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Current Knowledge on Growth Hormone and Insulin-Like Growth
Factors and their Role in the Central Nervous System: Growth Hormone

in Down Syndrome

Asa Myrelid”

Department of Women's and Children's Health, University Children's Hospital, S-751 85 Uppsala, Sweden

Abstract: Down syndrome (DS) is a chromosomal disorder associated with short stature and psychomotor delay. Growth
hormone (GH) and insulin-like growth factor I (IGF-I) are of interest in DS as the pronounced growth retardation
coincides in time when GH becomes essential for growth. Simultaneously mean intelligence quotient (IQ) decreases
markedly.

There is no evidence of a general GH deficiency in children with DS, but suboptimal endogenous production of GH and
selective deficiency of IGF-I have been demonstrated. GH and IGF-I are important brain growth promoting factors. IGF
receptors are present in brain cells from foetuses with DS, but there is no information as to whether disturbances of
intracerebral GH binding or IGF-I production may contribute to the brain dysfunction in DS.

GH therapy normalized growth velocity and improved fine motor performance in young children with DS, but the limited
therapy was followed by a marked “catch-down” growth and lacked effect on final height. In adolescents with DS
treatment with GH during early childhood show some positive late effects, where subjects previously treated had greater
head circumference and improved performance regarding cognitive function and motor skills.

Few studies have addressed the effect of GH in Down syndrome. Nevertheless, GH has been designated beneficial effects
on cognition, energy, mood and behaviour through extensive studies in several other conditions and it is not unlikely that
GH may have similar effects in DS. It should be emphasised that even small changes in psychomotor attainment may be
of substantial importance in a developmentally delayed population.
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INTRODUCTION

Down syndrome (DS) is named after John Langdon
Down, the British physician who described the
characteristics of individuals with the syndrome in 1866 [1].
It is associated with mental retardation, short stature,
congenital malformations, especially of the heart, and
metabolic and endocrine dysfunction [2].

Down syndrome, diagnosed by chromosome analysis, is
a common disorder [3], with an incidence of about 1/800 live
births [4, 5]. The life expectancy in DS is reduced compared
to that in the general population, although it has improved
markedly in the last decades. In the 1940s the median age at
death was 12 years [6], in 1983 it was 25 years, and in recent
years the life expectancy has risen to 60 years [7].

PSYCHOMOTOR DEVELOPMENT IN DOWN SYN-
DROME

Mental retardation (intelligence quotient, 1Q, <70) is
characterised by impaired cognitive functioning and deficits
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of adaptive behaviour (communication, self-help skills,
social skills etc.) with onset before the age of 18 years.
Instruments for testing of IQ include components relating to
mental functioning as well as to the individuals’ functional
skills in their environment.

Mental retardation is a cardinal sign in DS, but the degree
shows large individual variation. The range in development
of a specific skill is much greater in children with DS than in
other children. IQs of between 35 and 65 are common in DS
[8, 9]. The mean IQ declines with increasing age [10],
especially evident between the ages of 6 months and 3 years
due to an increase in range and variability in respect to
developmental milestones.

Mental retardation is associated with a reduction of
strength and an earlier onset of weariness during physical
activity [11]. Moreover, in assessment of motor
performance, children with DS score lower than other
children matched for sex and mental age [12].

Motor skill is commonly classified on the basis of the
muscle groups and limbs involved; that is gross motor skills
and fine motor skills are recognised as movements that
involve large muscles and fine muscles, respectively [13-15].
Major milestones, such as sitting, standing and grasping, are
generally delayed in children with DS [16]. The altered
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development of motor functions may be due to the muscular
hypotonia, ligamental laxity, poor balance and postural
control that are commonly seen in the DS population [17].
Furthermore, individuals with DS require more time to learn
movements as the movement complexity increases [17].

STATURAL GROWTH IN DOWN SYNDROME

Short stature is another characteristic feature of Down
syndrome [18], but there is a pronounced individual
variation. Final height in individuals with DS is
approximately 20 cm lower than expected with regard to
parental heights [19]. The short stature in DS is to a great
extent due to relatively short legs [20-22].

The growth retardation of children with DS commences
prenatally [23]. After birth, the growth velocity is most
reduced between 6 months and 3 years of age [18, 24].
Puberty in DS generally occurs somewhat early and is
associated with an impaired growth spurt [18, 19]. The mean
peak height velocity is significantly lower in persons with
DS than in controls [25].

In addition, children with DS are overrepresented with
regard to congenital and acquired disorders that may affect
growth, i.e. congenital heart defects [26], hypothyroidism
[27-29] and coeliac disease [30].

The mechanism responsible for the short stature in DS is
as yet unclear. Much interest has been paid to growth
hormone (GH) and insulin-like growth factor I (IGF-I), as
the pronounced growth retardation in DS coincides with the
time when GH become essential for growth. Suboptimal
production of GH [31] and a selective deficiency of IGF-1
[24, 32] have been demonstrated in children with DS, but
there is no clear evidence of a general GH deficiency [33].

GROWTH HORMONE AND INSULIN-LIKE
GROWTH FACTOR I

Growth hormone is produced in the anterior pituitary and
has effects on several organs. Synthesis of GH is stimulated
by growth hormone releasing hormone (GHRH) and
inhibited by somatostatin, both of which are hypothalamic
hormones. The secretion of GH is pulsatile and repeated
measurements, providing a GH profile, can be used to
evaluate the ability to produce GH. Insulin-like growth
factor I is produced in several organs, but the major part of
circulating IGF-I is produced in the liver.

Growth hormone influences skeletal growth, by
stimulating synthesis of IGF-I, starting in the second half of
the first year. Further, a marked increase in GH secretion,
after stimulation of sex steroids, is normally seen during
puberty. Thereafter, the spontaneous GH secretion, and
consequently also the production of IGF-I, progressively
decrease during the life-span.

The GH/IGF-I axis may play a role in the level of
cognitive functioning in adult life [34], and clinical
experience leaves little doubt that GH has effects on
behavioural functions related to quality of life [35]. Growth
hormone therapy in adult patients with growth hormone
deficiency (GHD) results in improved psychological well-
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being, possibly as a result of interaction with the endogenous
opioid system in limbic structures [36].

Both GH and IGF-I have metabolic effects. In adult
patients with GHD there are alterations in body composition
leading to overweight, increased visceral fat and decreased
bone mineral density [37, 38].

Little is known about GH secretion in DS. The few available
studies concern children with DS [33, 39], who seem to have
reasonable endogenous GH concentrations [33]. Our group
has recently shown that young adults with DS have a normal
capacity to produce and release GH spontaneously [22], but
in the adult DS population a poor stimulated GH response
has been reported [40].

Reduced GH secretion may be caused by alterations in
neural control of the somatotrophs in the hypothalamus [41].
Hypocellularity has been observed in the hypothalamic areas
involved in this control in DS subjects [40]. Decreased
secretion of GH may also be caused by several non-pituitary
disorders, such as hypothyroidism [42, 43], coeliac disease
[44] and obesity [45, 46].

There is a negative association between GH secretion and
body mass index (BMI), which may be explained by changes
in neuroendocrine control of the somatotrophic axis as well
as by metabolic alterations [47]. Overweight and obesity, as
based on BMI (>25kg/m® and >30kg/m’, respectively, as
defined by WHO [48]), is a common concern in the DS
population [46, 49-54]. The cause of obesity in DS is
unknown, but is probably multifactorial, with contributions
of endocrine abnormalities, reduced exercise, hypotonia, a
depressed metabolic rate and poor eating behaviour [53].

Adults with DS and adults with GHD have several
features in common, i.e. overweight, decreased bone mineral
density, lack of initiative, an increased risk of depression,
and loss of physical capacity.

Results obtained by our research group have shown
normal levels of IGF-I, although in the lower end of the
reference interval, in subjects with DS [22]. Similar results
have been reported previously [55], but it has been difficult
to show a significant correlation between the concentrations
of GH and IGF-I [56]. However, we found that the level of
IGF-I correlated positively to the area under the curve for
spontaneous secretion of GH [22].

There is some controversy regarding the impact of body
composition on the GH and IGF-I levels in overweight
subjects. As mentioned above GH secretion is negatively
associated with BMI [57], and the GH response in obese
subjects has been reported to be as impaired as that in
hypopituitary patients with severe GHD [47]. The common
occurrence of insulin resistance and hyperinsulinism in
obesity may allow normal IGF-I synthesis and secretion
despite altered somatotroph function. There are reports of
increased as well as decreased concentrations of IGF-I in
obese subjects [58, 59]. Landin-Wilhelmsen et al. [59]
suggested that low levels of IGF-I may be related to
increased adipose tissue and decreased lean body mass [59],
whereas Ghigo ef al. [47] proposed that the increased levels
of IGF-I might be a result of an increased GH sensitivity in
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obesity. Nevertheless, despite increased BMIs, no correlation
between IGF-I and BMI was seen in the DS subjects in the
study from our laboratory [22] or in those of a previous
study [32].

GROWTH HORMONE AND THE BRAIN

Growth hormone as well as IGFs are important brain
growth promoting factors with local actions in the central
nervous system (CNS) [35]. Improved maturation,
differentiation and growth of the CNS have been observed as
secondary effects of an increase in neurotrophic factors
resulting from stimulation by GH/IGF-I [60].

It has been shown that GH reaches the cerebrospinal
fluid, and specific binding sites of GH have been localised in
numerous areas in the brain [35]. Hence, the reported
association between intelligence and head growth during
childhood [61] might be partly explained by GH. Beneficial
effects on cognition, energy, mood and behaviour have
frequently been described in studies of GH therapy in
children with Prader-Willi syndrome (PWS) [62, 63]. Turner
syndrome (TS) [64], and GHD [64, 65] as well as in children
born small for gestational age (SGA) [66]. When treated
with GH, children born SGA have shown improvement in
IQ, and the score correlates well with head growth [66].
Furthermore, it has been suggested that GH therapy might
prevent retardation of mental development in PWS [63].

GROWTH HORMONE AND COGNITIVE FUNCTION

Very few investigations on GH treatment in children with
DS have been performed [33, 67, 68]. However, from studies
of the GH effect in other conditions, it may be concluded
that GH has positive cognitive effects in children with PWS
[62, 63], TS [64] and GHD [64, 65], as well as in children
born SGA [66].

Growth hormone directly affects the central nervous
system [35]. Receptors for GH have been found in several
regions of the brain [35, 69, 70], of which the receptors in
the hippocampal area are particularly interesting, as they
may mediate the actions of GH on memory and cognition
[35]. In addition, GH may exert a local growth promoting
effect on the brain [61]. An association between intelligence
and head growth during childhood has been reported [61],
and the IQ score correlates positively with increasing head
circumference during GH therapy in SGA children [66].

In view of the mental retardation associated with DS, the
growth of the head is of great interest. The deviation of head
growth in children with DS increases with age, with a total
decrease of -1.5 standard deviation (SD) from birth to the
age of four years (-0.5 standard deviation score (SDS) [71]
and -2.0 SDS [71], respectively) [51].

Microencephaly is considered to be the main cause of
mental retardation in DS [72], but there is also a delay in
central myelination which correlates well with the extent of
developmental delay [73]. Impaired neurogenesis during
critical phases of brain building has been demonstrated in
infants with DS and results in severe hypocellularity.
Chakrabarti et al. [74] demonstrated that the reduced neural
proliferation further correlated with the delayed synapse

The Open Endocrinology Journal, 2012, Volume 6 105

formation in the cortex and hippocampus in DS. Further, the
cerebral, cerebellar and hippocampal volumes are decreased
in DS [75]. These defects are likely to have a continuous
impact on brain function in DS [74].

Intelligence per se is often questioned, particularly in
assessment of cognitive functions in mentally retarded
populations. Being mentally retarded implies having
limitations in cognitive areas including abstract thinking, but
also lacking necessary adaptive skills to deal with everyday
life and being dependent on others. Many individuals with
DS are described as being socially quite alert, a strength that
helps them to communicate and take part in social settings,
but with no relation to their level of intelligence.

GROWTH HORMONE AND MOTOR PERFOR-
MANCE

Growth hormone has an anabolic effect on skeletal
muscle [76]. The muscle mass is reported to increase within
the first year of GH therapy in individuals with GHD as well
as in children born SGA and children with PWS [76-80].
Exogenous GH also improves muscular function [78], and
improvements of strength and agility are reported to occur
during GH therapy in children with PWS [80].

Motor development is a cerebellar process in which
practice and experience result in acquisition of skills to
execute specific movements. Neuronal proliferation and
migration in the cerebellum are long-lasting processes. It is
not until the end of the first year of life that the different
layers of the cerebellum reach the structure and complexity
similar to that of an adult cerebellum [81]. The size of the
cerebellum is reduced in subjects with DS as a result of
growth retardation and delayed maturation [75]. Further,
there are reports on reduced proliferation of neural stem cells
and delayed formation of synapses in DS [72, 74].

It has been postulated that the motor problems in DS may
be related to the delayed cerebellar maturation and the
relatively small cerebellum [16, 82, 83]. Thus, previous
findings of improved fine motor skill [67] and an increased
head circumference [68] could theoretically be an effect of
improved cerebellar maturation and growth during GH
treatment, as a high density of IGF-I receptors in the
cerebellum has been reported [84]. The presence of GH
receptors has been confirmed in the human putamen [35] and
in the rat and rabbit cerebellum [85]. It has further been
demonstrated that GH replacement in GHD patients, by
increasing the circulating IGF-I, yields a faster working
memory performance and recruitment of task-associated
prefrontal regions [86].

GROWTH HORMONE THERAPY

A study on the effects of thyroxine treatment in young
children with DS [87] has shown it possible to improve early
development and growth. Thus, the rationale for early GH
treatment in DS is the neuronal growth-promoting and
protective effects of GH and IGF-I [35, 88, 89].

There are some reports on GH treatment in children with
DS [33, 67-68]. It has been found that GH therapy
normalises the growth velocity, but “catch-down” growth
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was noted when the treatment was discontinued [33, 67].
Furthermore, Torrado ef al. [68] reported an increase in head
circumference SDS during GH treatment in children with
DS, but no information on psychomotor function was given
in that report.

We performed a follow-up study of children with DS
who had been treated with daily injections of GH for three
years during early childhood in order to investigate late
effects of early GH treatment on growth and psychomotor
development [21]. Fifteen adolescents with DS, previously
treated with GH, and 15 age matched controls with DS were
followed up in this study. Auxiological data of an additional
15 subjects with DS examined in the out-patient clinic
during the same time period were used in order to obtain a
larger DS control group.

The original study resulted in normalised growth velocity
during the GH treatment and some improvement of fine
motor skill at the end of treatment, but no significant effect
on head circumference [67]. In the follow-up there were no
differences between the GH treated subjects and the group of
controls regarding final height [51] and adult weight [51].
The adolescents previously treated with GH had a larger
head circumference SDS [90] than the group of controls
[21].

When using scaled scores, standardised on a population
without intellectual impairment, no differences were found
between the groups in neither assessed cognitive
performance nor motor function [21]. However, the mean
raw point scores of the previously GH treated adolescents
were consistently higher than those of the controls in all
subtests of both cognitive and motor proficiency assessments
[21].

The available data on GH therapy in DS are unanimous,
with the reported effects entirely beneficial [33, 67-68].
There is a marked response to exogenous GH treatment in
DS [33, 67-68], despite the previous findings of reasonable
GH concentrations in DS children [33] and observations of
normal GH secretion in young adults with DS.(22] Against
this background, it may be suggested that in DS the effect of
endogenous GH is reduced and that the bioactivity of
circulating endogenous GH in this syndrome may be
questioned [32].

The diabetic and leukaemogenic potential of GH therapy
has been discussed in the literature [91, 92]. In view of the
intrinsic predisposition to diabetes and leukaemia in the DS
population [93]. GH treatment might further increase the risk
of these diseases, a possibility which should be taken into
account when GH treatment in persons with DS is discussed.
None of the adolescents with DS were being or had been
treated for diabetes or leukaemia. Neither were any other
adverse effects, early or late, of the GH treatment observed
in these subjects.

CONCLUDING REMARKS

Available data on GH treatment in children with DS are
conclusive regarding the positive effect on short term statural
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growth during treatment. Further, there are reports on
beneficial effects on head growth and fine motor skills in
previous studies of GH therapy in children with DS.

In a recent follow-up by our group early GH treatment in
children with DS has been shown to have some late
beneficial effects. Growth hormone lacked effect on final
height, but the previously treated subjects had an increased
adult head circumference and showed some improvement in
cognition and motor development. Our findings are in line
with earlier reports on GH therapy in other conditions, but
the results should be interpreted with caution with regards to
the small number of subjects studied. However, the
combined observations of greater head circumference and
consistently higher scores in cognitive and motor functions
in the previously treated group suggest that the differences
between the groups are due to prior treatment. In this
context, it must be emphasised that even a small change in
psychomotor attainment can be of substantial importance in
a developmentally delayed population

The improved motor performance of the previously GH-
treated adolescents reported by our group [21] may be
related to a direct effect on skeletal muscle mass and
function. However, in view of the differences in fine motor
skills described in the original study [67], the improved
motor proficiency might also be derived from a CNS effect.

Future studies should not only include the effect of long-
term GH treatment on larger cohorts but also focus on
possible effects on adaptive skills and quality of life.
Assessment of adaptive functioning is a way of broadening
the concept of intellectual ability, and such data would
present interesting complementary information in the
investigation of the cognitive effects of GH treatment.

ABBREVIATIONS

BMI = Body mass index

CNS = Central nervous system
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GH = Growth hormone

GHD = Growth hormone deficiency
GHRH = Growth hormone releasing hormone
IGF-1 = Insulin-like growth factor-I
1Q = Intelligence quotient

PWS = Prader-Willi syndrome

SD = Standard deviation

SDS = Standard deviation score
SGA = Small for gestational age
TS = Turner syndrome

WHO = World Health Organization
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