Analysis version 5.32) 1 minute epochs of actigraphic 

data were scored as sleep or wake [7]. 

PSG
During overnight a two channel electroencephalogram (Fz-Cz and Pz-Oz), an electro-

oculogram and a submental electromyogram using surface electrodes were obtained, 

epoch set at 30 seconds (Vitaport 3, Temec Instruments®, Kerkrade, the Netherlands  

and NovoletOne sleep software, Viasys®, Madison, USA ). Sleep stages are scored by  

hand, according to standardized terminology of Rechtschaffen and Kales [8]. 

The following parameters were calculated from both methods:

Actual Sleep Time (AST), defined as the amount of sleep equivalent to assumed sleep 

(difference between sleep end and sleep start). Actual Awake Time (AAT %) is the total 

amount of intermittent wake, i.e. the portion of wakefulness within the sleep period 

(divided by time in bed, multiplied by 100). Sleep efficiency (SE) is the actual sleep time 

divided by time in bed and is well recognized measure of sleep quality. Fragmentation 

Index (FI) was calculated as the total number of awakenings divided by the total sleep 

time, as an indicator for restlessness of the sleep. Sleep Onset Latency (SOL) is the 

difference between in bed time and sleep start. The chosen parameters are standard 

parameters in the studies of validity of actigraphy in comparison to PSG [5]
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and actual sleep time. We found impaired sleep parameters in hemodialysis patients 

with both methods. With correlation analysis, four of the 5 sleep parameters were 

significantly correlated to each other. Sensitivity, specificity and accuracy were 

relatively high and comparable to validation studies. 

In good sleepers sleep efficiency is more than 85% and our population scored 

approximately 70% in both methods, which confirmed our expectation that sleep 

disturbances are common in this population. Fragmentation Index, an indicator 

for disrupted or restless sleep was outside the normal range, which is considered as 

disrupted sleep. The same conclusion could be drawn with respect to the percentage 

actual awake time (normal less than 10%); our population scored approximately 20%. 

Correlations were calculated to compare actigraphy to PSG. In these correlations 

4 of the 5 (SE, SOL, AST and FI) parameters were significantly correlated in the range 

of 0.60-0.83. These ranges of correlations are seen in more studies with different 

groups of patients [5] 

Actual sleep time measured in PSG and actigraphy was not significantly correlated, 

possibly by the underestimation of actual sleep time in actigraphy. In other studies 

more discrepancies are found in actual sleep time between PSG and actigraphy [4]. 

In our study 20 minutes were found. A possible explanation is that body movement 

during awakening was seen as awake time in actigraphy. This hypothesis was 

supported by the mean results of intermittent awake time in actigraphy and 

PSG, shown in Table 1. Sleep onset latency measured in actigraphy and PSG had 

a significant correlation of 0.6. When sleep onset is defined as the beginning of 

the first period containing 20 minutes of actigraphy-identified sleep with no more 

than one minute of wake intervening, instead of now defined sleep onset of the 

algorithm, the correlation of actigraphy and PSG in SOL could increase [5].  

Sensitivity, specificity and accuracy were relatively high, especially in 

comparison to some other studies, where values of 0.48 for specificity and 0.77 

for accuracy were seen [11]. Epoch by epoch comparison found actigraphy to be 

excellent in detecting sleep with a sensitivity of 0.95 with medium threshold 

algorithm. In concordance with previous studies, the specificity (i.e. actigraphy’s 

ability to accurately detect wakefulness) was lower (0.70) [11]. The accuracy (0.83) 

was compatible with the numbers reported by earlier studies studying sleep-

disturbed patients [3, 4,11]. 

Shortcomings of this study were the relatively few subjects included in this 

study and the recordings of only one night for PSG. However, with few subjects used, 

our results showed significant correlations between PSG and actigraphy. Night-to-

night variability in PSG in our patient group was of a minor problem. Single-night 

recordings are sufficiently sensitive to confirm diagnosis and associated sleep 

disturbances [12].  

In conclusion we have demonstrated that actigraphy is an objective method and 

alternative to the detection of sleep problems in hemodialysis patients. Correlation 

p = 0.17). With respect to Fragmentation Index (FI), of which above 15 in actigraphy 

is considered as disrupted sleep, patients scored a mean of 64 in actigraphy. 

Correlations
Significant correlations between PSG and actigraphy were found for sleep onset 

latency (r = 0.60, p < 0.05), percentage actual awake time (r = 0.83, p < 0.01), sleep 

efficiency (r = 0.77, p < 0.01) and fragmentation index (r = 0.83, p < 0.01).  A trend in 

correlation was found for actual sleep time (r = 0.54, p = 0.07). 

Sensitivity, specificity and accuracy
Epoch comparison of three patients showed the following results: mean 

sensitivity 0.95 (SD 0.01), mean specificity 0.70 (SD 0.11) and mean accuracy 0.83 

(SD 0.05). 

Discussion

The aim of our study was to compare sleep measures of actigraphy and PSG in 

hemodialysis patients. Five sleep parameters were used for this comparison: sleep 

efficiency, sleep onset latency, percentage actual awake time, fragmentation index 
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Parameters Normal values  PSG Actigraphy
  Mean (sd) Mean (sd)
  HD HD 

TIB (min.) 300-600 528.7 (63.4) 562.3 (64.7)

AST (min.) > 350 394.3 (105) 377.3 (94)

AAT (%) < 10 20.5 (15.2) 27.6 (17.6)

SOL (min) < 30 21.3 (33.3) 21.3 (20.5)

SE (%) > 85 74.1 (17) 67.8 (17)

FI  < 15 27.0 (48) 64.4 (26.7)*

Table 1  Sleep parameters measured with actigraphy and PSG, including 
normal values for PSG. Normal values for PSG were taken from ref. 10

TIB: Time in bed;  AST: Actual sleep time; AAT: Intermittent awake time; SE:Sleep 

efficiency; SOL: Sleep onset latency; FRA: Fragmentation index

* p < 0.05: significant difference between  PSG and actigraphy
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exceeds results found in common used medical and psychological test. When 

insight in sleep architecture (different phases of the sleep) is necessary, PSG is 

obligatory. If there is no such necessity, actigraphy is an easy and objective method 

to screen sleep problems in hemodialysis patients.  
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Introduction

End-stage renal disease (ESRD) is associated with an increased prevalence of 

sleep disturbances [1,2]. In addition, the circadian sleep-wake rhythm, defining 

periods of low and high sleep propensity [3], may be negatively affected in this 

patient group due to the pathology of ESRD [1] and the dialysis process, causing 

daytime sleepiness and nocturnal insomnia [4]. The pineal hormone melatonin 

plays an important role in the synchronization of the circadian sleep-wake rhythm. 

In normal conditions, melatonin is secreted only during the night [5]. The onset 

of the evening rise in endogenous melatonin is called the Dim Light Melatonin 

Onset (DLMO) and may be defined as the first interpolated point above 4 pg/ml in 

saliva after which the endogenous melatonin concentration continues to rise [6]. In 

normal circumstances, this increase in endogenous melatonin level in the evening 

correlates with the onset of self-reported evening sleepiness [7] or with the increase 

in evening sleep propensity [8]. 

Renal replacement therapy in ESRD can be performed by means of hemodialysis 

and peritoneal dialysis. Hemodialysis involves diffusion of solutes across a 

semipermeable membrane, utilizing counter current f low, where the dialysate is 

f lowing in the opposite direction to blood f low in the extracorporeal circuit.  In 

peritoneal dialysis the peritoneum is used as the dialysis membrane. Sterile dialysis 

f luid is entered into the patient’s abdominal cavity and this f luid is saturated in 

time with water, salts and waste products, after which it is drained again from the 

abdominal cavity. This cycle of exchange can be repeated 4-5 times during the day 

(continuous ambulatory peritoneal dialysis, CAPD) or can be performed overnight 

with an automated system (automated peritoneal dialysis, APD). An absence of 

the nocturnal rise in melatonin concentration in daytime hemodialysis patients 

has been described earlier [9]. Little comparative data on sleep-wake rhythm 

disturbances between different dialysis groups exist, however. It has been reported 

that sleep disturbances affected hemodialysis patients more than peritoneal 

dialysis patients [10]. However, in other studies the type of dialysis and dialysis 

adequacy did not affect the prevalence of sleep disorders [11]. In one questionnaire 

study APD patients reported more sleep problems than CAPD patients [12]. Another 

study showed an alleviation of sleep apnea when changing from CAPD to APD [13].  

This report presents a number of sleep-wake parameters as measured by a 

questionnaire,  actigraphy and  melatonin measurements in a group of APD, 

conventional daytime hemodialysis (HD) and nocturnal hemodialysis (Nocturnal 

HD) patients. 

Koch BCP, Nagtegaal JE, Hagen EC, Ter Wee PM, Kerkhof GA. 
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Chapter 2d: Different melatonin rhythms and sleep-wake 
rhythms in patients on peritoneal dialysis, daytime hemodialysis 
and nocturnal hemodialysis

Abstract

Background 

Little comparative data on sleep-wake rhythms between different dialysis groups 

exist. The aim of this study was to investigate sleep-wake parameters measured 

with actigraphy and sleep questionnaires as well as melatonin rhythms in 

automated peritoneal dialysis, conventional daytime hemodialysis and nocturnal 

hemodialysis patients.  

Methods

Conventional daytime dialysis (n =20), nocturnal hemodialysis (n = 13) and automated 

peritoneal dialysis patients (n= 6) were included in the study. Melatonin in saliva 

was sampled at 5 time points (21:00-23:00-1:00-7:00-9:00). Furthermore, actigraphy 

measurements and sleep questionnaires were performed. All parameters were 

tested by Kruskall-Wallis test (followed by post hoc Dunn test) to find significant 

differences (p < 0.05). 

Results

Although most sleep parameters were impaired in all 3 groups, conventional 

daytime dialysis patients had the worst sleep. In nocturnal hemodialysis patients 

a normal nocturnal melatonin rise was found. In daytime hemodialysis and 

automated peritoneal dialysis patients this rise was absent.

Conclusions

The study showed impaired sleep parameters in all dialysis patient groups. As 

automated peritoneal dialysis is also performed during night time, the same effect 

on normalized melatonin was anticipated as was found in nocturnal hemodialysis, 

but appeared to be absent. Melatonin seems to play a subordinate role in the sleep-

wake rhythm of automated peritoneal dialysis patients. 

Prevalence

2

Chapter 2



82 83

Melatonin rhythm
Melatonin concentrations in saliva were sampled at 21:00 h, 23:00 h, 01:00 h, 

07:00 h and 09:00 h on a dialysis day (first day of the study period). Patients were 

asked to slowly move a cotton plug (Salivetten ®, Sarstedt Numbrecht Germany ©) in 

their mouth for one minute. Melatonin levels were measured by the commercially 

available Radio Immuno Assay kit (Bühlmann Laboratories). Saliva samples were 

kept at - 18 degrees Celsius until analyzed; then they were centrifuged (1000g, 2 

minutes). Aliquots of 400 microliter of saliva sample were added directly in assay 

tubes. The detection limit was 0.5 pg/ml. 

After the initial study, 3 APD patients were asked to sample melatonin in saliva 

every 2 hours between 9 am and 9 pm (in total: 6 samples per patient) to exclude 

a reversal of the melatonin rhythm (elevated daytime melatonin levels and an 

absence of the nocturnal melatonin rise). 

Sleep questionnaire: daytime function and subjective sleep experience
Sleep-wake characteristics were derived from the validated Dutch sleep 

disorders questionnaire [20]. In addition, patients were asked to keep a log of their 

sleep-wake schedule for 7 consecutive days. This monitoring included the times 

going to bed, falling asleep, final awakening, rising, number of awakenings and 

estimated sleep time. 

The mean levels of the parameters of the different nights after HD or with 

dialysis (APD or Nocturnal HD) were used in the analysis. 

Statistics
Median values and interquartile differences of the sleep questionnaire and 

actigraphy were calculated. The Statistical Package for Social Sciences (SPSS, Chicago, 

IL, USA) version 14 was employed for all statistical analysis. All parameters were 

tested by Kruskall –Wallis test (followed by post hoc Dunn test) to find significant 

differences (p < 0.05). Plots were made of melatonin concentrations. 

Results

Actigraphy, melatonin and questionnaire data of 6 APD patients (3 male, 

3 female), 20 HD (6 female, 14 male) and 13 Nocturnal HD patients (5 female, 8 

male) were analyzed. General characteristics of the patients are shown in Table 

1. Nocturnal HD patients are relatively younger than HD patients (p = 0.07). No 

difference in BMI between the 3 groups was found (χ2 0.29, p > 0.1). Dialysis 

adequacy, as can be seen in Table 1, was higher in Nocturnal HD patients than in 

APD (p = 0.04) and HD patients (p = 0.03). 

Methods

Patients with ESRD were asked to participate in the study. The Medical-Ethical 

Committee approved the protocol of the study (ClinicalTrials.gov: NCT00404456), 

and informed consent was obtained from all patients. HD patients (daytime 

hemodialysis in hospital 3 times a week, each dialysis lasting 3 to 4 hours), 

Nocturnal HD patients (nocturnal hemodialysis in hospital 4 nights a week, 8 

hours each night) and APD patients (automatic peritoneal dialysis at home 7 nights 

a week, 8 hours each night) were included in the study. Dialysis adequacy is the 

measurement of renal dialysis for the purpose of determining the efficacy of 

dialysis treatment regime and to better understand the pathophysiology of renal 

dialysis. The dominant way of measuring dialysis adequacy is the Kt/V method, 

according to Gotch’s standard weekly Kt/V (weekly stdKt/V, [14]). Kt/V determinants 

for peritoneal dialysis patients were calculated using the formula: D/Purea x (the 24 

hour peritoneal and residual renal urea clearance) x 7 (days of dialysis) divided by 

the distribution volume of urea. 

The use of exogenous melatonin was an exclusion criterion. On a Monday (in 

case of HD on a Tuesday if patients had a Tuesday-Thursday and Saturday regime) 

melatonin in saliva was sampled. Furthermore, actigraphy and the monitoring of 

sleep-wake schedules for 7 consecutive days were started the day following melatonin 

sampling, as nocturnal melatonin sampling can influence sleep parameters.

Actigraphy
Actigraphy is an established sleep monitoring method that records wrist 

movements and automatically discriminates rest-activity patterns interpreted 

in terms of sleep and wake periods [15, 16]. Model Actiwatch AW4 (Cambridge 

Neurotechnology Ltd®, Cambridge, United Kingdom) actometers were used. 

The actometer is placed on the wrist (of the arm without graft or fistula of the 

hemodialysis patients). The following parameters were calculated, according 

to standardized methods [17]: Actual Sleep Time (AST), defined as the duration 

of actually recorded sleep. Actual Awake Time (AAT) is the total duration of 

intermittent wake, i.e. the portion of wakefulness within the bed period. Sleep 

efficiency (SE) is the actual sleep time divided by time in bed and is well recognized 

measure of sleep quality. Sleep Onset Latency (SOL) is the difference between bed-

in time and sleep onset. Furthermore, Fragmentation Index (FRA) was calculated 

as an indicator for restlessness of the sleep. FRA is the total number of wake bouts 

divided by the total sleep time in hours. The mean levels of the parameters of the 

different nights after HD or with dialysis (APD and Nocturnal HD) were used in the 

analysis. Normal values are adapted from reference 18 and 19. 
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The average melatonin concentration in Nocturnal HD patients increased well 

above the DLMO threshold of 4 pg/ml in saliva (p < 0.05) and differed from the 

values for the APD and HD groups. After the initial study 3 APD patients were asked 

to sample melatonin in saliva during daytime from 9 am to 9 pm every 2 hours to 

exclude a reversal of the melatonin rhythm in this population. The concentrations 

found in this period in all 3 patients were between 0.5 and 3.0 pg/ml, excluding the 

possibility of a reversal of the melatonin rhythm. 

Sleep questionnaires: daytime function and subjective sleep experience
In Table 3 the results of the sleep questionnaires are shown. Wake periods at 

night were shorter in the Nocturnal HD group than in the HD group (p = 0.05). 

Furthermore, sleep times in the APD (p < 0.01) and Nocturnal HD groups (p < 0.01) 

exceeded those for the HD group. 

Actigraphy
In Table 2 the actigraphy results of all patients are displayed. HD patients 

tended to have a longer sleep onset latency than Nocturnal HD patients (p = 0.09). 

Furthermore, HD patients were more awake at nighttime than APD patients  

(p = 0.004). Actual sleep time and fragmentation index did not differ between the 

3 patient groups. Sleep parameters deviated from normal values, except for sleep 

onset latency ( all < 30 minutes) and actual sleep time which were normal (> 350 

minutes) in all groups. 

Melatonin rhythm
In Figure 1 melatonin concentrations in saliva in the different dialysis groups 

are displayed. In the APD and HD groups the rise in melatonin concentration was 

absent. In the Nocturnal HD patients the nocturnal rise in melatonin concentration 

was present. 
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Parameters Median  Median Median
 [Interquartile [Interquartile  [Interquartile 
 range] range] range] 
 HD Nocturnal HD APD 

Age (in years) 71[14.3]$ 58 [22.0]$ 59 [40]

BMI (kg/m2) 24.5 [4.7] 23.0 [4.4] 27.4 [2.9]

Dialysis durance 19 [20] 25 [20] 18.5 [18.5] 
(in months) 

Weekly (std)Kt/V  2.1 [1.7]$$/** 3.5 [0.4]$$ 2.1 [0.4]**
including residual 
renal function^  

Parameters Normal Median  Median Median
 values [Interquartile [Interquartile  [Interquartile
  range] range] range]
  HD Nocturnal HD APD 

Sleep onset  < 30 29.9 [44.3]$ 13.7 [17.0]$ 22.2 [19.8]
latency (min.) 

Sleep efficiency (%) > 85 69.5 [19.3] 73.0 [9.9] 79.9 [4.0]

Actual Awake  < 10 22.4 [19.4]** 25.4 [11.1] 16.8 [5.4]**
time (%) 

Actual Sleep > 350 368.0 [134.4]  392 [84.0] 449.7 [63.7]
Time (min.) 

Fragmention  n/a 3.9 [1.3] 4.8 [2.9] 4.5 [2.0]

index 

Table 1  The general characteristics of the different patient groups, displayed 
in median and interquartile range

Table 2  The results of the actometer on the night after/with dialysis 
(displayed as median and interquartile range)

HD: Conventional daytime hemodialysis patients; Nocturnal HD: Nocturnal 

hemodialysis patients; APD: Automated peritoneal dialysis patients

 $ p < 0.1 HD and Nocturnal HD, $$ p < 0.05 HD and Nocturnal HD, ** p < 0.05 APD and 

Nocturnal HD; ^ stdKt/V: Measurement for dialysis adequacy. Standardized Kt/V is an 

equivalent clearance defined by the initial urea concentration [14]

HD: Conventional daytime hemodialysis patients; Nocturnal HD; Nocturnal hemodialysis 

patients; APD: Automated peritoneal dialysis patients; n/a: Not applicable: Normal values 

are not known at this moment.

Normal values are adapted from reference 18 and 19. 

** p < 0.05 APD and HD, $ p < 0.1 Nocturnal HD and HD;
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Nocturnal HD and APD, which are both performed during nighttime, are 

associated with improved sleep parameters in comparison to HD. As can be seen in 

Table 1, patients with Nocturnal HD and APD seem younger, which may contribute 

to the improved sleep parameters, as we know from literature that sleep quality 

decreases with age [21].

With respect to sleep-wake rhythm, nocturnal dialysis (APD and Nocturnal 

HD) has advantages. The sleep promoting effects of dialysis [4] coincide with the 

appropriate and conventional time of day. Among these proposed sleep promoting 

effects of hemodialysis are the elevated production of interleukin-1 during dialysis 

leading to sleep induction [22] and the induction of imbalances of brain and serum 

osmolarity (disequilibrium syndrome)[23], which is associated with a depression of 

alertness and arousal [4,23]. Furthermore, hemodialysis causes an elevation in body 

temperature (partly accounted by interleukin-1). This increase in body temperature 

triggers cooling processes and thus increases sleepiness [4].

In this way, the shift to nocturnal dialysis could restore the normal temporal 

relationship between the sleep period and the other rhythms of the circadian 

system, resulting in an improved quality of both sleep and daytime functioning 

[24,25]. These improvements could be enhanced by the better clearance of toxins 

due to longer dialysis. 

Discussion 

This study suggests impaired objective and subjective sleep parameters in 

conventional daytime hemodialysis, nocturnal hemodialysis and nocturnal 

peritoneal dialysis. Sleep efficiency and awake time are impaired in dialysis 

patients in comparison to normal values. Comparing the three groups, conventional 

daytime dialysis patients (HD) have the worst sleep, especially when measured with 

the subjective method of sleep questionnaires. Although the sleep parameters of 

automatic peritoneal dialysis (APD) and nocturnal hemodialysis (Nocturnal HD) 

patients are not significantly different, APD patients seem to have the best sleep 

of the three patients groups. Melatonin rhythm in HD and APD patients is absent. 

With Nocturnal HD, however, melatonin rhythm is recovered.
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Figure 1

The melatonin values measured in saliva of conventional daytime hemodialysis (HD) patients, 

automated peritoneal dialysis (APD) and nocturnal hemodialysis patients (Nocturnal HD).  

On the horizontal axis the time (in hours) is outlined and on the vertical axis the concentration 

in saliva (in pg/ml) is outlined. 

Parameters Median  Median Median
 [Interquartile [Interquartile  [Interquartile 
 range] range] range] 
 HD Nocturnal HD APD 

Daytime napping 7.5 [45] 30 [45] 0 [30] 
(min.) 

Sleep onset latency 37.5 [45.0] 15 [25] 15 [10] 
(min.) 

Wake periods 32.5 [55.0]$ 15 [8.8]$ 30 [30]
(min.) 

Sleep time (min.) 300.0 [247.5]**/$$ 480 [75]$$ 360 [240]**

Table 3  The results of the sleep questionnaire on the night after/with dialysis 
(displayed as median and interquartile range)

HD: Conventional daytime hemodialysis patients; Nocturnal HD: Nocturnal 

hemodialysis patients; APD: Automated peritoneal dialysis patients
$ p < 0.1 HD and Nocturnal HD; ** p < 0.05 APD and HD; $$ p < 0.05 HD and Nocturnal HD
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of sleep apnea on melatonin rhythm in these patients is unclear. Further studies 

with apnea measurements are needed to investigate the influence of sleep apnea 

on sleep and melatonin rhythm in peritoneal and hemodialysis patients. This 

recommendation also applies for the presence of restless legs in peritoneal dialysis 

and (nocturnal) hemodialysis patients. 

The melatonin rhythm was significantly different in APD patients in 

comparison to Nocturnal HD patients. Melatonin rhythm was absent in APD 

patients, but present in Nocturnal HD patients. As APD is also performed during 

nighttime, the same effect on normalized melatonin rhythm as in Nocturnal HD 

was suspected. The reason for this difference at present is unknown. Maybe, the 

autonomic function, which is important in melatonin synthesis, seems to be more 

deregulated in APD patients than in HD patients [29]. The higher toxin clearance 

with Nocturnal HD in comparison to APD (as can be seen in Table 1: Kt/V) might 

also lead to a better melatonin rhythm in Nocturnal HD patients. In addition, there 

are other differences between hemodialysis and peritoneal dialysis, such as small/

middle molecule removal capacity, protein loss, effects on blood/body f luid volume 

and blood glucose, which might affect melatonin rhythm. 

Furthermore, circulating melatonin levels decrease during lifetime, but the 

rhythm with its nocturnal rise is preserved with age. In the current study, we 

measured an older population, and therefore, the melatonin concentrations can be 

lower than expected in a younger population [30]. In Nocturnal HD patients a trend 

was seen towards a younger population in comparison to the HD group. It could 

be expected that this age difference might have affected the melatonin levels. The 

melatonin rhythm, however, is preserved with age. As the rhythm was absent in 

HD patients, this is probably not the result from a difference in age. This study 

shows that despite the diminished melatonin production, APD patients seem to 

have less sleep problems than HD patients. Perhaps, the melatonin rhythm plays a 

less significant role in the sleep behavior of APD patients. Larger studies are needed 

to further describe the sleep pattern and the effect of melatonin rhythm on sleep 

in the APD patient group. 

To exclude a reversal of the melatonin rhythm in APD patients (showing the 

normal nocturnal surge at daytime), 3 APD patients were asked after the initial 

study to sample melatonin during daytime measuring melatonin in saliva every 2 

hours. Low melatonin levels were found during daytime, excluding the possibility 

of a reversed melatonin rhythm.

In conclusion, we have demonstrated that sleep parameters in (Nocturnal) HD 

and APD patients are impaired. HD showed the worse sleep. Melatonin rhythm 

was absent in APD and HD patients and had recovered in Nocturnal HD patients.  

Although melatonin rhythm is impaired in both APD and HD, APD patients seem to 

have less sleep problems than HD patients. Melatonin seems to play a subordinate 

role in the sleep-wake rhythm of APD patients. 

These results confirm previous observations of an absence of a nocturnal 

melatonin rise in patients suffering from ESRD on HD [9,10]. In Nocturnal HD 

patients, however, the melatonin rhythm is recovered. The disturbance of circadian 

melatonin rhythm can be explained by several mechanisms. Daytime hemodialysis 

(as in HD) and its sleep inducing processes result in a disturbance of sleep hygiene 

due to daytime sleepiness and ultimately nocturnal insomnia [1,4]. Disturbed sleep 

hygiene can lead to a disturbance of sleep-wake rhythm. This disturbance of the 

circadian rhythm can affect the normal onset of melatonin production by the pineal 

gland [4]. Furthermore, the decline in melatonin levels was shown to be due to 

impairment in beta adrenoreceptor mediated responsiveness in renal insufficiency 

[9,26,27]. The adrenergic system plays an important role in the synthesis of serotonin 

N-acetyltransferase (NAT), the key enzyme in melatonin biosynthesis. Suppression 

of NAT was observed in rats rendered uremic by partial nephrectomy [27].  It is 

hypothesized that if the normal synchronization between sleep-wake behavior 

and the circadian system is restored with nocturnal dialysis, the endogenous 

melatonin concentration will be characterized by its normal nocturnal rise. These 

improvements could be enhanced by the better clearance of toxins due to longer 

dialysis. The nocturnal melatonin rise was indeed recovered during nocturnal 

hemodialysis. Consequently, at this moment it is difficult to be sure if the re-

establishment of sleep-wake pattern and melatonin rhythm mostly results from the 

greater dialysis effectiveness during nighttime or from the time of day of dialysis 

treatment. More research is needed as both possibilities are plausible.   

Comparisons between the Nocturnal HD group and the other two groups (APD 

and Nocturnal NHD) might have been influenced by the location of the sleep. With 

APD and HD all melatonin and actigraphy measurements were performed at home, 

while in Nocturnal HD actigraphy measurements during 4 of the 7 nights were 

conducted in the hospital and melatonin sampling at 23:00 and 1:00 was performed 

in the hospital. With Nocturnal HD 10 patients slept in the hospital in the same 

room, dialyzing 8 hours. The presence of other patients and disturbances like 

alarm clocks might negatively affect their sleep and melatonin rhythm. Nocturnal 

HD resulted in comparable sleep with the other groups and the “best”  melatonin 

rhythm. It could be hypothesized that if Nocturnal HD is performed at home, 

the results would be even better due to the lack of interference of other patients. 

However, it is impossible for the dialysis population on Nocturnal HD to undergo 

the same treatment at home. 

As we measured sleep by means of actigraphy, the presence of sleep apnea was 

not assessed. Apart from the appropriate time of sleep-inducing dialysis treatment, 

compared to HD, the improvements in sleep with Nocturnal HD might result 

from less f luid overload. Less f luid overload with Nocturnal HD can lead to less 

sleep apnea, which has been found by Hanly et al [28]. Less sleep apnea might have 

positively affected the improved sleep in Nocturnal HD. At the moment, the effect 
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Introduction

Chronic Kidney Disease (CKD) is associated with circadian rhythm disturbances, 

such as sleep-wake problems, that have a major influence on quality of life and 

morbidity [1,2]. Circadian rhythms are f luctuations in body functions within a 

period of about 24 hours (Figure 1). They are driven by the biological “clock” located 

in the hypothalamic suprachiasmatic nucleus.

Circadian rhythms are described as having a ‘mean’, a ‘period’, an ‘amplitude’, 

an ‘acrophase’ (time of the peak level) and a ‘bathyphase’ (time of the through level) 

[3]. Individual peripheral tissue-specific oscillators, which are under the influence 

of the master circadian pacemaker in the suprachiasmatic nucleus, might be 

disturbed in CKD due to impaired partial oxygen pressure and blood f low in the 

kidney [3,4, 5]. Indeed, CKD patients often exhibit a deregulated circadian blood 

pressure rhythm, such as nocturnal non-dipping profile [6] which is a risk factor 

for cardiovascular disease. 

 The pineal hormone melatonin, which is normally only secreted during the 

night, is an important marker of the circadian timing system [7]. Melatonin levels 

are usually near undetectable during daytime. The onset of the evening rise of 

endogenous melatonin is called the Dim Light Melatonin Onset (DLMO) and can 

be calculated as the first interpolated point above 10 pg/ml after which the serum 

Koch BCP, Van der Putten K, Van Someren EJW, Wielders JPS, Ter Wee PM, Nagtegaal JE, 

Gaillard CAJM. 
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Chapter 3a: Impairment of endogenous melatonin rhythm is 
related to the degree of chronic kidney disease (CREAM study)

Abstract

Background

The nocturnal endogenous melatonin rise, which is associated with the onset of 

sleep propensity, is absent in hemodialysis patients. Information on melatonin 

rhythms in chronic kidney disease (CKD) is limited. Clear relationships exist 

between melatonin, core body temperature and cortisol in healthy subjects. In 

CKD, no data are available on these relationships. The objective of the study was to 

characterize the rhythms of melatonin, cortisol and temperature in relationship to 

renal function in patients with CKD.    

Methods

From twenty-eight patients (mean age 71 years) with various degrees of renal 

function, over a 24-hour period, blood samples were collected every 2 hours. An 

intestinal telemetric sensor was used to measure core temperature. The presence 

of diurnal rhythms was examined for melatonin, temperature and cortisol. 

Correlation analysis was performed between Cockcroft-Gault-GFR (GFR), melatonin, 

cortisol and temperature parameters. 

Results

The mean GFR was 57 ± 30 ml/min. The subjects exhibited melatonin (n= 24) and 

cortisol (n= 22) rhythms. GFR was significantly correlated to melatonin amplitude 

(r = 0.59, p = 0.003) and total melatonin production (r = 0.51, p = 0.01), but not 

to temperature or cortisol parameters. Interestingly, no associations were found 

among the parameters of temperature, melatonin and cortisol.  

Conclusions

The data warrant follow-up research into circadian rhythms in patients with 

CKD. As melatonin levels decreased with advancing renal dysfunction, melatonin 

supplementation may be evaluated in the management of sleep disturbances in 

CKD.
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Figure 1

Overview of the circadian rhythms of cortisol, melatonin, body temperature and alertness 

under normal circumstances. (Adapted from Brainard, G.C ‘Photoreception for Regulation of 

Melatonin & Circadian System’ 5th International LRO, Lighting Research Symposium, Orlando 

2002). On horizontal axis the time of day (in hours) is given. The vertical axis presents the 

activity of the parameter.  
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at 20.1 ng/l. The detection limit was 0.5 pg/ml.  All samples originating from one 

subject were analyzed in the same run. 

 Cortisol levels were measured by a competitive chemiluminescent enzyme 

immunoassay on an IMMULITE 2000 platform (Siemens Healthcare Diagnostics, 

Breda, the Netherlands) having an inter-assay CV of  9.6 % at 0.43 umol/l. Aliquots 

of 200 microliter of serum sample were added directly in assay tubes. The detection 

limit was 0.03 µmol/l.

Furthermore standard laboratory parameters were measured. Glomerular 

Filtration Rate (GFR) was calculated via the Cockcroft-Gault method. 

Core body temperature
Core body temperature was continuously measured by means of a Jonah 

capsule® (Respironics, Bend OR, USA). This capsule is a disposable ingestible core 

body temperature sensor that telemetrically transmits information to a monitor, 

which has to stay less than 0.5 meter from the ingested capsule. Transmissions 

begin approximately one minute after activation and are repeated approximately 

every 15 seconds thereafter. Due to individual variation of gastrointestinal motility 

the first 2 hours of data collection were deleted, as only intestinal positioning of 

the capsule provides valid data [17]. 

concentration continues to rise [8]. This rise is associated with the onset of sleep 

propensity in healthy subjects [9]. In addition, endogenous melatonin reinforces 

the nocturnal decrease of central temperature, facilitated by increases in skin 

blood f low [10], an event which facilitates sleep propensity [11].  Furthermore, it has 

been suggested that melatonin can affect the production of cortisol in primates 

[12]. The nocturnal endogenous melatonin rise is absent in hemodialysis patients 

[13,14]. Information on melatonin rhythm in CKD patients before initiating dialysis 

treatment is limited.  

The main objective of this study was to investigate the relationship between 

melatonin rhythm and renal function in CKD patients. If indeed melatonin rhythm 

is impaired in these patients, exogenous melatonin might restore the melatonin 

rhythm and improve sleep, as was demonstrated in hemodialysis patients [15]. 

The secondary objective was to investigate the circadian rhythms of cortisol and 

core body temperature and their synchronization with melatonin rhythm in CKD 

patients. 

Methods

The study population consisted of patients with various degrees of renal function 

(n = 32), admitted to our hospital. The patients were stable, not acutely ill and were 

awaiting a procedure, such as an elective surgical procedure. The inclusion and 

exclusion criteria are outlined in Table 1. The Medical-Ethical Committee approved 

the protocol of the study (ClinicalTrials.gov: NCT00698360), and informed consent 

was obtained from all subjects. 

Study protocol
 The subjects followed a semi-constant routine protocol and stayed in a dimly 

lit room. From 6 pm till 8 am the intensity of the ambient light was less than 20 

lux and from 8 am till 6 pm the intensity of the ambient light was less than 200 

lux [16]. Over a 24-hour period, blood samples were collected every 2-3 hours (access 

via a permanent peripheral intravenous cannula) in 6-ml serum tubes and allowed 

to clot for 10 minutes at room temperature. Thereafter, samples were immediately 

centrifuged and separated in 1 ml-aliquots and stored at -70°C until assay. Core 

body temperature was continuously measured using telemetry (see below). 

Analysis of laboratory parameters
Melatonin levels in serum were measured by the commercially available RIA 

kit (Bühlmann Laboratories, Allschwill, Switzerland). Aliquots of 400 microliter of 

serum sample were added directly in assay tubes, having an inter-assay CV of 17.8 % 
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Inclusion Criteria

Age >18 years, <85 years

Cockcroft-Gault-GFR > 10 ml/min

Exclusion Criteria

Acute renal failure ( Δ Cockcroft-Gault-GFR >10 ml/min in 2 proceeding weeks)

Instable Angina Pectoris 

Heart failure NYHA class IV

Hypoxia (SO2 < 95%)

Treatment with erythropoietin, melatonin or hypnotics

Deficiency of iron, folate and/or vitamin B12 

Hemoglobinopathies, bleeding or hemolysis as a cause of anemia

Chronic inflammatory disease or clinically significant infection

Alcohol and/or drug abuse

Table 1  Inclusion and Exclusion Criteria

GFR: Glomerular Filtration Rate; SO2: Oxygen Saturation; NYHA: New York Heart 

Association
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Melatonin
Figure 2 shows the different mean melatonin concentrations at different time 

points in different renal function groups of all patients (n = 28). The patients 

with the worst renal function (GFR < 30 ml/min) had the lowest mean melatonin 

concentrations and patients with the best renal function (GFR > 80 ml/min) had the 

highest melatonin concentrations. In the group with the worst renal function the 

DLMO concentration of 10 pg/ml was reached. However, the normal rise above this 

value was not observed in this patient group, as can be seen in Figure 2.

The melatonin rhythm parameters are presented in Table 3. The goodness of 

fit for the melatonin curve (R2) was 0.95 ± 0.02 (mean ± SEM). In our patient group 

24 patients expressed a melatonin rhythm. In these patients the amplitude of the 

melatonin rhythm was correlated with GFR (r = 0.59, p = 0.003), as shown in Figure 3.

Statistical analysis
The presence of 24-hour rhythms time series was set to be examined by fitting 

of a dual harmonic cosine function for temperature, a baseline cosine function for 

melatonin and a skewed cosine function for cortisol [18-21]. 

In case of non-symmetrically distributed parameters, the data were log-

transformed before correlations were calculated. This was the case for total 

melatonin production. Pearson correlation analysis was performed to quantify the 

associations between the descriptive parameters for renal function and the rhythms 

in melatonin cortisol and core body temperature. p-values < 0.05 were considered to 

represent statistical significance. The Statistical Package for Social Sciences (SPSS, 

Chicago, IL, USA) version 17 was employed for all statistical analysis.  

Results

The 24 hour study period was completed by 28 patients, as hospital discharge (n 

= 3) and problems with blood f low (n = 1) through the cannula excluded 4 patients. 

The general characteristics of the patients are displayed in Table 2. The mean age 

was 71 and 8 female patients were included. 
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3Variable Mean ± SD (unless otherwise stated)

Age (years) 71.3 ± 6.8

Gender (M:F) 20 : 8

BMI (kg/m2) 

 Median 25.8

 Interquartile range 24.3-28.1

Diabetes 29 %

Smoking 14 %

Hemoglobin (g/dl) 13.3 ± 1.4

eGFR (Cockcroft-Gault) (ml/min/1.73m2) 61 ± 34.9

Systolic blood pressure (mmHg) 125 ± 20

Diastolic blood pressure (mmHg) 73 ± 14

Table 2  Baseline Characteristics, expresses as mean ± SD

BMI: Body Mass Index; eGFR: estimated Glomerular Filtration Rate; M: Male; F: Female; 

SD: Standard Deviation
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Figure 2

Mean melatonin concentrations in 4 groups with increasingly affected renal functions  

(n= 28). The error bars ref lect the standard deviations. The horizontal axis ref lects the time of 

day (in hours). The vertical axis ref lects the mean melatonin concentration (in pg/ml). 
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amplitude could not be determined and only the timing and the level of the 

nocturnal minimum was established after smoothing (centered rectangular 15 

minute moving average). The temperature data are shown in Table 3. 

Correlations between temperature minimum (p = 0.26) and GFR or temperature 

bathyphase (p = 0.07) and GFR were not to be established. Furthermore, no 

correlations, in contrast to normal observations, were found between the 

temperature bathyphase and the cortisol bathyphase (p = 0.201) or between the 

temperature bathyphase and melatonin acrophase (p = 0.24).

Discussion 

The main finding of our study is that renal function is associated with 

melatonin amplitude as well as total melatonin production. Renal function was not 

associated with cortisol or body temperature rhythm parameters. Interestingly, no 

association between the phases of the rhythms of melatonin, cortisol and core body 

temperature could be detected.  

The log-transformed total 24-hour melatonin production (area under the curve, 

AUC) was also correlated with GFR (r = 0.51, p = 0.01). 

Cortisol
The cortisol rhythm parameters are shown in Table 3. The goodness of fit for the 

cortisol curve (R2) was 0.72 ± 0.02 (mean ± SEM). Most patients (n=22), as expected, 

exhibited a cortisol rhythm. No correlations between cortisol amplitude and GFR 

(p = 0.52) and between melatonin amplitude and cortisol amplitude (p = 0.53) were 

found in the patients with a cortisol rhythm. In addition, no associations between 

melatonin acrophase and cortisol acrophase (p = 0.11) and between melatonin 

acrophase and cortisol bathyphase (p = 0.24) were found. 

Core body temperature
Due to instabilities of the temperature curves and missing data during daytime 

(unfortunately often observed in these temperature studies [16]), the temperature 
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Melatonin (n = 24, no detectable rhythm in 4 patients)

Parameters  Median [interquartile range] 

Acrophase (hours) 03:16 [2:49-3:56]

Time above baseline (minutes) 294 [18-393] 

Amplitude (pg/ml) 28 [17-74] 

Production (Area Under the Curve)  646 [536-756]
(pg/ml*minute)  

Cortisol (n=22, no detectable rhythm in 6 patients) 

Parameters  Median [interquartile range] 

Acrophase (hours) 07:22 [6:10-8:46]

Cortisol maximum (µmol/l) 0.43 [0.38-0.52]

Bathyphase (hours) 0:30 [22:59-1:44] 

Cortisol minimum (µmol/l) 0.09 [0.0-0.16]

Amplitude (µmol/l) 0.31 [0.24-0.42] 

Core Body Temperature (n = 28) 

Parameters  Median [interquartile range] 

Temperature minimum (°C) 36.9 [36.4-37.0]

Bathyphase (hours) 04:42 [03:11-05:49]

Table 3  Rhythm characteristics of melatonin, cortisol and core body 
temperature, expressed as median and interquartile range
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Scatter plot of melatonin amplitude versus GFR in the patients with a melatonin rhythm 

(n = 24). The horizontal axis ref lects the estimated GFR (in ml/min/1.73 m2). The vertical 

axis ref lects the melatonin amplitude (in pg/ml); Abbreviations: eGFR: Estimated Glomerular 

Filtration Rate. 
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[31]. Daytime sleepiness may impair the regulation of the sleep-wake rhythm.  

This dysregulation might negatively affect the melatonin rhythm.

Melatonin can also be deregulated due to erythropoietin-deficiency anemia as 

often found in CKD patients [5]. Further studies are required to determine whether 

endogenous erythropoietin directly influences the production of melatonin or 

that differences in melatonin rhythm are mediated through the correction of 

the anemia with exogenous erythropoietin. Finally, medication can impair the 

melatonin production. Betablockers and benzodiazepines, often used in the CKD 

population, can f latten the normal nocturnal rise [28]. Benzodiazepines were 

not used during our study, but betablockers were still used (n = 23). As the use of 

betablockers was equally divided across the different levels of renal function, the 

association of renal dysfunction with melatonin levels cannot have resulted from 

betablocker use (F = 4.23, p = 0.18). 

 

Core body temperature 
In healthy persons, core body temperature variations over time follow an 

asymmetric sinusoidal rhythm with the temperature minimum normally occurring 

between 4 am and 6 am. Sleep propensity is closely linked to core body temperature, 

probably most specifically to the temperature of the skin [32]. Abnormalities in 

the rhythms in core and skin temperature have been reported in some patients 

with insomnia [33]. Dialysis patients show impaired nerve conduction, possibly 

due to uremia [34]. Patients with proteinuria exhibit impaired vascular endothelial 

function, which can result in impairment in blood f low response to heating in the 

skin [35], which leads to less thermal conductivity [36]. These observations led us 

to investigate whether CKD patients have an abnormal core body temperature. We 

failed to find an association with CKD severity and core body temperature, however. 

Additional studies are needed to confirm the absence of such relationship, as well 

as to investigate possible alterations in skin temperature regulation, which are 

associated with sleep problems in dialysis patients [37]. 

Melatonin has been proposed to be an endogenous synchronizer, able to stabilize 

circadian rhythms under normal circumstances [28]. The effect of melatonin on 

the temperature rhythms, under normal circumstances, meets this hypothesis 

[10,11]. In our patient group, the timing of the core body temperature minimum 

was not associated with the timing the melatonin peak. Autonomic deregulation 

may be involved here [38], which might dissociate circadian rhythms. It is also 

possible that the normal synchronization aspects of endogenous disappear when 

melatonin rhythm is impaired, which might result to a dissociation of melatonin 

and temperature rhythm. Further research on this theory is needed. 

Cortisol
Cortisol is synthesized in the adrenal gland under influence of ACTH. Under 

Melatonin
To our knowledge, this is the first study that shows a direct association 

between a decrease in renal function and decreases in melatonin rhythm and 

melatonin production. Patients with the worst renal function, shown in Figure 

2, still expressed a DLMO concentration of 10 pg/ml. However, the normal rise 

above this value was not to be established. Recently, we have found an abolished 

nocturnal melatonin rise daytime hemodialysis patients [15]. After administration 

of exogenous melatonin in hemodialysis patients the absent endogenous melatonin 

rise was recovered and an improvement in objective as well as subjective sleep was 

measured. The results of the present study suggest a possible role for exogenous 

melatonin to restore melatonin rhythm in CKD patients.

In addition to a role in sleep-wake rhythm, other effects of endogenous 

melatonin in CKD need further investigation. For example, endogenous melatonin 

was found to have a stimulating and protective effect on activity and quantity of 

anti-oxidative stress enzymes [22,23]. This property can be of interesting value 

in this patient group as oxidative stress is often seen in CKD patients. A primed 

state of polymorphonuclear cells, responsible for oxidative stress in hemodialysis 

patients, was associated with lower nocturnal plasma melatonin levels [24]. In 

addition, melatonin has also been associated with the immune response, impairing 

the mounting of an inflammatory response, while melatonin produced at the site 

of the injury by immune-competent cells exerts anti-inflammatory effects [25]. 

Exogenous melatonin has also been useful in restoring the dipping profile in male 

patients with essential hypertension [26]. Further studies are needed to establish 

the role of exogenous melatonin in these processes in CKD patients. 

Earlier studies in hemodialysis patients found an absence in nocturnal 

melatonin rise [13,14]. When comparing CKD patients stage 4 and hemodialysis 

(HD) patients, the concentration at night was even lower in HD patients, which 

suggests an additional effect of the dialysis process on the melatonin rhythm [14], 

which is – as we here demonstrate – already compromised in CKD patients. 

Several factors affect the production of melatonin in CKD. Firstly, a decline 

in melatonin levels has been reported to be the result of an impairment in beta 

adrenoreceptor mediated responsiveness in renal insufficiency [27]. The adrenergic 

system plays an important role in the synthesis of serotonin N-acetyltransferase 

(NAT), the key enzyme in melatonin biosynthesis [28]. Although suppression of NAT 

was observed in rats rendered uremic by partial nephrectomy [29], research on NAT 

concentrations has not been performed in humans with CKD. Secondly, metabolic 

acidosis and reduction of airway muscle tone due to accumulation of uremic toxins 

result in an increased prevalence of sleep apnea in CKD, which is also associated 

with disturbed melatonin levels, although found during the afternoon [30]. 

However, as we did not research the prevalence of sleep apnea in our population, we 

cannot confirm this. Thirdly, uremia has been associated with daytime sleepiness 

Circadian rhythm in chronic kidney disease Chapter 3

3



104 105

References

1. De Santo RM, Bartiromo M, Cesare MC, et al. Sleeping disorders in early chronic kidney 

disease. Semin Nephrol. 2006; 26: 64-7. 

2. Parker KP. Sleep disturbances in dialysis patients. Sleep Med. Rev. 2003; 7: 131-143.

3. Minors DS, Waterhouse JM. Circadian rhythms and their mechanisms. Experientia. 1986 

42:1-13. 

4. Koopman MG, Koomen, GC, Krediet RT, et al. Circadian rhythm of glomerular filtration 

rate in normal individuals. Clin Sci (Lond). 1989; 77, 105-111.

5. Vaziri ND, Oveisi F, Reyes GA, et al. Dysregulation of melatonin metabolism in chronic 

renal insufficiency: role of erythropoietin-deficiency anemia. Kidney Int 1996; 50: 653-656.

6. Farmer CK, Goldsmith DJ, Cox J, et al. An investigation of the effect of advancing uraemia, 

renal replacement therapy and after renal transplantation on blood pressure diurnal 

variability. Nephrol Dial Transplant 1997; 12: 2301-2307.

7. Claustrat B, Brun J, Chazot G. The basic physiology and pathophysiology of melatonin. 

Sleep Med Rev. 2005; 9:11-24. 

8. Lewy AJ, Sack RL. The dim light melatonin onset as a marker for circadian phase position. 

Chronobiol Int. 1989; 6: 93-102.

9. Tzischinsky, O, Shlitner A, Lavie Pl. The association between the nocturnal sleep gate 

and nocturnal onset of urinary 6-sulfatoxymelatonin. J Biol Rhythms 1993; 8: 199-209. 

10. Van der Helm – Van Mil AHM, Van Someren EJW, Van den Boom R, et al. No inf luence 

of melatonin on cerebral blood f low in humans. J Clin Endocrinol Metab 2003; 88: 5989-

5994. 

11. Van Someren EJW. Sleep propensity is modulated by circadian and behavior-induced 

changes in cutaneous temperature. J Therm Biol 2004; 29: 437-444. 

12. Torres-Farfan C, Richter HG, Rojas-García P. et al. Mt1 melatonin receptor in the primate 

adrenal gland: inhibition of adrenocorticotropin-stimulated cortisol production by 

melatonin.  J Clin Endocrinol Metab 2003; 88: 450-458. 

13. Koch BC, Hagen EC, Nagtegaal JE, et al. Effects of nocturnal hemodialysis on melatonin 

rhythm and sleep-wake behavior: an uncontrolled trial. Am J Kidney Dis. 2009: 53: 658-

664. 

14. Karasek M, Szuflet A, Chrzanowski W, et al. Decreased melatonin nocturnal 

concentrations in hemodialyzed patients. Neuro Endocrinol Lett. 2005; 26: 653-656. 

15. Koch BC, Nagtegaal JE, Hagen EC, et al. The effects of melatonin on sleep-wake rhythm 

of daytime hemodialysis patients: a randomized, placebo-controlled, cross-over study 

(EMSCAP study). Br J Clin Pharmacol. 2009; 67: 68-75.

16. Nagtegaal JE, Kerkhof GA, Smits MG, et al. Delayed sleep phase syndrome: A placebo-

controlled cross-over study on the effects of melatonin administered five hours before 

the individual dim light melatonin onset. J Sleep Res. 1998; 7: 135-143. 

17. McKenzie JE, Osgood DW. Validation of a new telemetric core temperature monitor. 

Journal of Thermal Biology 2004; 29: 605-611

normal circumstances it exhibits a circadian rhythm (Figure 1). Normal levels of 

cortisol can be found in the range of 0.15-0.70 µmol/l during daytime and below 

0.20 µmol/l at nighttime. As the kidney contributes to the excretion of cortisol, the 

serum half-life of cortisol becomes prolonged in advanced CKD [39]. Both normal 

and elevated levels of serum cortisol have been reported in CKD [40, 41]. We found 

cortisol levels in CKD not to be markedly different to reported normal values. The 

cortisol levels were also not related to renal function.

Furthermore, we did not find an association between cortisol rhythm 

parameters and renal function. Most patients exhibited a normal cortisol rhythm, 

which has also been shown in children with CKD [42]. Besides this paper from 

1975, there is a paucity of research on cortisol and circadian rhythm in CKD. Due 

to frequently-observed sleep-wake disturbances in CKD patients, affected cortisol 

rhythms might have been expected [43]. For example, Knutson et al. reported that 

partial sleep deprivation resulted in changes in cortisol [44]. As patients in our 

study were admitted to the hospital, it should be noted that the environment in 

which cortisol is assessed affects its diurnal profile; for example humans measured 

in a hospital setting showed elevated levels respective to their home-assessed levels, 

especially in the evening [45]. 

Experimental studies have suggested melatonin to affect cortisol and sleep-

wake rhythms [7, 13]. However, in patients with abnormal melatonin profiles, ACTH 

and cortisol levels were not changed [46]. Normal nocturnal melatonin levels have 

also been found in patients with steroid production disorders [47]. In our study we 

also did not find a relationship between melatonin and cortisol. 

In conclusion, we have demonstrated that melatonin production is increasingly 

compromised with advancing renal dysfunction, and that CKD patients may have 

compromised coupling of melatonin, cortisol and temperature rhythms. Our 

findings suggests a promising possibility for the application of exogenous melatonin 

to mimic the endogenous melatonin rhythm with the aim of enforcing coherence 

between rhythms and improving sleep disturbances in patients with CKD. 

 

Circadian rhythm in chronic kidney disease Chapter 3

3



106 107

35. Van Ree RM, Oterdoom LH, de Vries AP, et al. Circulating markers of endothelial 

dysfunction interact with proteinuria in predicting mortality in renal transplant 

recipients. Transplantation 2008; 86:1713-1719. 

36. Petrofsky JS, McLellan K, Bains GS, et al. Skin Heat Dissipation: The inf luence of diabetes, 

skin thickness, and subcutaneous fat thickness. Diabetes technology & Therapeutics 2008; 

10: 487-494. 

37. Parker KP, Bailey JL, Rye DB, et al. Lowering dialysate temperature improves sleep and 

alters nocturnal skin temperature in patients on chronic hemodialysis. J Sleep Res 2007; 

16:42-50. 

38. Hathaway DK, Cashion AK, Milstead EJ. et al. Autonomic dysregulation in patients 

awaiting kidney transplantation. Am J Kid Dis. 1998; 32: 221-229.

39. Palmer BF. Metabolic disturbances in chronic renal failure. Saudi J Kidney Dis Transpl 

2002; 13: 273-280. 

40. Nolan GE, Smith JB, Chavre VJ, et al. Spurious overestimation of plasma cortisol in 

patients with chronic renal failure. Endocrinol Metab. 1981; 48: 95-95. 

41. Rosman PM, Benn R, Kay M, et al. Cortisol binding in uremic plasma. Absence of abnormal 

cortisol binding to corticobinding globulin. Nephron 1984; 37: 160-165. 

42. Betts PR, Howse PM, Morris R, et al. Serum cortisol concentrations in children with 

chronic renal insufficiency. Arch Dis Child. 1975  50: 245-247. 

43. Taheri S. Sleep and metabolism; bringing pieces of the jigsaw together. Sleep Med Rev. 

2007; 1: 159-162.

44. Knutson KL, Steiger K, Penev P, et al. The metabolic consequences of sleep deprivation. 

Sleep Med Rev 2007; 1: 163-178. 

45. Scheer FA, Van Paassen B, Van Montfrans GA, et al. Human basal cortisol levels are 

increased in hospital compared to home setting. Neurosc Letters 2002; 333: 79-82.

46. Vaughan GM. Melatonin in humans. Pineal Res Rev 1984; 2: 141-202. 

47. Werner S, Brismar K, Wetterberg L, et al. Circadian rhythms of melatonin, prolactin, 

growth hormone, and cortisol in patients with pituitary adenomas, empty cell syndrome 

and Cushing syndrome due to adrenal tumors. Adv Biosc 1981; 29: 357-363. 

18. Van Someren EJ, Nagtegaal E. Improving melatonin circadian phase estimates. Sleep Med. 

2007; 6: 590-601. 

19. Ruf T. The baseline cosinus function: a periodic regression model for biological rhythms. 

Biol Rhythm Res 1996; 27:153-165. 

20. Batschelet E (ed). Circular Statistics in Biology, Academic Press; London, 1981. 

21. Bardsley WG, Bukhari NAJ, Ferguson MWJ, et al. Evaluation of model discrimination, 

parameter estimation and goodness of fit in nonlinear regression problems by test 

statistics distributions. Computers Chem 1995; 19: 75-84.

22. Poeggeler B, Reiter RJ, Tan DX, et al. Melatonin, hydroxyl radical-mediated oxidative 

damage, and aging: a hypothesis. J Pineal Res.1993; 14:151-68.

23. Reiter RJ. Melatonin: clinical relevance. Best Pract Res Clin Endocrinol Metab. 2003; 17: 273-

85. 

24. Geron R, Shurtz-Swirski R, Sela S, et al. Polymorphonuclear leucocyte priming in long 

intermittent nocturnal hemodialysis patients- -is melatonin a player? Nephrol Dial 

Transplant. 2006; 21: 3196-3201. 

25. Markus RP, Ferreira ZS, Fernandes PA, et al. The immune-pineal axis: a shuttle between 

endocrine and paracrine melatonin sources. Neuroimmunomodulation 2007; 14, 126-133.

26. Scheer FA, Van Montfrans GA, van Someren EJ, et al. Daily nighttime melatonin reduces 

blood pressure in male patients with essential hypertension. Hypertension 2004; 43: 192-

197.

27. Souchet T, Brée F, Baatard R, et al. Impaired regulation of beta 2-adrenergic receptor 

density in mononuclear cells during chronic renal failure. Biochem Pharmacol 1986; 35: 

2513-2519. 

28. Nagtegaal JE. Chronobiological, Clinical and Pharmacological aspects of melatonin in 

Human Circadian Rhythm Dysfunction. In Treatise on Pineal Gland and Melatonin, eds.  

Haldar C, Singaravel M, Kumar Maitra S. Science Publishers: Enfield, 2002. pp 461-89. 

29. Holmes EW, Hojvat SA, Kahn, SE, et al. Testicular dysfunction in experimental chronic 

renal insufficiency: a deficiency of nocturnal pineal N-acetyltransferase activity. Br J 

Exp Pathol. 1989; 70: 349-356. 

30. Ulfberg J, Micic S,  Strøm J Afternoon serum-melatonin in sleep disordered breathing. J 

Intern Med; 1998; 244: 163-168.

31. Hanly P, Gabor JY, Chan C, et al. Daytime sleepiness in patients with CRF: impact of 

nocturnal hemodialysis. Am J Kidney Dis. 2003; 41: 403-410. 

32. Van Someren EJW. Mechanisms and functions of coupling between sleep and temperature 

rhythms. Prog Brain Res 2006; 153:309-324. 

33. Lack LC, Gradisar M, Van Someren EJ, et al. The relationship between insomnia and body 

temperatures. Sleep Med Rev 2008; 12: 307-317.

34. Robles NR, Alvarez-Lobato VC, Caravaca F, et al. Sympathetic skin response in peritoneal 

dialysis patients. ASAIO J. 2003; 49: 88-90.

Circadian rhythm in chronic kidney disease Chapter 3

3



108 109

Introduction

Circadian rhythm-disorders have been linked to psychiatric disorders, metabolic 

disturbances and increased cardiovascular risk [1]. Patients with various degrees of 

chronic kidney disease (CKD) also exhibit a variety of disrupted circadian body 

functions, which have important clinical consequences. For example, the diurnal 

blood pressure rhythm is disturbed in CKD patients, showing a nocturnal non-

dipping profile [2], which is associated with increased cardiovascular mortality [3]. 

Furthermore, the nocturnal endogenous melatonin rise, which is associated with 

the onset of nocturnal sleep propensity, is absent in hemodialysis patients [4, 5]. 

Circadian rhythms are f luctuations in body functions with a period of about 24 

hours and are driven by the body’s biological “clock”, the suprachiasmatic nucleus. 

The knowledge that blood pressure is regulated in a circadian fashion has important 

consequences with respect to cardiovascular risk assessment and treatment in CKD 

patients [6]. For the same reason, it is important to assess whether in CKD, other 

regulatory functions have a circadian regulation as well. In the current study, we 

will focus on circadian rhythms in the regulatory mechanisms that cause anemia 

in CKD.

One of the objectives of the current study was to examine whether a circadian 

rhythm of EPO exists in CKD. Data on the existence of a circadian rhythm of 

EPO in healthy subjects are equivocal [7, 8] and scarce and incomplete in CKD [9]. 

Theoretically, there are several arguments that support the existence of a circadian 

rhythm of EPO in CKD. Firstly, the existence of a circadian rhythm of EPO could be 

supported by the fact that the primary stimulus for EPO production is an increased 

activity of Hypoxia-Inducible Factor 2α (HIF-2α), which is activated in response to 

a deficiency in tissue oxygen [10]. During the night, renal blood f low decreases, 

which could lead to increased production of EPO at nighttime. Secondly, the fact 

that during the night the metabolic requirement for oxygen is lower, could lead to 

a circadian rhythm of EPO in CKD, however with decreased levels of EPO during 

nighttime. This is in accordance with a study showing that the concentration of 

endogenous EPO is correlated with blood pressure in hypertensive patients: a higher 

blood pressure was correlated with a higher concentration of endogenous EPO [11]. 

Thirdly, the possible existence of a rhythm of EPO in CKD patients is supported by 

the fact that the time of administration of exogenous EPO modulates its therapeutic 

effect [12]. When administrated at night, the amount of EPO needed to reach the 

desired Hb level is lower than when EPO is administrated in the morning. Lastly, 

the disturbed melatonin rhythm in hemodialysis patients can be restored with 

EPO treatment [13, 14], which could suggest that EPO itself is also regulated in a 

circadian fashion.

IGF-1 is a mediator in cell proliferation and differentiation and it has been 

shown that together with EPO, IGF-1 acts synergistically on erythropoiesis [15]. 

Van der Putten K, Koch BCP, Van Someren EJW, Wielders JPS, Ter Wee PM, Nagtegaal JE, 

Gaillard CAJM. 

submitted

Chapter 3b: Circadian rhythm of Erythropoietin and IGF-1 in 
chronic kidney disease (CREAM study)

Abstract

Background

In chronic kidney disease (CKD) circadian functions, such as blood pressure, 

are disturbed. Whether a circadian rhythm exists for erythropoietin (EPO) and 

Insulin-like Growth Factor-1 (IGF-1) in CKD is unknown, although appreciating 

the physiological rhythm can have consequences in anemia treatment. The aim of 

this study was to characterize diurnal levels of EPO and IGF-1, in relation to renal 

function and Hemoglobin (Hb). 

Methods

During 24 hours, blood of 28 subjects with various degrees of renal function 

was collected every 2 hours and EPO, Hb and total IGF-1 were measured. The 

existence of circadian rhythms was examined. Circadian parameters of EPO and 

IGF-1 were correlated with Glomerular-Filtration Rate (GFR) and Hb, using Pearson 

correlations. 

Results

Although 24-hour rhythms in EPO were found in 15 out of 28 patients, the curves 

did not show a consistent phase, i.e. timing of the peak value. The presence of an 

EPO rhythm was not related to GFR. No diurnal rhythm could be detected for IGF-1. 

Mean levels of IGF-1 were correlated inversely to mean levels of EPO (p=0.03). When 

divided based on the degree of CKD and Hb lower/higher than 12.6 g/dL, subjects 

with GFR 0-30 ml/min and a lower Hb had the highest IGF-1 levels (p=0.02).

Conclusions

Determinants of an EPO rhythm could not be identified. The inverse relation of 

IGF-1 with EPO, Hb and GFR suggests that EPO and IGF-1 have an alternating role, 

dependent on GFR, in stimulating erythropoiesis. This could have consequences for 

the treatment of anemia in CKD.

Circadian rhythm in chronic kidney disease Chapter 3

3



110 111

(Siemens Healthcare Diagnostics, Breda, the Netherlands) having an inter-assay 

CV of  7.2% at 16 IU/l. Total IGF-1 levels were measured using an enzyme-labeled 

chemiluminescent immunometric assay on an IMMULITE 2000 platform (Siemens 

Healthcare Diagnostics, Breda, the Netherlands) with an inter-assay CV of 6.9 % 

at 128 ng/ml. Levels of Cystatin-C were measured once at the start of the study, 

by means of the N-Latex Cystatin-C assay and a PROspec nephelometer (Siemens 

Healthcare Diagnostics, Breda, the Netherlands) having an inter-assay CV of 2.2 % at 

0.90 mg/l. All samples originating from one subject were analyzed in the same run. 

Furthermore, standard laboratory testing was performed. Glomerular Filtration 

Rate (GFR) was calculated according to the Cockcroft-Gault method. 

Statistical analysis
The sample size was based on an analysis of statistical power using data of a 

pilot study [9]. Given the prior variances and mean difference in EPO amplitude 

between healthy subjects and pre-dialysis patients, a sample of n=32 was chosen 

to obtain a power of 0.90 at an alpha of 0.05). For IGF-1 rhythm detection, previous 

studies that demonstrated circadian rhythms used a sample size of n=6 [16, 17]. 

The existence of a circadian rhythm was examined fitting of a cosine function 

to the EPO and IGF-1 timeseries [19]. In case of non-symmetrically distributed 

Therefore, in the current study, it will be examined whether IGF-1 exhibits a 

circadian rhythm in CKD. In healthy children, a circadian rhythm in levels of IGF-1 

has been shown [16, 17]. To our knowledge, no information is available on whether 

IGF-1 exhibits a circadian rhythm in healthy adults and in patients with CKD. IGF-

1 is produced mainly in the liver under the influence of growth hormone (GH), 

which is secreted pulsatile in a circadian fashion. In CKD, the circulating levels of 

GH are increased [18]. However, IGF-1 levels are not increased since IGF-1 synthesis 

in the liver is impaired in CKD. This could suggest that in CKD, no rhythm in IGF-1 

can be found. 

The objective of the current study is to examine whether a circadian rhythm of 

EPO and of IGF-1 exists in CKD patients. This could lead to a better understanding 

of the endogenous regulation of these two erythropoietic hormones, with possible 

consequences for the treatment of anemia in patients with CKD. Since it is known 

that the disturbed melatonin rhythm in hemodialysis patients can be restored 

with EPO treatment [13, 14], it will also be studied whether endogenous EPO levels 

are related to the characteristics of melatonin rhythm.

Methods

Subjects
The study population consisted of patients with various degrees of renal function 

(n = 32, age 71±7, 29% female), admitted to our hospital. The patients were stable, 

not acutely ill and they were waiting for a procedure, such as elective surgery. 

The inclusion and exclusion criteria are outlined in Table 1. The Medical-Ethical 

Committee approved the protocol of the study (ClinicalTrials.gov: NCT00698360), 

and informed consent was obtained from all subjects. 

Study protocol
Over a 24-hour period, blood samples for measurement of serum EPO and total 

IGF-1 were collected every 2-3 hours (access via a permanent peripheral intravenous 

cannula) in 6-ml serum tubes and allowed to clot for 10 minutes at room 

temperature. Thereafter, samples were immediately centrifuged and separated in 

1 ml-aliquots and stored at -70°C until assay. In addition, blood was withdrawn in 

a 3-ml EDTA tube for measurement of hemoglobin (Hb) in supine position after 0, 

12 and 24 hours.  

Measurements
Medical history and medication use were recorded and blood pressure was 

measured in all participants. Serum EPO levels were measured by a two-site 

sandwich chemiluminescent immunoassay on an IMMULITE 2000 platform 

Circadian rhythm in chronic kidney disease Chapter 3
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Inclusion Criteria

Age >18 years, <85 years

GFR-Cockcroft >10 ml/min

Exclusion Criteria

Acute renal failure ( Δ GFR-Cockroft >10 ml/min in 2 proceeding weeks)

Instable Angina Pectoris 

Heart failure NYHA class IV

Hypoxia (SO2 < 95%)

Treatment with erythropoietin, melatonin or hypnotics

Deficiency of iron, folate and/or vitamin B12 

Hemoglobinopathies, bleeding or hemolysis as a cause of anemia

Chronic inflammatory disease or clinically significant infection

Alcohol and/or drug abuse

Table 1  Inclusion and Exclusion Criteria

GFR: Glomerular Filtration Rate; SO2: Oxygen Saturation; NYHA: New York Heart 

Association
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EPO
In 15 out of the 28 subjects, a significant cosine rhythm was present for EPO 

(Table 3). However, the acrophase (time of peak concentration) varied widely among 

these subjects. In 9 of 15 subjects, the peak time was nocturnal, between 7 pm 

and 3 am. In the other 6 subjects, the peak time was between 10 am and 5 pm. No 

determinants for the existence of an EPO rhythm could be identified. The presence 

of an EPO rhythm was not related to GFR (p=0.46) and no correlation was found 

between amplitude of EPO rhythm and GFR (p=0.10). 

Furthermore, no relation was found between the presence of an EPO rhythm and 

several general characteristics of the study population (CKD cause, gender (p=0.69), 

age (p=0.54), BMI (p=0.85), diabetes mellitus (DM) (p=1.00), smoking (p=0.60)). Also, 

no relation was found between EPO rhythm and medication use (beta-blocking 

agents (p=1.00), ACE-inhibitors (p=0.70), acetylsalicylic acids (p=0.71)). As expected, 

the mean EPO levels for all 28 subjects were correlated to GFR (r=0.52, p=0.005) and 

to levels of Cystatin-C (r=-0.52, p=0.005). Mean levels of EPO for all subjects were 

not correlated to Hb (p=0.29). No correlations were found between mean EPO levels 

and mean melatonin levels (p=0.58), or between the amplitudes of the EPO and the 

melatonin rhythms (p=0.22).

IGF-1
Cosine curve fitting of the IGF-1 timeseries did not reveal a clear rhythm for 

IGF-1 in any of the subjects. On an individual basis, there was some time-of-day 

variation in levels of IGF-1. However, no systematic peak time range was found. 

Mean levels of IGF-1 did not correlate to GFR (p=0.26) or to Cystatin-C (p=0.08), but 

interestingly, mean levels of IGF-1 did correlate inversely to mean levels of EPO (r=-

0.41, p=0.03) (Figure 1). Levels of IGF-1 did not correlate to Hb (p=0.68). 

parameters, the data were log-transformed before correlation calculations were 

performed. This was the case for Cystatin-C, mean EPO levels, EPO amplitude and 

mean IGF-1 levels. Continuous variables were compared using unpaired t-tests 

and categorical variables were compared using Fishers’ Exact Test. Data regarding 

both EPO and IGF-1 rhythm/production were correlated with GFR and Hb using 

Pearson correlations. Furthermore, data regarding melatonin rhythm in CKD, 

resulting from the same study [20], were correlated with EPO rhythm/production. 

P-values <0.05 were considered to represent statistical significance. The Statistical 

Package for Social Sciences (SPSS, Chicago, IL, USA) version 17 was employed for all 

statistical analysis.  

Results

The 24-hour study period was completed by 28 subjects, as hospital discharge 

and problems with blood f low through the cannula resulted in missing a 

significant amount of data in 4 patients. The general characteristics of the subjects 

are displayed in Table 2.

Circadian rhythm in chronic kidney disease Chapter 3

3Variable Mean ± SD (unless otherwise stated)

Age (years) 71.3 ± 6.8

Gender (M:F) 20 : 8

BMI (kg/m2) 

 Median 25.8

 Interquartile range 24.3-28.1

Diabetes 29 %

Smoking 14 %

Hemoglobin (g/dl) 13.3 ± 1.4

eGFR (Cockcroft-Gault) (ml/min/1.73m2) 61 ± 34.9

Systolic blood pressure (mmHg) 125 ± 20

Diastolic blood pressure (mmHg) 73 ± 14

Variable Median [interquartile range]

EPO level (IU/l) 8.9 [7.8-15.7]

Peak EPO level (IU/l) 12.0 [9.4-20.4]

Acrophase (hours after midnight) 14.2 [10.3-22.1]

Amplitude (IU/l) 2.7 [1.5-3.3]

Table 2  Baseline Characteristics, expresses as mean ± SD

Table 3  EPO rhythm characteristics (n=15)

BMI: Body Mass Index; eGFR: estimated Glomerular Filtration Rate; M: Male; F: Female; 

SD: Standard Deviation
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the normoblast into reticulocytes and mature erythrocytes [21]. EPO is mainly 

produced in the kidney by peritubular cells [23] and the primary stimulus for its 

production is hypoxia [10]. In CKD production of EPO is disrupted, which is the 

main reason for the anemia often encountered by CKD patients [23]. 

It is unclear whether EPO is regulated in a circadian manner in healthy persons 

[7, 8]. With exception of one small series of 5 uremic patients [9], no study has 

been performed on a circadian rhythm of EPO in CKD. In our study, we found 

a rhythm for EPO in 15 of the 28 subjects. The peak times however varied, and 

therefore it is unlikely that EPO levels are regulated in a circadian fashion. No 

relation was found between the presence of an EPO rhythm and the degree of CKD. 

Our search for additional factors that could influence EPO levels did not reveal 

any other determinants for the existence of a rhythm for EPO. It thus remains 

unclear why the 15 subjects in our study did demonstrate an EPO rhythm, while 

the other 13 subjects did not. A possible explanation could be that in the subjects 

with an EPO rhythm, more f luctuations in blood pressure were present, as blood 

pressure is related to EPO levels [11]. Unfortunately, the frequency of blood pressure 

measurements that we used was too low to detect such f luctuations. Another 

possible explanation could be the presence of unrecognized sleep apnea. In sleep 

apnea, the diurnal variation in EPO levels is higher than in healthy persons due to 

To determine the relation between IGF-1, Hb and GFR, participants were divided 

into six groups based on the degree of CKD (GFR 0-30, 30-60, >60) and Hb lower/

higher than 12.6 g/dL. Subjects with GFR 0-30 ml/min and a low Hb had the highest 

IGF-1 levels (p=0.02, ANOVA) (Figure 2). 

Discussion

The main finding of our study is that a rhythm of EPO is present in some but 

not all patients with CKD. The presence of an EPO rhythm was not related to the 

degree of CKD. EPO levels were not related to melatonin rhythm. Furthermore, 

we were unable to demonstrate a circadian rhythm for IGF-1 in any of the study 

subjects. Interestingly, mean levels of IGF-1 correlated inversely to mean levels of 

EPO. Subjects with the greatest decrease in renal function and the lowest Hb levels 

had the highest IGF-1 levels.

EPO
EPO is a glycoprotein that acts synergistically with several other erythropoietic 

factors to prevent the programmed cell death of erythroid progenitor cells in the 

bone marrow, thereby stimulating these cells to proliferate and mature through 
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Figure 1

Correlation graph between the logarithmic levels of IGF-1 and EPO; Abbreviations: EPO = 

erythropoietin; IGF = insulin-like growth factor. 

 

Figure 2

Relationships between IGF-1, Hb and GFR. The vertical axis presents the mean IGF-1 levels, 

the horizontal axis shows the different renal functions, presented as GFR. The black 

columns are the Hb levels below 12.6 g/dl, the white colums are the Hb levels abobe 12.6 g/

dl. Abbreviations: IGF = insulin-like growth factor; GFR = glomerular filtration rate; Hb = 

hemoglobin. 
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fluctuations in endogenous EPO levels on the basis of the results of this study. Due 

to the varying peak times, it is unlikely that it concerns a circadian regulation, 

therefore providing no reason for specific timing of administration of exogenous 

EPO. We found no relation between melatonin rhythm and EPO levels, thus the 

mechanism by which EPO restores melatonin rhythm remains unclear. For IGF-1 

levels, we were unable to identify a rhythm in any of the patients. A correlation 

was found between mean levels of IGF-1 and EPO. Furthermore, an interesting 

association between IGF-1, Hb and renal function warrants future research on the 

role of IGF-1 in CKD patients with persistent anemia. 

nocturnal hypoxemia, which leads to increased expression of HIF-2α [24]. In our 

study, we did not perform nocturnal oxygen measurements. 

The fact that exogenous EPO treatment can restore the circadian rhythm 

of melatonin in CKD [13, 14] could suggest that a relationship exists between 

melatonin rhythm and endogenous EPO levels. However, we found no correlation 

between endogenous EPO levels and melatonin rhythm. Therefore, EPO may exert 

an indirect effect on melatonin rhythm, however the mechanism is not clear. 

IGF-1
IGF-1 has been shown to exhibit an EPO-like erythropoietic activity [25]. IGF-

1 is produced in the liver under the influence of GH. In CKD, the release of GH 

is increased and the metabolic clearance rate is decreased, leading to increased 

circulating levels of GH [18]. This would lead to higher levels of IGF-1, however in 

CKD, IGF-1 synthesis in the liver is impaired. Despite these normal IGF-1 levels, the 

effectiveness of IGF-1 is reduced. This is due to decreased levels of free bioactive IGF-

1, as levels of circulating inhibitory binding proteins are higher [26]. 

To our knowledge, no information is available on whether IGF-1 exhibits a 

circadian rhythm in healthy adults and in patients with CKD. In our study, we were 

unable to demonstrate a circadian rhythm for IGF-1 in subjects with a decreased 

GFR. We also found no rhythm for IGF-1 in subjects with a normal GFR. Possibly 

the relatively old age of our study population (mean age 71.3 yrs) has influenced 

our results. At the age of 65 years, daily spontaneous GH secretion is reduced by 

50–70%, leading to a decline in IGF-1 levels [27]. Theoretically, this would lead to 

an increased difficulty in detecting a circadian rhythm. Another explanation for 

the absence of an IGF-1 rhythm in our study could be the relatively high prevalence 

(29%) of DM amongst the subjects, as DM is associated with lower levels of IGF-1 

[28]. 

EPO and IGF-1
Brox et al showed that EPO and IGF-1 act synergistically on erythropoiesis in a 

mouse model of CKD [15] in inducing a substantial rise in Hb. In addition, several 

possible feedback mechanisms between EPO production and IGF-1 secretion have 

been suggested [29, 30]. In our study, the fact that mean levels of IGF-1 correlated 

inversely to mean levels of EPO and that subjects with the greatest decrease in 

CKD and a relatively low Hb had the highest IGF-1 levels, suggests that EPO and 

IGF-1 both have a role on erythropoiesis in CKD. Taken together, this suggests 

that IGF-1 constitutes a potent pro-erythropoietic agent in CKD. However, until 

now its therapeutic application is limited by the difficulty of assessing pituitary 

functional status in CKD patients, and the interaction with IGF-binding proteins 

that determine its bioavailability. 

In conclusion, we could not identify the main driving factor for rhythmic 
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Introduction

End-stage renal disease (ESRD) is associated with an increased prevalence of 

sleep disturbances, which have a major influence on vitality and general health of 

dialysis patients [1]. The circadian process of sleep regulation, defining periods of 

high and low sleep propensity, can be negatively affected by conventional daytime 

dialysis causing daytime sleepiness and nighttime insomnia [2]. Several factors have 

a role in the disturbance in circadian sleep regulation. Firstly, the pineal hormone 

melatonin is important in the synchronization of the circadian sleep process [2]. 

In normal conditions, melatonin is secreted only during the night. The onset of 

the evening increase in melatonin is called the Dim Light Melatonin Onset (DLMO) 

and can be recognized as the first interpolated point greater than 4 pg/ml in 

saliva after which melatonin concentration continues to increase [3]. The increase 

in melatonin levels in the evening correlates with evening sleepiness [4] and the 

increase in evening sleep propensity [5]. Impairments in the sleep-wake rhythm 

occur with inappropriately timed or absent increases in serum melatonin levels [3]. 

An impaired circadian rhythm of melatonin in conventional hemodialysis patients 

has been described previously, partly caused by the downregulation of ß-receptors 

caused by uremia [6,7]. 

Second, sleep is most likely to occur during the time of day when body 

temperature is dropping. Hemodialysis increases body temperature. This increase 

in body temperature triggers cooling processes. Because of the association between 

sleep onset and body cooling, hemodialysis-associated increases in body temperature 

may activate cooling processes and thus increase sleepiness [2]. 

Third, hemodialysis may influence the sleep-wake cycle by altering exposure to 

“zeitgebers”, which are time cues that synchronize or entrain the circadian system. 

The time of day at which dialysis treatment is given may affect the zeitgebers for 

wake-up time, activity, meal times, light exposure and social activity [2]. 

It may be expected that shifting to nocturnal dialysis has 2 advantages: The 

mentioned sleep- promoting mechanisms of dialysis coincide with the appropriate 

and conventional time of day. In this way, the shift to nocturnal dialysis could 

restore the normal temporal relationship between the sleep period and other 

rhythms of the circadian system. Very likely, this will result in an improved quality 

of both sleep and daytime functioning. These improvements could be enhanced by 

better clearance of toxins because of longer dialysis. 

Furthermore, it is hypothesized that if the normal synchronization between 

sleep-wake behavior and the circadian system is restored and the amount of toxins 

is decreased, endogenous melatonin secretion will be characterized by its normal 

nocturnal surge. Melatonin rhythm has not been studied in patients changing 

from daytime to nocturnal hemodialysis. 

In September of 2004 our hospital started with Nocturnal in Hospital 
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Chapter 4a: Effects of nocturnal hemodialysis  
on melatonin rhythm and sleep-wake behavior:  
an uncontrolled trial

Abstract

Background

End-stage renal disease and its treatment are associated with sleep disturbances 

such as the deterioration of the circadian sleep-wake pattern. Melatonin rhythm, 

which plays an important role in this pattern, is disturbed. The nocturnal melatonin 

surge is absent in this population. Whether nocturnal in-center hemodialysis 

changes melatonin and sleep-wake rhythm is unknown. 

Methods

A non-randomized uncontrolled trial. Patients served as their own controls.  

Setting & Participants: Thirteen daytime hemodialysis patients (median age 58, 5 

women) from our hospital receiving daytime hemodialysis (CHD) 3 times a week 

3-4 hours each session.

Interventions: Six months treatment with nocturnal in-center dialysis 4 nights a 

week 8 h sessions. 

At baseline, while still on CHD, polysomnography (PSG) was performed, sleep 

questionnaires were filled out, and melatonin concentration in saliva was obtained. 

After 6 months in-center NHD all measurements were repeated. 

Results 

After 6 months in-center NHD PSG showed significant improvements in sleep 

efficiency (p = 0.05) and stage 3/4 sleep (p = 0.03) in comparison to t = 0. Trends in 

improvement of REM sleep, awake time and oxygen saturation were seen after 6 

months on in-center NHD. Sleep questionnaires revealed a trend in improved sleep 

quality and daytime function. Patients were less exhausted during daytime. The 

nocturnal melatonin surge was partially restored.

Conclusions 

Six months on in-center NHD patients had significant improvements in subjective 

and objective sleep parameters and partially restored nocturnal melatonin 

rhythm. 
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was maintained at 500 mL/min. At baseline, 7 patients dialyzed in the afternoon 

and 6 patients in the morning. Morning treatment treatment time for CHD began 

from 8:00-9:00 am lasted until 12:00 -1:00 pm. In the afternoon, dialysis time was 

3:00-4:00 pm until 7:00-8:00 pm on for CHD. During treatment, vascular access 

was achieved by 2 needle placements in fistulas or grafts or by internal jugular 

catheter. 

With in-center NHD dialysate f low was kept at 300 mL/min, and blood f low at 

150 mL/min (sometimes increased to 200 mL/min). High f lux polysulfone 1.3/1.8 m2 

dialyzers were used (F60/F80). The dialysate bicarbonate concentration was adjusted 

to allow a predialysis serum bicarbonate level greater than 20.0 mEql/L, potassium 

concentration was 3.0 mEql/L, and calcium concentration was 3.0 mEq/L. In case of 

hypophosphatemia at the end of the dialysis session, phosphate was added to the 

dialysate. Dialysis efficiency was calculated according to the weekly standardized 

Kt/V of Gotch [8].  

Sleep Questionnaire: Daytime Function and Subjective Sleep Experience
Sleep-wake characteristics were derived from the validated Dutch Sleep 

Disorders Questionnaire [9]. Patients were asked to give a detailed description of 

their sleep-wake schedule for 7 consecutive days. This included a record of when 

they went to bed, fell asleep and got out of bed; number of awakenings, estimated 

sleep time; daytime function; and subjective sleep quality. In addition, on the night 

of polysomnography, patients were asked to fill out the same questionnaire.

Polysomnography
Overnight (on a nondialysis day) a 2-channel electroencephalogram (Fz-

Cz and Pz-Oz), an electro-oculogram and a submental electromyogram using 

surface electrodes were obtained (Vitaport 3, Temec Instruments ®, Kerkrade, the 

Netherlands; and NovoletOne sleep software, Viasys, Madison, WI). Thirty-second 

intervals were scored manually, according to standardized methods (Rechtschaffen 

and Kales) [10,11]. 

The following parameters were calculated: total sleep time, awake time, sleep 

efficiency, sleep- onset latency, duration of sleep stages, periodic limb movement 

index, apnea-hypopnea index (AHI) and oxygen desaturation index. Total sleep time 

was defined as the duration of actually recorded sleep. Awake time was the total 

duration of intermittent wake, i.e. the portion of wakefulness within the sleep 

period. Sleep efficiency was actual sleep time divided by time in bed and is a well-

recognized measure of sleep quality. Sleep-onset Latency is the difference between 

in-bed time and sleep onset. Additionally, the duration of the various sleep stages 

(stages 1 to 4) and rapid-eye-movement (REM) sleep was calculated. The periodic 

limb movement index, an indicator for the amount of periodic limb movements, 

was calculated as 1 or more consecutive leg movements during sleep, lasting 0.5 

Hemodialysis (in-center NHD), for which patients sleep in the hospital 4 nights a 

week, each night dialyzing for 8 hours. Aims of this study are to investigate the 

effects of changing from conventional daytime 

hemodialysis (CHD) to in-center NHD on circadian melatonin rhythm and sleep-

wake behavior. 

Methods

Patients about to switch from CHD to in-center NHD were selected for this 

study. The medical ethical committee approved the protocol of the study, and 

informed consent was obtained from all patients. At baseline, while still on CHD, 

polysomnography was performed, sleep questionnaires were filled out, and saliva 

was obtained.  After 6 months of in-center NHD therapy all measurements were 

repeated. The 6-month period was chosen as a suitable period for patients to be 

stable on in-center NHD therapy. In the last 2.5 years we were able to include 18 

patients. From this group, 2 patients underwent transplantation before 6 months 

of in-center NHD and 1 patient died within 6 months. Additionally, 2 patients 

returned to CHD within 2 months, because they could not customize to the social 

restrictions of sleeping in the hospital 4 nights a week (for causes unrelated to the 

primary outcome). Thus, 13 patients fulfilled the 6 months research period (Figure 1). 

Patients on CHD therapy underwent dialysis 3 times/wk for 3 to 4 hours each 

day, using polysulfone 1.3/1.8 dialyzers (Braun BLS 514 SD/ BLS 517 SD; B Braun 

Melsungen AG, Melsungen, Germany or Fresenius F60/F80; Fresenius Medical Care, 

Lexington, MA). Blood f low was maintained at 200 to 300 mL/min and dialysate f low 
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Assessed for eligibility (n = 18)

Enrolled (n = 18) 

Completed all treatments
and analyzed (n = 13)  

Lost to follow up (n = 3)

1 patient died
2 patients transplanted

Discontinued
Intervention (n = 2)

2 patients had social 
problems

Figure 1

Study f low chart. 
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Other items of the sleep questionnaire, such as sleep-onset latency (p = 0.7), 

wake periods during the night (p = 0.4), estimated sleep time (p = 0.4) and daytime 

naptime (p = 0.3) were not significantly different between t = 0 and t = 6 months. 

Polysomnography 
As listed in Table 2, sleep efficiency (p = 0.05) and stage 3/4 (p = 0.03) improved 

significantly at t = 6 months in comparison to t = 0. A trend toward improvement 

of REM sleep (p = 0.07), awake time (p = 0.09) and oxygen saturation (p = 0.07) 

was seen after 6 months of in-center NHD in comparison to t = 0. Sleep efficiency 

improved significantly from 78 to 83%, which ref lects normalization. Trends of 

normalization were observed for awake time, AHI, periodic limb movement index, 

oxygen desaturation index and stage 3/4 sleep. Total sleep time, sleep-onset latency, 

sleep stage 2 and REM sleep showed normal values both at baseline and after 6 

months of in-center NHD. The timing of sleep onset at night also was not different 

after 6 months of in-center NHD in comparison to baseline. 

Table 2: Polysomnography Results of the Patients at Baseline and After 6 Months 

of In-Center NHD; Values expressed as median (interquartile range); Abbreviations: 

NHD: nocturnal hemodialysis; 

to 5.0 seconds with an intermovement interval of 5 to 90 seconds. The AHI was 

defined as the number of apneas (absence of airf low > 10 seconds) and hypopneas 

(reduction of respiratory effort to 10% to 50% of the sleeping baseline level for > 10 

seconds with or without an associated decrease in oxygen saturation) per hour of 

sleep. Oxygen desaturation index was measured as oxygen desaturation per hour 

of sleep. 

Melatonin Rhythm
Melatonin in saliva was measured both on a day with hemodialysis and on 

the subsequent day without hemodialysis at 9:00 pm, 11:00 pm, 1:00 am, 7:00 am 

and 9:00 am. Patients were asked to slowly move a cotton plug (Salivette, Sarstedt, 

Numbrecht Germany) in their mouth for 1 minute. Melatonin levels were measured 

by using Radio Immuno Assay (Bühlmann Laboratories, Schönenbuch, Switzerland). 

Saliva samples were kept at - 18° C until  analyzed; then centrifuged (1,000g for 2 

minutes). Aliquots of 400 µL of saliva sample were added directly to assay tubes. 

Duplicate samples were analyzed at each time. The detection limit was 0.5 pg/mL. 

Statistical analysis
The Statistical Package for Social Sciences (SPSS Inc, Chicago, IL), version 14 

was used for all statistical analysis. All sleep parameters were analyzed  by using 

Wilcoxon signed-ranks test (2 tailed) to find significant differences (p ≤ 0.05) 

between baseline and after 6 months of in-center NHD therapy. 

To test for significant difference between melatonin concentration on CHD and 

in-center NHD therapy, t-tests for matched pairs were used. 

Results

Patient characteristics are listed in Table 1. Median dialysis vintage was less 

than 2 years. Other characteristics were similar to the main characteristics of the 

general Dutch dialysis population [12]. In this study, 62% of the patients were men. 

At t = 0 months, 6 patients were treated in morning dialysis sessions and 7 patients 

were dialyzed in the afternoon. Dialysis efficiency improved when patients changed 

to NHD with a median weekly standard Kt/V of 3.5 (Table 1), instead of a weekly 

standard Kt/V of 2.1 on CHD therapy. 

Sleep Questionnaire: Daytime Function and Subjective Sleep Experience
At t = 6 months, patients reported that their daytime function (p = 0.08) on days 

of nocturnal dialysis and days without nocturnal dialysis tended to be improved. 

Patients were less exhausted during the daytime. Their subjective sleep quality on 

nights without dialysis (p = 0.06) also tended to be improved in comparison to t = 0. 
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Characteristics Median
   (interquartile range)

Age (y) 58 (22)

Dialysis vintage (mo) 25 (20)

Body Mass Index  (kg/m2) 23.0 (4.4)

Conventional hemodialysis weekly standard Kt/V 2.1 (1.7)

Nocturnal hemodialysis weekly standard Kt/V 3.5 (0.4)

Systolic/diastolic blood pressure (mm Hg) on nights  128 (7) / 72 (16)
without dialysis, t = 0  

Systolic/diastolic blood pressure (mm Hg) on nights  120 (29) / 62 (6)
without dialysis, t = 6 mo 

Table 1  General characteristics of the patients

y: years; mo: months; Standardized Kt/V is an equivalent clearance defined by the initial 

urea concentration. 



128 129

Melatonin Rhythm
In Fig 2, the circadian melatonin rhythm of 12 of 13 patients is shown because 

of noncompliance of sampling of 1 patient in sampling of melatonin in saliva. At 

baseline, circadian melatonin rhythm was impaired, as shown in Fig 2. Melatonin 

rhythm in controls also is shown in Fig 2 (right panel). The nocturnal melatonin 

surge was absent in CHD patients, especially on the days after dialysis. On the day 

of dialysis at baseline a small increase in melatonin was noticed at night (Fig 2, left 

panel), but DLMO (4 pg/mL) was not reached in any patient. After 6 months of NHD, 

melatonin increased to values greater than the DLMO of 4 pg/ml in saliva in 10 of 12 

patients (Fig 2). The normal nocturnal surge was restored, and around 1:00am, the 

concentration in saliva was greater than 4 pg/mL on days with nocturnal dialysis 

(p = 0.04) and days without nocturnal dialysis (p = 0.001). 
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Sleep parameters Normal 0 months 6 months of in-center p
   values^  NHD  

Sleep-onset latency < 30 21.0 (26.5) 6.5 (13.8) p = 0.4 
(min.) 

Sleep efficiency (%) > 85 78.1 (11.8) 83.0 (12.4)** p = 0.05**

Awake time (%) < 10 15.9 ( 15.3) 10.2 (11.1)* p = 0.09*

Apnea-hypopnea < 10 11.2 (7.0) 5.6 ( 6.8) p = 0.1 
index 

Periodic limb < 5 11.7 (87.0) 5 (16.7) p = 0.7 
movement index 

Oxygen desaturation < 5 9.6 (4.2) 5.3 (2.0)* p = 0.07* 
index 

Stage 1 (%) > 20 14.6 (14.7) 14.2 (6.4) p = 0.2

Stage 2 (%) > 30 31.7 (12.6) 31.0 (5.0) p = 0.7

Stage 3 and 4 (%) > 20 15.4 (6.3) 21.2 (8.1)** p = 0.03**

Rapid-eye-movement > 15 16.4 (8.6) 21.2 (8.1)* p = 0.07* 
sleep (%) 

Total sleep time  > 350 417.0 (49.1) 431.8 (65.6) p = 0.4
(min.) 

Table 2  Polysomnography Results of the Patients at Baseline and After  
6 Months of In-Center NHD; Values expressed as median 
(interquartile range)

NHD: nocturnal hemodialysis; 

^Normal values from Hirshkowitz [13] ** p value ≤ 0.05, * p value < 0.1. 
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Figure 2

Average melatonin concentration measured in saliva on (upper panel) the day of dialysis 

(n=12) and (lower panel) the day after dialysis (n = 12). Horizontal axis, time of day; vertical 

axis: melatonin concentration; baseline, measurements at t = 0.  Data shown in the lower 

panel for control individuals are unpublished and courtesy of Bühlmann laboratories 

(Schönenbuch, Switzerland).  

Abbreviation: NIHHD: nocturnal in-hospital hemodialysis.
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amplitude of circadian rhythms is considered to be most important [21]. As shown 

in Fig 2, the nocturnal melatonin increase in CHD patients absent. The onset of 

the evening increase in melatonin, the DLMO (> 4 pg/mL in saliva), is associated 

with the onset of sleep propensity [5]. After changing to nocturnal dialysis therapy, 

DMLO is reached on the nights with and without nocturnal dialysis. The height 

of the melatonin concentration in NHD patients is lower compared with control 

patients, because they are still patient on dialysis therapy who have end-stage renal 

failure. However, as mentioned, the recovered amplitude is most important. 

No research has been performed by our own group on daytime melatonin levels, 

and results from other studies are conflicting. Viljoen et al [22] found increased 

daytime levels and an absent nocturnal melatonin surge. Karasek et al [6] found 

depressed circadian melatonin levels. We did not research daytime levels as we 

were most interested in the absence of nocturnal melatonin increase. Karasek 

et al [6] and Viljoen et al [22] both agree that the nocturnal melatonin increase 

(amplitude) was absent in CHD patients, which we also found at baseline. This 

nocturnal increase is most important in the onset of sleep propensity. Therefore, 

we did not investigate daytime melatonin levels, but referring to the decrease in 

melatonin found at 9:00 am compared with 1:00 am, we propose decreased daytime 

melatonin levels. Although this does not exclude a reversal of circadian rhythm 

(leading to a daytime surge), this seems unlikely. 

Uremia and decreased adrenoreceptor responsiveness may contribute to the 

disturbance in melatonin rhythm in hemodialysis patients [23, 24]. The rate-

limiting enzyme for melatonin production, serotonin N-acetyl-transferase, 

is adrenoreceptor dependent for its activation [23]. At baseline, on days with 

hemodialysis, uremic toxin levels decrease because of dialysis. This decrease 

appears to result in a partial recovery of a normal melatonin surge at night, 

because a trend of a normal melatonin rhythm was seen (Fig 2, left panel) on days 

with hemodialysis in comparison to a strongly reduced rhythm amplitude on days 

without hemodialysis (Fig 2, right panel). This second day is 1 day later after dialysis, 

and urea concentration increases. When on nocturnal dialysis, possibly because 

of better clearance of toxins, melatonin rhythm improved significantly with a 

recovered nocturnal melatonin surge. Furthermore, with nocturnal dialysis, the 

normal synchronization between sleep-wake behavior and the circadian system is 

restored, which may contribute to normalization of melatonin rhythm. 

This improved melatonin rhythm is likely to strengthen the overall circadian 

sleep pattern. On the night without NHD, the difference from baseline measurements 

is more impressive than on the nights with NHD. With in-center NHD, the presence 

of other patients and such disturbances as lights and alarms might influence the 

sleep and melatonin rhythm, which is not a problem when patients sleep at home. 

The difference from baseline measurements therefore could be more impressive 

on the nights without dialysis than on the nights with nocturnal dialysis. In other 

Discussion

Our study shows significant improved and normalized sleep efficiency and 

proportions of sleep stages 3 and 4 (deep sleep) after 6 months of in-center NHD 

compared with CHD. In addition, trends toward less awake time and improved 

oxygen saturation and REM sleep duration were recorded. The nocturnal melatonin 

surge was restored with melatonin concentrations greater than DLMO levels of 4 pg/

mL when on in-center NHD therapy. Patients reported improved daytime function 

and sleep quality when on in-center NHD therapy in comparison to daytime CHD. 

With respect to sleep-wake rhythm, nocturnal dialysis has a few advantages. 

Firstly, with nocturnal dialysis sleep inducing mechanisms are activated during 

the normal sleeping hours, which resulted in improved sleep parameters. Sleep 

efficiency, which significantly increased when on nocturnal dialysis therapy, is the 

most widely accepted measure of objective sleep quality [14]. Normal sleep comprises 

2 states of sleep, non-REM and REM sleep. Non-REM sleep is conventionally subdivided 

into 4 stages: stages 1, 2, 3 and 4 [10]. Non-REM sleep stages 3 and 4, also referred 

to as slow wave sleep, significantly improved when on nocturnal dialysis therapy. 

During slow wave sleep, physical recovery takes place, growth hormone levels 

increase and immune function is strengthened. In some studies, sleep deprivation 

led to decreases in immune function, and extreme extended deprivation led to 

altered metabolism [10]. REM sleep, which tended to be improved, is predominant 

in the final third of a sleep period. Its timing is determined by the circadian 

system. REM sleep seems to have a part in the consolidation of memories [15]. 

With regard to subjective sleep parameters, patients reported that their daytime 

function and sleep quality improved. In other studies on nocturnal hemodialysis 

at home, patients reported a significant improvement in well-being [16] and level of 

energy [17] and decrease of sleep-onset latency and daytime sleepiness, which was 

attributed to a better control of uremia [18]. 

Furthermore, with nocturnal dialysis clearance of toxins improves. Dialysis 

efficiency  increased in our study. Longer dialysis with increased clearance of toxins 

resulted in a trend toward improved oxygen saturation after 6 months on nocturnal 

dialysis therapy and decreased AHI. From these parameters, it can be concluded that 

sleep apnea tended to decrease, which has been seen before in studies of nocturnal 

dialysis at home [19,20]. However, the mechanism of improvement of sleep apnea 

in patients changing to nocturnal dialysis therapy is not clear, although many 

hypotheses have been suggested. Less upper-airway occlusion caused by less f luid 

overload and increased muscle tone because of improved urea removal and less 

neuropathy has been hypothesized [20]. 

Controls have a melatonin curve, as shown in Fig 2 (right panel). As shown in 

Figure 2, large variability in the height of melatonin concentration in control patients 

is measured. However, the height of the concentration is of less importance. The 

Intervention studies Chapter 4

4



132 133

References

1. Parker KP: Sleep disturbances in dialysis patients. Sleep Med Rev 7: 131-143, 2003

2. Parker KP, Bliwise DL, Rye DB. Hemodialysis disrupts basic sleep regulatory 

mechanisms: building hypotheses. Nurs Res 49: 327-332, 2000

3. Nagtegaal E, Peeters T, Swart W, Smits M, Kerkhof G, van der Meer G. Correlation 

between concentrations of melatonin in saliva and serum in patients with delayed 

sleep phase syndrome. Ther Drug Monit. 20: 181-183, 1998

4. Akerstedt T, Fröberg JA, Friberg Y, Wetterberg L. Melatonin excretion, body 

temperature and subjective arousal during 64 hours of sleep depriviation. 

Psychoneuroendocrinology 4: 219-225, 1979

5. Tzischinsky O, Shlitner A, Lavie P. The association between the nocturnal sleep gate 

and nocturnal onset of urinary 6-sulfametoxymelatonin. J Biol Rhythms 8: 199-209, 1993

6. Karasek M, Szuflet A, Chrzanowski W, Zylinska K, Swietoslawski J. Decreased 

melatonin nocturnal concentrations in hemodialyzed patients. Neuro Endocrinol Lett 26: 

653-656, 2005

7. Vaziri ND, Oveisi F, Wierszbiezki M, Shaw V, Sporty LD. Serum melatonin and 

6-sulfatoxymelatonin in end-stage renal disease: effect of hemodialysis. Artif Organs 17: 

764-769, 1993

8. Gotch F. The current place of urea kinetic modeling with respect to different dialysis 

modalities. Nephrol Dial Transplant 1998; 13: 10-14

9. Sweere Y, Kerkhof GA, De Weerd AW, Kamphuisen HA, Kemp B, Schimsheimer RJ.  

The validity of the Dutch Sleep Disorders Questionnaire (SDQ). J Psychosom Res 45: 549-

555, 1998

10. Carskadon MA, Rechtschaffen A: Monitoring and staging human sleep, in Kryger MH, 

Roth T, Dement WC (eds): Principles and practice of sleep medicine (ed 4), chap 116.  

Philadelphia, PA, Elsevier-Saunders 2005, pp 1359-1377.

11. Rechtschaffen A, Kales A: A manual of standardized terminology, techniques 

and scoring system for sleep stages of human subjects. Washington DC, USA. US 

Government Printing Office. National Institute of Health Publication, 1968

12. Renine, Databank Registration Kidney Replacement Therapy in the Netherlands, Data 

2005 (www.renine.nl, downloaded on 01-10-2007).

13. Hirshkowitz M: Normal human sleep: an overview. Med Clin North Am 88: 551-565, 2004

14. Kushida CA, Littner MR, Morgenthaler T, et al: Practice parameters for the indications 

for polysomnography and related procedures: An update for 2005. Sleep 28: 499-521, 

2005

15. Siegel JM. REM sleep, in Kryger MH, Roth T, Dement WC (eds): Principles and practice of 

sleep medicine (ed 4), chap 10.  Philadelphia, PA, Elsevier-Saunders 2005, pp 120-135.

16. Pierratos A. Nocturnal home hemodialysis: an update on a 5-year experience. Nephrol 

Dial Transplant 14: 2835-2840, 1999

studies a normalized circadian melatonin rhythm was associated with better 

sleep-wake rhythm [25] and better control of blood pressure [26,27]. Suggested 

mechanisms are improvement of endothelial function, decrease in tone of the 

adrenergic system, and an increase in tone of the cholinergic system [28]. 

Referring to the decrease in melatonin in Fig 2, melatonin seems to be dialyzed, 

which is in concordance with literature. Vaziri et al [7] found a 50% decrease in 

melatonin concentration after dialysis compared with the melatonin concentration 

before dialysis. Lüdemann et al [29] also found significant dialyzability for 

melatonin. 

While still on daytime dialysis therapy, 7 patients dialyzed in the afternoon 

and 6 dialyzed in the morning. No difference was found between these 2 daytime 

groups in melatonin rhythm and sleep-wake rhythm at baseline and after 6 months. 

Previous research from our own group has also found no association between sleep 

disturbances and timing of daytime dialysis [30]. Timing of sleep was not different 

after 6 months in-center NHD and there was no difference in timing of sleep onset 

after 6 months on in-center NHD between patients who were at baseline on morning 

dialysis therapy or patients who were at baseline on afternoon dialysis therapy. 

In-center NHD can be performed for only 10 patients at the same time in our 

hospital. Because of the positive findings of this in-center NHD study, we started 

the Effects of Melatonin on Sleep Problems of Dialysis Patients (EMSCAP) study 

on daytime hemodialysis patients to correct melatonin rhythm by means of 

administration of exogenous melatonin instead of nocturnal dialysis. 

In conclusion, we show in this study that changing from CHD to in-center 

NHD improves sleep-wake behavior, daytime function and melatonin rhythm. In 

addition to the objectively improved sleep-correlated parameters, most patients 

were very enthusiastic about this treatment and did not want to return to daytime 

dialysis therapy. 

 

Intervention studies Chapter 4

4



134 135

17. Walsh M, Culleton B, Tonelli M, Manns B. A systematic review on the effect of 

nocturnal hemodialysis on blood pressure, left ventricular hypertrophy, anemia, 

mineral metabolism, and health-related quality of life. Kidney Int. 67: 1500-1507, 2005

18. Hanly PJ, Gabor JY, Chan C, Pierratos A. Daytime sleepiness in patients with CRF: 

impact of nocturnal hemodialysis. Am J Kidney Dis 41: 403-410, 2003

19. Hanly P, Chan C, Pierratos A. The impact of nocturnal hemodialysis on sleep apnea in 

ESRD patients. Nephrol News Issues; 17: 19-21, 2003

20. Hanly PJ, Pierratos A. Improvement of sleep apnea in patients with chronic renal 

failure who undergo nocturnal hemodialysis. N Engl J Med 344: 102-107, 2001

21. Czeisler CA, Buxton OM, Singh Khalsa SB. The human circadian timing system and 

sleep-wake regulation. In: Principles and practice of sleep medicine, Fourth Edition, 

eds Kryger MH, Roth T, Dement WC, Philadelphia:, Elsevier-Saunders, 2005: page 388

22. Viljoen M, Steyn ME, Rensburg van BWJ, Reinach SG. Melatonin in chronic renal 

failure. Nephron 60: 138-143, 1992

23. Holmes EW, Hojvat SA, Kahn SE, Bermes EW Jr. Testicular dysfunction in experimental 

chronic renal insufficiency: a deficiency of nocturnal pineal N-acetyltransferase 

activity. Br J Exp Pathol 70: 349-356, 1989

24. Ferchland A, Rettkowski O, Pönicke K, Deuber HJ, Ostens B, Brodde OE. Effects of 

uremic plasma on alpha- and beta-adrenoceptors subtypes. Nephron 80: 46-50, 1998

25. Geron R, Shurtz-Swirski R, Sela S, et al. Polymorphonuclear leucocyte priming in long 

intermittent nocturnal hemodialysis-is melatonin a player? Nephrol Dial Transplant 21: 

3196-3201, 2006

26. Scheer FAJL, Montfrans van GA, Someren van EJW, Mairuhu G, Buijs RM. Daily 

nighttime melatonin reduces blood pressure in male patients with essential 

hypertension. Hypertension 43: 192-197, 2004

27. Jonas M, Garfinkel D, Zisapel N, Laudon M, Grossman E. Impaired nocturnal melatonin 

secretion in non-dipper hypertensive patients. Blood Pressure 12: 19-24, 2002

28. Simko F, Paulis L. Melatonin as a potential antihypertensive treatment. J Pineal Res. 42: 

319-322, 2007

29. Lüdemann P, Zwernemann S, Lerchl A. Clearance of melatonin and 

6-sulfatoxymelatonin by hemodialysis in patients with end-stage renal disease. J Pineal 

Res 3: 222-227, 2001

30. Koch BCP, Nagtegaal JE, Hagen EC, et al. Subjective sleep efficiency of hemodialysis 

patients. Clin. Nephrology 70: 411-418, 2008

Intervention studies Chapter 4

4



136 137

Introduction

End-stage renal disease (ESRD) is associated with an increased prevalence of 

sleep disturbances, which have a major influence on quality of life and morbidity 

[1,2]. Approximately 50-80% of patients with ESRD complain about disturbances of 

the sleep-wake rhythm [1]. In this patient group circadian rhythmicity, defining 

periods of low and high sleep propensity [3], can be negatively affected due to 

pathology of ESRD [1] and the dialysis process, causing daytime sleepiness and 

nocturnal insomnia [4]. The pineal hormone melatonin plays an important role 

in the synchronization of circadian sleep-wake rhythm. In normal conditions, 

melatonin is secreted only during the night [5]. The onset of the evening rise in 

endogenous melatonin is called the dim light melatonin onset (DLMO) and can be 

calculated as the first interpolated point above 

4 pg ml-1 in saliva after which the endogenous melatonin concentration continues 

to rise [6]. This increase in endogenous melatonin level in the evening correlates 

in normal circumstances with the onset of self-reported evening sleepiness [7] or 

with the increase in evening sleep propensity [8]. An absence of the nocturnal rise 

in melatonin concentration in daytime hemodialysis patients has been described 

earlier [9,10]. Exogenous melatonin resulted in improved sleep-wake rhythm in 

other patient groups with disturbed melatonin rhythm [11]. Studies on exogenous 

melatonin and sleep-wake rhythm of hemodialysis patients have not been described 

before.

The aims of this study were to investigate the effects of exogenous melatonin 

on sleep-wake rhythm, focused on sleep quality and feeling rested during daytime, 

and melatonin rhythm in hemodialysis patients.

Methods

The study design was a randomized, double-blind, placebo-controlled, cross-

over study (Figure 1). 

The Medical-Ethical Committee approved the protocol of the study (ClinicalTrials.

gov: NCT00404456), and informed consent was obtained from all patients. Patients 

between 18 and 85 years and on stable hemodialysis (> 3 months on hemodialysis 

with adequate dialysis efficacy) were included. Patients were excluded in case 

of prior use of melatonin, use of hypnotics that could not be stopped during the 

study and in case of severe psychological or neurological disease. In the first 6 

weeks melatonin 3-mg tablets (Pharmanord ®, Vejle, Denmark) or placebo tablets 

(Pharmanord ®) were taken at 22.00 h every night. In the second period of 6 weeks 

placebo and melatonin tablets were reversed. All patients received melatonin 

3-mg tablets for the last 6 weeks. There was no wash-out procedure included since 

Koch BCP, Nagtegaal JE, Hagen EC, Westerlaken van der MML, Boringa JBS, Kerkhof GA,  

Ter Wee PM. 
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Chapter 4b: The effects of melatonin on sleep-wake  
rhythm of daytime hemodialysis patients: a randomized 
placebo-controlled cross-over study (EMSCAP study)

Abstract

Background

The aim of this study was to investigate the effects of exogenous melatonin on 

sleep-wake rhythm in hemodialysis patients.

Methods

The study design is a randomized, double-blind, placebo-controlled, cross-over 

study of 3 x 6 weeks melatonin 3 mg at 22:00 h every night. Hemodialysis patients 

were asked to fill out a sleep questionnaire and to wear an actometer to record 

their sleep problems objectively. Furthermore, melatonin concentrations in saliva 

were sampled the night after daytime hemodialysis and the consecutive night. 

Actometers, the sleep questionnaire and melatonin concentrations were repeated 

during the study. 

Results 

In total, 20 patients (six female, median age 71 years) completed the investigation. On 

nights after daytime dialysis, objective sleep onset latency decreased significantly 

from a median of 44.5 (placebo) to a median of 15.5 min with melatonin (p < 0.01). 

Sleep efficiency increased from 67.3 to 73.1% with melatonin (p < 0.05). Actual sleep 

time increased from 376 minutes (placebo) to 388 min with melatonin (p < 0.01) and 

sleep fragmentation decreased from 4.5 to 3.1 (p < 0.01). 

Furthermore, subjective sleep parameters improved also. Patients reported less time 

needed to fall asleep (p < 0.05) and fewer wake periods (p < 0.05) on the nights with 

and without daytime dialysis and an increase in sleep time on the night of daytime 

dialysis (p < 0.05). Furthermore, the nocturnal melatonin rise was recovered.

Conclusions

Treatment with melatonin resulted in an improvement of subjective and objective 

sleep parameters, as well as a recovered nocturnal melatonin rhythm. 

Intervention studies Chapter 4

4



138 139

During treatment, vascular access was achieved by two needle placements in 

fistulas or grafts or by internal jugular catheter. Dialysate f low was kept at 300 

ml min-1, blood f low was set at 200-300 ml min-1. High f lux polysulfone 1.3/1.8 

m2 dialyzers were used (F60/F80, Fresenius Medical Care, Lexington, MA, USA). 

Information on medication, which interfered with melatonin rhythm (such as 

ß-blockers) [5] was collected. 

Actigraphy
Actigraphy is an established sleep monitoring method that records wrist 

movements and automatically discriminates rest-activity patterns interpreted in 

terms of sleep and wake periods [13]. Model Actiwatch-L (Cambridge Neurotechnology 

Ltd ®, Cambridge, UK) actometers that were used, have been validated against 

polysomnography in the hemodialysis population [14]. The actometer is placed on 

the wrist of the arm without graft or fistula. Patients were asked to write down the 

times of going to bed (beginning of bedtime) and getting up (end of bedtime) on a 

registration form, provided with the actometer. On the basis of dedicated software 

(Actiwatch Activity & Sleep Analysis version 5.32) 1-min epochs of actigraphic data 

were scored as sleep or wake in the main study [15]. The following parameters were 

calculated, according to standardized methods [16]: actual sleep time, defined as 

the duration of actually recorded sleep; actual awake time, the total duration of 

intermittent wake periods, i.e. the portion of wakefulness within the bed period; 

sleep efficiency, the actual sleep time divided by time in bed, a well-recognized 

measure of sleep quality and sleep onset latency, the difference between in-bed 

time and sleep onset. Furthermore, fragmentation Index (FI) was calculated as an 

indicator for restlessness of the sleep. FI is the total number of wake bouts (defined 

as a wake period by the algorithm of the software) divided by the total sleep time 

in hours. The automatic FI, provided by the software of the actometer, was not used 

as the calculation of the parameter of FI is more transparent when using wake 

bouts and sleep time (analogous to apnoea index calculation in polysomnography) 

instead of the percentage of 1 min of moving and immobility (in the automatic FI 

calculation).  Actigraphy was carried out at baseline and after 5 and 11 weeks, for 

seven consecutive days (Figure I). 

Melatonin rhythm
Melatonin concentrations in saliva were measured the night after daytime 

hemodialysis and the subsequent night without daytime hemodialysis at 21.00, 

23.00, 01.00, 07.00 h and 09.00 h at baseline and after 17 weeks (Figure 1). To measure 

endogenous melatonin, exogenous melatonin was not administered during days of 

sampling of melatonin in saliva. Patients were asked to slowly move a cotton plug 

(Salivetten ®, Sarstedt Numbrecht, Germany) in their mouth for 1 min. Melatonin 

levels were measured by the commercially available radioimmunoassay kit 

melatonin has a short half-life, and Dahlitz et al. [12] have shown that the advancing 

effect of melatonin on the sleep-wake rhythm disappeared within 2 days after 

stopping the administration. As we performed measurements after 5 weeks in a 

study period, the carry-over effect will be negligible. 

If the patients had a regime of Monday-Wednesday-Friday hemodialysis, all 

measurements during the study were started on a Monday. If patients had a regime 

of Tuesday-Thursday-Saturday hemodialysis all measurements during the study 

were started on a Tuesday. At baseline, daytime hemodialysis patients were asked 

to fill out a sleep questionnaire and to wear an actometer for seven consecutive 

days. In addition, melatonin concentrations in saliva were measured the night 

after daytime hemodialysis and the consecutive night. When the median sleep 

onset latency, measured by means of the actometer was >15 min and melatonin 

concentration was <4 pg ml-1 in saliva during the night (inclusion criteria), patients 

could be included in the study.
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The design of this study. The study measurements and the time points of measurements 

are displayed.  
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(Bühlmann Laboratories, Allschwill, Switzerland). Sampling was performed under 

semiconstant routine conditions at home on all sampling days. Patients followed a 

protocol and stayed in a dimly lit room (from 18.00 until 08.00 h the intensity of the 

ambient light can be estimated as <20 lux [11]). Saliva samples were kept at - 18°C 

until analysed; then they were centrifuged (1000 g, 2 min). Aliquots of 400 µl of saliva 

sample were added directly in assay tubes. The detection limit was 0.5 pg ml-1. 

Sleep questionnaire: daytime function and subjective sleep experience
Sleep-wake characteristics were derived from the validated Dutch sleep 

disorders questionnaire [17]. Patients were asked to keep a log of their sleep-wake 

schedule for seven consecutive days at baseline and after 5 and 11 weeks (Figure 1). 

This description included a record of their estimated sleep time, daytime function, 

sleep onset latency, wake periods during the night, feeling rested during daytime 

and subjective sleep quality. 

Analysis
Median values and interquartile differences of the sleep questionnaire and 

actigraphy on dialysis days and non-dialysis days were calculated during the double-

blind cross-over period. The Statistical Package for Social Sciences (SPSS, Chicago, 

IL, USA) version 14 was employed for all statistical analysis. All parameters were 

tested by Wilcoxon signed ranks test (two-tailed) to find significant differences  

(P < 0.05) between melatonin and placebo treatment. Plots were made of melatonin 

concentrations before and after treatment. The melatonin concentrations were 

analysed by means of paired comparison per measuring point by Wilcoxon signed 

ranks test analysis. 

Results

At baseline, 24 patients were included in the study. From this group, two 

patients died, one terminated his dialysis in our hospital and one was excluded 

due to noncompliance. Twenty patients (14 male, six female) completed the 18-week 

investigation period. The general characteristics of the patients, shown in Table 1, 

were similar to the main characteristics of the general Dutch dialysis population 

[18]. In the study group nine patients used a ß- blocker. No dose changes in  

ß- blockers were made during the study period. During the investigation period no 

significant side-effects of melatonin were reported. 

Actigraphy
As is shown in Table 2a, the median sleep onset latency on the night after dialysis 

significantly reduced after melatonin treatment. Patients needed a median of 44.5 
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Parameters Median
   (interquartile range)

Age (in years) 71[14.3]

Kt/V pro week* 3.9 [0.8]

Kt/V pro week incl. residual kidney function* 4.3 [0.9]

BMI (kg/m2) 24.5 [4.7]

Dialysis duration (in months) 19 [20]

Dialysis duration per week (in hours) 10.5 [3] 

Table 1  General characteristics of the patient group, displayed as median 
and interquartile difference. 

*Kt/V: Index of dialysis adequacy, fractional reduction of urea [35]. 

Parameters Normal values  Median Median
  [Interquartile  [Interquartile 
  difference] difference]
  Placebo Melatonin 

(a)

Sleep onset latency (min.) < 15  44.5 [43.3]** 15.5 [27.8]**

Sleep efficiency (%) > 85 67.3 [30.7]** 73.1 [27.5]**

Actual Awake time (%) < 10 20.0 [28.6] 19.4 [13.6]

Actual Sleep Time (min.) > 350 376.7 [118.6]** 387.5 [155.6]**

Fragmention index # 4.5 [1.1]** 3.1 [0.7]**

(b)

Sleep onset latency (min.) < 15  36.0 [31.9]* 28.5 [22.6]*

Sleep efficiency (%) > 85 65.0 [22.1]* 69.2 [30.6]*

Actual Awake time (%) < 10 24.8 [14.2] 28.2 [23.7]

Actual Sleep Time (min.) > 350 351.0 [119.7] 386.8 [169.7]

Fragmentation index # 3.9 [1.3] 3.0 [1.2]

Table 2  Results of the actometer on (a) night after daytime dialysis  
(displayed as median and interquartile difference) after 5 or 11 weeks 
(depending on the placebo-melatonin period) and (b) the following 
night without daytime dialysis ((displayed as median and 
interquartile difference).

# Normal values not known yet   **P < 0.05   * P < 0.10
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Furthermore, on nights without daytime dialysis, sleep onset latency decreased 

from 36 min (placebo) to 29 min with melatonin (P = 0.09) and sleep efficiency 

increased from 65% (placebo) to 69.2% with melatonin (P = 0.08), as is shown in 

Table 2b. An example of an actogram of a patient at baseline is shown in Figure 2. 

Melatonin in saliva
In Figure 3 mean melatonin concentrations in saliva before treatment and after 

melatonin treatment are displayed. Before treatment the nocturnal melatonin rise 

was absent, its concentration not rising above 1 pg ml-1. After treatment the average 

min to fall asleep with placebo treatment, which reduced to a median of 15.5 min 

(P = 0.002) after melatonin treatment. The 95% confidence interval (mean ± 2 SD) 

with placebo was 50 ± 78 minutes and 33.6 ± 66 minutes with melatonin.

Sleep efficiency increased from 67.3% (placebo) to 73.1% with melatonin  

(P = 0.01). Actual sleep time increased from 377 minutes (placebo) to 388 minutes 

with melatonin (P = 0.003) and sleep fragmentation decreased from 4.5 to 3.1  

(P = 0.007). 
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Figure 2

A display of a week’s actogram of a patient, at baseline. The graph shows the movements of 

the wrist during night and day. All days are double plotted, as on all lines two consequent 

24-h periods are shown. The black lines ref lect the movement of the wrist. This patient 

dialyzed on Tuesday, Thursday and Saturday afternoon. As can be seen, there are often low 

light conditions during the day. Daytime napping does occur based on the absence of wrist 

movements, which can indicate sleep.
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Figure 3

A display of the mean melatonin concentration measured in saliva on the day of dialysis and 

the consecutive day. The horizontal axis ref lects the time of day in hours and the vertical 

axis ref lects the melatonin concentration in saliva in pg ml-1. The lines with open bullets 

represent the measurements before treatment. The lines with closed bullets represent the 

measures after treatment. Vertical lines at the measuring points represent the standard 

deviation error bars.   
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Discussion 

Treatment with melatonin resulted in a significant improvement of sleep 

quality as regards  objective sleep onset latency, sleep time, sleep efficiency and 

sleep fragmentation. Sleep onset latency normalized. In addition to objective 

measurements, subjective sleep parameters improved as well. Patients reported in 

their sleep questionnaires less time needed to fall asleep, an increase in sleep time, 

fewer wake periods and an improvement in sleep quality. Furthermore, the normal 

nocturnal melatonin rise was recovered after treatment.  

In our study a decrease in objective sleep fragmentation was found after 

treatment with melatonin. Fragmentation of sleep reduces the restorative power of 

sleep [19]. Sleep disruption has been shown to result in performance impairments 

and subjective sleepiness [19]. In addition, impairment of immune function and 

worsening cardiovascular risk profiles have been reported [20,21,22,23]. 

Furthermore, a reduction in objective sleep onset latency, as measured by 

actigraphy, was displayed after treatment. Sleep onset latency is considered to be 

an important parameter when diagnosing sleep disorders such as insomnia [24,25] 

and sleep onset latency and fragmentation of sleep are important parameters in 

the subjective sleep experience of a patient [26,27]. Thus, it can be expected that 

subjective sleep parameters improved as well. Patients reported indeed, above all, 

shorter sleep onset latency, prolonged sleep time and fewer wake periods. 

After treatment with melatonin, the normal melatonin evening rise was 

recovered. This increase in melatonin levels correlates in normal circumstances 

with the onset of self-reported evening sleepiness [7] or with the increase in 

evening sleep propensity [8]. Administration of melatonin has led to a reduction 

of sleep latency in healthy volunteers [28] and in patients with delayed sleep phase 

syndrome [11]. In the present study in hemodialysis patients the same effect was 

observed. 

The results of baseline measurements from the present study confirm previous 

observations of an absence of a nocturnal melatonin rise in patients suffering from 

ESRD [9,10]. This apparent disturbance of the circadian melatonin rhythm may be 

explained by several mechanisms. Dialysis and its sleep-inducing effect result in 

a disturbance of sleep hygiene due to daytime sleepiness and nocturnal insomnia 

[1,4]. Lack of sleep hygiene can lead to a disturbance of sleep-wake rhythm. This 

disturbance of circadian rhythm is expressed in the absence of a normal onset of 

melatonin production by the pineal gland [4]. Second, ß-blockers, frequently used 

in hemodialysis patients [29], have been shown to depress nocturnal melatonin 

production [5]. In our group nine of 20 patients used a ß-blocker (three hydrophilic, 

six lipophilic ß-blockers). However, no difference in melatonin concentration 

between patients with and patients without ß- blocker was found during the whole 

study period. 

melatonin concentration increased well above the DLMO set point of 4 pg ml-1  

in saliva at night. At all measuring points, endogenous melatonin concentration 

was significantly increased after treatment in comparison with before treatment 

(P < 0.05).

No differences in melatonin rhythm between patients on ß- blockers and 

patients without ß- blockers were observed during the whole study period (P > 0.1).

Sleep questionnaires: daytime function and subjective sleep experience 
As can be found in Table 3a, patients reported less time needed to fall asleep on 

the nights of daytime dialysis (P = 0.003) and the nights without daytime dialysis 

(P = 0.04), when using melatonin instead of placebo. Furthermore an increase in 

sleep time was seen on the nights after daytime dialysis (P = 0.01) with melatonin. 

Wake periods during the nights were significantly fewer on nights after dialysis 

(P = 0.03) and nights without daytime dialysis (P = 0.03). Furthermore, a trend in 

improvement in sleep quality was found on the nights after daytime dialysis (P = 

0.1). The perception of feeling rested in the morning and feeling rested during the 

day did not differ significantly between melatonin and placebo administration. 
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Parameters Median Median
 [Interquartile  [Interquartile 
 difference] difference]
 Placebo Melatonin 

(a)

Daytime napping (min.) 30.0 [48.8] 0 [37.5]

Sleep onset latency (min.) 45.0 [90.0]** 15.0 [12.5]**

Wake periods (min.) 30.0 [25.0]** 25.0 [22.5]**

Sleep time (min.) 345.0 [180.0]** 480 [120.0]**

(b)

Daytime napping (min.) 12.5 [30] 22.5 [35]

Sleep onset latency (min.) 40.0 [100]** 15.0 [21.2]**

Wake periods (min.) 30.0 [2.5]** 30.0 [17.5]**

Sleep time (min.) 420.0 [180.0] 435 [86.3]

Table 3  Results of filled-out sleep questionnaire: (a) day of dialysis and  
(b) day without dialysis.

**p < 0.05 
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by means of administration of exogenous melatonin instead of nocturnal dialysis. 

Additionally, the frequent and ineffective prescription of conventional hypnotics 

in this population was an additional motivation to start this exogenous melatonin 

study [34]. The results from this present study on daytime dialysis patients, with 

positive effects on sleep-wake rhythm and endogenous melatonin concentrations 

caused by exogenous melatonin, are very promising.  The sleep parameters and 

melatonin rhythm improved even more in the present exogenous melatonin study 

than in the nocturnal dialysis study [34]. However, this study has a relatively 

small sample size and a short investigation period, like other studies published 

on exogenous melatonin [11]. Due to the positive results of the present study 

the so-called MELODY study (MELatOnin anD qualitY of life in dialysis patients) 

was recently initiated. This is a larger long-term (1 year), multicentre, placebo-

controlled study on the effects of exogenous melatonin on sleep, quality of life, 

circadian blood pressure and left ventricular function. Outcomes of this study may 

confirm the benefits of exogenous melatonin in hemodialysis patients. 

Furthermore, the decline in melatonin levels can be also related to the 

impairment in ß- adrenoreceptor mediated responsiveness in renal insufficiency 

[9, 30, 31]. The adrenergic system plays an important role in the synthesis of 

serotonin N-acetyltransferase (NAT), the key enzyme in melatonin biosynthesis. 

Suppression of NAT was observed in rats rendered uraemic by partial nephrectomy 

[31]. Exogenous melatonin bypasses the enzyme NAT and therefore may allow a 

recuperation of the enzymatic activity of NAT. On this view, the administration 

of exogenous melatonin constitutes a masking factor that selectively affects 

the onset of the melatonin curve [28]. Consequently, after a period of melatonin 

administration, this enzymatic activity may have been sensitized [28]. This would 

facilitate the triggering of the synthesis and release of endogenous melatonin that 

was observed in this study (Figure 3). 

The melatonin curve was significantly lower on the following night without 

daytime dialysis. Possibly, sensitized enzyme activity of NAT dropped after two 

days without exogenous melatonin as this was not administered during days of 

saliva sampling. This could further explain the less improved sleep parameters on 

the second night in comparison to the significant improved sleep parameters on 

the first night. 

Previous research of our group has investigated the effects on melatonin 

rhythm when shifting from daytime to nocturnal in-hospital hemodialysis [32,,33]. 

With respect to sleep-wake rhythm, nocturnal dialysis has advantages. The sleep 

promoting effects of dialysis coincide with the appropriate and conventional 

time of sleeping. Among these proposed sleep-promoting effects of hemodialysis 

are the elevated production of interleukin (IL)-1 during dialysis leading to sleep 

induction and the induction of imbalances of brain and serum osmolarity 

(disequilibrium syndrome), which is associated with a depression of alertness and 

arousal [4]. Furthermore, hemodialysis causes an elevation in body temperature 

(partly accounted by IL-1). This increase in body temperature triggers cooling 

processes. Because of the known association between sleep onset and body cooling, 

hemodialysis-associated elevations in body temperature may activate cooling 

processes and thus increase sleepiness [4].

In this way, the shift to nocturnal dialysis could restore the normal temporal 

relationship between the sleep period and the other rhythms of the circadian 

system, which resulted in an improved quality of both sleep and daytime 

functioning [32,33]. These improvements could be enhanced by the better clearance 

of toxins due to longer dialysis. Furthermore, it is hypothesized that if the normal 

synchronization between sleep-wake behaviour and the circadian system is 

restored, the endogenous melatonin concentration will be characterized by its 

normal nocturnal rise. Nocturnal melatonin rise was indeed recovered [32,33]. 

Nocturnal in-hospital dialysis can be performed for only 10 patients at the same 

time in our hospital. Therefore, we started this study to correct melatonin rhythm 
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The studies described in this thesis were motivated by the increasing recognition 

that patients with End-Stage Renal Disease (ESRD) experience various sleep 

disturbances, which have been underexposed in clinical research. The quality 

of life of ESRD patients, which is considered to be impaired caused by increased 

mortality and morbidity, can be further deteriorated by sleep disturbances. For 

that reason, research on these disturbances in ESRD is worthwhile to conduct. 

The main objectives of the thesis were: 

•	 Is the circadian sleep-wake rhythm in patients with ESRD impaired? 

•	 Does the rhythm of endogenous melatonin, as a synchronizer of the sleep-wake 

rhythm, decrease with advancing renal dysfunction? 

•	 What external or internal factors or approaches can affect the sleep-wake pattern 

in the ESRD population? 

On the following pages the summary and the general discussion of this thesis are 

outlined. The last part concerns directions for future research. 

Chapter 1 Introduction to circadian sleep-wake rhythm disturbances in ESRD
Before conducting the studies of the thesis, the general opinion was that ESRD 

patients suffer from sleep problems. However, the focus of previous studies has 

been on sleep apnea syndrome, restless legs and periodic limb movement disorder 

(PLMD) [1]. In recent years, more patients have been treated with nocturnal dialysis. 

Yet, nocturnal dialysis studies focused on reducing f luid overload and improved 

biochemical parameters. When sleep studies were performed, the focus has been on 

reducing sleep apnea when changing from daytime to nocturnal hemodialysis [2,3]. 

The focus of research on circadian rhythm in kidney disease has been on the 

impaired diurnal blood pressure pattern. This impaired pattern is characterized 

by an absence in nocturnal dipping of blood pressure. This non-dipper profile is a 

risk factor for the development of cardiovascular disease [4,5]. 

In this chapter we elucidated the possible external and internal negative factors 

involved in sleep-wake rhythmicity in ESRD patients. The evidence of these factors 

is poor in most cases. Literature on the external factors, dialysis and medication, 

often addresses theories or other patient groups. The same critics apply, in general, 

to the internal factors: melatonin and biochemical parameters. Endogenous 

melatonin profiles in renal disease have become a field of interest recently, 

although literature is still scarce and contradicting. All authors found an absence 

of the nocturnal melatonin rise in serum [6,8], but the melatonin levels in serum 

during daytime were increased [6] or decreased [8]. Causes for increased melatonin 

levels have not been explained. A possible explanation is that in the studies that 

found increased daytime melatonin levels, the majority of the patients experienced 

sleep apnea. Sleep apnea is often seen in ESRD patients [9] and has been related to 

increased daytime melatonin levels [10]. These increased levels may be caused by 

pineal dysfynction in obstructive sleep apnea syndrome [10]. 

Summary Summary
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sleep-wake rhythm disturbances and timing of sleep in the ESRD population [19]. 

Comparisons between sleep measures of polysomnography and sleep measures 

of actigraphy resulted in promising correlations, of which can be concluded that 

actigraphy can be assessed in hemodialysis patients. Hemodialysis expressed more 

impaired sleep parameters in comparison to insomnia patients. We concluded 

that in hemodialysis patients in whom sleep apneas and PLMD are not suspected, 

actigraphy can be used as a useful tool to objectify sleep disturbances, in addition 

to subjective sleep questionnaires. Furthermore, in sleep intervention studies, 

regarding timing of sleep or sleep-wake pattern, actigraphy can be assessed as an 

objective and easy method to evaluate the success of the intervention. However, if 

information on sleep architecture is warranted, polysomnography is the standard. 

More sophisticated methods of actigraphy measurements, such as combinations 

with oxygen measurement, need further investigation in the ESRD population. 

These novel methods can identify sleep disturbances together with the underlying 

causes, e.g. sleep apnea, and can amplify, therefore, the use of actigraphy in the 

ESRD population. 

Sleep-wake rhythms  and endogenous melatonin rhythm in nocturnal hemodialysis, daytime 

hemodialysis and automated peritoneal dialysis patients 

Using actigraphy, we found that daytime hemodialysis patients experienced the 

worst sleep, in comparison to nocturnal hemodialysis and automated peritoneal 

dialysis patients [20]. With respect to sleep-wake rhythm, nocturnal hemodialysis 

has advantages, compared to daytime dialysis. The sleep promoting effects of 

dialysis coincide with the appropriate and conventional time of day. In this way, the 

shift to nocturnal dialysis could restore the normal temporal relationship between 

the sleep period and the other rhythms of the circadian system. The increased 

clearance contributes to this advantage of nocturnal hemodialysis. 

Automated peritoneal dialysis, which is performed during night time, resulted 

in more disturbed melatonin rhythm than nocturnal hemodialysis [20]. The timing 

of dialysis seemed not to affect the melatonin rhythm. This observation, probably 

due to more autonomic deregulation in peritoneal dialysis [21] or the higher 

toxin clearance in nocturnal hemodialysis [3,22], can indicate the superior effect 

of elevated clearance above timing of day in nocturnal dialysis with regards to 

melatonin rhythm. Peritoneal dialysis patients did not sleep worse than nocturnal 

hemodialysis patients. This suggests that the melatonin rhythm might have a less 

significant role in sleep-wake rhythm of peritoneal dialysis patients, compared to 

hemodialysis patients. 

Chapter 3 Circadian rhythm in Chronic Kidney Disease 
Although this thesis concerns mostly ESRD, circadian rhythm was researched also 

in chronic kidney disease, with a special focus on sleep-wake rhythm. The objectives 

Decreased melatonin concentrations during daytime are more likely to be found 

in patients with renal failure, because of increased levels of blood urea nitrogen. 

These increased levels are associated with adrenoreceptor downregulation [11]. 

Adrenoreceptors are important in the pathway of melatonin synthesis [12]. 

When expounding all these somewhat theoretical factors, the contribution of 

the individual factors to sleep-wake rhythm is still questioned. This restriction 

also applies for the approaches sought to resynchronize the rhythm: bright light, 

exogenous erythropoietin, exogenous melatonin, cool dialysate, exercise and 

nocturnal dialysis.  Most approaches have been researched in other patient groups. 

Studies on the effects of dialysate temperature [13] and exogenous erythropoietin 

[7] have shown positive results on sleep in the ESRD population. 

Chapter 2 Prevalence 
Subjective sleep efficiency, hypnotics and potentially sleep-disturbing medication in 

hemodialysis patients in comparison to the general population

Before starting intervention studies, it is important to understand and 

determine the problem in the study population. We found that subjective sleep 

efficiency in our daytime hemodialysis patient group was significantly impaired in 

comparison to the control group [14]. In addition, the classical hypnotics were not 

successfully used. This lack of efficacy of hypnotics has been reported earlier in the 

general older population [15]. All these findings justified the intervention studies, 

described in chapter 4. 

Surprisingly, no association was found between dialysis adequacy and 

sleep efficiency. We expected to find this association, because of the described 

relationships between urea, melatonin and sleep apnea  [2,3,11]. An explanation 

could be that standard dialysis adequacy focuses on the clearance of the small 

molecule urea, and that sleep might be related to the clearance of middle-sized or 

larger molecules. 

As we did not find the standard age or gender effect in the prevalence of sleep 

disturbances, we hypothesized that the pathophysiology of sleep disturbances may 

differ in the medically ill in comparison to the general population. This hypothesis 

has been questioned earlier in literature [16].

Our hemodialysis population used significantly more benzodiazepines and beta-

blockers, in comparison to the matched general population [17].  Due to the fact that 

beta-blockers disturb melatonin rhythm and increase nightmares, clinicians should 

be aware of existent sleep disturbances when prescribing lipophilic betablockers in 

this patient group. Other dosing regimens might be appropriate. 

Actigraphy measures in hemodialysis patients

Actigraphy has become a valid alternative in case polysomnography is not feasible 

in insomnia patients [18]. We found that actigraphy can be valuable in evaluating 
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Importantly, no relationship was found between the presence of an EPO rhythm 

and the degree of chronic kidney disease [31]. It thus remains unclear why subjects 

present an EPO rhythm. A possible cause could be that in the subjects with an 

EPO rhythm, more f luctuations in blood pressure are present [32]. Another cause 

can be that subjects have obstructive sleep apnea syndrome (OSAS) that had not 

been diagnosed. In OSAS, diurnal variation in EPO levels is higher than in healthy 

persons, due to nocturnal hypoxemia [33]. 

Furthermore, we were unable to demonstrate a circadian rhythm for IGF-1 in 

subjects with a decreased renal function, but we also did not find a IGF-1 rhythm in 

subjects with a normal renal function. A possible explanation (for the fact that we 

found no evidence for a circadian rhythm in IGF-1 in any of the subjects) is that IGF-

1 rhythmicity indeed is absent in adults both with and without CKD, but present 

in children [34]. Another explanation for the absence of an IGF-1 rhythm in our 

study could be the relatively high prevalence of Diabetes Mellitus (DM) amongst the 

subjects, as DM is associated with lower levels of IGF-1 [35]. 

An interesting finding of this study is that mean levels of IGF-1 were correlated 

inversely to mean levels of EPO [31]. Subjects with the greatest decrease in renal 

function and a relatively low haemoglobin had the highest IGF-1 levels. This result 

suggests that EPO and IGF-1 both have a role in erythropoiesis in chronic kidney 

disease: when concentrations of EPO are not sufficient in resolving anemia, levels of 

IGF-1 increase. All together, IGF-1 may constitute a potent pro-erythropoietic agent 

in chronic kidney disease. However, until now its therapeutic application is limited 

by the difficulty of assessing pituitary functional status in patients with chronic 

kidney disease, and the interaction with IGF-binding proteins that determine its 

bioavailability [36]. 

Chapter 4 Intervention studies
Two different approaches for strengthening the circadian sleep-wake rhythm, as 

described in chapter 1, are researched in this thesis: changing from daytime to 

nocturnal hemodialysis and exogenous melatonin. 

Nocturnal dialysis 

Nocturnal hemodialysis resulted in significant improvements of sleep 

parameters, measured with polysomnography in comparison to daytime 

hemodialysis [37]. Subjective measured sleep was also less impaired with nocturnal 

hemodialysis, compared to daytime hemodialysis. Sleep apnea tended to decrease. 

This decrease has also been found, with even more impressive results, in patients 

who received  nocturnal hemodialysis at home [2]. Nocturnal hemodialysis at home 

is performed 7 nights a week, while nocturnal in-hospital hemodialysis is carried 

out only 4 nights a week. The difference in sleep apnea reduction between in-

hospital or at home nocturnal hemodialysis may, therefore, be found in the more 

were, primary, to research if circadian rhythm is already disturbed prior to dialysis 

treatment. Second, when comparing the melatonin data of dialysis patients and 

patients with chronic kidney disease, the additional negative contribution of 

dialysis could be estimated.  

Circadian rhythms of melatonin, cortisol and core body temperature in chronic kidney disease

The main result of our study is that renal function is associated with melatonin 

rhythm, but not with cortisol or core body temperature rhythm [23]. As endogenous 

melatonin rhythm was more impaired with advanced renal dysfunction, a future 

role for exogenous melatonin in improving endogenous melatonin rhythm, and 

subsequently sleep of patients with chronic kidney disease can be exerted. Lowered 

endogenous melatonin levels have been associated with increased oxidative stress 

[24,25] and impaired immune response [26]. Exogenous melatonin can be evaluated 

in studies on reduction of oxidative stress or immune processes of chronic kidney 

disease. In addition, exogenous melatonin has been useful in restoring the nocturnal 

dipping profile in male patients with essential hypertension [27]. As patients with 

chronic kidney disease often exhibit a non-dipper profile [4,5], restoring circadian 

blood pressure rhythm in this population by means of exogenous melatonin may 

be a future research topic. 

While melatonin has been proposed to be an endogenous synchronizer [28], 

able to stabilize other circadian rhythms under normal circumstances, we failed to 

find an association between melatonin and core body temperature in patients with 

chronic kidney disease [23]. Due to the impaired melatonin rhythm, melatonin 

might not have the role of endogenous synchronizator, and cannot affect core body 

temperature, which rather does occur under normal circumstances [29]. There is a 

paucity of research on cortisol and circadian rhythm in chronic kidney disease. Due 

to frequently-observed sleep-wake disturbances in patients with chronic kidney 

disease and the linkage of sleep and metabolism [30], affected cortisol rhythms 

might have been expected. Nevertheless, in most patients we found a normal 

cortisol rhythm, not dependent on renal function. 

Even though melatonin rhythm was impaired in patients with chronic kidney 

disease, dialysis patients still experienced the most deteriorated melatonin 

production [20,23], suggesting an additional contribution of the dialysis process, 

besides renal dysfunction, to melatonin rhythm. 

Circadian rhythms of erythropoietin and insulin growth factor in chronic kidney disease 

Conflicting data are found in literature, on whether a circadian rhythm 

of erythropoietin (EPO) and Insulin Growth Factor (IGF-1) exists. Nevertheless, 

appreciating the physiological rhythm can have clinical consequences for the 

treatment of anaemia. Although we found a rhythm for EPO, the peak times varied 

[31]. Therefore, it is unlikely that EPO levels are regulated in a circadian fashion. 
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rhythm of core body temperature. Caused by the abolished melatonin rhythm, 

melatonin might not exert this role in ESRD. The presence of the circadian 

rhythms of temperature, erythropoietin and cortisol is not associated with renal 

function. Interesting findings on exogenous melatonin are presented. In future, 

more research is warranted on the other approaches, described in chapter 1, to 

establish which intervention has to be followed in the dialysis patient with sleep 

disturbances. 

Directions for future research 
Future research should be carried out to get more insight in circadian rhythm 

and renal disease and to seek the most successful approach in resynchronizing 

rhythm. These studies should be subdivided in four categories of patients: 

hemodialysis patients, transplantation patients, patients with other forms of renal 

replacement therapy and patients with chronic kidney disease. 

In hemodialysis patients, future catches up with the results of a long-term 

placebo-controlled study on the effects of exogenous melatonin in daytime 

hemodialysis patients (the MELODY study) coming up. This study might confirm 

the beneficiary role of exogenous melatonin on sleep and quality of life. As 

described in the discussion, melatonin has a role in oxidative stress and circadian 

blood pressure profile. Therefore, the cardiovascular outcomes will be researched 

also in this study. Related to this topic, more research on endogenous melatonin, 

oxidative stress, the immune system and blood pressure in hemodialysis patients 

is warranted. 

In exogenous melatonin studies melatonin levels are measured after a single 

day of stopping study medication. It would be of additional knowledge on melatonin 

rhythm to perform day-to-day kinetic research to evaluate the effect of melatonin, 

even after stopping melatonin treatment during a longer period. If melatonin 

rhythm remains improved after stopping study medication, the circadian rhythm 

may be resynchronized, and the patient does not need to take the medication 

chronically.   

With regards to transplantation patients, it would be of great interest to 

investigate the circadian rhythm before and after transplantation. Renal function 

significantly improves after transplantation, which may result in an improvement 

of circadian rhythm. In addition, the role of the donor might be important, as 

the donor may induce other diurnal rhythms in the acceptor of the graft after 

transplantation, compared to before transplantation. Studies on circadian rhythm 

of both donor and acceptor of grafts are worthwhile addressing in future years. This 

recommendation also applies for the chronopharmacologic research on transplant 

drugs, as the effects of circadian rhythm on these drugs might affect the outcomes 

of transplantation. In general, more attention must be given to the relationships 

between the time of dosing of drugs and their pharmacological or chronobiological 

frequent dialysis, subsequently the intensified f luid clearance, at home. 

The nocturnal melatonin surge was partially recovered after the intervention 

of nocturnal hemodialysis, probably due to both increased urea clearance and 

time of dialysis treatment [37]. Research on long daytime dialysis [22] has not been 

focused on circadian rhythm and sleep. When research on this theme is performed 

in the future, it can discriminate if longer dialysis or the time of day is the most 

prominent factor in melatonin rhythm return and improved sleep in nocturnal 

hemodialysis. 

Exogenous melatonin 

Exogenous melatonin led to an improvement of sleep parameters, when 

compared to placebo, in daytime hemodialysis patients [38]. Sleep onset even 

normalized [38]. In addition, the nocturnal melatonin rise was recovered. The 

recovery was more distinct when compared to nocturnal hemodialysis. This result 

suggests that exogenous melatonin might have a larger role than time of day or 

toxin clearance in improving melatonin and sleep-wake rhythm. The promising 

results of exogenous melatonin can indicate that the biological clock is a more 

prominent factor, compared to dialysis clearance, than suspected in advance. 

Under normal circumstances, exogenous melatonin causes phase-resetting 

of the melatonin rhythm [39]. In this study, however, with absent endogenous 

melatonin rhythm, exogenous melatonin might exert another role, constituting 

a masking factor that selectively affects the onset of the melatonin curve. After 

a period of melatonin administration, the activity of the enzymes, involved in 

melatonin synthesis, may have been sensitized. That would facilitate the triggering 

of the synthesis and release of endogenous melatonin [40]. 

Most melatonin studies are performed in small patient groups during short 

investigation periods. Due to this f law in research, a study on MELatOnin anD 

qualitY of life (MELODY study) was recently started. This is a long-term (1 year) 

placebo-controlled study on the effects of melatonin 3 mg on sleep, quality of life 

and cardiovascular outcomes, to confirm the role of exogenous melatonin in ESRD. 

The last patient (n=70) has just been included. 

In summary, when returning to the questions presented in the introduction 

of this thesis, the main objective: circadian sleep-wake rhythm in patients with 

ESRD is indeed impaired. Although the internal factors have a prominent impact 

on sleep disturbances, the external factors contribute to these disturbances: - 

Endogenous melatonin rhythm decreased with advancing renal dysfunction. The 

dialysis process has an additional negative contribution to the impaired rhythm 

in hemodialysis patients, when comparing melatonin rhythms of hemodialysis 

and pre-dialysis patients-. Under normal circumstances, endogenous melatonin 

exerts its role as endogenous synchronizer, thereby phase-shifting circadian 
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Dit proefschrift is voortgekomen uit de gedachte dat patiënten met terminale 

nierinsufficiëntie slaapproblemen hebben. De kwaliteit van leven is bij patiënten 

met terminale nierinsufficiëntie aanzienlijk verminderd. Door slaapproblemen 

kan de kwaliteit van leven nog verder verslechteren. Deze slaapproblemen hebben 

tot nu toe onvoldoende aandacht gekregen in klinische studies. In dit proefschrift 

wordt getracht antwoord te geven op de volgende vragen:

•	 Is het circadiaan slaap-waak ritme bij terminale nierinsufficiëntie verslechterd?

•	 Is er een relatie tussen het endogene melatonineritme, als synchronizator van 

het slaap-waakritme, en nierfunctie?

•	 Welke externe of interne invloeden spelen een rol bij het ontstaan van slaap-

waak stoornissen bij deze populatie? En welke mogelijke oplossingen zijn er 

voorhanden om dit ritme te resynchronizeren?

Dit onderdeel van het proefschrift bevat een samenvatting van de verschillende 

hoofdstukken en de algemene discussie. Als laatste worden suggesties voor 

toekomstig onderzoek aangereikt. 

Hoofdstuk 1 Introductie in de slaap-waakstoornissen bij terminale 
nierinsufficiëntie
Patiënten met End-Stage Renal Disease (ESRD) hebben veel last van slaapproblemen. 

Onderzoek heeft zich tot nu toe gericht op het slaap apneu syndroom, ‘restlegs 

legs’ en ‘periodic limb movement disorder’ (PLMD) [1]. In de afgelopen jaren wordt 

nachtelijke hemodialyse steeds vaker toegepast. Echter, studies op het gebied 

van nachtelijke dialyse waren voornamelijk gericht op de klaring van toxines, 

vochtvermindering en verbeterde biochemische parameters. De enkele slaapstudies 

die werden uitgevoerd, waren gericht op de vermindering van slaap apneu door de 

overgang van dag- naar nachtdialyse [2,3]. 

Onderzoek naar circadiane ritmiek in relatie tot nierziekten betrof voornamelijk het 

afwijkende diurnale bloeddrukritme. Dit afwijkende ritme wordt gekarakteriseerd 

door een afwezigheid van de nachtelijke bloeddrukdaling (non-dipping). Deze non-

dipping is een risicofactor voor het ontstaan van cardiovasculaire ziekten [4,5].

In hoofdstuk 1 worden de verschillende externe en interne factoren betrokken bij 

het slaap-waak ritme van patiënten met ESRD verklaard. Het bewijs dat deze factoren 

daadwerkelijk een rol spelen, is vaak minimaal. Literatuur op het gebied van externe 

factoren, dialyse en medicatie, betreft vaak theorieën of andere patiëntengroepen. 

Dezelfde kritiek gaat op voor de interne factoren melatonine en biochemische 

parameters. Onderzoek naar endogene melatonine ritmes bij nierziekte is recent 

in zwang geraakt. Toch zijn er nog steeds weinig literatuurreferenties en spreken 

de resultaten elkaar tegen. Over een ding zijn alle onderzoekers het echter eens: 

er is een afwezigheid van de normale nachtelijke stijging van melatonine in het 

serum van patiënten met een chronische nierziekte [6-8]. Tegenstrijdige waardes 

worden overdag gezien: de melatoninespiegels zijn verhoogd [6] of verlaagd [8]. 
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Aangezien we deze relaties niet vonden, hypothetiseren wij dat de pathofysiologie 

van slaapstoornissen in de chronisch zieke populatie anders is ten opzichte van de 

algemene populatie. Deze hypothese is eerder beschreven [16].

Onze hemodialysepopulatie gebruikte in vergelijking met de referentiegroep 

significant meer benzodiazepines en bètablokkers [17]. Omdat bètablokkers het 

melatonineritme verslechteren en meer nachtmerries veroorzaken, zouden artsen 

meer rekening kunnen houden met bestaande slaapproblemen bij het voorschrijven 

van lipofiele bètablokkers aan deze patiëntengroep. Andere doseerregimes kunnen 

misschien een uitkomst bieden.

 

Actigrafie bij hemodialysepatiënten

Indien polysomnografie praktisch niet uitvoerbaar is, blijkt actigrafie een goed 

alternatief om slaapmetingen uit te voeren bij insomnia patiënten [18]. Wij hebben 

aangetoond dat actigrafie ook kan worden gebruikt om slaap-waak ritmes en 

‘timing’ van slaap te onderzoeken in de ESRD populatie [19]. Vergelijkingen tussen 

slaap gemeten met polysomnografie en slaap gemeten met actigrafie laten goede 

correlaties zien. Bij hemodialysepatiënten, bij wie geen slaap apneus of PLMD worden 

vermoed, kan actigrafie, als toevoeging aan slaapvragenlijsten, worden toegepast 

om slaapstoornissen te objectiveren. Hemodialysepatiënten lieten verslechterde 

slaap zien ten opzichte van insomnia patiënten. Daarnaast kan actigrafie worden 

gebruikt in slaapinterventiestudies, waarin ‘timing’ van slaap of slaap-waakritmes 

worden onderzocht. Het is een eenvoudige en objectieve methode om het succes 

van de interventie te onderzoeken. Echter, polysomnografie is de gouden standaard 

wanneer informatie over de verschillende slaapfasen nodig is. Meer verfijnde 

actigrafiemetingen, in combinatie met bijvoorbeeld zuurstofmetingen, kunnen in 

de toekomst in de ESRD populatie onderzocht worden. Deze nieuwe mogelijkheden 

kunnen slaapstoornissen identificeren en de onderliggende oorzaak onderzoeken, 

bijvoorbeeld bij de diagnose van slaapapneu. Hierdoor kan het gebruik van 

actigrafiemetingen in deze populatie vergroot worden.

Het slaap-waak ritme en endogeen melatonineritme van patiënten die nachtelijke hemodialyse, 

overdag hemodialyse of geautomatiseerde peritoneaal dialyse (APD) ondergaan

Actigrafie-resultaten laten zien dat patiënten die overdag hemodialyseren de 

slechtste slaap hebben in vergelijking met patiënten die nachtelijke hemodialyse 

of APD ondergaan [20]. Met betrekking tot het slaap-waak ritme heeft nachtelijke 

dialyse voordelen ten opzichte van 

dagdialyse. De slaapbevorderende eigenschappen van de dialyse vallen samen met 

het geschikte en conventionele tijdstip van de dag. Hierdoor kan de overgang van 

dag- naar nachtdialyse de normale relatie tussen de slaapperiode en de andere 

ritmes van het circadiane systeem herstellen. De toegenomen klaring bij nachtelijke 

hemodialyse draagt bij aan dit voordeel.

Oorzaken voor de verhoogde melatoninespiegels overdag worden zelden gegeven. 

Een mogelijke verklaring zou kunnen zijn dat in de studies met de verhoogde 

melatoninespiegels overdag de patiënten ook het slaap apneu syndroom hebben. 

Slaap apneu wordt vaak gezien bij ESRD patiënten [9] en wordt gekarakteriseerd door 

gestegen melatonine spiegels overdag. Deze verhoogde spiegels worden mogelijk 

veroorzaakt door een verslechtering van de functie van de pijnappelklier bij het 

obstructieve slaap apneu syndroom [10]. De pijnappelklier in de hypothalamus in 

de hersenen is verantwoordelijk voor de synthese van endogeen melatonine. 

Het is meer aannemelijk dat bij patiënten met nierinsufficiëntie verlaagde melatonine-

spiegels overdag worden gevonden. Deze patiënten hebben een verhoogd ureum, hetgeen 

wordt geassocieerd met ‘downregulatie’ van adrenoreceptoren [11]. Adrenoreceptoren 

zijn belangrijk in het productieproces van endogeen melatonine [12]. 

Wanneer de verschillende individuele factoren betrokken bij het slaap-waak ritme 

worden bestudeerd is het nog steeds onduidelijk wat de invloed is van iedere factor 

op het ritme. Dit geldt ook voor de verschillende mogelijkheden om het slaap-

waak ritme te resynchronizeren: lichttherapie, exogeen melatonine, exogeen 

erythropoëtine, koeler dialysaat, lichamelijke oefeningen overdag en nachtelijke 

dialyse. De meeste mogelijkheden zijn onderzocht in andere patiëntengroepen. 

Onderzoeken naar de effecten van dialysaat temperatuur [13] en exogeen 

erythropoëtine laten positieve resultaten zien in de ESRD populatie. 

Hoofdstuk 2 Prevalentie
Subjectieve slaapefficiëntie, gebruik van hypnotica en slaapbeïnvloedende geneesmiddelen bij 

hemodialysepatiënten 

Voordat gestart kan worden met interventiestudies (beschreven in hoofdstuk 4) is 

het belangrijk om de omvang van de slaapproblemen te onderzoeken en te bepalen 

in de studiepopulatie. We hebben gevonden dat de subjectieve slaapefficiëntie in de 

hemodialysegroep die overdag dialyseerde significant verslechterd was ten opzichte 

van de controlegroep, bestaande uit de algemene populatie, gematcht voor leeftijd 

en geslacht [14]. Daarnaast zijn de klassieke hypnotica niet effectief gebleken om 

de slaapproblemen te verminderen. Dit gebrek aan effectiviteit is ook aangetoond 

in de algemene oudere populatie [15]. Al deze bevindingen verantwoorden het 

uitvoeren van interventiestudies. 

Verrassend genoeg werd geen associatie gevonden tussen dialyse-efficiëntie 

en slaap- efficiëntie. We hadden verwacht deze relatie wel te vinden, aangezien 

relaties tussen ureum, melatonine en slaap apneu eerder zijn beschreven [2,3,11]. 

Een verklaring voor de afwezige relaties zou kunnen zijn dat de standaard dialyse-

efficiëntie alleen gebruik maakt van de klaring van kleine moleculen en dat het 

ontstaan van slaapproblemen gerelateerd is aan de klaring van middelgrootte of 

grote moleculen. 

Normaal gezien komen slaapproblemen vaker voor bij oudere mensen en mannen. 
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melatonine de rol van synchronizator niet vervullen. Hierdoor wordt het ritme 

van kernlichaamstemperatuur niet beïnvloed, wat wel gebeurt onder normale 

omstandigheden [29]. Onderzoek naar cortisol en CKD is nauwelijks verricht. Door 

de verhoogde prevalentie van slaapstoornissen van patiënten met CKD en het 

feit dat er in de gezonde populatie een relatie bestaat tussen slaap-waakritme en 

cortisol, zou het cortisolritme verstoord kunnen zijn. Echter, in het merendeel van 

de patiënten vonden wij een normaal ritme van cortisol. 

Hoewel het melatonineritme verslechterd was in CKD-patiënten, is bij 

dialysepatiënten de melatonineproductie nog meer verslechterd [20,23]. Deze 

bevinding duidt erop dat er naast de nierfunctie een additionele invloed van dialyse 

is op het verstoren van het melatonineritme.

Circadiane ritmes van erythropoëtine en ‘insulin-growth factor’ bij CKD

In de literatuur bestaat geen overeenstemming over het bestaan van een circadiaan 

ritme van erythropoëtine (epo) en ‘Insulin Growth Factor (IGF-1). Echter, kennis van 

het fysiologische ritme kan klinische consequenties hebben voor de behandeling 

van anemie. Hoewel we een eporitme gevonden hebben, varieerden de piektijden 

interindividueel [31]. Hierdoor lijkt het onwaarschijnlijk dat epo een circadiaan 

ritme heeft. Ook werd er geen relatie tussen de aanwezigheid van een eporitme en 

een mate van nierfalen aangetoond [31]. Het blijft onduidelijk waarom deelnemers 

aan het onderzoek een eporitme lieten zien. Een mogelijke oorzaak is dat bij 

patiënten met een eporitme, meer f luctuaties in bloeddruk aanwezig waren [32]. 

Een andere oorzaak kan zijn dat deze patiënten lijden aan het obstructief slaap 

apneu syndroom (OSAS), maar dat dit nog niet is gediagnosticeerd. Bij OSAS is de 

diurnale variatie van epo ritmes verhoogd in vergelijking met gezonde personen. 

Dit wordt veroorzaakt door de nachtelijke hypoxemie [33].

Verder hebben we geen circadiaan ritme voor IGF-1 aangetoond in zowel patiënten 

met verminderde nierfunctie als in patiënten met een gezonde nierfunctie. 

Een mogelijke verklaring hiervoor is dat IGF-1 ritmiek inderdaad afwezig is bij 

volwassenen, maar aanwezig is bij kinderen [34]. Een andere verklaring voor de 

afwezigheid van een IGF-1 ritme kan zijn dat er in ons onderzoek veel patiënten 

met Diabetes Mellitus geïncludeerd zijn. Diabetes Mellitus is geassocieerd met 

verlaagde waardes van IGF-1 [35]. 

Een interessante bevinding van ons onderzoek is dat de gemiddelde waardes 

van IGF-1 negatief gecorreleerd waren met de gemiddelde waardes van epo [31]. 

Patiënten met de slechtste nierfunctie en een relatief laag hemoglobine hadden de 

hoogste IGF-1 waardes. Dit resultaat suggereert dat epo en IGF-1 beide betrokken 

zijn bij de erythropoëse bij CKD: indien de epoconcentratie niet voldoende is om 

de anemie te verbeteren, stijgen de IGF-1 waardes. De conclusie luidt dat IGF-1 

een mogelijk pro-erythropoëtisch middel kan zijn bij CKD. Echter, tot op heden 

wordt het therapeutische gebruik gelimiteerd door de moeilijkheid de functionele 

APD, dat ook ’s nachts wordt uitgevoerd, liet een meer verslechterd melatonineritme 

zien in vergelijking met nachtelijke hemodialyse [20]. Het tijdstip op de dag van 

dialyse sorteerde geen effect op het melatonineritme. Deze bevinding wordt 

waarschijnlijk veroorzaakt door de meer autonome deregulatie bij peritoneaal 

dialyse [21] of de verhoogde toxineklaring bij nachtelijke hemodialyse [3,22]. Dit 

resultaat lijkt aan te tonen dat de toegenomen klaring belangrijker is dan het 

tijdstip van de dag van dialyse bij de regulatie van het melatonineritme. 

APD-patiënten sliepen niet slechter dan nachtelijke hemodialysepatiënten. 

Deze bevindingen duiden erop dat het melatonineritme waarschijnlijk van 

ondergeschikt belang is bij het slaap-waakritme van APD-patiënten, in vergelijking 

met hemodialysepatiënten. 

Hoofdstuk 3 Circadiane ritmiek bij patiënten met chronische 
nierinsufficiëntie (CREAM)
Hoewel dit proefschrift voornamelijk patiënten met ESRD onderzoekt, is ook de 

circadiane ritmiek bij chronische nierziekte (CKD) bestudeerd, met een speciale 

aandacht voor het slaap-waakritme. De doelstellingen waren tweeledig. Ten eerste 

wilden wij onderzoeken of het circadiane ritme al verstoord is voordat gestart wordt 

met de dialysebehandeling. Ten tweede werd gekeken wat de additionele negatieve 

contributie van de dialyse op de circadiane ritmiek is door de melatoninegegevens 

van dialysepatiënten en CKD-patiënten te vergelijken. 

Circadiane ritmes van melatonine, cortisol en kernlichaamstemperatuur bij CKD

De voornaamste conclusie van ons onderzoek is dat de nierfunctie een relatie heeft 

met het melatonineritme, maar niet met het cortisol- of lichaamstemperatuurritme 

[23]. Aangezien het endogene melatonineritme verslechterde bij een toegenomen 

nierinsufficiëntie, lijkt er een rol weggelegd voor exogeen melatonine om het 

endogeen melatonineritme te verbeteren in CKD-patiënten. Mogelijk wordt de slaap 

van deze patiënten dan ook verbeterd. Verlaagde endogene melatoninespiegels 

worden geassocieerd met verhoogde oxidatieve stress [24,25] en een verslechterde 

immuunrespons [26]. Exogeen melatonine kan mogelijk gebruikt worden om 

oxidatieve stress te verlagen of om de immuunreacties in CKD-patiënten te 

verbeteren. Daarnaast is gebleken dat exogeen melatonine het nachtelijke ‘dipping’ 

profiel bij mannelijke patiënten met essentiële hypertensie [27] kan herstellen. 

Aangezien CKD-patiënten vaak een non-dipper profiel laten zien, kan het geven 

van exogeen melatonine tot de mogelijkheden behoren om het circadiane 

bloeddrukprofiel te herstellen. 

Endogeen melatonine wordt gezien als een endogene synchronizator die andere 

circadiane ritmes stabiliseert onder normale omstandigheden [28]. Echter, bij CKD 

lijkt de normale relatie tussen melatonine en het circadiane temperatuurritme 

afwezig te zijn [23]. Mogelijk kan door het verstoorde melatonineritme, 
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exogeen melatonine een andere rol vervullen. Het zou kunnen zorgen voor een 

maskerende factor die selectief de start van de melatoninecurve beïnvloedt. Na 

een periode van toediening van melatonine kunnen de enzymen, betrokken bij 

de melatoninesynthese, geresensitiseerd zijn. Dit laatste kan de synthese en het 

vrijzetten van melatonine faciliteren [40].

De meeste melatoninestudies zijn uitgevoerd in kleine patiëntengroepen gedurende 

korte onderzoeksperiodes. Daarom werd onlangs een studie naar melatonine en 

kwaliteit van leven (MELODY studie) geïnitieerd. Dit is een lange termijn (1 jaar) 

placebo-gecontroleerde studie naar de effecten van melatonine 3 mg dagelijks op 

slaap, kwaliteit van leven en cardiovasculaire uitkomsten. Deze studie hoopt de 

positieve resultaten van exogeen melatonine bij patiënten met ESRD te bevestigen. 

De laatste patiënt (n = 70) is recent geïncludeerd.

Samenvattend en terugkomend op de vragen gepresenteerd in de introductie van 

dit proefschrift kan de eerste vraag, is het circadiane ritme bij ESRD verslechterd, 

bevestigend worden beantwoord. Ook al spelen de interne factoren een prominente 

rol bij slaapstoornissen, de externe factoren dragen bij aan deze stoornissen. Het 

endogene melatonineritme verslechterde met toegenomen renale insufficiëntie. 

Het dialyseproces had een additioneel negatief effect op dit verslechterde ritme 

van hemodialysepatiënten. Onder normale omstandigheden kan endogeen 

melatonine een rol spelen als endogene synchronizator, waardoor melatonine het 

circadiane ritme van kernlichaamstemperatuur in fase kan verschuiven. Echter, 

door het afwezige melatonineritme, kan melatonine deze rol niet vervullen. De 

aanwezigheid van de circadiane ritmes van temperatuur, erythropoëtine en 

cortisol heeft geen relatie met de nierfunctie. Interessante resultaten met exogeen 

melatonine zijn beschreven. In de toekomst zal meer onderzoek naar de andere 

resynchronisatiemogelijkheden moeten worden uitgevoerd. Hieruit zal moeten 

blijken welke interventie het best gekozen kan worden om slaapstoornissen van 

dialysepatiënten te verminderen. 

Suggesties voor toekomstig onderzoek
Toekomstig onderzoek naar slaapstoornissen en circadiane ritmiek bij nierziekte 

moet worden uitgevoerd om meer inzicht te krijgen in de mogelijke verstoring 

van de circadiane ritmiek bij nierziekten en om zo de meest succesvolle aanpak 

te zoeken die het ritme kan resynchroniseren. Deze studies moeten worden 

onderverdeeld in vier categorieën, afhankelijk van de betrokken patiëntengroep: 

hemodialysepatiënten, niertransplantatiepatiënten, patiënten met andere vormen 

van nierfunctievervangende therapie, en patiënten met CKD.

Met betrekking tot de hemodialysepatiënten zullen in de recente toekomst de 

resultaten van de MELODY studie (lange termijn placebo-gecontroleerde studie 

naar de effecten van exogeen melatonine 3 mg) beschikbaar zijn. Deze studie zal 

status van de hypofyse te bepalen bij CKD-patiënten. Ook kan de interactie met IGF-

gebonden proteïnes de biologische beschikbaarheid veranderen [36].

Hoofdstuk 4 Interventiestudies
Twee verschillende mogelijkheden om het circadiane slaap-waak ritme te verbeteren 

worden onderzocht in dit proefschrift: de overgang van overdag- naar nachtelijke 

hemodialyse en exogeen melatonine

Nachtelijke hemodialyse

Nachtelijke hemodialyse resulteerde in een significante verbetering van 

slaapparameters, gemeten met polysomnografie, in vergelijking met hemodialyse 

overdag [37]. De subjectief gemeten slaap werd ook verbeterd door nachtelijke 

hemodialyse in vergelijking met hemodialyse overdag. Slaapapneu leek te 

verminderen. Deze vermindering werd ook gevonden, met meer indrukwekkende 

resultaten, bij patiënten die aan nachtelijke hemodialyse thuis deden [2]. 

Nachtelijke hemodialyse thuis wordt 7 nachten per week uitgevoerd, terwijl 

nachtelijke centrumhemodialyse slechts 4 nachten per week werd uitgevoerd. Het 

verschil in reductie van slaapapneu tussen thuis- en centrumhemodialyse kan 

dus een resultaat zijn van de meer frequente dialyse en de intensievere klaring bij 

nachtdialyse thuis.

De nachtelijke melatoninestijging werd gedeeltelijk hersteld door de nachtelijke 

hemodialyse, waarschijnlijk door de verbeterde klaring en het tijdstip van de 

dialysebehandeling [37]. Onderzoek naar lange dagdialyse [22] heeft zich tot nu 

toe niet gericht op circadiane ritmiek en slaap. Indien onderzoek naar lange 

dialyse in de toekomst wordt uitgevoerd, zou het mogelijkerwijs kunnen aantonen 

of langere dialyse of het tijdstip van de dag de meest prominente factor kan zijn 

bij de terugkeer van het melatonineritme en de verbeterde slaap bij nachtelijke 

hemodialyse. 

Exogeen melatonine 

Exogeen melatonine leidde tot een verbetering van de slaapparameters, vergeleken 

met placebo, bij patiënten die overdag dialyseerden [38]. De inslaaptijd normaliseerde 

zelfs [38]. Ook herstelde de nachtelijke endogene melatoninestijging. Dit herstel 

was duidelijker dan bij de overgang naar nachtelijke hemodialyse. Deze resultaten 

suggereren dat exogeen melatonine een belangrijkere rol kan spelen dan het 

dialysetijdstip of de toegenomen klaring met betrekking tot het melatonine- en 

slaap-waakritme. Deze veelbelovende resultaten van exogeen melatonine kunnen 

een aanwijzing zijn dat de biologische klok in vergelijking met de dialyseklaring 

een meer prominente rol speelt dan van te voren werd verwacht.

Onder normale omstandigheden zorgt exogeen melatonine voor een faseverschuiving 

van het melatonineritme [39]. Echter, wanneer het melatonineritme afwezig is, kan 
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mogelijk de voordelige eigenschappen van exogeen melatonine op de slaap en de 

kwaliteit van leven bevestigen. Zoals hiervoor beschreven speelt melatonine een 

rol bij oxidatieve stress en het circadiane bloeddrukprofiel. Door deze rol van 

melatonine zullen ook de cardiovasculaire uitkomsten worden onderzocht in 

deze studie. Gerelateerd aan dit onderwerp is er reden voor meer onderzoek naar 

endogeen melatonine, oxidatieve stress, het immuunsysteem en de bloeddruk.

In studies met exogeen melatonine worden melatoninespiegels gemeten een dag na 

het stoppen van de studiemedicatie. Het is ook interessant het melatonineritme en 

de dag-tot-dag kinetiek te onderzoeken om zo het effect van melatonine te meten, 

ook na stoppen van de melatoninesuppletie gedurende een langere periode. Indien 

het melatonineritme verbeterd blijft na het stoppen van de studiemedicatie, kan 

het circadiane ritme mogelijk geresynchroniseerd zijn. De patiënt hoeft dan de 

medicatie niet chronisch te gebruiken.

Met betrekking tot de niertransplantatiepatiënt is het interessant om het circadiane 

ritme vóór en ná transplantatie te onderzoeken. De nierfunctie verbetert sterk door 

de transplantatie. Dit zou kunnen leiden tot een verbetering van de ritmiek. Ook 

zou de rol van de donor belangrijk kunnen zijn. Zo zou de donor andere diurnale 

ritmes kunnen induceren in de acceptor van het transplantaat. Studies op het 

gebied van circadiane ritmiek van donor en acceptor zijn interessant om in de 

toekomst uit te voeren. Deze aanbeveling geldt ook voor chronofarmacologisch 

onderzoek naar transplantatiegeneesmiddelen, aangezien het effect van circadiane 

ritmiek misschien het resultaat van de transplantatie kan beïnvloeden. In het 

algemeen is er meer aandacht gewenst voor de relatie tussen het tijdstip van 

het doseren van geneesmiddelen en hun farmacologische of chronobiologische 

effect. Deze chronofarmacologie is onderbelicht in veel klinische trials en kennis 

daarvan zou mogelijk kunnen leiden tot een betere effectiviteit van een aantal 

geneesmiddelbehandelingen.

Van de CREAM studie hebben we geleerd dat nierinsufficiëntie gepaard gaat 

met een verslechtering van de melatoninewaardes bij CKD. Een heel scala aan 

onderzoeksmogelijkheden naar de invloed van nierfunctie op andere circadiane 

ritmiek lijkt voorhanden.

Weinig studies zijn verricht naar slaap en circadiane ritmiek in patiënten die 

peritoneaal dialyse ondergaan. Dit type dialysetechniek verschilt zeer van 

hemodialyse en onderzoek bij deze vorm van dialyse kan aantonen wat de impact 

is van de dialysetechniek op het circadiane slaap-waak ritme. De laatste suggesties 

hebben betrekking op acuut nierfalen, de Intensive Care en Continue Vena-Veneuze 

Hemofiltratie (CVVH). Dit onderzoeksgebied in relatie tot circadiane ritmiek is zeer 

interessant, aangezien hierover nog weinig bekend is. Veel patiënten hebben echter 

een verslechterd dag-nachtritme. Ook is er een verhoogde prevalentie van delier en 

worden er veel hypnotica voorgeschreven op de Intensive Care afdeling. 

De beschreven suggesties worden hopelijk in de recente toekomst verder onderzocht. 
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Actigraphy  Methode om parameters van het slaap-

waakritme te meten door middel van 

bewegingen van de ledematen. 

Apnea  Het stoppen van de ademhaling 

gedurende tenminste tien seconden 

door onderbreking van de oronasale 

luchtstroom. 

Automated Peritoneal Dialysis (APD)  Nierfunctievervangende therapie.

Buikvliesdialyse met behulp van een 

cycler, een geautomatiseerd apparaat voor 

drainage en toediening van het dialysaat. 

Er wordt ’s nachts spoelvloeistof in de 

buikholte gebracht. 

Chronic Kidney Disease (CKD)  Chronische nierinsufficiëntie, langdurig 

bestaande afname van de glomerulaire 

filtratiesnelheid (GFR). De GFR is van 

belang voor de uitscheidingsfunctie van 

de nier. 

Circadian rhythm  Een ritme van een periode van ongeveer 

24 uur, een dagelijkse f luctuatie van 

fysiologische en gedragsverschijnselen. 

Dim Light Melatonin Onset (DLMO)  Het moment in de avond waarop bij laag 

lichtniveau de melatonineconcentratie 

een bepaalde criteriumwaarde 

overschrijdt. 

End-Stage Renal Disease (ESRD)  Terminale nierinsufficiëntie, waarbij 

nierfunctievervangende therapie 

noodzakelijk is.  

Erythropoietin (epo)  Hormoon dat normaliter door de nier 

wordt gemaakt en dat de vorming 

van rode bloedcellen in het lichaam 

stimuleert. 

Hemodialysis (HD)  Nierfunctievervangende therapie, waarbij 

door middel van een vaattoegang bij de 

patient bloed wordt gezuiverd met behulp 

van een kunstnier. 

Insulin-like Growth Factor 1 (IGF-1)  Op insuline gelijkende polypeptide 

proteïne hormoon dat een rol speelt bij 

groei en herstelfuncties in het lichaam.
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N-acetyltransferase (NAT)  Belangrijk enzym, betrokken bij de 

productie van melatonine.  

Dit enzym wordt ook wel serotonin-  

N-acetyltransferase of AANAT genoemd.

Peritoneal dialysis (PD)  Nierfunctievervangende therapie door 

middel van buikvliesdialyse.  

Polysomnography (PSG)  Slaaponderzoek waarbij de elektrische 

activiteit van de hersenen (EEG), de 

elektrische activiteit van de spieren 

(EMG), bewegingen van de oogbol (EOG), 

ademfrequentie, effectiviteit van de 

ademhaling en ademhalingsinspanning, 

bloeddruk, zuurstofgehalte van het bloed 

en hartslag worden gemeten. 

Suprachiasmatic Nucleus (SCN)  ‘Concertmeester’ van het lichaam, bevindt 

zich in de hypothalamus in de hersenen. 

De SCN reguleert de circadiane ritmiek 

van verschillende processen in het 

lichaam. 

Zeitgeber  Tijdsindicator die invloed kan uitoefenen 

op de SCN en daarmee de circadiane 

ritmiek van processen kan beïnvloeden. 
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Het idee voor dit onderzoek is voortgekomen uit een gesprek tussen twee nefrologen 

in de wachtrij voor een vliegtuig in 2003. Daarna hebben veel mensen een bijdrage 

geleverd aan het proefschrift dat nu voor u ligt. Een aantal wil ik graag in het 

bijzonder noemen. 

Professor dr. PM ter Wee, beste Piet. Op een middag eind 2004 stapte ik bij je binnen 

met de vraag hoe subsidie van de Nierstichting te regelen. Wat geweldig dat je 

enthousiast was, mijn promotor wilde zijn en dat die subsidie ook nog lukte. Je 

houdt van resultaten, voortgang en een directe manier van communiceren. Toch 

moest je me wel eens afremmen, als ik in jouw ogen teveel vaart wilde maken. 

Achteraf gezien was het goed dat je me af en toe temperde. Dank dat je de afgelopen 

jaren op de cruciale momenten er voor me was. 

Professor dr. GA Kerkhof, beste Gerard. Gesprekken met jou inspireren altijd. Na 

elk bezoek aan jouw prachtige kamer voelde ik me meer wetenschapper worden. 

Jij liet me af en toe f ladderen, beter nadenken en kritischer naar mijn eigen 

onderzoek kijken. Daardoor was jij voor mij heel belangrijk bij de voltooiing van 

dit proefschrift. Dank voor je openheid en toegankelijkheid. 

Dr. JE Nagtegaal, lieve Elsbeth. Zonder jou was dit boekje er niet geweest. In al die 

jaren motiveerde je me om dit onderzoek verder uit te diepen en wist je een positief 

woordje te ventileren als ik dat nodig had. Je gaf opbouwend commentaar als ik iets 

moest verbeteren (zoiets als: “Dit is voor een hockeykrantje”). Behalve dat ik een 

ontzettende waardering heb voor de combinatie van praktijk en wetenschap in je 

werk, vind ik je ook buiten je werk een prachtmens. Dank voor alle gesprekken. 

Dr. EC Hagen, beste Chris. Eigenlijk ben jij de inspirator van dit proefschrift. Zonder 

jou en Wim waren we hier nooit aan begonnen. Vanuit een perifeer ziekenhuis 

subsidie van de Nierstichting verkrijgen, presentaties op de ASN geven en een 

aantal interessante artikelen publiceren. Wie had dat gedacht in 2003? Jij laat 

mensen heel vrij. Als het goed gaat, gaat het goed. Als het mis gaat, dan hoor je 

het wel. Daar moest ik aanvankelijk aan wennen, maar achteraf gezien vond ik dit 

eigenlijk heel prettig. Je enthousiasme heeft me goed geholpen. 

Dr. WTh van Dorp, beste Wim. Wat een charme bezit jij, naar je patiënten, je 

collega’s en naar mij. Het gesprek met Chris op het vliegveld zorgde voor de start 

van dit project. Verder bracht je me in contact met Piet en hielp je me met de 

subsidieaanvraag in Haarlem. Ook al startten we niet met het onderzoek in Haarlem, 

jouw interesse en bereidheid waren en zijn er altijd. Dank voor al je hulp. 
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PharmaNord, in het bijzonder Stoffer Loman, voor het belangeloos ter beschiking 

stellen van melatonine en placebo tabletten. 

De nefrologen Bas Gabreëls, Frank Bosch en Rik ter Meulen voor het faciliteren 

van het onderzoek in respectievelijk Leiderdorp, Arnhem en Nijmegen. Het Melody 

onderzoek is uiteindelijk niet meer in dit boekje terechtgekomen. Het onderzoek is 

echter bijna klaar en hopelijk komt er snel een mooie publicatie bij. 

De Afdeling Klinische Chemie van de Gelderse Vallei in Ede: Jacques Veeken, Twan 

Peeters, Frank van der Bunt en Lisette Lodiers. Dank voor de honderden melatonine-

in-speeksel-analyses. 

Edwin Martens, de statistische vraagbaak. Fijn dat je altijd bereikbaar was voor 

vragen per e-mail. 

Dank aan de overige leden van de manuscriptcommissie: de professoren Beersma, 

Smulders, Vulto en dr. Strijers voor het willen bestuderen en beoordelen van dit 

proefschrift. 

Dank aan alle collega’s in de ziekenhuisapotheek van Meander MC voor hun 

aandacht en betrokkenheid. Monique, mijn opleider, ik heb het zeer gewaardeerd 

dat je het mogelijk hebt gemaakt mijn opleiding tot ziekenhuisapotheker te 

combineren met een promotieonderzoek. Maurice, dank voor al je hulp bij de 

medisch ethische toetsingen. Mirte en Rogier, dank voor jullie belangstelling en 

hulp bij de bereiding en analyse van melatonine en placebo EAV tabletten. 

Oscar, tof om samen met jou in opleiding te zijn geweest in Amersfoort. Als 

kamergenoot kan ik verschrikkelijk om je lachen en ben je vaak heel verhelderend 

tussen al dat wijvengepraat. 

Marije, bij jou voelen mensen zich meteen op hun gemak. Jij bezit een goede balans 

tussen rust en dynamiek. Ik vind het een eer dat je dit onderzoek gaat voortzetten 

en dat ik er van de zijlijn van kan meegenieten. Wat fijn dat je mijn paranimf  

wilt zijn. 

Mijn auto, die me de afgelopen vijf jaar nooit in de steek heeft gelaten bij mijn 

bezoeken aan Leiderdorp, Haarlem, Amsterdam, Ede, Arnhem, Nijmegen en soms 

aan de kleinste dorpen op de Veluwe om watjes op te halen, actometers te brengen 

of pillen af te leveren. In totaal heb ik probleemloos ruim 16.000 onderzoeks-

kilometers gereden. 

Drs. JBS Boringa, beste Jan. Als neuroloog heb je mijn onderzoek zien ontstaan, bij 

het verslaan van de PSG’s en je hulp bij het regelen van dit onderzoek op de KNF. 

Mijn eerste kennis op neurofysiologisch gebied heb ik bij jou en Gerda van de KNF 

opgedaan, waarvoor dank. Leuk om samen af en toe te lunchen. 

Karien van de Putten. Wat gezellig om een onderzoeksmaatje in Amersfoort te 

hebben. We hebben een zelfde manier van werken. Gezelligheid is belangrijk, maar 

doorwerken en niet zeuren staan voorop. Fijn dat ik jouw arm mocht gebruiken om 

bloed te leren prikken. Veel succes met de afronding van je promotieonderzoek en 

je opleiding tot nefroloog. Ik hoop dat onze paden elkaar nog eens kruisen. 

Dr CAJM Gaillard, beste Carlo. De samenwerking bij het CREAM onderzoek heb ik 

als zeer prettig en stimulerend ervaren. Door het onderzoek van Marije hoop ik 

dat onze samenwerking gecontinueerd wordt. Verder dank voor het verbouwen van 

ruimtes vanwege te grote posters. 

Dr. EJW van Someren, beste Eus. Dank voor de inspirerende samenwerking bij onze 

CREAM studie. Als ik samen met Karien de bloedafnames beu was, liet jij ons weer 

zien waar we het voor deden. 

Alle patiënten. Eigenlijk ben ik aan jullie de meeste dank verschuldigd. Het valt 

niet mee om weer een nachtje in het ziekenhuis te komen slapen, een jaar lang 

mogelijk placebo te slikken en ook nog watjes te moeten kauwen of een dag met een 

bloeddrukmeter of actiwatch te moeten lopen. Enorm bedankt!

De dialyseverpleegkundigen, secretaresses en de teamleiders van de verschillende 

dialysecentra. Wat hebben jullie ongelooflijk veel voor mij gedaan. Marianne 

Holstvoogd in Amersfoort, Marleen Bijl en Leonie Mol in Haarlem en Simone 

Zuurbier en Erik Klaverstijn in Leiderdorp in het bijzonder. Al die patiënten 

motiveren, watjes invriezen, spijtserum afnemen, ongelooflijk bedankt!

Later kwamen daar ook nog Yuri Baelemans, Nicky Driessen (Arnhem), Mariëtte 

Ras en Marij van Booma (Nijmegen) bij om het Melody onderzoek uit te bouwen. 

Uiteindelijk is dit stuk niet meer in dit boekje opgenomen, maar samen met Marije 

gaan we er iets moois van maken. Dank voor alle hulp en interesse. 

De afdeling Klinische Chemie in Amersfoort, in het bijzonder de klinisch chemici 

Jos Wielders en Rob Kraaijenhagen, voor jullie bijdrage aan het CREAM onderzoek. 

Dank aan de prikploeg, die zo’n 30 nachten lang 4x per nacht een buisje bloed heeft 

afgenomen als Karien en ik na negen uur ’s avonds toch echt naar huis wilden. 
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Lieve Geertje, mijn andere paranimf. Toen je in 1997 in ons studentenhuis kwam 

wonen, werden we meteen goede vriendinnetjes. Samen lachen, dansen, reizen en 

vooral veel praten. Gezellig en belangrijk dat je op deze dag mij terzijde staat als 

paranimf. 

Familie Zwinkels, lieve Tootje, André, Marijn, Nanda en Richard. Ik beschouw het 

als een voorrecht om deel uit te mogen maken van jullie warme familie. Ik geniet 

van jullie belangstelling, gezelligheid en vrolijkheid. 

Mijn dierbare ouders. Behalve voor veel liefde ben ik jullie dankbaar voor de humor 

en de zelfstandigheid waarmee jullie mij hebben opgevoed. 

En dan als laatste lieve Falco. In al die jaren onderzoek stond een zin van jou 

centraal als iets tegenzat: geniet van alle successen, ook al zijn ze nog zo klein. 

Humor, uitdaging en relativeringsvermogen staan bij jou centraal, waardoor het 

leven samen met jou zo leuk is!

Birgit Koch, 14 juni 2009. 
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Birgit Koch werd op 21 februari 1978 geboren in Heerlen. In 1996 behaalde zij het 

gymnasiumdiploma aan het Katholiek Gymnasium Rolduc in Kerkrade. Vervolgens 

studeerde zij farmacie aan de Universiteit Utrecht. De doctoraalopleiding werd in 

2000 afgerond met een wetenschappelijke stage (‘Lipoprotein profiles of diabetic 

post-menopausal women’) in het Royal North Shore Hospital in Sydney, Australië.  

In 2003 behaalde zij het apothekersdiploma. In datzelfde jaar begon zij met de 

opleiding tot ziekenhuisapotheker in het Meander Medisch Centrum in Amersfoort. 

Vanaf medio 2004 werd deze gecombineerd met een promotieonderzoek, waarvoor 

zij vanaf 2006 een onderzoekssubsidie van de Nierstichting ontving. Het onderzoek, 

beschreven in dit proefschrift, is begeleid door prof. dr. PM ter Wee, prof. dr. GA 

Kerkhof en dr. JE Nagtegaal. Het onderzoek is uitgevoerd in Meander Medisch 

Centrum in Amersfoort, het Kennemer Gasthuis in Haarlem, Ziekenhuis Rijnland 

in Leiderdorp, Ziekenhuis Rijnstate in Arnhem en het Canisius Wilhelmina 

Ziekenhuis in Nijmegen. 

Sinds 1 april 2009 volgt Birgit de opleiding tot klinisch farmacoloog in het VU 

Medisch Centrum in Amsterdam onder auspiciën van de Nederlandse Vereniging 

voor Klinische Farmacologie en Biofarmacie. Vanaf 15 oktober 2009 is zij werkzaam 

als ziekenhuisapotheker in het Erasmus Medisch Centrum in Rotterdam.

Birgit is getrouwd met Falco Zwinkels. 
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