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Growth hormone release during sleep in growth
retarded children
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Eastman, C. J., and Lazarus, L. (1973). Archives of Disease in Childhood, 48,
502. Growth hormone release during sleep in growth retarded children.
Plasma growth hormone (HGH) concentration was measured at frequent intervals
during EEG-monitored nocturnal sleep in 12 children of short stature. Sleep-related
HGH peaks were compared with peak HGH responses to arginine infusion and to
insulin-induced hypoglycaemia. Peak plasma HGH levels during sleep ranged
from 26-4 to 36 8 ,uU/ml in 5 children with constitutional short stature, and from
14 8 to 28 4 FU/ml in 4 children with chronic asthma. 3 hypopituitary children
failed to show rises in plasma HGH levels despite EEG-adjudged normal sleep
patterns. In the children who were not growth hormone deficient, maximum
increases in plasma HGH concentration occurred from 30 to 90 minutes after the
onset of sleep, and were associated with slow-wave sleep patterns on the EEG.
HGH responses to the pharmacological stimuli were comparable with the sleep-

related HGH peaks in 9 of the 12 patients studied. In 2 patients with constitutional
short stature, blunted HGH responses to arginine were associated with normal rise
in plasma HGH during sleep and during insulin-induced hypoglycaemia. 1 child
with impaired growth after operation for a craniopharyngioma exhibited a normal
HGH response to arginine (20 -4 ,uU/ml), a subnormal HGH response to insulin
(7 4 p.U/ml), and a peak plasma HGH of 4 ,uU/ml during sleep. Subsequent
treatment with exogenous HGH produced a rapid acceleration in height velocity
suggesting that impaired growth was due to growth hormone deficiency.
These studies are in accord with the suggestion that sleep-induced HGH release

is an index of physiological HGH secretion, and that measurement of HGH release
during sleep may prove a valuable tool in the detection of growth hormone deficiency
in children of short stature.

Spontaneous release of human growth hormone
(HGH) during sleep is closely related to the state of
slow-wave sleep, as determined by electroencepha-
lographic (EEG) criteria (Takahashi, Kipnis, and
Daughaday, 1968; Honda et al., 1969; Parker et al.,
1969; Sassin et al., 1969). It appears that sleep-
induced HGH release is a manifestation of a stable
neuroendocrine rhythm, which is repetitive from
night to night and independent of acute changes in
the availability of metabolic substrate (Takahashi
et al., 1968; Vanderlaan et al., 1970). The useful-
ness of this phenomenon as a diagnostic measure of
physiological HGH release in adults has been
emphasized (Mace et al., 1970; Eastman and
Lazarus, 1971); however, its clinical use in children
has not been fully explored.

Received 22 November 1972.

The aims of this study were to determine the
usefulness of sleep-related HGH release as a
physiological test of pituitary function in children
of short stature, and to compare the response with
the HGH responses to provocative, pharmaco-
logical stimuli. Our results indicated that pre-
pubertal children exhibit significant rises in plasma
HGH during sleep and that measurement of sleep-
related HGH release is a good index of physio-
logical HGH secretion.

Materials and methods
Patients. The clinical details of the 12 patients

studied are shown in Table I. All the children were
prepubescent and were referred for investigation of
short stature. The diagnosis of constitutional short
stature was made in 5 children on the basis of history,
clinical signs, the results of pituitary finction studies,
and subsequent growth and development. The 4

502

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.48.7.502 on 1 July 1973. D

ow
nloaded from

 

http://adc.bmj.com/


Growth hormone release during sleep in growth retarded children 503
TABLE I

Clinical details of children studied

Case Age Sex Height Weight Height Bone Height
no. (yr) (cm) (kg) age age velocity Diagnosis

(yr) (yr) (cm/yr)

1 13*2 M 132*4 30*8 9*1 12*0 5 *0 Constitutional shortness of
stature

2 11*6 M 131 0 26-9 9 0 10 0 5-4
3 10 0 M 124-0 26-2 7-6 8-2 3-5
4 12-5 M 133-4 27-0 9 4 8 0 5-6
5 14-3 M 139-7 - 10-6 12-0 -

6 12 6 F 138*1 33*2 10*2 13*0 - Chronic asthma
7 12-8 M 140 0 29-4 10-6 12 0 4-6
8 9*4 M 124-2 - 7-7 8 0 4-0
9 10-2 M 122-0 21-0 7-3 8-6 3-8
10 16-8 M 134-0 32*6 9*4 11*0 2*5 Idiopathic hypopituitarism
11 15*3 F 142*5 38*6 10*8 13*0 2*5 Hypothalamic tumour
12 10*5 M 130-5 32 8 8*8 7*0 2*5 Craniopharyngioma after

operation

asthmatic children were well controlled symptomatically
at the time of investigation and had not received any
corticosteroids over the previous 6 months. One of
the 3 hypopituitary children had idiopathic hypopitui-
tarism from infancy. The other 2 hypopituitary
children had organic hypopituitarism due to intra-
cranial space-occupying lesions. Case 11 had an
inoperable tumour of the hypothalamus and Case 12
had been operated on successfully for removal of a
craniopharyngioma 2 years before this investigation.

Detailed investigations of pituitary function were
performed on each patient included in this study.
HGH secretion was assessed by measurement of sleep-
induced HGH release and by the plasma HGH response
to arginine infusion and insulin-induced hypoglycaemia.

Sleep studies. On the day of the sleep study the
children were given their evening meal between 4.30
and 6 p.m. and then were confined to bed until com-
pletion of the test the following morning. Normal
sleeping conditions were simulated as closely as possible,
according to the usual habits of the individual. At
least 2 hours before the onset of sleep, an indwelling
polyethylene catheter was inserted into an antecubital
vein and firmly attached to the forearm with tape. The
opening of the catheter was plugged with a disposable
cap, which was easily removed for the withdrawal of
blood samples during the night. Patency of the catheter
was maintained by the injection of heparinized saline
(10 IU/2-5 ml) after the withdrawal of each blood
sample. Venous blood for the estimation of plasma
HGH, plasma cortisol, and blood glucose was with-
drawn before the onset of sleep and thereafter at frequent
intervals determined mainly by the patient's EEG sleep
stage.
EEG and EOG (electro-oculogram) traces were

recorded in all patients, either on a conventional 16
channel electroencephalogram or on a portable con-
tinuous oscilloscopic monitor with an attached paper

print out. Sleep was scored and classified according to
established criteria (Rechtschaffen and Kales, 1968).
Satisfactory sleep patterns were recorded in all patients
included in this study. Once they were acquainted with
the details of the test most of the children had little
difficulty in going to sleep and did not appear to be
stressed or inconvenienced by the procedure.

Sequential arginine infusion and insulin-induced
hypoglycaemia stimulation tests were performed on each
patient on completion of the sleep study (Penny,
Blizzard, and Davis, 1969). Arginine hydrochloride in
a dose of 0 5 g/kg was infused as a 10% w/v solution in
physiological saline over a period of 30 minutes.
Insulin was administered intravenously in a dose of
0 * 075 to 0 1 units/kg 75 to 90 minutes after starting the
arginine infusion. Venous blood for estimation of
plasma HGH, plasma cortisol, and blood glucose was
withdrawn at 15-minute intervals over a period of
21 to 3 hours.

Laboratory methods. Plasma HGH was measured
by a modification of the double antibody radioimmuno-
assay of Pennisi (1968). The results are reported in
,tU/ml of the WHO IRP standard for immunoassay. To
minimize interassay variation, all blood samples taken
from an individual patient during the various tests were
included within a single assay. Quality control was
monitored according to the method of Rodbard et al.
(1968). The sensitivity of this assay was 1-0 ,uU/ml
and the precision, defined as 95% confidence limits for
replicate estimations of plasma HGH at 5*0, 10*0, 20 0,
and 40 0 ,tU/ml in a representative assay, was ± 0 8,
i1 * 2, ±2 * 0, and ±6 * O pU/ml, respectively. Between
assay variability was assessed by including quality
control sera in each assay. The between assay precision
at plasma HGH levels of 4- 0, 8 - 0, and 20 *0 ,tU/ml was
+0-6, ±2-0, and ±3-0 1.U/ml, respectively. Blood
glucose was measured by the autoanalyser Technicon
ferricyanide method of Hoffman (1937).
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Eastman and Lazarus
Results

Plasma HGH during sleep. The peak plasma
HGH levels recorded in each patient during sleep
and the temporal relation of the peak with the onset
of sleep are shown in Table II. The 5 children

TABLE II
Sleep-related HGH responses

Presleep Peak plasma Time from
Case no. plasma HGH HGH during onset of

(uU/ml) sleep (,uU/ml) sleep (min)

1 4 0 36-8 45
2 2-0 26-4 30
3 1-0 32 2 50
4 2-0 27 0 65
5 11 2 28 8 85
6 2-4 14 8 90
7 3-2 25 2 65
8 1.0 18-2 75
9 1-6 28-4 60
10 1-0 110 -

11 10 32 60
12 1-6 40 45

with constitutional short stature and the 4 asth-
matic children had significant increases in plasma
HGH levels during sleep, with peak levels occurring
in association with slow-wave (stages 3 and 4) sleep
(Fig. 1). The peak plasma HGH levels ranged
from 26 - 4 to 36 * 8 ,uU/ml in the children with
constitutional short stature, and from 14 * 8 to
28 *4 ,tU/ml in the asthmatic children. 1 child
(Case 5) had two large peaks of HGH during the
night, occurring at 85 minutes (24-0 ,uU/ml) and
360 minutes (28 8 ,uU/ml) after the onset of sleep.
The mean peak plasma HGH level in the 9 children
who were not growth hormone deficient was
26 4±2 2 ,uU/ml. The 3 hypopituitary children
failed to show a normal rise in plasma HGH during
sleep. HGH levels were below detectable limits
throughout the night in 1 child (Case 10) and rose
to 3 2 and 4 0 ,uU/ml in the other 2 during EEG-
adjudged normal sleep.

Plasma HGH responses to provocative
stimulation tests. Plasma HGH responses to
sequential arginine infusion and insulin-induced
hypoglycaemia are compared with the sleep
responses in Table III. Though the mean peak
plasmaHGH responses to sleep (26 4 ±22*,U/ml),
arginine (22 8 ±3-8 ,uU/ml), and insulin-induced
hypoglycaemia (23 6±3 8 ptU/ml) are comparable
in the children who were not growth hormone
deficient, 2 patients (Cases 3 and 4) who exhibited
blunted HGH responses to arginine responded well
to both sleep and insulin-induced hypoglycaemia.

Two of the 3 hypopituitary children failed to
respond normally to both arginine infusion and to
insulin-induced hypoglycaemia stimulation. Plasma
HGH levels during sleep were consistent with the

WAKE 1REM
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HGH 20]-

(pU/m) .'I10
0

WAKE 1RE

HGH 20 - Case 4

(,&uU/mI) 10 /
0 1

WAKE2
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HGH

(,uU/ml ) lo -;

0
0 2 345678

Hours from onset of sleep
FIG. 1.-Representative patterns of growth hormone
release during EEG-monitored sleep in 2 children with
constitutional short stature (Cases 1 and 4) and 1 child with
chronic asthma (Case 7). Sleep histogram stages: W, wake;
stages 1 to 4 and REM by hatched bar. Stages 3 and 4

represent slow-wave sleep.

TABLE III
Comparison ofplasmaHGH responses to sleep, arginine
infusion, and insulin-induced hypoglycaemia (peak

plasma HGH levels in ptU/ml)

Case no. Sleep Arginine Insulin-induced
infusion hypoglycaemia

1 36-8 40-8 47-6
2 26-4 253-6 32-0
3 32-2 6-4 25-6
4 27-0 8-0 13-6
5 28-8 25-6 16-0
6 14-8 7-8 26-0
7 23-2 31-0 22-2
8 18 2 28-4 17-0
9 28-4 22-4 12-0
10 110 1-0 110
11 2-0 1.0 1.0
12 4.0 20-4 7-4
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Growth hormone release during sleep in growth retarded children
responses to pharmacological stimuli in these 2
cases. By contrast, the third case in this group
(Case 12), whose peak HGH level during sleep was
4 0 ,LU/ml, showed a normal response to arginine
(20 4 [±U/ml) and a significant but blunted peak
HGH response of 7 4 ,uU/ml to insulin-induced
hypoglycaemia (Fig. 2). One year before this study

Plasma
HGH

(pU/ml) 20.
Insulin I.V. infusion

10 I

0 15 30 45 60 75 90

EEG sleepstaqe Time (min)
WAKE ~ l l

REM I2E

20-
HGH 10 1(PU/ml) 10

OJ
0.1....244 7

Hours from onset of sleep
FIG. 2.-Growth hormone responses to arginine infusion,
insulin-induced hypoglycaemia, and sleep in a 10-5-year-
old boy suffering from short stature due to organic hypo-
pituitarism. Normal growth hormone response to arginine
contrasts with the blunted HGH response to insulin-
induced hypoglycaemia and the lack of a significant rise

in HGH during slow-wave sleep.

he had responded to insulin-induced hypogly-
caemia with a peak plasma HGH level of 12 0
,uU/ml. This boy, who was growing at a rate of
2-0 cm/year when these studies were performed,
responded to a therapeutic trial of HGH with a
height gain of 5 - 9 cm over the ensuing 6 months.

Discussion
HGH release during slow-wave sleep is a con-

sistent and universal finding in healthy adults
(Takahashi et al., 1968; Honda et al., 1969; Parker
et al., 1969; Mace et al., 1970) and in normal pre-
pubertal children over the age of 2 (Illig, Henrichs,
and Stahl, 1971; Mace, Gotlin, and Beck, 1972;
Underwood et al., 1971). Though HGH release is
intimately related to the electrophysiological events
of sleep, the exact nature of this association remains

obscure. Persistent rises in plasma HGH in the
newborn both during sleep and when awake suggest
that sleep-induced HGH release is an acquired
neuroendocrine rhythm (Illig et al., 1971; Shaywitz
et al., 1971; Finkelstein et al., 1971; Vigneri and
D'Agata, 1971). Once established in infancy,
however, rhythmic sleep release of HGH is
independent of factors known to influence HGH
release during the waking hours. Acute changes in
plasma substrates (Takahashi et al., 1968; Parker
and Rossman, 1971), moderate exercise (Zir, Smith,
and Parker, 1971), and adrenergic blocking agents
(Lucke and Glick, 1971) do not appear to modify
rhythmic sleep release of HGH. In contrast with
the lability of plasma HGH during the waking
hours, the stability and reproducibility of nocturnal
HGH release suggest that this component of HGH
secretion may be concemed with the basic physio-
logical role ofHGH in promoting growth. IfHGH
secretion is the rate-limiting factor in a child's
growth, then any impairment in HGH secretion
resulting in growth retardation may well be reflected
in the sleep-related HGH surge.
The clinical usefulness of measuring HGH

release during sleep in growth retarded children is
clearly shown by this study. Children, like adults,
have significant rises in plasma HGH levels during
slow-wave sleep, the peaks of which are comparable
with the peak responses measured after the admini-
stration of arginine or insulin. With the exception
of 1 patient, the peak plasma HGH level measured
during sleep occurred within 2 hours of the onset
of sleep and was associated with the first entry into
slow-wave sleep. Re-entry into slow-wave sleep
during subsequent sleep cycles was associated with
rhythmic HGH release in most of the children who
were not HGH deficient; however, the magnitude,
duration, and frequency of these secondary peaks
were quite variable (Fig. 1). Since HGH secretion
rate is maximal during sleep (Alford, Baker, and
Burger, 1971), it is probable that these secondary
peaks contribute significantly to the overall daily
production rate of HGH.
The mean peak plasma HGH during sleep in the

9 children who were not HGH deficient was
26-4±2-2 and in the 3 HGH-deficient children
2-8 ,U/ml. Though we do not have a normal
control group of prepubertal children with which
to compare, it is interesting that the mean peak
HGH level in the 9 children not HGH deficient is
only slightly less than the mean peak plasma HGH
level of 32*8 ±4*0 ,U/ml we have previously
reported in 12 normal young adults studied under
similar conditions (Eastman, Mitchell, and Lazarus,
1971). Underwood et al. (1971), using continuous
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506 Eastman and Lazarus
EEG monitoring of the first 2 hours of sleep,
reported a mean peak HGH level of 10-2 ng/ml
in 16 normal children, while Mace et al. (1972)
reported a mean peak of 17 7 ng/ml in 46 normal
children sampled 90 minutes after the onset of
sleep.

Confirmation oiHGH deficiency in the clinically
suspect patient is usually obtained by measurement
of plasma HGH levels after the application of a
provocative pharmacological stimulus. The inter-
pretation of HGH response to provocative stimula-
tion tests is often difficult because of the high
incidence of blunted or disparate responses observed
(Youlton, Kaplan, and Grumbach, 1969; Raiti and
Blizzard, 1970). There has been considerable
speculation as to whether a blunted response to a
single stimulus or a disparate response to two or
more stimuli reflects either a spurious result or
individual variation in the sensitivity of the hypo-
thalamus to the stimulus employed or a state of
partial HGH deficiency (Youlton et al., 1969). The
results of the present study indicate that measure-
ment of HGH release during sleep may also help
to resolve this problem. In our study, 2 children
(Cases 3 and 4) showed blunted HGH responses to
arginine, but had normal HGH responses to
insulin-induced hypoglycaemia. 1 of these children
had shown a blunted HGH response (10-0 uU/ml)
to insulin-induced hypoglycaemia during a previous
test. On the basis of physical signs, other pituitary
function studies, and subsequent growth perfor-
mance, it is highly unlikely that either of these 2
boys is suffering from partia' hypopituitarism.
Using the magnitude of the sleep HGH peak as the
sole criterion of normality of HGH secretion, there
was a clear distinction between these 2 children and
the HGH-deficient children. The value of the
sleep peak in discriminating between normal
children and those with partial HGH deficiency, as
defined by Tanner et al. (1971), requires the study
of a much larger series than presented here.
The intriguing question of whether a child may

be capable of producing normal levels of HGH in
response to provocative pharmacological stimuli,
but be incapable of producing normal quantities of
HGH during the normal course of life, has been
raised recently by Tanner et al. (1971). They
reported a patient who responded normally to both
insulin and Bovril stimulation, but grew at a rate
of 7 4 cm/year in response to HGH therapy as
opposed to 3-7 cm/year the preceding year. It
appears that 1 of our patients (Case 12) falls into
this category. This boy responded normally to
arginine with a peak plasma HGH level of 20 * 4 ,uU/
ml, but had a blunted HGH response of 7 * 4 ,uU/ml

to insulin-induced hypoglycaemia. His peak
plasma HGH level during EEG-adjudged normal
sleep was 4-0 ,uU/ml. The dramatic acceleration
in growth after the introduction of HGH therapy
provided unequivocal evidence that growth retard-
ation was due to HGH deficiency. Thus, it is
suggested that growth retardation in this boy
resulted from impairment of physiological HGH
secretion occurring in association with partial pre-
servation of responsiveness to provocative pharma-
cological stimuli. As HGH secretion is regulated
by multiple independent pathways (Glick, 1969), it
follows that functional or anatomical disturbances
in the CNS may selectively involve one or more of
these pathways while the others remain intact.

It is concluded from these studies that measure-
ment of sleep-induced HGH release is a precise and
sensitive index of physiological HGH secretion and
is a valuable diagnostic tool in the investigation of
children of short stature.
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