Sleep EEG in growth disorders
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SUMMARY The sleep of 30 children with disorders of growth and development was studied
because of the known association between sleep and the secretion of hormones. Thirty three
normal children were studied for comparison. The sleep of two consecutive nights was monitored
at home using a small portable electroencephalogram and electro-oculogram recorder.
Within the normal group there were no significant differences between sexes nor between the
first and second nights of recording. There was a significant decrease in total sleep time with
increasing age due to reduction in the amounts of rapid eye movement sleep and stage IV sleep.
There was no change in rapid eye movement latency or overall rapid eye movement activity
between the three age groups.
Children with genetic short stature and those with poor growth as a result of poor eating habits
had an increased percentage of rapid eye movement sleep.
A significant decrease in the percentage of stage IV sleep, increased amount of rapid eye
movement sleep (especially active rapid eye movement sleep), and decreased rapid eye
movement cycling time was found in five children with severe psychosocial deprivation.
Children with constitutional delay of growth and puberty had an increased rapid eye movement
cycling time and thus less rapid eye movement sleep over the whole night.

The study of electroencephalographic (EEG) re- have abnormalities in both their sleep and their
cordings during sleep has shown a cycle of sleep endocrine function. 6 1011
stages best defined by the criteria of Rechtschaffen
As it seems likely that a sleep abnormality in
and Kales.' These consist of stages I and II (light itself, or as an intermediary mechanism, may be a
sleep), IlI and IV (delta wave sleep), and rapid eye cause of abnormalities in growth and development
movement sleep. Waking from rapid eye movement we have examined the sleep patterns of normal
sleep has been regularly associated with the recall of children and children with genetic short stature,
dreaming.2 Secretion of growth hormone is regu- psychosocial dwarfism, and constitutional delay of
larly associated with the first episode of stage IV growth and development to define what sleep
sleep.3 Corticotrophin, prolactin, gonadotrophins, abnormalities, if any, are present.
and parathormone are also secreted in pulses during
sleep but seem less clearly triggered by a particular Subjects and methods
sleep stage or event.4 5
The time from going to sleep until the first period The group of normal children consisted of 33
of rapid eye movement sleep of duration of at least subjects (15 boys and 18 girls) recruited from
three minutes (rapid eye movement latency) and a schools by letter of invitation sent to parents. They
measure of the number of eye movements during a were selected by age to span the age range of the
rapid eye movement period (rapid eye movement subject group evenly. All were of normal stature
activity) have been described as important markers and had no history of important medical or psychiof an endogenous depressive trait in adults.6 7
atric illness.
Sleep abnormalities have been prominent in the
Children with disorders of growth and developdescription of children with severe psychosocial ment were attending the paediatric endocrinology
dwarfism,8 and sleep has been abnormal when clinic at The Middlesex Hospital and had regular
studied in four children with failure to thrive.9 measurements of growth using standard techniques. 12
Adults and children with endogenous depression Bone age was assessed using the Tanner Whitehouse
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(1) Genetic short stature. Child's height and midparental height more than 2SD below the mean for
age and sex. No past illness in the parent to explain
their short stature.
(2) Psychosocial dwarfism type 1. Moderate long
term growth failure (growth velocity consistently
less than or equal to 25th centile for age and sex) for
at least three years and a history of difficult, fussy
eating habits. Normal secretion of growth hormone
to provocative stimuli.14
(3) Psychosocial dwarfism type 2. Severe short
stature and Zrowth failure, typical behavioural
abnormalities, normal or excessive appetite, and
growth acceleration on change of environment.

(4) Constitutional delay of growth and development.
Short stature (height standard deviation score
<1.5), greater than two year delay in bone age
relative to chronological age, and a normal growth
velocity.

Families were visited at home and had a semistructured interview, and the EEG/electro-oculogram
recording apparatus was then attached to the child.
Sleep was monitored over two nights with a portable
tape recorder (Medilog 4-24 Recorder and HDX-82
Preamplifiers, Oxford Medical Systems). This four
channel recorder is small (112x86x36 mm) and
battery powered and uses one C120 cassette per
24 hours. Two channels were used to record the
EEG, one to record eye movement (Meditrace
pellet electrode placed at the outer canthi), and one
to record a digital time code and event marker.
Silver/silver chloride cup EEG electrodes were fixed
to the scalp with collodion in the A1C4 and A2C3
positions along with two reference electrodes in the
0102 positions. Conducting saline jelly was injected
between electrode and scalp and the impedance
checked to be below 5 kOhm. The filter band width
was set at 0-5 and 100 Hz. Electrical activity from
the occipitalis muscle was also recorded on the EEG
channels, allowing muscle tone to be assessed.
Families were given the responsibility of chang-

(1) Sleep onset time. Clock time at onset of the first
episode of sleep stage followed by at least five
minutes of continuous sleep.
(2) Total sleep time. From onset of sleep until
continuous waking of at least two hours. Brief
waking during the night was considered part of the
total sleep time.

(3) Wake time. Time spent awake between onset of
sleep and final waking time.
(4) Rapid eye movement sleep period. Three consecutive minutes of typical EEG1 associated with
definite eye movements.
(5) Rapid eye movement sleep latency. Time from
onset of sleep until the first rapid eye movement
sleep period.

(6) Rapid eye movement sleep cycling time. Time
between the beginning of the first rapid eye movement sleep period and beginning of the last rapid
eye movement sleep period divided by total number
of rapid eye movement sleep periods -1.
(7) Active rapid eye movement sleep. Time spent
with rapid eye movement sleep-EEG criteria plus
two or more definite eye movements per 16 seconds.
(8) Rapid eye movement sleep activity.
Active rapid eye movement sleep (mins) x 100
Total rapid eye movement sleep (mins)

(9) Sleep efficiency.
Total sleep time - wake time x 100
Total sleep time
The same sleep recording was analysed roughly
every 20 tapes. At the end of the study the 15
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TW2 method.13 Anthropometric data are expressed
in terms of standard deviation scores (SDS) using
the equation:
SDS = x -x
S
where x is the measurement, k the mean for age and
sex, and S the standard deviation.
Parents and children were invited to participate in
the study if they met the criteria for one of the
groups specified below.
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ing the cassette every 24 hours so that the tape
from each night was recorded separately and the
tape subsequently identified by a unique randomly
allocated number. Tapes were analysed blind
using a page mode display unit (PMD 12, Oxford
Medical Systems) that automatically presented
the recorded signal as 'pages' of data comprising
eight or 16 seconds of EEG/electromyogram and
electrooculogram. The pages were presented at a
20th or a 60th of real time to allow rapid visual
scanning. Each sequential 32 seconds was scored
using the criteria of Rechtschaffen and Kales,1
with further analysis of sleep variables as defined
below.
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analyses of this record were used to derive the
coefficient variation for each sleep variable.
Each night's recording required 45 to 90 minutes
of analysis on the Oxford Medilog page mode
display unit.
A seven day dietary record was kept from which
average daily caloric and protein intake were
computed. Per cent of recommended calories and
protein for age and sex was calculated using Department of Health and Social Security standards.'16
An estimate of intelligence quotient was made by
using two subscales of the Weschler Intelligence
Scale for Children (vocabulary and block design).
These two subscales correlate well with the fullscale
score (r=0.8 and 0-75, respectively).'7 A self rated
depression questionnaire, the Children's Depression
Indicator, was administered at the initial interview.18
A score of less than 19 using this indicator is
considered normal.
Data analysis was by a standard computerised
statistical package (ABSTAT, Anderson Bell).
Comparison of nights 1 and 2 was by paired t test.
One way analysis of variance was used to compare a
variable across all groups and t values computed for
differences between each group and the normal
group.
The study was approved by the clinical research
(ethical) committee of our hospital.
Results

Anthropometric and dietary details are shown in
Table 1. The recording apparatus was well tolerated
and in some cases was worn to school with no ill
effects.
X4
The coefficient of variation for each sleep variable
over 15 analyses of the same tape was satisfactory
(<12%) except for active rapid eye movement sleep
variables where it varied from 22 to 53%.
The only difference between the first and second
nights' recordings was the amount of time spent in
stage I (night 1: 2-75 (SD 2.2) minutes; night 2: 1-84
(SD 1-2) minutes, p<0 Q5). No other differences
were found, so mean values of the two nights of
sleep were used in subsequent analyses.
Within the normal group there was only one
variable (rapid eye movement activity in rapid eye
movement sleep cycle 1) where there was a significant difference (p<005) between the sexes. Within
this group, sex was ignored and three age groups
corresponding to their pubertal stages (prepubertal
59*9 years (n=13), peripubertal 10-12-9 years
(n=13), and pubertal 13-16 years (n=seven)) were
formed.
One way analysis of variance was performed on
each variable across the three age groups and these
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Table 2 Sleep variables, mean age, and sex ratio of the three age groups
Sleep variables

Group (mean (SD))

Prepubertal
Total sleep time (h)
Sleep onset (24 h)
Stage (min):
I
II
III
IV
Rapid eye movement
Awake (min)
No of rapid eye movement periods
Rapid eye movement latency (min)
Rapid eye movement cycling time (min)
Rapid eye activity in cycle (%):
1
2
3
4
5
Total active rapid eye movement (min)
Total rapid eye movement density (%)
Age
Sex ratio (MIF)

F2 pf

Peripubertal

9-64 (0-70)
21-3 (76-0)

2-58
211-2
45-7
134-0
178-2

(1-6)
(39-0)
(11t3)

(33.4)

(40-5)
6.4 (15-6)
5-93 (0-86)
126-5 (33.5)
83-6 (8-1)
39-2 (22.5)

47*5 (20.3)
42-9 (13-4)
43-7 (13-2)
40.2 (12-7)
80-9 (32-6)
45-5 (13-5)
7-98 (1-50)
5/8

8-89
22-0

Pubertal

(0-80)
(51.0)

8-33 (0-80)
22-5 (82-0)

1-95 (0-9)
210-1 (49.0)
50.5 (16.3)
130-6 (25-8)

147.5

2-35
218-0
34-7
103 36
132-6
8.4
4-85
130-0

(23-1)

2-1
(2.6)
5-03 (0-63)
122-5 (47-6)
91-1
(8.6)

28-6
29-3
23-7

P Value

88-3

(1-5)
(26.7)
(31t5)

(15.5)
(0-80)
(40-4)
(5.8)

37-1 (16-5)
38-4 (12-9)
36-7 (14-2)
51-3 (19-5)
39-2 (13-5)
14-60 (0-63)
9/4

32-5
37 0
58-2 (22.3)
33-0 (13-8)
11-26 (0.79)
9/4

NS

0-78
0-07
1-33
2-93
5-22
0.72
6-24
0 08
2 92

(30-0)
(16-5)

35-9 (11.9)
39-8 (16-6)

(14-5)
(16.1)
(14-7)
(14-0)
(21.6)

<0(X)3

7 10
2-77

NS
NS
NS
NS

<0(011
NS
<0 005
NS
NS

121
334
1 60
2-26
0.15
5-64
2-72
81-7(

NS

<0(049
NS
NS
NS

<(8(N)8
NS

<0())1

*From one way ANOVA between the three age groups.

* Normal
* Genetic
0 Psychosociad dwarfism
type 1
O Psychosociad dwarfism
type 2
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A between group comparison of percentage of
sleep time spent in each sleep stage is illustrated in
Figure 1. Children with psychosocial dwarfism type
2 had significantly less stage IV sleep (p<O0O5) and
spent more time awake. Children with genetic short
stature and psychosocial dwarfism types 1 and 2 had
a significant increase (p<.O-l) in the percentage of
time spent in rapid eye movement sleep.

o---o Normal

IV Ricideyi Wake

75.

Sleep stage
Fig. 1 Between groups comparison ofpercentage of total
sleep time (mean (SE)) spent in each sleep stage and awake
(*=p<0o05, **=p<0-01 compared with the normal group).
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documented in Table 2. When sleep stage was
expressed as a percentage of total sleep time there
was no significant sleep stage differences from ages 5
to 16 years.
Within the group of children with disorders of
growth and development there were two cases
where the record of the second night was of such
poor recording quality as to render sleep analysis
invalid. The data from the first night alone were

0

are

used in these cases. The mean value for the two
nights was used for all the others in the analysis.

1

2

Cycle

4

5

Fig. 2 Between groups comparison of rapid eye movement

sleep activity during the firstfive cycles of rapid eye
movement sleep.
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Table 3 Rapid eye movement sleep measures in the five groups. Values are mean (SE)
Group

No of rapid
eye movement
periods

Normal
Genetic short stature
Psychosocial dwarfism type 1
Psychosocial dwarfism type 2
Constitutional delay

5-4
5-8
5-7
6-7
4-9

(0-2)
(0-2)
(0-4)
(0-4)'
(0-1)'

Rapid eye
movement latency
(min)

Total rapid
eye movement
(min)

124-5
104-8
115-8
103-5
133 0

157-2
188-5
186-4
192-4
139-3

(7-1)

(11.6)
(14.3)
(18-2)
(12-5)

(6.8)
(10-6)'
(12-7)

(13.4)
(5.9)

Total active
rapid eye
movement (min)

Overall
rapid eye
movement

59-9
91-4
68-1
116-7
59-9

38-29
47-44
37 70
60-76
42-70

(5-6)
(8 9)"

(6.6)
(18-7)...
(7-6)

(2-77)
(2-56)
(3-73)
(7-53)"
(4-64)

*p<005 compared with normal group.
**p<0-01 compared with normal group.
***p<O-OOl compared with normal group.

Rapid eye movement sleep latency and total
active rapid eye movement and overall rapid
eye movement sleep activity figures are shown in
Table 3. There were no significant differences (at
the 5% level) in the rapid eye movement sleep
latencies. Rapid eye movement sleep activity
assessed over the whole night and individually
within every sleep cycle (Fig. 2) was significantly
increased in children with psychosocial dwarfism
type 2.
The average rapid eye movement sleep cycling
time of the normal group was 87-06+1-58 minutes.
Children with severe psychosocial dwarfism type 2
had a shorter rapid eye movement sleep cycling time
(77.64+3.79 minutes, p<0-01), and children with
constitutional delay of growth and development had
a significant increase (92.84+3.00 minutes, p<0 05)
in rapid eye movement sleep cycling time.
Discussion

Our method of recording sleep at home was noninvasive, well tolerated, and easily performed. The
analysis of a record of sleep from a single night
is very accurate for sleep stage data but only
moderately accurate for those variables that involve
assessing the amount of eye movement during each
period of rapid eye movement sleep. Thus much
care must be taken in future in interpreting the
importance of eye movement variables using this
methodology, especially if used for the diagnosis of
endogenous depression.'9 20 Indeed, there is a need
for a more clear definition of eye movement type
and frequency during rapid eye movement sleep.
The descriptions of normal sleep in childhood are
based on studies in sleep laboratories of about 186
children from 6 to 16 years.2125 Our results confirm
that there is little difference between sexes in any
sleep variable. The changes in sleep with increasing
age are all expected. Total sleep time decreased,
and this consisted mainly of decreases in the amount
of rapid eye movement sleep and stage IV sleep.
Rapid eye movement sleep latency, which is con-

sidered a psychological sign of the endogenous
depressive trait,26 did not vary in children aged 5 to
17. The frequency of rapid eye movement sleep
periods showed an increasing trend that was not
significant.
All reports of EEG monitored sleep in childhood
have involved the recording of sleep in the laboratory. Early reports showed a significant 'first night'
effect.27 More recently, as sleep laboratories have
become more 'homelike', first night effects have
become less,2830 though they are still appreciable.
This report documents a lack of first night effect
with home recordings.
Comparison of our results with a recent report
from Pittsburgh21 shows that our children, at comparable ages, slept roughly one hour longer and
spent much less time in stage I sleep (42-7 minutes
v 2-6 minutes) and more time in stage IV and rapid
eye movement sleep. Taken that there are methodological differences, rapid eye movement latencies
were remarkably similar. The comparison suggests
that there is a major difference between home and
laboratory recordings with, as expected, the third
night laboratory recordings being more like our
home recordings than the first laboratory night. It
seems sensible to focus on home recordings of sleep
in most circumstances and to include the data on
sleep from the first night at home in any analysis.
Children with severe psychosocial dwarfism (type
2) have abnormalities of rapid eye movement sleep
that are especially striking. The amount of active
rapid eye movement sleep (sleep with more than
two distinctive eye movements per 16 seconds) and
the proportion this makes of rapid eye movement
sleep within each sleep cycle as well as over the
whole night was increased. This pattern is similar to
the sleep of adults with endogenous depression7 and
is one feature that clearly distinguished the children
with severe psychosocial dwarfism type 2 from the
other groups studied.
Children with constitutional delay of growth and
development showed an abnormal slowing of rapid
eye movement sleep cycling. As other studies have
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suggested a link between rapid eye movement sleep
cycling and frequency ofsecretion of gonadotrophin3'
this is consistent with the current understanding of
the mechanism of control of onset of puberty, which
requires the pulsatile release of gonadotrophins
from the pituitary determined by pulsatile secretion
of gonadotrophin releasing hormone from the
hypothalamus.
Children with genetic short stature had more
rapid eye movement sleep and had a trend towards
less stage IV sleep. These findings are probably
secondary to their psychosocial environment.
The function of rapid eye movement sleep may be
to remove undesirable modes of interaction in
networks of cells in the cerebral cortex by a reverse
learning mechanism.32 Thus acute and chronic stress
might be expected to increase the amount of rapid
eye movement sleep, and in the three groups with
increased rapid eye movement sleep chronic stress
was indeed present.
The frequency of eye movements during rapid eye
movement sleep seems to be a separate variable
from the total amount of rapid eye movement sleep
during the night. It may be that this measure will
identify a predisposition to react to deprivation with
decreased secretion of growth hormone and growth
failure in childhood and endogenous depression in
adult life.
The most robust sleep variable associated with
endogenous depression has been a shortened rapid
eye movement sleep latency. Within our groups
there was no significant difference between rapid
eye movement sleep latencies, although the severe
psychosocial deprivation group did have the lowest
values.
In conclusion, the analysis of sleep recordings of
normal children and those with different growth
disorders has shown significant abnormalities of
sleep, especially in children with severe psychosocial
dwarfism.
The cooperation of the children and parents and the financial
support of The Middlesex Hospital Special Trustees is gratefully
acknowledged. Oxford Medical Systems kindly lent a Page Mode
Display unit for the analysis of the sleep records.

References
'Rechtschaffen A, Kales A, eds. A manual of standardized
terminology, techniques and scoring system for sleep stages of
human subjects. Los Angeles: Brain Information Service/Brain
Research Institute, University of California, 1968.
2 Dement WC, Kleitman N. The relation of eye movements
during sleep to dream activity: an objective method for the study
of dreaming. J Exp Psychol 1957;53:339-46.
3Takahaishi Y, Kipnis DM, Daughaday WH. Growth hormone
secretion during sleep. J Clin Invest 1968;47:2079-90.
4Wagner DR, Weitzman ED. Neuroendocrine secretion and

biological rhythms in man. Psychiatr Clin North Am 1980;3:
223-250.
5Kripke DF, Lavie P, Parker D, Hucy L, Deftos LJ. Plasma
parathyroid hormone and calcium are related to sleep stage
cycles. J Clin Endocrinol Metab 1978;47:1021-7.
6 Kupfer DJ, Foster FG, Coble P, McPortland RJ, Ulrich RF.
The application of EEG sleep for the differential diagnosis of
affective disorders. Am J Psychiatry 1978;135:69-74.
7Feinberg M, Gillin JC, Carroll BJ, Greden JF, Zis AP. EEG
studies of sleep in the diagnosis of depression. Biol Psychiatry
1982;17:305-16.
Wolff G, Money J. Relationship between sleep and growth in
patients with irreversible somatotrophin deficiency (psychosocial dwarfism). Psychol Med 1973;3:18-27.
9 Guilhaume A, Benoit 0, Gourmelen M, Richardet JM.
Relationship between sleep stage IV deficit and reversible HGH
deficiency in psychosocial dwarfism. Pediatr Res 1982;16:
299-300.
Lahmegas HW, Poznanski EO, Bellur SN. EEG sleep in
depressed adolescents. Am J Psychiatry 1983;140:1150-3.
Puig-Antich J, Goetz R, Hanton C, Tabrizi MA, Davies M,
Weitzman ED. Sleep architecture and REM sleep measures in
prepubertal major depressives. Studies during recovery from the
depressive episode in a drug free state. Arch Gen Psychiatry
1983;40:187-92.
12 Brook CGD. Growth assessment in childhood and adolescence.
Oxford: Blackwell Scientific Publications, 1982.
"3 Tanner JM, Whitehouse RH, Marshall WA, Healy MJR,
Goldstein H. Assessment of skeletal maturity and prediction of
adult heights TW2 method. London: Academic Press, 1975.
14 Blizzard RM. Psychosocial short stature. In: Lifshitz F, ed.
Pediatric endocrinology: a clinical guide. Clinical pediatrics
series. Vol 3. New York: Marcell Decker. (In press.)
5 Powell GF, Brazel JA, Blizzard RM. Emotional deprivation and
growth retardation simulating idiopathic hypopituitarism. (1)
Clinical evaluation of the syndrome. N Engl J Med 1967;276:
1271-8.
16 Department of Health and Social Security. Recommended daily
amounts of food energy and nutrients for groups ofpeople in the
United Kingdom. London: HMSO, 1979. (Report on health and
social security No 15.)
17 Wechsler D. WISC R manual. New York: The Psychological
Corporation, 1974: 47.
Kovacs M. Rating scales to assess depression in school aged
children. Acta Paedopsychiatr (Basel) 1980/81;46:305-15.
19 Foster FG, Kupler DJ, Coble P, McFarland RJ. Rapid eye
movemcnt sleep density: an objective indicator in severe
medical depressive syndromes. Arch Gen Psychiatry 1976;33:
1119-23.
2(1 King D, Akizkal HS, Lemmi H, Wilson W, Belluomini J,
Yerevanian BI. Rapid eye movement density in the differential
diagnosis of psychiatric from medical-neurologic disorders: a
replication. Psychiatry Res 1981;5:267-76.
21 Coble PA, Kupfer DJ, Taska LS, Kane J. EEG sleep of normal
healthy children. Part I. Findings using standard measurement
methods. Sleep 1984;7:289-303.
22 Feinberg I, Koresko RL, Heller N. EEG sleep patterns as a
function of normal and pathological aging in man. J Psychiatr
Res 1967;5:107-44.
23 Ross JJ, Agnew HW, William RL, Webb WB. Sleep patterns in
preadolescent children: an EEG-EOG study. Pediatrics 1968;
42:324-35.
24 Williams RL, Karacan I, Hursch CJ. Electroencephalography
(EEG) of human sleep: clinical applications. New York: John
Wiley and Sons, 1974.
25 Coble PA, Taska LS, Shaw DH, Kupfer DJ. The sleep of
normal children: chronological age vs maturation. Sleep Research 1981;10:110.
26 Reynolds CF III, Taska LS, Jarrett DB, Coble PA, Kupfer DJ.

Arch Dis Child: first published as 10.1136/adc.61.8.754 on 1 August 1986. Downloaded from http://adc.bmj.com/ on September 24, 2021 by guest. Protected by
copyright.

Sleep EEG in growth disorders 759

27
28

29
30

REM latency in depression: is there one best definition. Biol
Psychiatry 1983;18:849-63.
Agnew HW, Webb WB, Williams RL. The first night effect: an
EEG study of sleep. Psychophysiology 1966;2:263-6.
Browman CP, Cartwright RD. The first night effect on sleep and
dreams. Biol Psychiatry 1980;15:804-12.
Kader GA, Griffin PT. Re-evaluation of the phenomena of the
first night effect. Sleep 1983;6:67-71.
Coates TJ, George JM, Killen JD, Marchini E, Hamilton S,
Thorensen CE. First night effects on good sleepers and sleep
maintenance insomniacs when recorded at home. Sleep 1981;4:
293-8.

3' Boyar R,

Findelstein J, Roffwarg H, Kapen S, Weitzman E,
Hellman L. Synchronisation of augmented luteinising hormone
secretion with sleep during puberty. N Engi J Med 1972;287:
582-6.
32 Crick F, Mitchison G. The function of dream sleep. Nature
1983;304:1 11-4.

Correspondence to Dr B J Taylor, Department of Paediatrics and
Child Health, University of Otago, Private Bag, Dunedin, New
Zealand.
Received 8 May 1986

Arch Dis Child: first published as 10.1136/adc.61.8.754 on 1 August 1986. Downloaded from http://adc.bmj.com/ on September 24, 2021 by guest. Protected by
copyright.

760 Taylor and Brook

