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NOCTURNAL ENURESIS (NE) IS ONE OF THE MOST 
COMMON PROBLEMS IN PEDIATRICS.1-4 PREVALENCE 
RATES OF NE RANGE BETWEEN APPROXIMATELY 3% 
and 15%, depending on its definition.2,5-8 The etiology of NE 
is complex, and different models and explanatory factors have 
been proposed.4,9,10 Butler4,9 proposed the 3-systems model, 
which postulates that the following underlying factors are in-
volved in NE: (1) excessive nocturnal urine production, (2) 
nocturnal bladder overactivity, and (3) failure to awaken in re-
sponse to bladder sensations. This third component is related to 
sleep, which is the focus of the present study.

Sleep-related factors have often been implicated in the etiol-
ogy and maintenance of NE.10-13 Parents of children with NE of-
ten complain that the children’s sleep is too deep, and, therefore, 
they fail to wake up in response to signals from their full blad-
der.1-3,5,14,15 However, research focused on this question provided 
no clear support to the notion that NE is related to deep sleep. 
Polysomnographic studies have shown that NE episodes occur 
in all sleep stages.16-19 Furthermore, polysomnographic studies 
have revealed no major differences in the sleep architecture of 
children with or without NE11,16,17,19 and no major differences in 
the sleep of children with NE during wet versus dry nights.20

The fact that sleep architecture is quite similar in children with 
or without NE does not imply that the perceived difficulty of 

children with NE to arouse is unfounded. When arousal thresh-
old during sleep has been evaluated using auditory stimuli, while 
controlling for sleep stages, the difficulty of children with NE to 
respond to auditory stimuli has been corroborated.21,22 Because 
auditory arousal threshold has a clear developmental trajectory 
manifested in reduced threshold with age, this fact that children 
with NE have higher thresholds has been interpreted as a mani-
festation of a neurodevelopmental delay.9,21,23,24

Clinical experience and a review of the literature suggest that, 
in an attempt to cope with or manage the NE, many parents adopt 
methods associated with waking the child during the night or “ma-
neuvering” the child to the toilet during sleep.9 Because of these 
coping strategies, our main hypothesis was that sleep of children 
with NE would be significantly more disrupted than sleep in nor-
mal control subjects and that fragmented sleep in children with 
NE would be associated with higher reported daytime sleepiness.

In light of the growing interest in sleep and arousal in chil-
dren with NE, our aim was to evaluate a relatively neglected 
but important issue, which is the naturalistic sleep and enure-
sis-related events during sleep in children with NE. Previous 
studies on sleep in children with NE have been based on either 
subjective reports, which have serious limitations, or on poly-
somnographic studies that significantly alter the natural sleep 
environment of the child. To the best of our knowledge, our 
study is the first actigraphy study comparing naturalistic sleep 
patterns in children with NE and controls.

METHODS

Participants
The study included 32 children (19 boys) referred to an 

enuresis clinic because of primary nocturnal enuresis (age 
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range = 5.1-9.1 years, mean = 6.5, SD = 1.1) and 94 healthy 
control children (49 boys; age range = 5- 8.6 years; mean = 
6.8, SD = 1.2).

Exclusion criteria included (1) reported active medical prob-
lems, (2) use of medication, and (3) underlying known urologic 
or other medical causes for enuresis. The control group was 
based on children participating in an earlier study on sleep pat-
terns of normal children.25

The majority of children from both groups came from 2-par-
ent families, both of whose education was at the higher end (see 
Table 1). The only significant difference between the groups 
was that families of the control sample had more children than 
did families in the clinical sample, P < 0.05.

Measures

Actigraphy
Actigraphy is based on a wristwatch-like device that can 

be worn by the child for an extended period and can moni-
tor sleep-wake patterns in the child’s natural sleep environ-
ment.26-28 The children were instructed to attach the miniature 
actigraphs (Mini-Motionlogger, Ambulatory Monitoring, Inc., 
Ardsley, NY) to their nondominant wrist. Sleep assessment 
was performed for 5 continuous nights during school days. The 
actigraph collected data in 1-minute epochs. Sleep measures 
were derived from the raw data using the Actigraphic Scoring 
Analysis program (ASA) for an IBM-compatible PC. These 
sleep measures have been validated against polysomnogra-
phy, with agreement rates for minute-by-minute sleep-wake 
identification higher than 90% in children and adults.27,29,30

Actigraphic measures included (1) true sleep time—sleep time 
excluding all periods of wakefulness, (2) the number of nighttime 
awakenings (lasting at least 5 min), (3) motionless sleep—the 
percentage of sleep without any detected motion (motionless 
sleep), and (4) the longest sleep period—the longest period of 
continuous sleep without any arousal. Sleep measures were aver-
aged over all of the nights during the assessment period.

Sleep diary
The diary included items to be completed by the child and 

the parents. The evening items assessed sleep latency and the 

level of sleepiness prior to bedtime. The morning items as-
sessed the level of morning sleepiness, the number of nighttime 
awakenings, and the specific reasons for waking up.31

Family background information questionnaire
This questionnaire included 25 questions covering demo-

graphic and developmental data.

Procedures
All parents signed informed consent. School-aged children 

also signed the forms, expressing their willingness to partici-
pate. Children completed 3 to 5 monitoring days. During the 
monitoring period, the children and their parents were asked 
to complete the questionnaires and to follow the sleep-assess-
ment instructions, including actigraph attachment and diary 
completion.

Data Analysis
Multivariate analysis of covariance was used to compare the 

clinical and control groups on both actigraphic and sleep-dia-
ry measures. The independent variables were group (children 
with NE vs controls) and sex. Age was entered as a covariate 
to control for potential age effects. Because of the unevenness 
in sample sizes of the clinical and control groups, we tested 
the variance of the measures to assess for potential statistical 
errors due to different sample sizes and variances. There were 
no significant group differences in variances. Nonparametric 
Wilcoxon rank-sum test was used to assess group differences 
on the sleep-diary measures: sleep latency, morning sleepiness, 
and evening sleepiness. Because the children with NE had sig-
nificantly more monitored nights than did the control children 
(average of 4.4 vs 4.0, respectively), we used the number of 
nights as a covariate in the multivariate analysis of covariance 
for group differences. No significant impact on the results has 
been documented.

RESULTS
Significant group differences were found on several acti-

graphic and sleep-diary measures (see Table 2). Specifically, 
actigraphic sleep measures indicated that, in comparison with 
control subjects, children with NE had shorter periods of con-
tinuous sleep, lower proportions of motionless sleep, and a 
higher number of nighttime awakenings. In addition, sleep-
diary measures indicated that, in comparison with control sub-with control sub- control sub-
jects, children with NE needed more time to fall asleep, woke 
up more often, felt more tired prior to bedtime, and were more 
tired in the morning.

To clarify the source of these group differences in sleep mea-
sures, we analyzed the reason given for each nighttime awak-
ening in the clinical group. Of all nighttime awakening, 27.4% 
were initiated by a parent to prevent bedwetting, 2.4% were 
initiated by a parent following bedwetting, 20.4% were spon-
taneous awakening following bedwetting, and 49.9% were un-
related to bedwetting. There were no group differences in the 
number of nighttime awakening unrelated to bedwetting.

The only finding related to sex was that girls had higher per-
centages of motionless sleep (66.3% versus 60.4%, respective-
ly, F = 7.7, P < 0.01). There were no significant group-by-sex 
interactions.

Table 1—Sample characteristics

Demographic
Children 
with NE

Control 
children

Mother’s age, y 36.8 ± 5.8 37.3 ± 4.3
Father’s age, y 40.3 ± 6.0 40.0 ± 5.5
Mother’s education, y 14.1 ± 2.3 14.7 ± 2.5
Father’s education, y 15.4 ± 3.6 14.2 ± 2.3
Number of residents at home 4.3 ± 1.2 4.6 ± 0.8
Number of rooms at home 4.5 ± 0.9 4.8 ± 1.3
Number of children in familya 2.3 ± 0.8 2.7 ± 0.8
First or only child 44.8 30.9
Two-parent family 86.2 94.6

Data are displayed as mean ± SD or %. NE refers to nocturnal enuresis.
aSignificant group difference, P < 0.05
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DISCUSSION
To our knowledge, this is the first study that has assessed 

sleep in children with NE using objective measures in their 
natural environment over multiple nights.

Our findings reflect significant group differences on both ac-
tigraphic and sleep-diary measures. In comparison with control 
children, children with NE had poorer sleep quality, as reflect-
ed by both actigraphic measures (more nighttime awakening, 
lower percentages of motionless sleep, and shorter periods 
of continuous sleep) and reported measures (more nighttime 
awakenings and longer sleep latencies). Furthermore, children 
with NE reported being more sleepy in the mornings and eve-
nings. As documented in earlier studies, actigraphy detected 
more nighttime awakenings than were reported in sleep diaries 
in both groups.32,33 This probably occurs because children and 
their parents are not fully aware of all nighttime awakenings. It 
is important to note that actigraphy cannot reliably document 
microarousals and other changes in sleep architecture (e.g., 
sleep stages) that may underlie these group differences in acti-
graphic and reported sleep patterns.

Parents of children with NE reported that they woke up 
twice as often at night, in comparison with parents of control 
subjects. To gain a better understanding of these differences in 
sleep quality, we examined the reasons for waking up in these 
children and found that 50% of all awakenings in children with 
NE were related to bedwetting. This distribution of nighttime 
awakenings related to bedwetting events or their prevention 
provides a solid explanation for the group differences in sleep 
quality. These findings coincide with those of other reports on 
compromised sleep quality in children with NE.16,20,34

In light of earlier research suggesting that a high arousal 
threshold is one of the causes for NE and that deep sleep pre-
vents arousals when the bladder is full,14,21,22,35-39 the results of 
our study may underscore additional components of the under-
lying mechanism: if the sleep of children with NE is more frag-
mented in their habitual sleep environment, they are likely to be 
more sleep deprived (as manifested by their higher sleepiness 
level) and they may have higher arousal thresholds because of 
their sleep-deprived condition.

We therefore suggest that a vicious cycle is contributing to 
the maintenance of NE: children who continue to wet at night 
are more likely to have more initiated nighttime awakenings 
because of their bedwetting and prevention attempts. This 
sleep fragmentation leads to an increased arousal threshold,40,41 
which, in turn, leads to failure to respond to full-bladder signals 
and additional bedwetting.

Recent research highlights additional sleep-related factors 
in children with NE. Dhondt et al.42 found a higher incidence 
of periodic limb movements and increased cortical arousabil-
ity in sleep at night (leading to awakening) in children with 
NE, compared with children without NE. Taken together, these 
findings suggest that poor sleep quality may play a role in the 
maintenance of NE.

CONCLUSIONS
The sleep of children with NE is more fragmented because of 

enuresis-related events. Parents and child-health professionals 
should be aware that children with NE may suffer from addi-
tional consequences associated with poor sleep and increased 

daytime sleepiness.43 Enuresis-management programs employ-
ing parent-initiated nighttime awakenings as a treatment com-
ponent should consider the potential adverse implications for 
sleep and daytime alertness and functioning.

ACKNOWLEDGMENTS
The authors are thankful to Ornit Arbel for coordinating and 

managing the study and to the participating families. The study 
was supported by Helene and Woolf Marmot.

DISCLOSURE STATEMENT
This was not an industry supported study. Dr. Sadeh has con-

sulted for Johnson & Johnson. The other authors have indicated 
no financial conflicts of interest.

REFERENCES
1. Chandra M, Saharia R, Hill V, Shi QH. Prevalence of diurnal voiding 

symptoms and difficult arousal from sleep in children with nocturnal en-
uresis. J Urol 2004;172:311-6.

2. Wen JG, Wang QW, Chen Y, Wen JJ, Liu K. An epidemiological study of 
primary nocturnal enuresis in Chinese children and adolescents. Eur Urol 
2006;49:1107-13.

3. Wen JG, Wang QW, Wen JJ, Su D, Chen Y, Liu K, et al. Development of 
nocturnal urinary control in Chinese children younger than 8 years old. 
Urology 2006;68:1103-8.

4. Butler RJ, Holland P. The three systems: a conceptual way of understand-
ing nocturnal enuresis. Scand J Urol Nephrol 2000;34:270-7.

5. Tai HL, Chang YJ, Chang SCC, Chen GD, Chang CP, Chou MC. The 
epidemiology and factors associated with nocturnal enuresis and its sever-
ity in primary school children in Taiwan. Acta Paediatr 2007;96:242-5.

6. Kajiwara M, Inoue K, Kato M, Usui A, Kurihara M, Usui T. Nocturnal 
enuresis and overactive bladder in children: An epidemiological study. Int 
J Urol 2006;13:36-41.

7. Gur E, Turhan P, Can G, Akkus S, Sever L, Guzeloz S, et al. Enuresis: 
Prevalence, risk factors and urinary pathology among school children in 
Istanbul, Turkey. Pediatr Int 2004;46:58-63.

8. Kanaheswari Y. Epidemiology of childhood nocturnal enuresis in Malay-
sia. J Paediatr Child Health 2003;39:118-23.

9. Butler RJ. Childhood nocturnal enuresis: developing a conceptual frame-
work. Clin Psychol Rev 2004;24:909-31.

Table 2—Comparison of actigraphic and reported sleep measures of 
children with nocturnal enuresis and the control subjects

Actigraphic Measures
Children with 

NE
Control 
Children F (Z)

Nighttime awakenings, no. 3.2 ± 1.5 2.4 ± 1.3 7.1a

Longest sleep period, min 154.3 ± 53.8 186.4 ± 70.0 4.7a

Motionless sleep, % 58.6 ± 10.0 64.3 ± 9.3 6.6a

True sleep time, min 502.3 ± 51.3 516.2 ± 43.0 n.s
Sleep Diary Measures

Nighttime awakenings, no. 1.0 ± 0.6 0.5 ± 0.5 19.9c

Sleep latencyd 2.0 ± 0.6 1.5 ± 0.9 2.5b

Morning sleepinesse 1.5 ± 0.4 1.3 ± 0.5 1.8a

Evening sleepinesse 2.1 ± 0.4 1.5 ± 0.6 3.9c

Data are displayed as mean ± SD. F value is based on analysis of 
covariance for all measures expect for the measures marked by a and b, 
which were analyzed using nonparametric Wilcoxon rank-sum test (Z). 
NE refers to nocturnal enuresis.
aP < 0.05; bP < 0.01; cP < 0.0001
d0 refers to < 5 min; 1, 5-14 min; 2, 15-30 min; 3, > 30 min.
e0 refers to very alert; 1, somewhat sleepy; 2, very sleepy. 



SLEEP, Vol. 34, No. 2, 2011 194 Sleep and Enuresis—Cohen-Zrubavel et al

28. Ancoli-Israel S, Cole R, Alessi C, Chambers M, Moorcroft W, Pollak CP. 
The role of actigraphy in the study of sleep and circadian rhythms. Sleep 
2003;26:342-92.

29. Sadeh A, Sharkey KM, Carskadon MA. Activity-based sleep-wake identi-
fication: an empirical test of methodological issues. Sleep 1994;17:201-7.

30. Sadeh A, Lavie P, Scher A, Tirosh E, Epstein R. Actigraphic home-
monitoring sleep-disturbed and control infants and young children: a 
new method for pediatric assessment of sleep-wake patterns. Pediatrics 
1991;87:494-9.

31. Sadeh A. A brief screening questionnaire for infant sleep problems: Vali-
dation and findings for an Internet sample. Pediatrics 2004;113:E570-7.

32. Sadeh A. Evaluating night wakings in sleep-disturbed infants: a method-
ological study of parental reports and actigraphy. Sleep 1996;19:757-62.

33. Tikotzky L, Sadeh A. Sleep patterns and sleep disruptions in kindergarten 
children. J Clin Child Psychol 2001;30:579-89.

34. Hunsballe JM, Rittig S, Djurhuus JC. Sleep and arousal in adoles-
cents and adults with nocturnal enuresis. Scand J Urol Nephrol Suppl 
1995;173:59-60.

35. Boyd MM. The depth of sleep in enuretic school-children and in non-
enuretic controls. J Psychosom Res 1960;4:274-81.

36. Butler R, Holland P, Devitt H, Hiley E, Roberts G, Redfern E. The effec-
tiveness of desmopressin in the treatment of childhood nocturnal enure-
sis: predicting response using pretreatment variables. Br J Urol 1998;81 
Suppl 3:29-36.

37. Neveus T, Lackgren G, Stenberg A, Tuvemo T, Hetta J. Sleep and night-
time behaviour of enuretics and non-enuretics. Br J Urol 1998;81:67-71.

38. Chandra M. Nocturnal enuresis in children. Curr Opin Pediatr 
1998;10:167-73.

39. Norgaard JP, Hansen JH, Nielsen JB, Petersen BS, Knudsen N, Djurhuus 
JC. Simultaneous registration of sleep-stages and bladder activity in en-
uresis. Urology 1985;26:316-9.

40. Philip P, Stoohs R, Guilleminault C. Sleep fragmentation in normals: a 
model for sleepiness associated with upper airway resistance syndrome. 
Sleep 1994;17:242-7.

41. Roehrs T, Merlotti L, Petrucelli N, Stepanski E, Roth T. Experimental 
sleep fragmentation. Sleep 1994;17:438-43.

42. Dhondt K, Raes A, Hoebeke P, Van Laecke E, Van Herzeele C, Vande 
Walle J. Abnormal sleep architecture and refractory nocturnal enuresis. J 
Urol 2009;182:1961-5.

43. Sadeh A. Consequences of sleep loss or sleep disruption in children. Sleep 
Med Clin 2007;2:513-20.

10. Neveus T. The role of sleep and arousal in nocturnal enuresis. Acta Pae-
diatr 2003;92:1118-23.

11. Bader G, Neveus T, Kruse S, Sillen U. Sleep of primary enuretic children 
and controls. Sleep 2002;25:579-83.

12. Neveus T, Stenberg A, Lackgren G, Tuvemo T, Hetta J. Sleep of children 
with enuresis: A polysomnographic study. Pediatrics 1999;103:1193-7.

13. Neveus T. Enuretic sleep: deep, disturbed or just wet? Pediatr Nephrol 
2008;23:1201-2.

14. Wille S. Nocturnal enuresis—sleep disturbance and behavioral patterns. 
Acta Paediatr 1994;83:772-4.

15. Neveus T, Hetta J, Cnattingius C, et al. Depth of sleep and sleep habits 
among enuretic and incontinent children. Acta Paediatr 1999;88:748-52.

16. Mikkelsen EJ, Rapoport JL, Nee L, Gruenau C, Mendelson W, Gillin JC. 
Childhood enuresis 1. Sleep patterns and psychopathology. Arch Gen 
Psychiatry 1980;37:1139-44.

17. Norgaard JP, Hansen JH, Wildschiotz G, Sorensen S, Rittig S, Djurhuus 
JC. Sleep cystometries in children with nocturnal enuresis. J Urol 
1989;141:1156-9.

18. Wolfish N. Sleep arousal function in enuretic males. Scand J Urol Nephrol 
1999;33:24-6.

19. Inoue M, Shimojima H, Chiba H, Tsukahara N, Tajika Y, Taka K. Rhyth-
mic slow-wave observed on nocturnal sleep encephalogram in children 
with idiopathic nocturnal enuresis. Sleep 1987;10:570-9.

20. Gillin JC, Rapoport JL, Mikkelsen EJ, Langer D, Vanskiver C, Mendelson 
W. EEG sleep patterns in enuresis—a further analysis and comparison 
with normal controls. Biol Psychiatry 1982;17:947-53.

21. Wolfish NM, Pivik RT, Busby KA. Elevated sleep arousal thresholds in 
enuretic boys: clinical implications. Acta Paediatr 1997;86:381-4.

22. Jenkins PH, Lambert MJ, Nielsen SL, McPherson DL, Wells MG. Noc-
turnal task responsiveness of primary nocturnal enuretic boys: a behav-
ioral approach to enuresis. Child Health Care 1996;25:143-56.

23. Von Gontard A, Schmelzer D, Seifen S, Pukrop R. Central nervous system 
involvement in nocturnal enuresis: Evidence of general neuromotor delay 
and specific brainstem dysfunction. J Urol 2001;166:2448-51.

24. Busby KA, Mercier L, Pivik RT. Ontogenetic variations in auditory arous-
al threshold during sleep. Psychophysiology 1994;31:182-8.

25. Sadeh A, Raviv A, Gruber R. Sleep patterns and sleep disruptions in 
school-age children. Dev Psychol 2000;36:291-301.

26. Sadeh A, Acebo C. The role of actigraphy in sleep medicine. Sleep Med 
Rev 2002;6:113-24.

27. Sadeh A, Hauri PJ, Kripke DF, Lavie P. The role of actigraphy in the 
evaluation of sleep disorders. Sleep 1995;18:288-302.


