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Abstract

Myrelid, A. 2009. Down syndrome. Growth and endocrine impact. (Tillvéixt och
hormonbalans vid Downs syndrom). Acta Universitatis Upsaliensis. Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of Medicine 465. 67 pp. Uppsala.
ISBN 978-91-554-7565-9.

Down syndrome (DS) is associated with psychomotor retardation, short stature and endocrine
dysfunction.

Statural growth is a well-known indicator of health. The growth in DS differs markedly from
that of other children and there is a 20 cm reduction of final height as compared to target height.
We developed growth charts specific for Swedish children with DS, in order to facilitate early
diagnosis of concomitant diseases that influence growth. The growth charts are available for
paediatricians and child health care professionals in Sweden.

The mechanism underlying the impaired growth in DS is unknown. Height is influenced
by parental factors, energy intake, hormone balance and general health. In DS, genetic factors
deriving from the extra chromosome 21 further affect growth. Children with DS seem to have
reasonable levels of growth hormone (GH), even though GH treatment for limited periods of
time improves growth velocity. Within the present project, the subjects of a previous study on
early GH therapy in DS were followed up regarding late effects. We found a larger adult head
circumference and better psychomotor abilities in the previously treated subjects despite a lack
of effect on final height.

In adult life, GH has effects on psychological well-being and metabolism. The clinical
features in adults with DS might indicate impaired GH secretion. Ten young adults with DS were
studied and compared with ten healthy controls. The GH secretion in the DS subjects did not
differ from that in the controls. The fat body mass percentage was increased in DS, in line with
the high prevalence of overweight/obesity. The finding of an increased HOMA index as well
as a high relative rate of hepatic glucose production in DS indicates reduced insulin sensitivity
both peripherally and in the liver.

Thyroid dysfunction is common in DS. There is a 30-fold increase in congenital
hypothyroidism, and acquired hypothyroidism has been reported to be present in up to 50% of
adults with DS. We collected neonatal screening results and hospital records for the first ten
years of life of 68 children with DS. The mean TSH concentration was increased neonatally,
indicating marginal hypothyroidism early in life in DS. However, the neonatal TSH level did
not predict development of manifest hypothyroidism later in life.
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AUC area under the curve
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PWS Prader-Willi syndrome

SD standard deviation
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SGA small for gestational age
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T4 thyroxine

TH target height

TRH thyrotropin-releasing hormone

TS Turner syndrome

TSH thyroid stimulating hormone (thyrotropin)
WHO World Health Organization

WISC Wechsler intelligence scale for children






Introduction

Down syndrome

Down syndrome (DS) is named after John Langdon Down, the British
physician who described the characteristics of individuals with the syn-
drome in 1866. The mechanism underlying DS was explained in 1959
when Jerome Lejeune demonstrated that people with the syndrome had
an extra chromosome 21, i.e. a total of 47 chromosomes.

Down syndrome is diagnosed by chromosome analysis, but Hall’s crite-
ria may be applied while waiting for the results. The Swedish paediatri-
cian Bertil Hall described twenty signs common in DS in 1965. With
twelve or more stigmata present, the diagnosis is considered clinically cer-
tain, while with fewer than four stigmata the diagnosis is unlikely.

Down syndrome is a common chromosomal disorder,! with an inci-
dence of about 1/800 live births in Sweden.? It is associated with mental
retardation, short stature, congenital malformations, especially of the
heart, and metabolic and endocrine dysfunction.3

Growth and growth charts

Growth is a well known indicator of health during childhood, and growth
charts are important tools for the paediatrician.

In 1989 the infancy-childhood-puberty (ICP) growth model was intro-
duced.# This model describes human growth from the latter half of intra-
uterine life to maturity, with a division into three components — the
infancy, childhood and puberty phases. Each individual component
reflects a different biological, and to some degree hormonal, phase of the
human growth process. Growth in infancy is to a great extent dependent
on nutrition. During the childhood phase growth hormone (GH) becomes
important and during the pubertal growth spurt the sex steroids stimulate
an increased secretion of GH.

The ICP model offers an efficient instrument to detect and understand
growth failure.
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Growth in Down syndrome

Statural growth is an excellent marker of health status on both the indi-
vidual and the population level. This is particularly evident in a disorder
such as DS, which is associated with dysfunction of several organ sys-
tems.>6 Short stature is a characteristic feature of DS,” but there is a
pronounced individual variation. Final height is influenced by both the
extra chromosome 21 and inherited parental factors. In addition, con-
comitant diseases may influence growth.

The growth retardation of children with DS commences prenatally.®
Thus, a newborn child with DS has a birth length between -0.5 and
-1.0 standard deviation scores (SDS).? After birth, the growth velocity is
most reduced between 6 months and 3 years of age.”.10

Puberty in DS generally occurs somewhat early and is associated with
an impaired growth spurt.”!! The mean peak height velocity is signifi-
cantly lower in persons with DS than in controls.!? The blunted pubertal
growth spurt may be due to low levels of sex hormones, as some degree of
gonadal insufficiency has been described in DS, particularly in males. Men
with DS have small testes and are sterile,!! although there are some re-
ported cases of male fertility.!> Women with DS are commonly fertile and
their mean menarcheal age corresponds closely to that of their mothers.!!

Figure 1. The body height of a
young girl is examined by a
nurse. Height is measured with a
calibrated stadiometer, with the
patient barefooted. Published
with consent of the parents.
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Final height in individuals with DS is approximately 20 cm lower than
expected with regard to parental heights.!! Since growth and final height
differ markedly between children with DS and healthy children, standard
growth charts should not be used for children with DS. If the growth of a
child with DS is plotted on a standard growth chart, the effect of an addi-
tional disease, such as hypothyroidism or coeliac disease, on statural
growth may be overlooked.

Syndrome-specific growth charts

Specific growth charts have been developed for several different disorders,
e.g. Down syndrome,”.1417 Turner syndrome (TS),'® Noonan syndrome!?
and Prader-Willi syndrome (PWS).20

Complicating disorders, such as coeliac disease, hypothyroidism and
growth hormone deficiency (GHD), may aggravate existing growth retar-
dation. Thus, special growth charts for children with specific disorders are
important tools in the medical-follow up as well as in the monitoring of
growth—promoting treatments.

Previously published growth charts for DS are based on American,”15
Sicilian,’ Dutch!6 and British/Irish!” populations. The American DS
growth charts have been frequently used all over the world. It has previ-
ously been shown that the mean final height of Swedish boys with DS
exceeds that of American boys with DS!! and the difference in final
height between the American DS boys and girls is reported to be low.”
Against this background Swedish DS growth charts would facilitate the
medical care of Swedish children with Down syndrome.

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 releas-
ing 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. Growth hormone influences skeletal growth, by stimulat-
ing synthesis of insulin-like growth factor I (IGF-I), starting in the second
half of the first year.

Insulin-like growth factor I is produced in several organs, but the major
part of circulating IGF-I is produced in the liver. Since IGF-I is formed in
target tissues it probably also exerts auto-/paracrine effects.

Both GH and IGF-I have metabolic effects. Direct effects of GH on
metabolism include stimulation of lipolysis and glucose production.

13



Figure 2. Nllustration of
the GH/IGF-I axis. The
pulsatile secretion of
GH is stimulated by
GHRH and inhibited

N \ somatostatim by somatostatin. GH
L affects many organs,

and only the most im-

1

1

:' portant target tissues
! are shown in the figure.
|
1
1

adipose bone IGF-I is produced lo-
tissue tissue
) o B cally in many organs,
[N i

but the liver produces
the major part of circu-
lating IGF-L

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).2! 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-1.22

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.?!
Hence, the reported association between intelligence and head growth
during childhood?? might be partly explained by GH.

Beneficial effects on cognition, energy, mood and behaviour have fre-
quently been described in studies of GH therapy in children with
PWS,2425 TS 26 and GHD?2627 as well as in children born small for gesta-
tional age (SGA).28 When treated with GH, children born SGA have
shown improvement in the intelligence quotient (IQ), and the IQ score
correlates well with head growth.Z8 Furthermore, it has been suggested
that GH therapy might prevent retardation of mental development in
PWS.25

Appetite and sleep are other brain functions associated with GH.21.2

Growth hormone in adolescence and adulthood

A marked increase in GH secretion is normally seen during puberty. There-
after, the spontaneous GH secretion, and consequently also the production
of IGF-I, progressively decrease during the life-span. Nevertheless, the
GH/IGF-I axis may play a role in the level of cognitive functioning in adult
life,3% and clinical experience leaves little doubt that GH has effects on
behavioural functions related to quality of life.2! GH therapy in adult GHD
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patients results in improved psychological well-being, possibly as a result of
interaction with the endogenous opioid system in limbic structures.3!

Growth hormone also influences metabolism in adult life. In adult
patients with GHD there are alterations in body composition leading to
overweight, increased visceral fat and decreased bone mineral density
(BMD).3233 The deposition of intra-abdominal fat is associated with in-
creased cardiovascular morbidity/mortality.34

Decreased secretion of GH may also be caused by several non-pituitary
disorders, such as hypothyroidism,3>36 coeliac disease3” and obesity.3839
There is a negative association between GH secretion and body mass
index (BMI), which may be explained by changes in neuroendocrine con-
trol of the somatotrophic axis as well as by metabolic alterations.*°

Adults with GHD and adults with DS have several features in com-
mon, i.e. overweight, decreased BMD, lack of initiative, an increased risk
of depression, and loss of physical capacity.

Growth hormone in Down syndrome

The mechanism responsible for the short stature in DS is as yet unclear.
Much interest has been paid to GH and IGF-, as the pronounced growth
retardation in DS coincides with the time when these hormones become
essential for growth. Suboptimal production of GH*!' and a selective
deficiency of IGF-I11942 have been demonstrated in children with DS, but
there is no clear evidence of a general GH deficiency.*3

Reduced GH secretion may be caused by alterations in neural control
of the somatotrophs in the hypothalamus.** Hypocellularity has been ob-
served in the hypothalamic areas involved in this control in DS subjects.*>

There are some reports on GH treatment of children with DS.43:46:47 It
has been found that GH therapy normalises the growth velocity, but
“catch-down” growth was noted when the treatment was discontin-
ued 4346

Little information is available on the question of whether adults with
DS have a normal capacity to produce GH.

Thyroid hormones and their function

The thyroid hormones, thyroxine (T4) and triiodothyronine (T3), are essen-
tial for normal development, differentiation, growth and metabolism from
early intrauterine life. Synthesis of thyroid hormones is stimulated by pitui-
tary thyrotropin (thyroid stimulating hormone, TSH), which is formed
through stimulation by thyrotropin releasing hormone (TRH) produced in
the hypothalamus, and is inhibited by negative feedback of T4 and T3.
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Thyroid hormones have several different actions, depending on the
specific thyroid receptor expressed in the tissue. The highest concentra-
tion of thyroid receptors is found in developing neurons in the cortex and
cerebellum of the foetal and neonatal brain.*® Their actions also differ over
time; for example thyroid hormones are inactive in adipose tissue and in
the liver, heart, muscles and bones during foetal life, but become active in
these tissues neonatally.*8

Figure 3. Tllustration of the
thyroid hormone axis. TSH is
] produced in the anterior part
\ of the pituitary gland through
Rt pituitary gland,$'P stimulation by hypothalamic
S /;H \ K TRH. Circulating TSH reaches
! ® the thyroid gland, where it
stimulates release of T3 and
VN T4. The system is balanced
N Neeoooo T3‘//thyroid gland through negative feedback of
s T4 T3 and T4.

S -

Importance of the thyroid during early life

In the first trimester foetal brain development is dependent on the passage
of maternally circulating thyroid hormones through the placenta, but at
16-20 weeks of gestation the foetus is capable of producing thyroid hor-
mones, especially T4 .49

Several changes associated with the function of the thyroid gland occur
at birth. The most dramatic change is a large increase in the infant’s circu-
lating level of TSH, which takes place during the first 30 min after birth.
This rise in TSH stimulates the thyroid gland and within 24 hours there is
a 50% increase in the level of T4 and a 3- to 4-fold increase in the level of
T3 in the serum.>0>! In addition, the increased TSH stimulates lipolysis of
depot fat, a process which is important for the neonatal energy supply.>?
After the first days of life, there is a gradual decline in the levels of T4, T3
and TSH.

The immediate postnatal changes in the concentrations of TSH, T3 and
T4 are also seen in preterm infants, but not to the same extent as in those
born full term.53 In neonates born small for gestational age there is a less
marked increase in free T4 and free T3 and a moderate increase in TSH,
especially in those who show a blunted “catch-up” growth.54-56 Further, a
significant reduction in the expression of thyroid hormone receptors in the
CNS in such neonates has been reported, and possibly influences their
psychomotor development.>’
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Hypothyroidism during childhood

Hypothyroidism in childhood can be congenital or acquired. Congenital
hypothyroidism (CH) may cause irreversible CNS damage and develop-
mental delay if untreated. The Swedish neonatal screening of CH started
in 1980. Neonatal screening makes early diagnosis and replacement ther-
apy possible and has diminished the number of persons suffering from
mental retardation due to CH.

Symptoms of acquired hypothyroidism during childhood may be easily
overlooked. They include growth retardation, immature body proportions,
dry skin, dry hair texture, constipation, delay in dental and bone matura-
tion, motor development delay and delayed puberty. The natural course
of hypothyroidism is often so insidious that neither the child nor the
parents are aware of the physical changes that have occurred.

Acquired thyroid disease may be caused by autoimmunity, and is then
characterised by the presence of autoantibodies to thyroid peroxidase,
thyroglobulin and/or the TSH receptor.

Hypothyroidism in Down syndrome

Hypothyroidism is common in DS.585% Dysfunction of the thyroid gland
may have several causes. Regarding congenital hypothyroidism, the inci-
dence is markedly increased among newborns with DS, 28 times higher
than among other newborn infants.69 The risk of developing hypothyroid-
ism increases with age, and in DS one may see increased levels of TSH,
indicating possible thyroid dysfunction, at a young age (<3 years).5!

There are several different mechanisms underlying development of
hypothyroidism in children with DS. The growth of the thyroid gland may
be disturbed, resulting in an insufficient gland size as the child grows
older.52 A possible lack of sensitivity to thyroid hormones has also been
discussed.63

In older children and young adults with DS, development of auto-
immune thyroid disorders is common.59,61,64

Psychomotor development in Down syndrome
Cognitive ability

Mental retardation is characterised by impaired cognitive functioning and
deficits of adaptive behaviour (communication, self-help skills, social skills
etc.) with onset before the age of 18 years. IQ testing goes back to 1901,
when the very first test instrument was introduced by Binet and Simon.%>
At first the focus was almost entirely on cognition, but now many of the
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instruments 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. The range and variabil-
ity increase with age in respect to developmental milestones. Furthermore,
the gradual decline in IQ score in any patient with DS, which is especially
evident between the ages of 6 months and 3 years, should be regarded as a
physiological phenomenon reflecting the gradual increase in the verbal
and abstract contents of test materials at increasing ages.

The delay in mental development in DS is evident as early as in infancy
as slow visual fixation,5¢ possibly due to an impaired ability to understand
and process the visual information received. Restriction in areas of verbal
communication is also common during the first years of life.6” There are
several different programmes of early intervention in the care of children
with DS, the most well known and widely used in Sweden being the
“Karlstad model” by Professor Iréne Johansson.%®

IQs of between 35 and 65 are common in DS,%7.6% and the mean IQ
declines with increasing age.”0 Assessment of the intellectual ability in DS
is mainly of interest in evaluation of interventions that may influence cog-
nitive function. In everyday life the IQ score makes little difference, but
the ability to communicate and interact socially is far more important.

Mental age (MA) is the chronological age at which a given level of per-
formance is average or typical.”! It may be used as a complementary
parameter for describing the cognitive ability in order to facilitate under-
standing of intelligence test results in the general population. However,
MA is a controversial concept in psychometrics, and one should not attach
too much weight to absolute MAs.71.72

Motor proficiency

Motor development is a cerebellar process in which practice and experi-
ence result in acquisition of skills to execute specific movements. Neu-
ronal 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.”? The size of the cerebellum is reduced in subjects
with DS as a result of growth retardation and delayed maturation.”* Fur-
ther, there are reports on reduced proliferation of neural stem cells and
delayed formation of synapses in DS.75.76

Locomotion is adjusted by the cerebellum at all times through modifica-
tion of the planned movement with up-to-date information from the sensory
systems; that is, the cerebellum provides a system that regulates the motor
output by comparing the intention and the execution of any movement.”’
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Motor proficiency is based on performance in functional activities in-
volving postural control, locomotion, and object manipulation.”8-80 Motor
skill is commonly classified on the basis of the muscle groups and limbs
involved; that is gross motor skill and fine motor skills are recognised as
movements that involve large muscles and fine muscles, respectively.”8-80

Mental retardation is associated with a reduction of strength and an ear-
lier onset of weariness during physical activity.8! Moreover, in assessment
of motor performance, children with DS score lower than other children
matched for sex and mental age.8?

Major milestones, such as sitting, standing and grasping, are generally
delayed in children with DS.83 The altered development of motor func-
tions may be due to the muscular hypotonia, ligamental laxity, poor bal-
ance and postural control that are commonly seen in the DS population.8
Furthermore, individuals with DS require more time to learn movements
as the movement complexity increases.84

The adolescent and adult with DS

Medical complications such as hypothyroidism, coeliac disease, obesity and
depression are common in individuals with DS and the prevalence of these
conditions increases with age.85 DS is also associated with precocious age-
ing, including changes in the hair and skin, early menopause, osteoporosis,
and early onset of cataract, as well as presbycusis and a markedly increased
risk of Alzheimer’s disease.86 On the other hand, it has been reported that
the risk of cancer and of cardiovascular and cerebrovascular disease is lower
in the adult with DS than in the general population.86

The life expectancy is reduced compared to that in the general popula-
tion, although it has improved markedly in the last decades. In the 1940s
the median age at death was 12 years,8” in 1983 it was 25 years, and in
recent years the life expectancy has risen to 60 years.88

Body composition and obesity

The World Health Organization (WHO) has defined overweight as a
BMI between 25.00 and 29.99 kg/m?, whereas obesity is defined as
BMI >30 kg/m2.89 BMIs between 18.50 and 24.99 kg/m? are considered as
normal.8?

Obesity is a common concern in the DS population,?0-95 although proba-
bly not to the same extent in Sweden as in other countries, where there are
reports of prevalence rates as high as 70% and 95% in men and women,
respectively.8890.91,95 The mechanisms behind obesity in DS are unknown,
but there are several possibly contributory factors, e.g. endocrine alterations,
reduced physical activity, hypotonia, and poor eating behaviour.%
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Unfavourable changes in body composition, i.e. increased visceral fat
and a decreased lean body mass, have been shown in obese subjects.3? The
body composition in DS is reported to be similar to that observed in obese
subjects with the same weight to height ratio.% Obesity and regional fat
depositions are known risk factors for development of cardiovascular
disease in the general population. However, the importance of such a
body composition does not seem to be so great in DS. In fact, Down syn-
drome has once been described as the atheroma-free syndrome,?” and the
incidence of cardiovascular manifestations is reported to be low.9899

Bone mass density

Bone formation proceeds throughout childhood and adolescence, ending
in early adulthood, when the peak bone mass is attained. Osteoporosis and
osteopenia are characterised by a low bone mass density and structural
deterioration of bone tissue, leading to bone fragility and an increased
susceptibility to fractures.100

Measurement of bone mineral density is recognised as the most accu-
rate and effective method of assessing the risk of osteoporotic fractures.
The results of BMD measurements are commonly expressed as absolute
values as well as z-scores. The z-score is a measure of standard deviation
(SD) from the mean, corrected for age and gender, derived from a control
population. According to WHO, osteopenia is defined as a BMD between
-1 and -2.5 SD and osteoporosis as a BMD below -2.5 SD.100

Although there are several reports of reduced BMD in the DS popula-
tion, there appears to be no increased occurrence of fractures.!9! How-
ever, there are other known skeletal alterations in DS, such as delayed
ossification of secondary centres, scoliosis, and underdeveloped bones in
the upper spine and neck, causing atlanto-axial instability.192

Energy metabolism — glucose production and lipolysis

The liver plays a central role in human energy metabolism. The ubiqui-
tous source of energy for every living cell, glucose, is stored in and released
by the liver through hormonal control. Further, glucose is synthesised
from glycerol, lactate and alanine in the liver and to a small extent in the
kidneys. The glucose production fluctuates to match the needs of our
organ systems throughout the day.

Lipolysis is the metabolic process whereby lipids in depot fat are hydro-
lysed into free fatty acids and glycerol. Thus, the production of glycerol
reflects lipolysis. The glycerol is released into the blood and then absorbed
by the liver or kidney, where it may be used as a substrate for glucose.
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Stable isotope technique and gas chromatography-mass spectrometry

The most frequently used method for measuring energy substrate produc-
tion (i.e. lipolysis and production of glucose) is the isotope dilution tech-
nique using a tracer. The tracers of choice are compounds labelled with
stable (non-radioactive) isotopes. Isotopes of an element have different
atomic weights, due to differences in the number of neutrons in the
nucleus.

The rate of production of energy substrates can be calculated from iso-
topic enrichments of glucose and glycerol obtained during constant rate
infusion of trace amounts of the corresponding isotope labelled com-
pounds.!9 The production rates of glucose and glycerol are calculated as
follows:

(production rate = i - 100/IR)

where i is the infusion rate of the tracer and IR is the isotopic ratio of the
tracer in plasma (given as labelled/unlabelled substrate in per cent).103

Ethical approval
The Regional Ethical Review Board of Uppsala has approved these studies.
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Aims of the studies

The aims of the studies were as follows:

to create growth charts specific for Swedish children with Down syn-
drome from birth to 18 years of age and to compare these with the DS
growth charts of Cronk et al” and the Swedish standard growth charts of
Karlberg et al.104 (Study I)

to determine whether newborn children with Down syndrome showed
increased TSH concentrations at neonatal metabolic screening compared
with other newborn infants. (Study II)

to investigate whether an increased TSH concentration at neonatal screen-
ing in children with Down syndrome could predict thyroid disease during

the first ten years of childhood. (Study II)

to investigate late effects of early growth hormone treatment on growth
and psychomotor development in Down syndrome. (Study IIT)

to determine whether GH secretion was impaired in young adults with
Down syndrome. (Study IV)

to study the body composition in young adults with Down syndrome.

(Study IV)

to estimate insulin sensitivity and rates of glucose production and lipolysis
in young adults with Down syndrome. (Study IV)
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Material and methods

Study I

Patients

The study was based on data from 4 832 examinations of 354 (151 F)
children and young adolescents with DS born in 1970-97 (Table 1). Of
these, data for 203 individuals (83 F) with DS were found in hospital
records of four paediatric units in Sweden (Uppsala University Children’s
Hospital, Danderyd Central Hospital, Eskilstuna Central Hospital and the
Halmstad County Hospital). Data of the remaining 151 (68 F) children
and young adolescents were obtained through an appeal in “FUB Kon-
takt”, a journal for parents of mentally handicapped children.

Ten of the 354 children were excluded because of earlier treatment
with growth hormone within a study. The remaining 344 children were
included irrespective of the presence or absence of complicating diseases
such as congenital heart defect and hypothyroidism.

The great majority of the children were of Caucasian origin and born in
Sweden.

Table 1. The numbers of male and female children with DS and the numbers of obser-
vations on which the growth charts are based, distributed between two groups: group 1
consisting of the children from the four paediatric units, and group 2 comprising the
children recruited through the appeal in the journal “FUB Kontakt”.

group 1 group 2 total
Males
Number of children 120 83 203
Number of observations 1 363 540 1903
Femnales
Number of children 83 68 151
Number of observations 956 571 1527
Study design

The data were sorted according to gender and divided into 44 age groups.
The first two years of life were split into one-month intervals, the follow-
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ing year into three-month intervals, and from the age of three one-year
intervals were used. Each child contributed with a single set of data per
age group. If more than one observation of a child was available within an
age group, the first observation recorded was used.

The growth charts cover the period from birth to 18 years of age,
except those for head circumference, which cover the first four years of
life.

Data for weight and BMI were transformed into logarithms prior to the
statistical analysis in order to obtain normal distributions. Our growth
charts are based on means and standard deviations, using the weighted
regression fitness system distributed by Jandel. The software used was
Microsoft Excel 97 SR-1 (Microsoft Corporation®, Redmond, WA, USA)
and SigmaPlot, Scientific Graph System, version 3 for Windows (Jandel
Scientific Software®, San Rafael, CA, USA).

The final version of the growth charts that are used within the Swedish
health system were produced by PC PAL AB (Stockholm, Sweden).

Study II

Patients

Thyrotropin levels obtained at neonatal screening of 73 children (34 F)
with DS born in 1986-1996 and who on some occasion during childhood
had received care at Uppsala University Children’s Hospital were analysed
retrospectively.

Five children were excluded from the study, two children (1 F) as they
were not born in Sweden and three (2 F) because the results of their TSH
analysis could not be retrieved from the archives of the PKU laboratory.

The remaining 68 children were followed up by means of their hospital
records regarding the occurrence of thyroid disease. Five children (4 F)
died before reaching the age of ten years (age range at death 1-6 years).
None of the deceased children had developed hypothyroidism. One child
(female) emigrated before the age of ten years.

Hospital records covering at least the first ten years of life were avail-
able for all the remaining children, giving a study group of 62 subjects
with DS (26 F) with complete data.

Study design

Data from analysis of dried filter paper blood were obtained from the
PKU laboratory at the Centre for Inherited Metabolic Diseases, Karolinska
University Hospital, Huddinge, Sweden. The laboratory performs all neo-
natal metabolic screening in Sweden and analyses approximately 500
samples daily in sets of up to 251.

24



A TSH value of 0.01 mU/L was used when the obtained level was
below the limit of detection, both for infants with DS and control sub-
jects. Mean and standard deviation values for TSH were calculated for
each set (median number of samples per set = 234, range 78-251) in
which a sample from a DS child was analysed. These values were used as
controls. No information regarding the gender of the control subjects was
available. Standard deviation scores were calculated for each DS patient
as:

(TSHobserved - TSHmean for controls in set)/SD of TSH for controls

Descriptive central statistics are given as means and medians, and disper-
sion is given as SDs and ranges. As the data did not have a normal distri-
bution, non-parametric statistics of the Wilcoxon type were used for
analyses. Four-field tables were tested with Fisher’s exact test. P values of
less than 0.05 were considered statistically significant. Pearson correlation
was used when analysing data from hospital records and linking these data
to the neonatal screening results.

Study I1I

Patients

Fifteen adolescents (3 F) with DS, treated with daily injections of GH in
early childhood (at approximately 7 months — 3% years of age), and 15
age matched controls (9 F) with DS from a prior study*® were followed up
in this study. Twenty-five DS adolescents (83%) agreed to participate, but
three (2 previously treated males, 1 female control) of these were
excluded because of severe behavioural problems.

Auxiological data of an additional 15 subjects (6 F) with DS examined
in the out-patient clinic during the same time period were used in order to
obtain a larger DS control group (Figure 4). There were no differences in
any growth parameters between these additional control subjects and the
original controls. The two groups were therefore combined to form an
extended group of controls for analyses of anthropometric parameters.
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15 children (3 F) treated with GH 15 (9 F) age-matched controls

1 M declined participation (& >! 4 (3 F) declined participation
2 M excluded because of 1 F excluded because of
inability to co-operate inability to co-operate
\ 4
previously GH treated original controls
12 adolescents (3 F) 10 adolescents (5 F)

15 (6 F) additional controls

\

extended controls
25 adolescents (11 F)

Figure 4. Study population. The number of adolescents with DS included and the
reasons for exclusion.

Methods

Physical examination included measurements of body weight, body
height, sitting height, arm span and head circumference. From these data,
BMI, relative sitting height and the ratio between arm span and body
height were calculated.

The Leiter international performance scale — revised (Leiter-R), a test
of non-verbal cognitive ability at ages 2:0-20:11 years, was used to assess
cognitive ability. Further, two subtests of the Wechsler intelligence scale
for children — third edition (WISC-III), Block design and Vocabulary,
were chosen because of their high g-factor loadings. All patients were
assessed by the same psychologist with both tests on the same occasion.

Bruininks-Oseretsky test of motor proficiency, second edition (BOT-2)
is a standardised test of gross and fine motor skills for individuals aged
4:0-21:11 years and was used in assessment of general motor ability. The
test was administered individually by the same physical therapist on a
single occasion.
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Figure 5. One of the studied Figure 6. An adolescent in the study during

adolescents performing the assessment of motor proficiency with BOT-2.
subtest Block design of Consent to publication was obtained from
WISC-III.  Published with this young male and his guardians.

consent of the adolescent and
his guardians.

Study design

Anthropometric data were adjusted for age and sex on the basis of growth
charts commonly used in paediatric medicine in Sweden and expressed as
SDS. Target height (TH) was calculated as (Hather + Hmother + 13)/2, with
subtraction of another 20 cm to compensate for the short stature occur-
ring in DS.1!

The scoring process is similar in Leiter-R and BOT-2. Raw point scores,
based on the number of items passed, are converted to scaled scores, i.e.
Brief 1Q standard score and Total motor composite score, respectively.
The scaled scores are standardised on a normal population without
psychomotor delays. However, the standardisation results in loss of sub-
stantial variability in performance in lower functioning individuals.105106
When the psychomotor performance of the previously treated adolescents
was compared with that of the controls, both raw point scores and scaled
scores were used.

Non-parametric statistical tests were applied. The Mann-Whitney exact
U-test was used when comparing the groups. A binomial test was applied
for comparison of mean raw point scores between the groups, where supe-
riority of the GH treated adolescents in any variable was set to “1” and
otherwise “0”.
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Study IV

Patients

Ten young adults (5 F) with DS, aged 24-32 years, constituted the popu-
lation of study IV. Half of the patients (3 F) were reared at home with
their parents and the other half were living in sheltered housing. All
patients were receiving medical care at the University Children’s Hospital,
Uppsala, Sweden. Five patients (3 F) were receiving thyroid hormone
replacement therapy for hypothyroidism and one female patient had a
history of mild depression and was having ongoing low dose antidepressive
treatment. In addition, one male patient had undergone neonatal surgery
for an atrioventricular septal defect and had since been
considered to be in a good state of health.

Ten controls, matched for age and sex, served for comparison regarding
secretion of GH and measurements of body composition.

Methods

Body weight, body height and sitting height were measured at a physical
examination. Relative sitting height and BMI were then calculated.

Growth hormone in serum was determined by fluoroimmunometry
(Immulite®2000, Siemens, Munich, Germany and AutoDelfia hGH,
Wallac OY, Turku, Finland; the former results were multiplied by a factor
of 1.45 to correspond to the Wallac method).

The concentrations of insulin and IGF-I in serum were measured by
electrochemiluminescence immunoassays (Modular, Roche Diagnostics,
Basel, Switzerland, and Immulite®2500, Siemens, Munich, Germany,
respectively).

Certified laboratory methods were used to measure glucose, tri-
glycerides, cholesterol and high- and low-density lipoprotein cholesterols
(HDL and LDL, respectively).

Stable  isotope labelled compounds, [6,6-2Hz]glucose  and
[1,1,2,3,3-2Hs]glycerol (Cambridge Isotope Laboratories, Woburn, MA,
USA) were used to assess production of glucose and glycerol. The
[6,6-2H:]glucose and [1,1,2,3,3-2Hs]glycerol were dissolved in 0.9% saline
solution. The solutions were sterile in microbiological cultures and pyro-
gen-free when tested by the Limulus lysate method.10”

The isotopic enrichments of [6,6-2Hz]glucose and [1,1,2,3,3-2Hs]-
glycerol were determined by gas chromatography-mass spectrometry
(GCMS). A Finnigan SSQ 70 mass spectrometer (Finnigan MAT, San
José, CA, USA) equipped with a Varian 3400 gas chromatograph (Varian
Associates Inc, Sunnyvale, CA, USA) with a non-polar capillary column
was used. Chemical ionisation was performed with methane, and ions
were selectively monitored. The ions monitored for glucose were mass
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over charge ratio (m/z) 331 and 333, reflecting unlabelled and dideuter-
ated glucose, and those for glycerol were m/z 159 for unlabelled glycerol
and 164 for the 5-deuterated compound.

Insulin resistance, based on fasting levels of blood glucose and plasma
insulin, was evaluated using the HOMA (homeostasis model assessment)
Calculator 2.2.2 (Diabetes Research Laboratory, Oxford, United King-
dom).

Bone mineral density and body composition were assessed by dual-
energy X-ray absorptiometry (DEXA; Lunar Radiation, Madison, WI,
USA).

Study design

A 12 h nocturnal GH profile was assessed by continuous venous blood
sampling at 30 min intervals using a withdrawal pump. The Pulsar pro-
gram!08 was used to process the GH profiles.

On discontinuation of GH measurement, productions of glucose and
glycerol were assessed in the DS subjects by means of stable isotope trac-
ers after an overnight fast. Bolus doses of the tracers were given in the first
5 minutes, followed by a constant rate infusion. Two separate peripheral
vein catheters were used, one for infusion of the tracers and one for collec-
tion of blood samples. The blood samples were obtained before the bolus
doses and every 10 minutes in the second hour of the infusion. Immedi-
ately after withdrawal, the samples were centrifuged and frozen until ana-
lysed.

Descriptive central statistics are presented as mean+SD unless other-
wise stated. Statistical analyses were performed with SPSS 15.0 for
Windows (SPSS Inc., Chicago, IL, USA). For the analyses, non-parametric
statistical tests were used: the Mann-Whitney exact U-test in comparison
of the groups, and Spearman rank correlation in correlation analyses.
Statistical significance was set at p<0.05.
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Results

Study I

The mean birth length both of girls and of boys with DS was 48+2.3cm,
corresponding to -1 SD and -1.5 SD, respectively, on growth charts for
healthy Swedish children.104

The mean final height of females with DS was 147.5+5.7cm (-2.5 SD,
Swedish standard!%4) and that of males with DS was 161.5+6.2cm
(-2.5 SD104); thus there was a difference of 14 cm between the genders.
When plotted on the growth charts of American children with DS, these
mean final heights were slightly above the 50t and on the 95t percentile,
respectively. The children with DS reached their final height at relatively
young ages, girls at 15 years and boys at 16 years.

The girls had a mean birth weight of 2.9+0.3 kg, corresponding to
-1.5 SD.104 The mean weight at 18 years of age was 54+7.5 kg, corre-
sponding to -0.5 SD according to the Swedish standard!?* and to the 25t
percentile of American DS growth charts.” The corresponding figures for
the boys with DS were 3.0+0.6 kg (-1.2SD!%4), and 61+8.3 kg
(-0.4 SD194  and the 55 percentile”), respectively.

At birth, the boys had a mean head circumference of 33.0+1.7 cm, cor-
responding to -0.5 SD, whereas at 4 years of age it was 48+1.4 cm,
-2.0 SD, Swedish standard.!®* The head circumference of the girls with
DS developed in a similar way with a mean of 32.5+1.6 cm at birth and of
47.5£1.2 cm at 4 years of age, corresponding to -0.7 SD and -2.0 SD,!04
respectively.

The body mass index was above 25 kg/m? in 31% of the boys and 36%
of the girls at 18 years of age.

The final version of the growth charts also includes a comparison with

the growth data of Albertsson Wikland et al!® from 2002 (see pp 40-41).

Study II

None of the studied children with DS was diagnosed with congenital
hypothyroidism at neonatal screening. The mean plasma level of TSH in
the DS subjects (n=68) was higher, 7.0+7.45 mU/L, than that in the con-
trols, 3.9+2.43 mU/L (p<0.010). Further, the infants with DS had an
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elevated TSH-SDS at birth, 1.1£2.67 (p<0.012). The differences between
DS infants and controls were mainly due to a marked increase in mean
TSH and TSH-SDS in the DS males (n=37) (p<0.003). The male DS
neonates had a higher TSH-SDS, 1.9+3.31, than the DS females,
0.19+1.11 (p<0.009), whereas the difference between the male and
female TSH levels, 9.1+9.0 and 4.5+3.88 respectively, was only borderline
significant (p<0.058).

Table 2. Mean TSH concentration and calculated TSH-SDS in the infants with DS at
neonatal metabolic screening.

n mean+SD DS vs. controls  females vs. males
TSH (mU/L) females 31 4.5+3.88 NS p<0.058
males 37 9.14+9.01 p<0.003
total 68 7.0+7.45 p<0.010
TSH-SDS females 31 0.2£1.11 NS p<0.009
males 37 1.9£3.31 p<0.003
total 68 11+£2.67 p<0.012

According to the hospital records, 22 children (35%) (11 F) developed
hypothyroidism during their first decade; four of these (3 F) were positive
for autoantibodies at diagnosis or later in the follow-up period. Seven
children (10%) (3 F) were diagnosed with hypothyroidism before the age
of two years. None of these were antibody positive.

No significant correlation was found between the screening level of
TSH or TSH-SDS and the occurrence of hypothyroidism during child-
hood, although there was a tendency for the DS children diagnosed with
hypothyroidism to have a higher neonatal TSH level (p<0.089). Neither
was there any correlation between the TSH level or TSH-SDS at neonatal
screening and the age at diagnosis of childhood hypothyroidism. The
results did not change when the genders were analysed separately.

There were no differences between the DS subjects who developed and
those who did not develop hypothyroidism during childhood with respect
to birth length, birth weight, Apgar score, gestational age, infant age at
screening, or maternal age. The infants with DS were also divided into
two groups based on the neonatal TSH level, i.e. those with levels above
and those with levels at or below the mean level of the controls. When the
above parameters were analysed, the neonates with elevated TSH were
found to have a lower birth weight than those with normal TSH (p<0.03).

Study 1II

There were no differences between the GH treated subjects and the
extended group of controls regarding final height®? and adult weight.%2
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The adolescents previously treated with GH had a larger head circum-
ference SDS'0 than the extended group of controls, -1.6 SDS and
-2.2 SDS respectively (p<0.016).

Table 3. Details of height, weight and head circumference expressed as SDS (with
reference to Myrelid et al? and Fredriks et all10) of the subjects included in the present
study prior to and immediately at the end of growth hormone treatment in the study by
Annerén et al.*6 Data are given as mean=SD unless otherwise stated.

. GH-treated subjects original controls

characteristics p value
(n=12) (n=10)

Prior to GH treatment

Mean age (months) 7.7 6.0

Height SDS™ 014129 0.6+1.48 NS

Weight SDS™ 0.9+0.86 0.5+0.91 NS

Head circumference SDS™° -1.3+£0.78 -1.540.88 NS

At the end of GH treatment

Mean age (months) 44.1 439

Height SDS™ 144132 -0.01£0.85 <0.007

Weight SDS™ 1.4£0.80 1.242.50 <0.050

Head circumference SDS'™ 114052 1.6+0.76 NS

The body proportions, i.e. the ratio between arm span and height and the
relative sitting height (absolute values as well as SDS!!1) were similar in
the two groups after adjustment for sex and age. The relative sitting
height was increased (median 54.5%, range 49.3-59.5%) and the relative
sitting height SDS!! was 1.6+1.56 for all DS subjects (including the addi-
tional controls).

Table 4. Anthropometric data (mean+SD, unless stated otherwise) of previously
treated subjects and the extended group of controls (separated into original and addi-
tional controls), all with DS. The p values are calculated from comparisons of the
previously treated group and the extended control group.

GH-treated  original additional  extended
characteristics subjects controls controls controls
(n=12) (n=10) (n=15) (n=25)

value

Age range (yearsmonths) 17:3-202  17:0-1910  16:0-30:0 16:0-30:0 NS

Final height SDS™ -039+£1.128 -021+£1.062 0371128 013+£1.117 NS
Adult weight SDS™ 1.08£1.376 098+£1.015 0.71+£1437 08241268 NS
Head circumference SDS'™ -1.6£064  -21£080  -2.2+0.61 -2240.68 <0016
Sitting height SDS'" -224123  -21£090  -22+£1.18 -22+106 NS

Relative sitting height (%) 5454137 5484222 5344253 5394247 NS
Relative sitting height SDS™  1.9+1.07 20+1.45 1.0+1.86 19+107 NS
Arm span SDS'” 394127 -44+179 394137  -41+158 NS
Arm span/height ratio (%) 9774265 9714312 9564313  963+314 NS
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When using scaled scores, standardised on a population without intellec-
tual impairment, no differences were found between the groups in
assessed cognitive performance on Leiter-R or WISC-III. However, the
mean raw point scores of the previously GH treated adolescents were
consistently higher than those of the controls (p<0.03) in all subtests of
both Leiter-R and WISC-III (Table 5, Figure 7).

All adolescents obtained Total motor composite scores below -2 SD for
their age on the BOT-2. The mean raw point scores of the previously
treated adolescents were above the mean score of the controls in all but
one subtest (p<0.07) of BOT-2 (Figure 8). A significant difference
between the groups was also shown in the composite motor area of
Strength and agility, where the previously treated adolescents performed
better than the controls (p<0.043) (Table 6).

Table 5. Performance on Leiter-R and WISC-III (mean+SD) and the estimated age
equivalents (years:months) in each subtest of Leiter-R as well as the overall mental
age, given as means and ranges. Statistical analyses were not performed regarding age
equivalents.

GH-treated controls
p value
(n=12) (n=10)
Figure ground, item raw point 13.3£2.74 12.6£1.96 NS
Figure ground, age equivalent 54 (4:3-71) 52 (311-6:0)
Form completion, item raw point 21.4+4.48 20.7£3.83 NS
Form completion, age equivalent 6:0 (4:0-7:4) 511 (47-74)
Sequential order, item raw point 11.1+£4.46 10.7+5.03 NS
Sequential order, age equivalent 49 (42-7:1) 4.7 (3:7-67)
Repeated pattemns, item raw point 8.94+3.70 8.242.90 NS
Repeated patterns, age equivalent 4:6 (3:3-6:6) 4.5 (3:3-5.9)
Brief IQ composite score 38.7£3.94 38.4£2.95 NS
Mental age 5:2 (4:0-6:11) 5:0 (41-6:.0)
WISC-III block design 71£7.06 6.7+£4.90 NS
WISC-III vocabulary 1131433 11.0£5.75 NS
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Table 6. Performance on BOT-2 (divided into subtest raw point score, motor area
composite standard score and standard deviation scores, SDS) given as means and
standard deviations. A low score indicates poor performance.

GH-treated (n=12) controls (n=10) p value
Fine motor precision 29.7+4.14 27.7+7.67 NS
Fine motor integration 22.0+7.98 19.9+9.83 NS
Fine manual control 274+2.39 269+4.38 NS
Fine manual control SDS -2.3+£0.24 -2.3+£046 NS
Manual dexterity 11.6+6.08 11.6+3.44 NS
Upper-limb co-ordination 28.6+£4.80 22.7+7.89 <0.085
Manual co-ordination 26.3%3.60 24.7+2.21 NS
Manual co-ordination SDS -2.4£0.36 -2.5+0.23 NS
Bilateral co-ordination 1394533 9.6+5.36 <0.074
Balance 22.8+5.31 20.8+6.91 NS
Body co-ordination 273273 25.6+2.76 NS
Body co-ordination SDS -2.3+£0.27 -24+029 NS
Running speed and agility 2124850 13.616.02 <0.032
Strength 18.0+5.86 1251619 <0.037
Strength and agility 29.7£3.60 264+3.95 <0.043
Strength and agility SDS -2.0£0.36 -24+0.40 <0.043
Total motor composite 25430 24432 NS
Age equivalent (years:months) 61 5:6 NS
Total motor composite SDS -2.5+0.30 -2.6+0.32 NS

Study IV

The subjects with DS were shorter than the controls, but had a similar
sitting height. Consequently, the relative sitting height was increased in
the DS subjects, corresponding to 2.2+1.10 SDS!!! when corrected for
age and sex. There was no difference in weight between the adults with
and without DS and thus, the former had a higher BMI (29.5+4.00 vs.
24.2+3.60 kg/mZ; p<0.015). All, but one (female) of the DS subjects were
overweight (1 F, 4 M) or obese (3 F, 1 M).

Table 7. Data on anthropometry and body composition (mean+SD) in ten young
adults with DS and ten non-DS controls matched for age and sex.

characteristics DS subjects controls p value
Height SDS' -31+£0.94 -01£0.85 <0.0001
DS-specific height SDS™ -0.01+£0.98 not applicable

Relative sitting height SDS™" 22+1.10 0.6+1.06 <0.006
BMI (kg/m”) 29.5£4.00 24.2+3.60 <0.015
Lean body mass (kg) 44.1£11.39 51.5+£11.22 NS
Lean body mass percentage 62211016 7094818 <0.043
Fat body mass (kg) 23.8+7.17 179+£717 NS

Fat body mass percentage 34.0£9.56 24.548.00 <0.035
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There were no differences in the 12 h GH profile, i.e. number of peaks,
peak height, peak amplitude and area under the curve, between the DS
subjects and controls (Figure 9). The mean serum IGF-I level of the DS
population was in the lower end of the reference interval.

NS TH-
1] et T

1 |

mU/L*24h
mU/s1L

maximum  mean pea péa! " number v

AUC peak height height amplitude of peaks frequency
obs 81.8£15.33 19.5£3.37 8.611.86 7.811.67 4.410.37 0.38+0.032
H controls 72.2+10.69 18.242.15 6.1£0.72 5.610.62 4.7+0.26 0.41£0.023

Figure 9. Characteristics of the nocturnal GH profile in DS subjects and controls
illustrated in bar charts and given as numbers (meanzstandard error of the mean

[SEM]) below.

Table 8. Energy metabolism and endocrine data (mean+SD) in DS subjects and age-
and sex-matched controls.

characteristics DS subjects controls p value
IGF-I (ug/L) 214+60.4 229+56.0 NS
IGF-I (SDS) -0.76+£1.16 -0.45£1.01 NS
Insulin (mU/L) 10.5+£4.66 71+£2.38 <0.063
Glucose (mmol/L) 52+0.58 4.6+0.36 <0.011
HOMA index 14+0.62 0.8+£0.25 <0.004
Total cholesterol (mmol/L) 44+0.76 4.1£0.51 NS
LDL cholesterol (mmol/L) 2.8+0.65 2.6+0.44 NS
HDL cholesterol (mmol/L) 1.1+£0.22 1.1+£0.26 NS
Triglycerides (mmol/L) 1.1+£0.34 0.9£0.35 NS
Relative ratg of lipolysis 354168 ot avalable

(umol/kg/min)

Relative ratg of glucose production 15545 07 ot mvallable

(gmol/kg/min)

*HOMA=homeostasis model assessment

The mean relative rate of total body glycerol production was
3.5+1.68 umol/kg/min. Lipolysis did not correlate to percentage body fat
in the DS subjects. The mean rate of glucose production in the DS adults
was 15.5+5.07 pmol/kg/min.

Examination with DEXA demonstrated a higher percentage body fat in
the DS subjects in comparison with the controls: 34.0+£9.56 and
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24.5+8.00, respectively (p<0.035). The percentage lean body mass was
62.2+10.16 in the DS subjects, which was significantly lower (p<0.043)
than that of the controls, 70.9+8.18. Furthermore, both the assessed BMD
and z-scores were lower in the adults with DS than in the controls
(p<0.015 and p<0.007, respectively). Two DS subjects (both male) were
osteoporotic, and two other DS subjects (1 F) were osteopenic, whereas
none of the controls had a subnormal BMD.

Table 9. Data on bone mineral density (BMD; mean+SD) for the young adults with
DS and the controls.

DS subjects controls p value
z-score femoral region -0.85£0.946 0.28+1.209 <0.033
z-score vertebral region -1.04£0.766 0.17+1.040 <0.009
z-score total body -0.86+1.186 0.71£1.130 <0.007
BMD total body 1.10+0.109 1.23+£0.122 <0.015
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Discussion

Growth as index of health

Growth parameters are used worldwide as indicators of health during
childhood and with use of growth charts the paediatrician can screen for
conditions resulting in impaired or accelerated growth.

Children with DS are overrepresented with regard to congenital and
acquired disorders that may affect growth, i.e. congenital heart defects,!13
hypothyroidism62114.115 and coeliac disease.b In our study no children were
excluded by reason of any additional disorder. Treated hypothyroidism
and coeliac disease should not affect growth to any significant extent, and
congenital heart defect is part of the syndrome in 50% of the DS popula-
tion.!16 A comparison between children with no or mild congenital heart
disease and children with moderate or severe heart disease has shown that
the difference in height is less than 2 cm up to the age of eight years and
that there is a difference in weight corresponding to 0.5-2 kg.”

Designing growth charts

It might be considered that optimally the creation of growth charts should
be based on a longitudinal and prospective study with repeated examina-
tions of a large and representative group. However, drawbacks regarding
time constraints and logistics make this a less attractive model.

In our study repeated data for each child were used, as in a longitudinal
study, as well as several examinations of different children in the same age
group, as in a cross-sectional study. The design is commonly used when
growth in specific groups with relatively few subjects is analysed.”.16.117,118

To eliminate bias in the selection of the children in the study, mean
scores and standard deviations of all parameters were calculated and
compared between the two groups of children recruited. There were no
differences in any of the parameters related to growth.

To facilitate a comparison with the general population a shaded area
corresponding to +3 SD of the present Swedish standard growth chart!09
is seen in the final version of the DS specific growth charts (Figs. 10-12).
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Anthropometry in Down syndrome

Birth length and final height

In comparison with healthy boys, boys with DS had a mean birth length
and a mean final height at 18 years of age corresponding to -1.5 and
-2.5 SD,104 respectively. Compared with the American DS growth charts
for males,’ the final height of the male DS subjects in the present study
corresponds to the 95t percentile. The rather marked difference in final
height between Swedish and American males with DS may be due to fac-
tors such as ethnic diversity and differences in the size of the study groups.

The girls with DS had a mean birth length of -1 SD and a mean final
height at the age of 18 years corresponding to -2.5 SD according to the
Swedish standard.!* The mean final height of the girls with DS was
slightly greater than that of the American girls.”

The birth lengths of our children with DS could not be compared with
those of the American children, since the latter growth charts start at
1 month of age. In contrast to the American data,” our subjects with DS
showed the same difference in mean final height between the genders as
that of healthy individuals.

The individuals with DS reached their final height at relatively young
ages, males at 16 years and females at 15 years, in agreement with the
findings of an early onset of puberty.”-1911 Our results also show that both
boys and girls with DS have a reduced pubertal growth spurt, contributing
to the low final height.

Target height calculated as previously described, with subtraction of
20 cm to compensate for the short stature seen in DS, was shown to be
valid.1! All DS subjects in study III were close to their separately modified
TH, with a mean of 100% for both the previously treated
(range 94.4-104.2%) and for the controls (range 93.7-104.8%).

The short stature in DS is to a great extent due to relatively short
legs.11® The marked increase in relative sitting height and in the relative
sitting height SDS seen in studies Il and IV confirms the occurrence of
abnormal body proportions in DS.

The ratio between arm span and height varies with ethnicity and gen-
der.120 The subjects with DS in study III were all of Caucasian origin, and
hence the expected arm span/height ratio would be close to one, with no
difference between the genders.!20 The studied subjects did not differ in
this respect. Thus, the relatively short legs in DS are matched by equally
short arms.
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Figure 10. Growth charts for height, weight and head circumference (mean+3 SD)
of Swedish girls with Down syndrome from birth to 7 years of age.
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Figure 11. Growth charts for height, weight and head circumference (mean+3 SD)
of girls and boys with Down syndrome, respectively, from 5 to 18 years of age.
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Figure 12. Growth charts for height, weight and head circumference (mean+3 SD)
of Swedish boys with Down syndrome from birth to 7 years of age.

Weight and body mass index

Although the Swedish males with DS had a greater mean final height than
their American counterparts, their mean weight at 18 years was close to
the 50th percentile of the corresponding American males.” The mean
weight of Swedish girls with DS was at the 25t percentile of the Ameri-
can growth charts at the age of 18 years.”

One-third of the individuals with DS were overweight
(BMI >25kg/m?), as defined by WHO,8 at the age of 18 years in our
study. A comparison with the weight and height data of the American
individuals with DS indicates that overweight is a greater problem in the
latter group.

Overweight and obesity, as based on BMI, is common in DS. An
altered body proportion is reported to influence BMI, which is slightly
elevated in association with relatively short lower limbs.12! This effect
might to some extent explain the high prevalence of increased BMI seen
in individuals with DS.90-95

In study IV, where all but one of the young DS adults had an increased
BMI, the high prevalence of overweight/obesity could be confirmed in
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assessment of the body composition; the subjects with DS showing an
increased body fat percentage and a decreased percentage lean body mass.

The cause of obesity in DS is unknown, but is probably multifactorial,
with contributions of endocrine abnormalities, reduced exercise, hypoto-
nia, a depressed metabolic rate and poor eating behaviour.94

Head circumference

In view of the mental retardation associated with DS, the growth of the
head is of great interest. Our results showed that the mean head circum-
ference of the children with DS was smaller than that of healthy Swedish
children,!04 but slightly larger than that of American children with DS.15
The deviation of growth of the head in children with DS increases with
age, with a total decrease of approximately 1.5 SD from birth to the age
of four years when compared to Swedish standard.!04

In agreement with previous studies, there was a gender difference in
head circumference, the male head tending to be larger than the
female.1415

Bone mineral density

The bone mineral density in the DS group was below that of the controls.
Four of the young adults with DS were diagnosed with osteoporosis (2 M)
or osteopenia (1 M/1 F).

Bone mineral density has previously been shown to be decreased in DS
subjects, 122123 especially in males, where the skeletal mass normally
exceeds that of females.124125 Several factors are known to be associated
both with low BMD and with DS, such as a small body size, a sedentary
lifestyle, poor nutrition, hypotonia, reduced physical activity and both
thyroid and gonadal dysfunction.!22123,126 The latter may explain the
altered difference in BMD between the genders, as gonadal dysfunction is
more common in male than in female subjects with DS.

Short stature may lead to underestimation of BMD, whereas obesity
tends to cause the opposite,!2” but the influence of body composition on
BMD is unclear.!?2 Further, a decreased peak bone mass in DS has been
postulated, and may possibly be due to low muscle strength and delayed
gross motor development. 101126 Peak bone mass correlates well to the
establishment and degree of osteoporosis.!?8 Hence, a marginal drop in
BMD may be of substantial importance in DS. Additionally, Tiimer et
al'?? suggested an association between osteoporosis and the distal region of
chromosome 21.
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Growth hormone secretion

Little is known about growth hormone secretion in DS. The few available
studies concern children with DS,43130 who seem to have reasonable
endogenous growth hormone concentrations.*3 In the adult DS population
a poor stimulated GH response has been reported,*> but continuous and
spontaneous GH secretion has not previously been studied in DS.
Study IV showed that young adults with DS have a normal capacity to
produce and release GH spontaneously.

The synthesis of IGF-I is stimulated by GH and the levels of IGF-I in
the subjects with DS were also normal, although in the lower end of the
reference interval. Similar results have been reported previously,!3! but it
has been difficult to show a significant correlation between the concentra-
tions of GH and IGF-1.132 We found that the level of IGF-I correlated
positively to the area under the curve (AUC) for spontaneous secretion of
GH both in the total study population and in the DS subjects alone.

There is some controversy regarding the impact of body composition
on the GH and IGF-I levels in overweight subjects. GH secretion is nega-
tively associated with BMI 133 and the GH response in obese subjects has
been reported to be as impaired as that in hypopituitary patients with
severe GHD .40 The common occurrence of insulin resistance and hyper-
insulinism 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.134135
Landin-Wilhelmsen et all3®> suggested that low levels of IGF-I may be
related to increased adipose tissue and decreased lean body mass,!35
whereas Ghigo et al*? proposed that the increased levels of IGF-I might be
a result of an increased GH sensitivity in obesity. Nevertheless, despite
increased BMIs, no correlation between IGF-I and BMI was seen in the DS
subjects of our study or in those of a previous study.*2

Growth hormone and cognitive function

Very few investigations have been made on GH treatment in children
with DS.434647 However, from studies of the GH effect in other condi-
tions, it may be concluded that GH has beneficial effects on cognition,
energy, mood and behaviour in children with PWS,2425 TS26 and
GHD,26.27 as well as in children born SGA.28

The assumed effect of GH on cognitive function and mood is plausible,
as GH has been shown to reach the cerebrospinal fluid and affect the cen-
tral nervous system directly.?! In addition, GH may exert a local growth
promoting effect on the brain.23 An association between intelligence and
head growth during childhood has been reported,? and the IQ score cor-
relates positively with increasing head circumference during GH therapy
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in SGA children.28 GH receptors have been found in several regions of the
brain,21.29.136 of which the receptors in the hippocampal area are particu-
larly interesting, as they may mediate the actions of GH on memory and
cognition.2!

Microencephaly is considered to be the main cause of mental
retardation in DS,7> but there is also a delay in central myelination which
correlates well with the extent of developmental delay.!37 Impaired neuro-
genesis during critical phases of brain building has been demonstrated in
infants with DS and results in severe hypocellularity. Chakrabarti et al’6
demonstrated that the reduced neural proliferation further correlated with
the delayed synapse formation in the cortex and hippocampus in DS.

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 com-
municate and take part in social settings, but with no relation to their level
of intelligence. Assessment of adaptive functioning is a way of broadening
the concept of intellectual ability, and such data would have given inter-
esting complementary information in the investigation of the cognitive
effects of GH treatment.

Growth hormone and motor performance

Growth hormone has an anabolic effect on skeletal muscle.13® The muscle
mass is reported to increase within the first year of GH therapy in indi-
viduals with GHD as well as in children born SGA and children with
PWS.138-142 Exogenous GH also improves muscular function,'® and
improvements of strength and agility are reported to occur during GH
therapy in children with PWS.142

The improved motor performance of the previously GH-treated adole-
scents in study III 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 of these subjects,*¢ the improved motor
proficiency might also be derived from a CNS effect.

It has been postulated that the motor problems in DS may be related to
the delayed cerebellar maturation and the relatively small cerebel-
lum 83,143,144 Thus, previous findings of improved fine motor skill*6 and an
increased head circumference?’ 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.!45
The presence of GH receptors has been confirmed in the human puta-
men?! and in the rat and rabbit cerebellum.46 It has further been demon-
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strated that GH replacement in GHD patients, by increasing the circulat-
ing IGF-], yields a faster working memory performance and recruitment of
task-associated prefrontal regions.!4”

Growth hormone therapy

Study IIT was a follow-up of children with DS who had been treated with
daily injections of GH for three years during early childhood.*6 Their
growth velocity was normalised during the GH treatment.*6 Further, some
improvement of their fine motor skill was observed at the end of treat-
ment, although there was no significant effect on head circumference.46
Torrado et al*’ reported increased growth velocity, height SDS and weight
SDS, and also an increase in head circumference SDS during GH treat-
ment in children with DS. No information on psychomotor function was
given in that report.

The available data on GH therapy in DS are unanimous, with the
reported effects entirely beneficial.#34647 There is a marked response to
exogenous GH treatment in DS, 434647 despite the previous findings of
reasonable GH concentrations in DS children*3 and the present observa-
tions of normal GH secretion in young adults with DS. Against this back-
ground, 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.*?

The diabetic and leukaemogenic potential of GH therapy has been dis-
cussed in the literature.148149 In view of the intrinsic predisposition to
diabetes and leukaemia in the DS population,!® 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.

Reduced proliferation of neural stem cells during early brain develop-
ment has been observed in infants with DS75 and correlates with delayed
synapse formation in the cortex and hippocampus.’6 Further, the cerebral,
cerebellar and hippocampal volumes are decreased in DS.7# These defects
are likely to have a continuous impact on brain function in DS.76

Earlier studies have shown that GH promotes proliferation of neural
precursors, neurogenesis and gliogenesis during early brain develop-
ment,!>! presumably through local production of IGF-I. Further, IGF-I has
been shown to be essential for hippocampal neurogenesis.!>2 Thus, the
rationale for early GH treatment in DS is the neuronal growth-promoting
and protective effects of GH and IGF-1.21.153,154 [n fact, a recent study of
the effects of thyroxine treatment in young children with DS!5> has shown
it possible to improve early development and growth. It must be empha-
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sised that even a small change in psychomotor attainment can be of
substantial importance in a developmentally delayed population.

Energy metabolism

Energy substrate production and insulin sensitivity

The rate of hepatic glucose production during fasting was increased in the
young adults with DS in comparison with data from studies of normal
adults.136.157 Further, the DS subjects had both higher fasting plasma
glucose and serum insulin levels and a higher HOMA index than the con-
trols. Altogether, these findings indicate a relative reduction in hepatic
and peripheral insulin sensitivity in DS.

The subjects with DS showed increased lipolysis as compared with pre-
viously reported data from healthy individuals.!57.158 This is in line with
the increased proportion of fat mass found in the DS subjects, although no
statistical correlation was found between lipolysis and body fat mass or
body fat mass percentage. However, the high rate of lipolysis increases the
circulating free fatty acids and may thus have a negative influence on
insulin sensitivity.

The calculated measure of insulin resistance (HOMA index) correlated
to fat body mass in both groups, DS subjects and controls, separately. The
slope of the regression lines differed, indicating that body fat has a more
marked effect on insulin sensitivity in the DS individuals.

Neonatal metabolic screening

Neonatal metabolic screening in Sweden was established in 1965. The
screening is commonly called the PKU test. The name is derived from
phenylketonuria (PKU), the first disease for which screening was
performed. New metabolic disorders have been added to the screening
programme with time. Today, children are also screened for galactos-
aemia, congenital hypothyroidism, congenital adrenal hyperplasia, and
biotinidase deficiency.
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Figure 13. Blood sampling for neonatal metabolic screening. A dorsal vein of the
hand is punctured >48 hours after birth and the blood is collected on a filter pa-
per. Published with the consent of the parents.

In study II the results from neonatal screening for CH, by analysis of the
TSH concentration in dried filter paper blood in children with DS were
compared with those of controls. The results show an increase in the TSH
concentration as well as in TSH-SDS in the infants with DS. The data
support the notion that DS infants are mildly hypothyroid at birth, and
the findings are in agreement with the report by Trotsenburg et al!>® of a
“left-shifted” Gaussian T4 concentration frequency distribution in DS
neonates.

Thyroid disorders

Thyroid disorders, hypothyroidism in particular, are common in individu-
als with DS, as mentioned earlier. Congenital hypothyroidism is increased
almost 30-fold in children with DS, and hypothyroidism acquired later in
life has been reported to affect 30-50% of the DS population.64160

One of the aims of study II was to investigate a possible correlation
between an increased TSH concentration at neonatal screening and thy-
roid disease during childhood. The possibility of predicting later develop-
ment of hypothyroidism on the basis of the neonatal screening result
would be helpful in routine follow-up of children with DS.

There was a tendency towards a higher neonatal TSH level in the
infants who became hypothyroid during the first ten years of life, but no
significant correlation was found between screening levels of TSH and
occurrence of hypothyroidism during childhood.
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Subclinical hypothyroidism

Subclinical hypothyroidism is defined as elevated TSH but normal T3 and
T4 in individuals with no clinical signs of hypothyroidism. Numerous
studies have led to the conclusion that subclinical hypothyroidism is
common in DS, with as many as half of the DS population being
affected.16!

The subclinical hypothyroidism in DS is concluded to be of thyroidal
origin, as the bioactivity of TSH has been proven normal by Konings et
al,’62 and it might possibly be explained by a need for a higher “TSH pres-
sure” to produce sufficient thyroid hormones.162

In people with subclinical hypothyroidism in the general population,
there is a yearly progression to overt hypothyroidism of approximately
2-5%,163 a rate proportional to the TSH concentration and even higher in
the presence of thyroid antibodies.

Infants with neonatal hyperthyrotropinaemia have been found to be at
risk for development of subclinical hypothyroidism in early childhood.!63
In a follow-up of infants with false positive results at neonatal TSH
screening, all showed normal clinical conditions and statural growth at
16-44 months of age, but 25% were positive for thyroid antibodies and
20% were shown to have thyroid abnormalities.!63 The authors concluded
that elevation of TSH in the newborn may represent a true clinical
condition with mild thyroid dysfunction persisting or reappearing after the
neonatal period.163

Manifest hypothyroidism

Primary hypothyroidism is usually diagnosed from a combination of an
elevated serum TSH level and a low level of T4, with or without the pres-
ence of clinical symptoms associated with hypothyroidism.

When caring medically for children with DS, it may be difficult to
discriminate symptoms and signs related to hypothyroidism, such as con-
stipation, decreased growth velocity and slow cerebration, from syndrome-
specific characteristics. Thus, it is possible that hypothyroidism may be
missed in some DS subjects, whereas others may erroneously be diagnosed
with apparent hypothyroidism.

When hospital records at diagnosis for the 22 thyroxine-treated
children in Study II were analysed in detail, three subgroups were formed
based on laboratory findings and the presence of clinical signs. Seven chil-
dren (3 F) with manifest hypothyroidism (increased TSH and decreased
T4); six children (3 F) with subclinical hypothyroidism (elevated TSH and
T4 on the lower reference limit) and symptoms of hypothyroidism; and
nine children (5 F) with normal TSH levels and T4 levels close to the
lower reference limit, but still instituted on thyroxine due to clinical signs
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which could be related to hypothyroidism constituted groups A, B and C,
respectively. Our findings of manifest hypothyroidism in seven children
(group A, 9.6%) is in agreement with earlier reported incidences of
approximately 10% among schoolchildren with DS.164,165

There are several possible mechanisms underlying the development of
hypothyroidism over time in DS. Defective embryological migration and
differentiation of thyroid cells and/or foetal failure to form the thyroid
gland, resulting in agenesis or hypoplasia, respectively, have been postu-
lated.62 A DS-specific thyroid (regulation) disorder caused by a genomic
dosage imbalance has recently been suggested as yet another mecha-
nism.3166 Data that may support the occurrence of reduced thyroid
hormone sensitivity in DS have also been produced,5? and it is well known
that children and adults with DS are prone to develop autoimmune
thyroid disease, which may result both in subclinical and in manifest
hypothyroidism.59.64

Figure 14. Distribu-
tion of TSH levels
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Differences between the genders

Females are generally overrepresented among patients with thyroid dis-
ease,167.168 but available data do not indicate such a gender difference
among people with DS.6! Our data on the occurrence of manifest hypo-
thyroidism in children with DS during the first decade of life did not
differ in this respect.

Although congenital hypothyroidism, detected at neonatal screening, is
generally more common in girls than in boys,16%170 male infants have been
shown to have elevated TSH levels in cord blood.!”! Furthermore, an
association between low Apgar score and elevated cord blood TSH has
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been reported!’? and it is known that male foetuses are associated with
higher incidence rates of unfavourable perinatal outcome in general.173.174
With these associations borne in mind, the difference in neonatal TSH
between the genders could be due to higher foetal stress during labour in
the male infants. However, among the DS children there was no differ-
ence in Apgar score either between the males and females or between
subgroups with different TSH levels. The results of study II are compati-

ble with the previously reported occurrence of mild hypothyroidism in DS
infants.60,159,175,176

Thyroxine therapy

The attitude towards thyroxine treatment of DS children with evidence of
subclinical hypothyroidism is usually liberal. Thyroxine replacement is
easy to carry out and no adverse effects have been reported in children
with DS and subclinical hypothyroidism.61.177 In addition, beneficial
effects of thyroxine on growth and mental development have been
observed in DS during the first two years of life.155
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Conclusions

Diagnosis-specific growth charts for Swedish children with Down syn-
drome have been established, facilitating diagnosis of any concomitant
disease that may influence growth. The growth charts are available for
child health care workers throughout Sweden, and are included in several
of the hospital record software systems used in Sweden.

Infants with DS, boys in particular, have an increased mean TSH concen-
tration at neonatal metabolic screening, indicating marginal hypo-
thyroidism. The TSH level does not predict development of manifest
hypothyroidism during childhood.

Early growth hormone treatment (for three years) in children with Down
syndrome seems to have some late beneficial effects. The early treatment
had no effect on final height, but the treated subjects had an increased
adult head circumference and showed some improvement in cognition
and motor development.

Young adults with Down syndrome have a normal capacity to produce
growth hormone.

When target height is calculated in individuals with Down syndrome,
20 cm should be subtracted to compensate for the short stature in DS.

Body proportions are altered in Down syndrome. That is, the relative
sitting height is increased, indicating short legs in relation to the trunk.
The short legs are matched by equally short arms.

Overweight and obesity are common in DS, and as many as one-third of
the population are overweight at the age of 18. The high prevalence of
overweight/obesity is in line with the findings of an increased proportion
of fat body mass and a decreased lean body mass percentage in assessment
of body composition.

Young adults with Down syndrome show increased rates of glucose pro-
duction and lipolysis when compared with reported data on individuals
without DS. Further, there is a relative reduction of peripheral and
hepatic insulin sensitivity in subjects with DS.
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Summary in Swedish — Tillvaxt och
hormonbalans vid Downs syndrom

Downs syndrom (DS) ir en vanlig kromosomavvikelse med ett fall pa
800 fodda barn i Sverige. Syndromet beskrevs 1866 av den brittiske
lakaren John Langdon Down och fick didrmed sitt namn. Forst hundra &r
senare, 1959, kunde man visa att DS orsakas av en extra kromosom 21,
dvs. trisomi 21.

Individer med Downs syndrom har flera yttre gemensamma drag vilka
beskrevs av den svenska barnlikaren Bertil Hall 1965. Halls tecken
anvinds in idag som stéd vid diagnos, ju fler tecken desto hogre sannolik-
het att det undersokta barnet har DS. Siker diagnos stills dock med hjalp
av kromosomanalys.

Kortvuxenhet och utvecklingsstorning 4r kardinaltecken vid DS, men
det finns stor individuell variation. Personer med DS har dessutom 6kad
risk for andra tillstdnd och sjukdomar, till exempel medfodda hjirtfel,
glutenintolerans, imnesomsittnings- och hormonrubbningar. Studierna
som ingér i avhandlingen behandlar tillvixt och hormoner som paverkar
tillvixten.

Studie I: Tillvaxtkurvor for svenska barn med Downs
syndrom

Fysisk tillvixt ir en god indikator p& barns hilsa, pa bade individuell niva
och befolkningsniva. Tillvixtkurvor ir ett viktigt instrument inom barn-
hilsovard da de mojliggor tidig upptickt av sjukdom som paverkar till-
vixten, till exempel skoldkortelhormonbrist och glutenintolerans. Barn
med Downs syndrom ir redan fran fodseln mindre dn andra barn och da ar
det litt att forbise ytterligare forsimrad tillvixt. Eftersom dessa barn
dessutom i hog grad drabbas av sidana sjukdomar finns ett behov av
diagnosspecifika tillvixtkurvor.

Kurvorna ir baserade pi 4 832 undersokningar av totalt 354 svenska
barn med DS foédda mellan 1970-1997 och illustrerar tillvixt frén fodelse
till 18 &rs alder. I studien gors ocksd en jaimforelse mellan svenska och
amerikanska barn med DS samt mellan svenska barn med respektive utan
DS. Svenska barn med DS ir lingre dn jamnariga amerikanska barn med
DS, men fortfarande avsevirt kortare in svenska barn utan DS. Inom stu-
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dien kunde vi dven pavisa att var tredje individ med DS vid 18 ars alder ar
overviktig (BMI >25 kg/m?).

Tillvaxtkurvorna for svenska barn med DS ir ett anvindbart redskap
for att uppticka ytterligare tillvixtrubbning tidigt inom denna patient-
kategori och de finns idag tillgingliga for alla som arbetar med barnsjuk-
vard eller barnhilsovard.

Studie II: Skoldkortelhormon hos nyfodda med
Downs syndrom forutsiager inte senare sjukdom

Skoldkortelhormon har flera viktiga funktioner i kroppen, frén foster-
stadiet och livet ut. Brist pa skoldkortelhormon, som uppkommer under
barndomen, orsakar bland annat minskad lingdtillvixt, trotthet och for-
stoppning. Medfédd brist pd skoldkértelhormon ir ovanlig, men kan
obehandlad leda till svir utvecklingsstérning. Alla barn som fods i Sverige
undersoks avseende medfédd brist pa skoldkortelhormon i samband med
PKU-provtagningen. Barn med DS har en nistan 30-faldigt forhojd risk for
medfodd brist pd skoldkortelhormon och det ar dessutom vanligt att de
utvecklar skoldkortelhormonbrist senare i livet.

Vi undersokte, i samarbete med PKU-laboratoriet, nivderna av skold-
kortelhormon i nyféddhetsperioden hos 68 barn med DS. Dessutom
utreddes om dessa nivier kan forutsiga en skéldkortelhormonbrist senare
under barndomen. Studien kunde pavisa att barn, i synnerhet pojkar, med
DS har héjda TSH-nivder som nyfodda, vilket indikerar mild brist pé
skoldkortelhormon. TSH-nivéerna kunde dock inte prediktera utveckling
av skoldkortelhormonbrist senare under barndomen.

Studie III: Seneffekter av tillvixthormonbehandling
vid Downs syndrom

Langdtillvixt under spadbarnsperioden ir i stor utstrickning beroende av
nutrition, men frin sex manaders alder blir betydelsen av tillvixthormon
(GH) allt storre. GH stimulerar tillvixt genom o6kad produktion av
tillvaxtfaktorn IGF-I. Mekanismen bakom kortvuxenheten vid DS ir
alltjimt okind, men man har kunnat pavisa liga nivder av IGF-I, trots
relativt normala nivder av GH, hos barn med DS.

I en tidigare studie d4 15 barn med DS behandlades med GH frén
6 manaders &lder och tre ar framit kunde man se tydlig effekt pa
lingdtillvixten. Dessutom pdavisades en ndgot forbittrad finmotorisk
utveckling, men ingen effekt pd huvudomfing, mental utveckling eller
grovmotorik, vid jamférelse med 15 andra jamngamla barn med DS. Bide
de ungdomar som behandlades fér ca 15 ar sedan och kontrollungdomarna
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erbjods delta i denna uppféljningsstudie med syfte att underscka
eventuella seneffekter av behandlingen.

Det fanns inga skillnader mellan grupperna gillande slutlingd eller vikt,
men de GH-behandlade ungdomarna hade ett storre huvudomfing in
kontrollerna. Bida grupperna presterade snarlika resultat vid de
psykomotoriska bedémningarna, men d& i relation till normalvirden
baserade pa jimniriga individer utan utvecklingsstorning. Om man i
stillet analyserade hur ménga uppgifter de egentligen klarade, dvs.
rdpoingen, i varje delmoment av undersdkningen, si presterade
ungdomarna som behandlats med GH bittre in kontrollerna pa samtliga
delmoment utom ett dir poingen var identiska.

Det storre huvudomfénget i kombination med bittre prestation vid de
psykomotoriska bedémningarna indikerar att individer med DS kan ha
nytta av tillvixthormon med avseende pa psykomotorisk utveckling.

Studie IV: Insondring av tillvixthormon hos unga
vuxna med Downs syndrom

Tillvixthormon har vilkinda effekter pa barns tillvixt, och i vuxenlivet
vet man att hormonet péverkar dmnesomsittning och psykologiskt vil-
befinnande. Inséndringen av GH sjunker normalt med stigande alder, men
en bristsituation kan alltjimt uppstd. De symtom man ser hos vuxna indi-
vider med GH-brist, till exempel 6vervikt med 6kad fettmassa, beteende-
avvikelser med minskad initiativformaga och forsamrad fysisk prestations-
formaga, dterfinns dven hos vuxna med DS. Mot denna bakgrund har man
ifrdgasatt formdgan att insondra GH hos vuxna individer med DS.

Tio unga vuxna med DS och tio kéns- och dldersmatchade kontroller
har studerats avseende GH insondring och kroppssammansittning. Dess-
utom undersoktes fettomsittning samt glukosproduktion hos individerna
med DS.

Inga skillnader kunde pévisas avseende GH-nivder mellan grupperna,
dvs. unga vuxna med DS har en normal férmiga att insondra GH. BMI var
hogre i DS-gruppen an i kontrollgruppen, bara en av individerna med DS
hade normalt BMI. Vid undersckning av kroppssammansittning kunde
man pévisa okad andel fettvivnad. Dessutom foreldg minskad bentithet
vid DS jaimfort med kontrollerna.

Individerna med DS hade hogre fasteblodsocker och insulinnivier in
kontrollerna samtidigt som deras leverproduktion av glukos under fasta var
hogre in det normalmaterial som finns publicerat. Dirutéver var dven
lipolysen, dvs. omsittningen av depéfett, forhojd i DS-gruppen i jamfor-
else med publicerat normalmaterial. Resultaten talar for att unga vuxna
med Downs syndrom har en nedsatt insulinkinslighet bdde perifert och pa
leverniva i jaimforelse med friska individer.

54



Acknowledgements

This work was carried out at the Department of Women'’s and Children’s
Health, Uppsala University, Uppsala, Sweden. Financial support was
kindly provided by funds from the Savstaholm Society and the Swedish
Research Council and by an unconditional grant from Pharmacia/Pfizer.
Many people have encouraged and supported me in my work with this
thesis. I want to express my sincere gratitude to all of them, and have
chosen to do so in the mother tongue of those whom I particularly thank.

Till att borja med vill jag tacka de barn, ungdomar och unga vuxna med
Downs syndrom som deltagit i studierna eller pd annat sitt bidragit till
min forskning. Utan Er och Era familjer hade det hir inte varit moijligt,
och dessutom inte ens hilften s roligt!

Familjen Lark har bjudit mig in i sitt privata fotoalbum, och jag har fitt
anvinda dessa underbara bilder i olika presentationer. Man pastir att en
bild siger mer in tusen ord — i mina dgon siger en bild pa Elsa dnnu mer,
sirskilt om det dr hennes pappa Patrik som bearbetat den. Tack f6r det
fantastiska omslaget.

Jag har haft den bista tinkbara huvudhandledaren! Jan Gustafsson, har
blivit min "vetenskapliga pappa” med lagom doser uppmuntran och ifraga-
sittande samt ett tdlamod utdver det normala — oidndlig ir den tid Du
dgnat 4t att lisa mina manus om och om och om igen. Jag férundras allt-
jamt dver det sitt pd vilket Du behirskar det mesta fran vetenskapliga och
kliniska fragestillningar till rockmusik och scenframtridanden.

Goran Annerén, Du var den som forst vickte mitt intresse for forskningen
med Dina visioner, men framférallt med Din otroliga entusiasm. Detta
tillsammans med Din kunskap och Dina kontakter har underlittat mitt
arbete avsevirt.

Bjorn Jonsson, for att Du trots motstidnd fitt mig intresserad av statistik,

bara det dr en bragd...! Dessutom har Du snabbt svarat pa fragor och
kontrollerat mina analyser i bdde tid och otid.

55



Maria Elfvik Stromberg och Sara Bergman, som med samarbetsvilja och
stort engagemang varit delaktiga i min forskning. Tack vare Er har jag fatt
ny och bredare kunskap utanfor det strikt medicinska omrédet, och dess-
utom tva nya vanner.

Med beundransvird hastighet har Per Frisk besvarat de orikneliga mail jag
skickat. Jag hoppas att alla data ska vara till nytta dven for Dig, och jag
lovar att inte stora Dig med "kontroll-frigor” den nirmsta framtiden.

Ulrika von Débeln och Claes Guthenberg pad PKU-laboratoriet, Centrum
for medfodda metabola sjukdomar, gjorde jakten p&d TSH resultat i arkivet
angenam.

Mats Stridsberg, for Din hjilp med diverse laboratorieanalyser, savil
genomforande som talmodigt forklarande av de olika metoderna.

Fred Nyberg, Ditt intresse for mitt arbete och Dina tankar kring detta har
varit virdefulla for mig.

Birgitta Ollars, som hjilpte mig i samband med de allra forsta, stapplande
stegen pa den hir resan.

Elisabeth Soderberg, for hjilpen i arbetet med stabila isotoper och
GCMS.

Inga Andersson och Karin Wenngqvist pd Institutionen fér kvinnor och
barns hilsa samt Elisabet Berg pd Akademiska Barnsjukhuset som gemen-
samt hjilpt mig med allehanda praktiska och ekonomiska l6sningar under
min tid som doktorand.

Barbro Westerberg, for att Du alltid kommer till undsittning nir tekniken
felar (eller dtminstone inte gor som jag vill).

Maud Marsden, for excellent linguistic skills making the articles more
convincing, and for extraordinary efforts in background research while
doing so.

Det ir mig forunnat att ha en "vetenskaplig storasyster”. Barbro Dider-
holm finns alltid dir — oavsett om det giller forskning, klinikarbete, famil-
jen eller livet i stort.

Alla arbetskamrater pd Akademiska Barnsjukhuset, och pa avdelning 95 E
samt endokrinmottagningen i synnerhet, som tillsammans skapar den
mycket speciella atmosfir som vi har p4 kliniken.

56



ST-kollegorna som aldrig beklagat sig 6ver graviditeter, foridldraledigheter
och forskningstid som minskat min jourtjanstgoring. De goda samtalen
med mina geografiskt nirmsta kollegor; Josefine, Clary och Fredrik i den
"stidade hornan” av landskapet; som alltid utgor ett harligt avbrott i
arbetet.

Kollegorna pd Barn- och Ungdomshabiliteringen for att Ni vilkomnade
mig och lit mig ta del av Er arbetsglidje. I synnerhet Mona Pihl som
styrde upp och skotte logistiken kring sivil min kliniska verksamhet som
min forskning.

Mina vinner, stunderna med Er har gjort livet mycket roligare. Ingen
glomd, men en nimnd trots allt. Anders — 14t oss alltid finnas dir for

varandra.

Slikten pa Nygard, for att det ir si fantastiskt med det miljdombyte som
jag far hos Er. Jag onskar bara att Du vore hir, Bengt-Goran.

Karolina, utan Dig skulle jag inte vilja vara. Att f& skratta och grita till-
sammans med Dig dr virt s& mycket.

Mina syskon, Lena och Pir, som alltid ger mig stdd och motivation — samt
for att Ni talar om for mig att jag kan nir jag sjilv ir tveksam.

Mamma och pappa, for allt som jag dr. Och sa forstas for att Ni aldrig ar
mer an ett telefonsamtal borta nir jag behover hjilp.

Min ilskade make Patrik, for att Du vill dela vardagen med mig och vara
underbara déttrar Malla, Lisen and Alvi. Ni betyder allt.

57



References

10.

11.

12.

13.

14.

15.

16.

17.

58

Mikkelsen M. Down syndrome: cytogenetical epidemiology. Hereditas.
1977;86(1):45-50.

Lindsten J, Marsk L, Berglund K, et al. Incidence of Down's syndrome in
Sweden during the years 1968-1977. Hum Genet Suppl. 1981;2:195-210.
Antonarakis SE, Lyle R, Dermitzakis ET, Reymond A, Deutsch S. Chromo-
some 21 and down syndrome: from genomics to pathophysiology. Nat Rev
Genet. 2004;5(10):725-738.

Karlberg J. A biologically-oriented mathematical model (ICP) for human
growth. Acta Paediatr Scand Suppl. 1989;350:70-94.

Bjorkstén B, Bick O, Higgléf B, Tirnvik A. Immune function in Down's
syndrome. In: Burgio GR FM, Tiepolo L, Wolf U, ed. Inborn errors of im-
munity and phagocytosis. Lancaster: MTP Press Limited, 1979: 189-198.
George EK, Mearin ML, Bouquet J, et al. High frequency of celiac disease in
Down syndrome. J Pediatr. 1996;128(4):555-557.

Cronk C, Crocker AC, Pueschel SM, et al. Growth charts for children with
Down syndrome: 1 month to 18 years of age. Pediatrics. 1988;81(1):
102-110.

Kurjak A, Kirkinen P. Ultrasonic growth pattern of fetuses with chromoso-
mal aberrations. Acta Obstet Gynecol Scand. 1982;61(3):223-225.

Cronk CE. Growth of children with Down's syndrome: birth to age 3 years.
Pediatrics. 1978;61(4):564-568.

Sara VR, Gustavson KH, Annerén G, Hall K, Wetterberg L. Somatomedins
in Down's syndrome. Biol Psychiatry. 1983;18(7):803-811.

Arnell H, Gustafsson J, Ivarsson SA, Annerén G. Growth and pubertal de-
velopment in Down syndrome. Acta Paediatr. 1996;85(9):1102-1106.
Kimura J, Tachibana K, Imaizumi K, Kurosawa K, Kuroki Y. Longitudinal
growth and height velocity of Japanese children with Down's syndrome.
Acta Paediatr. 2003;92(9):1039-1042.

Pradhan M, Dalal A, Khan F, Agrawal S. Fertility in men with Down syn-
drome: a case report. Fertil Steril. 2006;86(6):1765 el-3.

Piro E, Pennino C, Cammarata M, et al. Growth charts of Down syndrome
in Sicily: evaluation of 382 children 0-14 years of age. Am J Med Genet
Suppl. 1990;7:66-70.

Palmer CG, Cronk C, Pueschel SM, et al. Head circumference of children
with Down syndrome (0-36 months). Am J Med Genet. 1992;42(1):61-67.
Cremers MJ, van der Tweel I, Boersma B, Wit JM, Zonderland M. Growth
curves of Dutch children with Down's syndrome. J Intellect Disabil Res.
1996;40 ( Pt 5):412-420.

Styles ME, Cole TJ, Dennis J, Preece MA. New cross sectional stature,
weight, and head circumference references for Down's syndrome in the UK

and Republic of Ireland. Arch Dis Child. 2002;87(2):104-108.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lyon AJ, Preece MA, Grant DB. Growth curve for girls with Turner syn-
drome. Arch Dis Child. 1985;60(10):932-935.

Witt DR, Keena BA, Hall JG, Allanson JE. Growth curves for height in
Noonan syndrome. Clin Genet. 1986;30(3):150-153.

Butler MG, Meaney FJ. An anthropometric study of 38 individuals with
Prader-Labhart-Willi syndrome. Am J Med Genet. 1987;26(2):445-455.
Nyberg F. Growth hormone in the brain: characteristics of specific brain
targets for the hormone and their functional significance. Front Neuroendo-
crinol. 2000;21(4):330-348.

Hodge RD, D'Ercole AJ, O'Kusky JR. Insulin-like growth factor-I (IGF-I)
inhibits neuronal apoptosis in the developing cerebral cortex in vivo. Int J
Dev Neurosci. 2007,25(4):233-241.

Arends NJ, Boonstra VH, Hokken-Koelega AC. Head circumference and
body proportions before and during growth hormone treatment in short
children who were born small for gestational age. Pediatrics.
2004;114(3):683-690.

Lindgren AC, Hagenis L, Miiller J, et al. Growth hormone treatment of
children with Prader-Willi syndrome affects linear growth and body compo-
sition favourably. Acta Paediatr. 1998;87(1):28-31.

Myers SE, Whitman BY, Carrel AL, Moerchen V, Bekx MT, Allen DB. Two
years of growth hormone therapy in young children with Prader-Willi syn-
drome: physical and neurodevelopmental benefits. Am J Med Genet A.
2007;143(5):443-448.

Ross JL. Effects of growth hormone on cognitive function. Horm Res.
2005;64 Suppl 3:89-94.

Smith MO, Shaywitz SE, Shaywitz BA, Gertner JM, Raskin LA, Gelwan
EM. Exogenous growth hormone levels predict attentional performance: a
preliminary report. J Dev Behav Pediatr. 1985;6(5):273-278.
Hokken-Koelega A, van Pareren Y, Arends N. Effects of growth hormone
treatment on cognitive function and head circumference in children born
small for gestational age. Horm Res. 2005;64 Suppl 3:95-99.

Nyberg F, Burman P. Growth hormone and its receptors in the central nerv-
ous system--location and functional significance. Horm Res. 1996;45
(1-2):18-22.

Stouthart PJ, Deijen JB, Roffel M, Delemarre-van de Waal HA. Quality of
life of growth hormone (GH) deficient young adults during discontinuation
and restart of GH therapy. Psychoneuroendocrinology. 2003;28(5):612-626.
Spiegel K, Kourides IA, Pasternak GW. Different receptors mediate mor-
phine-induced prolactin and growth hormone release. Life Sci. 1982;31(20-
21):2177-2180.

Mukherjee A, Murray RD, Shalet SM. Impact of growth hormone status on
body composition and the skeleton. Horm Res. 2004;62 Suppl 3:35-41.

Boot AM, van der Sluis IM, Krenning EP, de Muinck Keizer-Schrama SM.
Bone Mineral Density and Body Composition in Adolescents with Child-
hood-Onset Growth Hormone Deficiency. Horm Res. 2009;71(6):364-371.
Mathieu P, Poirier P, Pibarot P, Lemieux I, Despres JP. Visceral obesity: the
link among inflammation, hypertension, and cardiovascular disease. Hyper-
tension. 2009;53(4):577-584.

Chernausek SD, Underwood LE, Utiger RD, Van Wyk JJ. Growth hormone
secretion and plasma somatomedin-C in primary hypothyroidism. Clin En-

docrinol (Oxf). 1983;19(3):337-344.

59



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

60

Williams T, Maxon H, Thorner MO, Frohman LA. Blunted growth hormone
(GH) response to GH-releasing hormone in hypothyroidism resolves in the
euthyroid state. J Clin Endocrinol Metab. 1985;61(3):454-456.

Bozzola M, Giovenale D, Bozzola E, et al. Growth hormone deficiency and
coeliac  disease: an unusual association? Clin Endocrinol (Oxf).
2005;62(3):372-375.

Nam SY, Marcus C. Growth hormone and adipocyte function in obesity.
Horm Res. 2000;53 Suppl 1:87-97.

Savastano S, Di Somma C, Belfiore A, et al. Growth hormone status in
morbidly obese subjects and correlation with body composition. J Endocrinol
Invest. 2006;29(6):536-543.

Ghigo E, Aimaretti G, Corneli G. Diagnosis of adult GH deficiency. Growth
Horm IGF Res. 2008;18(1):1-16.

Castells S, Beaulieu I, Torrado C, Wisniewski KE, Zarny S, Gelato MC.
Hypothalamic versus pituitary dysfunction in Down's syndrome as cause of
growth retardation. J Intellect Disabil Res. 1996;40 ( Pt 6):509-517.

Ragusa L, Valetto MR, Proto C, et al. IGF-I levels in prepubertal and puber-
tal children with Down syndrome. Minerva Endocrinol. 1998;23(2):31-36.
Annerén G, Sara VR, Hall K, Tuvemo T. Growth and somatomedin re-
sponses to growth hormone in Down's syndrome. Arch Dis Child.
1986:61(1):48-52.

Arvat E, Gianotti L, Ragusa L, et al. The enhancing effect of pyridostigmine
on the GH response to GHRH undergoes an accelerated age-related reduc-
tion in Down syndrome. Dementia. 1996;7(5):288-292.

Beccaria L, Marziani E, Manzoni P, et al. Further evidence of cholinergic
impairment of the neuroendocrine control of the GH secretion in Down's
syndrome. Dement Geriatr Cogn Disord. 1998;9(2):78-81.

Annerén G, Tuvemo T, Carlsson-Skwirut C, et al. Growth hormone treat-
ment in young children with Down's syndrome: effects on growth and psy-
chomotor development. Arch Dis Child. 1999;80(4):334-338.

Torrado C, Bastian W, Wisniewski KE, Castells S. Treatment of children
with Down syndrome and growth retardation with recombinant human
growth hormone. J Pediatr. 1991;119(3):478-483.

Spiliotis B. Thyroid function in the newborn and infant. In: Krassas G,
Rivkes S, Kiess W, eds. Diseases of the thyroid in childhood and adoles-
cence. Basel: Karger, 2007: 44-55.

Lavado-Autric R, Auso E, Garcia-Velasco JV, et al. Early maternal hypothy-
roxinemia alters histogenesis and cerebral cortex cytoarchitecture of the
progeny. J Clin Invest. 2003;111(7):1073-1082.

Brown R, Larsen P. Thyroid development and disease in infancy and child-
hood. In: DeGroot L. HG, ed. Thyroid disease manager. Philadelphia: Saun-
ders, 1999: 11-21.

Thorpe-Beeston JG, Nicolaides KH, Felton CV, Butler J, McGregor AM.
Maturation of the secretion of thyroid hormone and thyroid-stimulating
hormone in the fetus. N Engl J Med. 1991;324(8):532-536.

Marcus C, Ehrén H, Bolme P, Arner P. Regulation of lipolysis during the
neonatal period. Importance of thyrotropin. J Clin Invest. 1988;82(5):
1793-1797.

LaFranchi S. Thyroid function in the preterm infant. Thyroid. 1999;9(1):
71-78.

Kilby MD, Gittoes N, McCabe C, Verhaeg J, Franklyn JA. Expression of
thyroid receptor isoforms in the human fetal central nervous system and the



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

effects of intrauterine growth restriction. Clin Endocrinol (Oxf).
2000:53(4):469-477.

Calaciura F, Motta RM, Miscio G, et al. Subclinical hypothyroidism in early
childhood: a frequent outcome of transient neonatal hyperthyrotropinemia.
J Clin Endocrinol Metab. 2002;87(7):3209-3214.

Cianfarani S, Maiorana A, Geremia C, Scire G, Spadoni GL, Germani D.
Blood glucose concentrations are reduced in children born small for gesta-
tional age (SGA), and thyroid-stimulating hormone levels are increased in
SGA with blunted postnatal catch-up growth. J Clin Endocrinol Metab.
2003;88(6):2699-2705.

Tomita Y, Ishiguro H, Shinagawa T, Kubota C, Shinohara O. Persistence of
mild hyperthyrotropinemia after discontinuation of three-year course of low-
dose L-thyroxine therapy in infants with borderline hypothyroidism. Endocr
J. 2003;50(4):379-384.

Sare Z, Ruvalcaba RH, Kelley VC. Prevalence of thyroid disorder in Down
syndrome. Clin Genet. 1978;14(3):154-158.

Fort P, Lifshitz F, Bellisario R, et al. Abnormalities of thyroid function in
infants with Down syndrome. J Pediatr. 1984;104(4):545-549.

Cutler AT, Benezra-Obeiter R, Brink SJ. Thyroid function in young children
with Down syndrome. Am J Dis Child. 1986;140(5):479-483.

Karlsson B, Gustafsson J, Hedov G, Ivarsson SA, Annerén G. Thyroid dys-
function in Down's syndrome: relation to age and thyroid autoimmunity.
Arch Dis Child. 1998,79(3):242-245.

Gruneiro de Papendieck L, Chiesa A, Bastida MG, Alonso G, Finkielstain G,
Heinrich JJ. Thyroid dysfunction and high thyroid stimulating hormone lev-
els in children with Down's syndrome. J Pediatr Endocrinol Metab.
2002;15(9):1543-1548.

Sharav T, Collins RM, Jr., Baab PJ. Growth studies in infants and children
with Down's syndrome and elevated levels of thyrotropin. Am J Dis Child.
1988;142(12):1302-1306.

Ivarsson SA, Ericsson UB, Gustafsson J, Forslund M, Vegfors P, Annerén G.
The impact of thyroid autoimmunity in children and adolescents with Down
syndrome. Acta Paediatr. 1997;86(10):1065-1067.

Binet A, Simon T. Méthodes nouvelles pour le diagnostic du niveau intellec-
tual des anormaux. L'Année psychologique 1905;11:191-336.

Carr J. Mental and motor development in young mongol children. J Ment
Defic Res. 1970;14(3):205-220.

Abbeduto L, Warren SF, Conners FA. Language development in Down
syndrome: from the prelinguistic period to the acquisition of literacy. Ment
Retard Dev Disabil Res Rev. 2007;13(3):247-261.

Johansson I. Language Development in Children with Special Needs: Per-
formative Communication. London: Jessica Kingsley Publishers, 1994.
Chapman R. Language and cognitive development in children and adoles-
cents with DS. In: Miller J, Leavitt L, Leddy M, eds. Improving the commu-
nication of people with Down syndrome. Baltimore: Brookes, 1999: 41-60.
Carr J. Stability and change in cognitive ability over the life span: a compari-
son of populations with and without Down's syndrome. J Intellect Disabil
Res. 2005;49(Pt 12):915-928.

Anastasi A. Psychological Testing. 7 ed. Upper Saddle River: Pearson Educa-
tion, 1996.

Wechsler D. Wechsler intelligence scale for children, third edition. San An-
tonio, TX: Psychological Corporation, 1991.

61



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

62

Dobbing J, Sands J. Quantitative growth and development of human brain.
Arch Dis Child. 1973;48(10):757-767.

Buxhoeveden D, Fobbs A, Roy E, Casanova M. Quantitative comparison of
radial cell columns in children with Down's syndrome and controls. J Intel-
lect Disabil Res. 2002;46(Pt 1):76-81.

Guidi S, Bonasoni P, Ceccarelli C, et al. Neurogenesis impairment and in-
creased cell death reduce total neuron number in the hippocampal region of
fetuses with Down syndrome. Brain Pathol. 2008;18(2):180-197.
Chakrabarti L, Galdzicki Z, Haydar TF. Defects in embryonic neurogenesis
and initial synapse formation in the forebrain of the Ts65Dn mouse model
of Down syndrome. J Neurosci. 2007;27(43):11483-11495.

Gramsbergen A. Postural control in man: the phylogenetic perspective. Neu-
ral Plast. 2005;12(2-3):77-88; discussion 263-272.

Deitz JC, Kartin D, Kopp K. Review of the Bruininks-Oseretsky Test of
Motor Proficiency, Second Edition (BOT-2). Phys Occup Ther Pediatr.
2007;27(4):87-102.

Bruininks R. Bruininks-Oseretsky Test of Motor Proficiency: Examinor's
manual. Circle Pines, MN: American Guidance Service, 1978.

Bruininks R, Bruininks B. Bruininks-Oseretsky Test of Motor Proficiency,
second edition. Minneapolis, MA: NCS Pearson, 2005.

Groden G. Relationships between intelligence, simple, and complex motor
proficiency. Am J Ment Defic. 1969;74(3):373-375.

Connolly BH, Michael BT. Performance of retarded children, with and
without Down syndrome, on the Bruininks Oseretsky Test of Motor Profi-
ciency. Phys Ther. 1986;66(3):344-348.

Spano M, Mercuri E, Rando T, et al. Motor and perceptual-motor compe-
tence in children with Down syndrome: variation in performance with age.
Eur J Paediatr Neurol. 1999;3(1):7-13.

Palisano RJ, Walter SD, Russell DJ, et al. Gross motor function of children
with down syndrome: creation of motor growth curves. Arch Phys Med Re-
habil. 2001;82(4):494-500.

Barnhart RC, Connolly B. Aging and Down syndrome: implications for
physical therapy. Phys Ther. 2007;87(10):1399-1406.

Rasmussen SA, Whitehead N, Collier SA, Frias JL. Setting a public health
research agenda for Down syndrome: summary of a meeting sponsored by
the Centers for Disease Control and Prevention and the National Down
Syndrome Society. Am J Med Genet A. 2008;146A(23):2998-3010.

Bittles AH, Bower C, Hussain R, Glasson EJ. The four ages of Down syn-
drome. Eur J Public Health. 2007;17(2):221-225.

Henderson A, Lynch SA, Wilkinson S, Hunter M. Adults with Down's syn-
drome: the prevalence of complications and health care in the community.
Br J Gen Pract. 2007;57(534):50-55.

Physical status: the use and interpretation of anthropometry. Report of a
WHO Expert Committe. Geneva: World Health Organization, 1995.
Bhaumik S, Watson JM, Thorp CF, Tyrer F, McGrother CW. Body mass
index in adults with intellectual disability: distribution, associations and ser-
vice implications: a population-based prevalence study. J Intellect Disabil Res.
2008;52(Pt 4):287-298.

Melville CA, Cooper SA, McGrother CW, Thorp CF, Collacott R. Obesity
in adults with Down syndrome: a case-control study. J Intellect Disabil Res.

2005;49(Pt 2):125-133.



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Myrelid A, Gustafsson J, Ollars B, Annerén G. Growth charts for Down's
syndrome from birth to 18 years of age. Arch Dis Child. 2002;87(2):97-103.
Rubin SS, Rimmer JH, Chicoine B, Braddock D, McGuire DE. Overweight
prevalence in persons with Down syndrome. Ment Retard. 1998;36(3):
175-181.

Prasher VP. Overweight and obesity amongst Down's syndrome adults. J
Intellect Disabil Res. 1995;39 ( Pt 5):437-441.

Bell AJ, Bhate MS. Prevalence of overweight and obesity in Down's syn-
drome and other mentally handicapped adults living in the community. J In-
tellect Disabil Res. 1992;36 ( Pt 4):359-364.

Beccaria L, Brambilla P, Brenna F, Marziani E, Chiumello G. Evaluation of
lean body mass and fat distribution in peripubertal subjects affected by
Down syndrome. Dev Brain Dysfunct 1996;9:80-84.

Murdoch JC, Rodger JC, Rao SS, Fletcher CD, Dunnigan MG. Down's
syndrome: an atheroma-free model? Br Med J. 1977;2(6081):226-228.

Goi G, Baquero-Herrera C, Licastro F, Dogliotti G, Corsi MM. Advanced
oxidation protein products (AOPP) and high-sensitive C-reactive protein
(hs-CRP) in an "atheroma-free model": Down's syndrome. Int J Cardiol.
2006;113(3):427-429.

Yli-Herttuala S, Luoma J, Nikkari T, Kivimiki T. Down's syndrome and
atherosclerosis. Atherosclerosis. 1989;76(2-3):269-272.

Assessment of fracture risk and its application to screening for postmeno-
pausal osteoporosis. Report of a WHO Study Group. Geneva: World Health
Organization, 1994.

Schrager S, Kloss C, Ju AW. Prevalence of fractures in women with intellec-
tual disabilities: a chart review. J Intellect Disabil Res. 2007;51(Pt 4):
253-2509.

Ali FE, Al-Bustan MA, Al-Busairi WA, Al-Mulla FA, Esbaita EY. Cervical
spine abnormalities associated with Down syndrome. Int Orthop.
2006;30(4):284-289.

Diderholm B, Stridsberg M, Ewald U, Lindeberg-Nordén S, Gustafsson J.
Increased lipolysis in non-obese pregnant women studied in the third trimes-
ter. BJOG. 2005;112(6):713-718.

Karlberg P, Taranger J, Engstrém I, et al. Physical growth from birth to 16
years and longitudinal outcome of the study during the same age period.
Acta Paediatr Scand Suppl. 1976(258):7-76.

Yoon DY, Scott K, Hill MN, Levitt NS, Lambert EV. Review of three tests
of motor proficiency in children. Percept Mot Skills. 2006;102(2):543-551.
Hessl D, Nguyen DV, Green C, et al. A solution to limitations of cognitive
testing in children with intellectual disabilities: the case of fragile X syn-
drome. Journal of Neurodevelopmental Disorders 2009;1(1):33-45.

Guideline on validation of the Limulus amebocyte lysate test as an end-
product endotoxin test for human and animal parenteral drugs, biological
products and medical devices. Washington DC: Food and Drug Administra-
tion, 1987.

Merriam GR, Wachter KW. Algorithms for the study of episodic hormone
secretion. Am J Physiol. 1982;243(4):E310-318.

Wikland KA, Luo ZC, Niklasson A, Karlberg J. Swedish population-based
longitudinal reference values from birth to 18 years of age for height, weight

and head circumference. Acta Paediatr. 2002;91(7):739-754.

63



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

64

Fredriks AM, van Buuren S, Burgmeijer RJ, et al. Continuing positive secular
growth change in The Netherlands 1955-1997. Pediatr Res. 2000;47(3):
316-323.

Fredriks AM, van Buuren S, van Heel WJ, Dijkman-Neerincx RH, Verloove-
Vanhorick SP, Wit JM. Nationwide age references for sitting height, leg
length, and sitting height/height ratio, and their diagnostic value for dispro-
portionate growth disorders. Arch Dis Child. 2005;90(8):807-812.

Gerver WJ, Drayer NM, Schaafsma W. Reference values of anthropometric
measurements in Dutch children. The Oosterwolde Study. Acta Paediatr
Scand. 1989;78(2):307-313.

Cullum L, Liebman J. The association of congenital heart disease with
Down's syndrome (mongolism). Am J Cardiol. 1969;24(3):354-357.
Pueschel SM, Orson JM, Boylan JM, Pezzullo JC. Adolescent development
in males with Down syndrome. Am J Dis Child. 1985;139(3):236-238.
Pueschel SM, Jackson IM, Giesswein P, Dean MK, Pezzullo JC. Thyroid
function in Down syndrome. Res Dev Disabil. 1991;12(3):287-296.

Frid C, Drott P, Lundell B, Rasmussen F, Annerén G. Mortality in Down's
syndrome in relation to congenital malformations. J Intellect Disabil Res.
1999;43 ( Pt 3):234-241.

Ranke MB, Stubbe P, Majewski F, Bierich JR. Spontaneous growth in
Turner's syndrome. Acta Paediatr Scand Suppl. 1988;343:22-30.

Karlberg J, Albertsson-Wikland K, Naerra R, Rongen-Westerlaken C, Wit J.
Reference values for spontaneous growth in Turner girls and its use in esti-
mating treatments effects. In: Hibi I TK, ed. Basic and clinical approach to
Turner syndrome. Amsterdam: Excerpta Medica, 1993: 83-92.

Barden HS. Growth and development of selected hard tissues in Down syn-
drome: a review. Hum Biol. 1983;55(3):539-576.

Reeves SL, Varakamin C, Henry CJ. The relationship between arm-span
measurement and height with special reference to gender and ethnicity. Eur
J Clin Nutr. 1996;50(6):398-400.

Norgan NG, Jones PR. The effect of standardising the body mass index for
relative sitting height. Int J Obes Relat Metab Disord. 1995;19(3):206-208.
Guijarro M, Valero C, Paule B, Gonzalez-Macias J, Riancho JA. Bone mass
in young adults with Down syndrome. J Intellect Disabil Res. 2008;
52(Pt 3):182-189.

Baptista F, Varela A, Sardinha LB. Bone mineral mass in males and females
with and without Down syndrome. Osteoporos Int. 2005;16(4):380-388.
Looker AC, Melton LJ, 3rd, Harris T, Borrud L, Shepherd J, McGowan J.
Age, gender, and race/ethnic differences in total body and subregional bone
density. Osteoporos Int. 2009;20(7):1141-1149.

Vescini F, Francucci CM, Buffa A, Stefoni S, Caudarella R. Does bone min-
eral density predict fractures comparably in women and men? J Endocrinol
Invest. 2005;28(10 Suppl):48-51.

Angelopoulou N, Souftas V, Sakadamis A, Mandroukas K. Bone mineral
density in adults with Down's syndrome. Eur Radiol. 1999;9(4):648-651.
Héybye C, Hilding A, Jacobsson H, Thorén M. Metabolic profile and body
composition in adults with Prader-Willi syndrome and severe obesity. J Clin
Endocrinol Metab. 2002;87(8):3590-3597.

Loro ML, Sayre J, Roe TF, Goran MI, Kaufman FR, Gilsanz V. Early identi-
fication of children predisposed to low peak bone mass and osteoporosis

later in life. J Clin Endocrinol Metab. 2000;85(10):3908-3918.



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Tiimer Z, Henriksen AM, Bache I, et al. Eponymous Jacobsen syndrome:
mapping the breakpoints of the original family suggests an association be-
tween the distal 1.1 Mb of chromosome 21 and osteoporosis in Down syn-
drome. Am J Med Genet A. 2005;135(3):339-341.

Castells S, Torrado C, Bastian W, Wisniewski KE. Growth hormone defi-
ciency in Down's syndrome children. J Intellect Disabil Res. 1992;36
( Pt 1):29-43.

Hestnes A, Stovner LJ, Husey O, Felling I, Sjaastad O. Somatomedin C
(insulin-like growth factor 1) in adults with Down's syndrome. J Ment Defic
Res. 1991;35 ( Pt 3):204-208. )

Svensson J, Johannsson G, Bengtsson BA. Insulin-like growth factor-I in
growth hormone-deficient adults: relationship to population-based normal
values, body composition and insulin tolerance test. Clin Endocrinol (Oxf).
1997:46(5):579-586.

Veldhuis JD, Iranmanesh A. Physiological regulation of the human growth
hormone (GH)-insulin-like growth factor type I (IGF-I) axis: predominant
impact of age, obesity, gonadal function, and sleep. Sleep. 1996;19(10
Suppl):S221-224.

Juul A, Bang P, Hertel NT, et al. Serum insulin-like growth factor-I in 1030
healthy children, adolescents, and adults: relation to age, sex, stage of pu-
berty, testicular size, and body mass index. J Clin Endocrinol Metab.
1994:78(3):744-752.

Landin-Wilhelmsen K, Wilhelmsen L, Lappas G, et al. Serum insulin-like
growth factor I in a random population sample of men and women: relation
to age, sex, smoking habits, coffee consumption and physical activity, blood
pressure and concentrations of plasma lipids, fibrinogen, parathyroid hor-
mone and osteocalcin. Clin Endocrinol (Oxf). 1994;41(3):351-357.

Lobie PE, Zhu T, Graichen R, Goh EL. Growth hormone, insulin-like
growth factor I and the CNS: localization, function and mechanism of ac-
tion. Growth Horm IGF Res. 2000;10 Suppl B:S51-6.

Koo BK, Blaser S, Harwood-Nash D, Becker LE, Murphy EG. Magnetic
resonance imaging evaluation of delayed myelination in Down syndrome: a
case report and review of the literature. J Child Neurol. 1992;7(4):417-421.
Klefter O, Feldt-Rasmussen U. Is increase in bone mineral content caused by
increase in skeletal muscle mass/strength in adult patients with growth hor-
mone (GH) treated GH deficiency? A systematic literature analysis. Eur J
Endocrinol 2009;13:13.

Schweizer R, Martin DD, Haase M, et al. Similar effects of long-term ex-
ogenous growth hormone (GH) on bone and muscle parameters: a pQCT
study of GH-deficient and small-for-gestational-age (SGA) children. Bone.
2007;41(5):875-881.

Schweizer R, Martin DD, Schonau E, Ranke MB. Muscle function improves
during growth hormone therapy in short children born small for gestational
age: results of a peripheral quantitative computed tomography study on
body composition. J Clin Endocrinol Metab. 2008;93(8):2978-2983.

Lissett CA, Shalet SM. Effects of growth hormone on bone and muscle.
Growth Horm IGF Res. 2000;10 Suppl B:S95-101.

Carrel AL, Allen DB. Prader-Willi syndrome: how does growth hormone
affect body composition and physical function? J Pediatr Endocrinol Metab.
2001;14 Suppl 6:1445-1451.

65



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

66

Connolly BH, Morgan SB, Russell FF, Fulliton WL. A longitudinal study of
children with Down syndrome who experienced early intervention pro-
gramming. Phys Ther. 1993;73(3):170-9; discussion 179-181.

Moldrich RX, Dauphinot L, Laffaire J, Rossier J, Potier MC. Down syn-
drome gene dosage imbalance on cerebellum development. Prog Neurobiol.
2007;82(2):87-94.

Adem A, Jossan SS, d'Argy R, et al. Insulin-like growth factor 1 (IGF-1)
receptors in the human brain: quantitative autoradiographic localization.
Brain Res. 1989;503(2):299-303.

Lincoln DT, el-Hifnawi E, Sinowatz F, Waters MJ. Immunohistochemical
localization of growth hormone receptor binding protein in the mammalian
cerebellum. Ann Anat. 1994;176(5):419-27.

Arwert LI, Veltman DJ, Deijen JB, van Dam PS, Drent ML. Effects of
growth hormone substitution therapy on cognitive functioning in growth
hormone deficient patients: a functional MRI study. Neuroendocrinology.
2006;83(1):12-9.

Jeffcoate W. Growth hormone therapy and its relationship to insulin resis-
tance, glucose intolerance and diabetes mellitus: a review of recent evidence.
Drug Saf. 2002;25(3):199-212.

Blethen SL. Leukemia in children treated with growth hormone. Trends
Endocrinol Metab. 1998;9(9):367-70.

Kodish E, Cuttler L. Ethical issues in emerging new treatments such as
growth hormone therapy for children with Down syndrome and Prader-
Willi syndrome. Curr Opin Pediatr. 1996;8(4):401-5.

Ajo R, Cacicedo L, Navarro C, Sanchez-Franco F. Growth hormone action
on proliferation and differentiation of cerebral cortical cells from fetal rat.
Endocrinology. 2003;144(3):1086-97.

Aberg MA, Aberg ND, Hedbacker H, Oscarsson J, Eriksson PS. Peripheral
infusion of IGF-I selectively induces neurogenesis in the adult rat hippocam-
pus. J Neurosci. 2000;20(8):2896-903.

Isgaard J, Aberg D, Nilsson M. Protective and regenerative effects of the
GH/IGF-I axis on the brain. Minerva Endocrinol. 2007;32(2):103-13.

Frago LM, Paneda C, Dickson SL, Hewson AK, Argente J, Chowen JA.
Growth hormone (GH) and GH-releasing peptide-6 increase brain insulin-
like growth factor-I expression and activate intracellular signaling pathways
involved in neuroprotection. Endocrinology. 2002;143(10):4113-22.

van Trotsenburg AS, Vulsma T, van Rozenburg-Marres SL, et al. The effect
of thyroxine treatment started in the neonatal period on development and
growth of two-year-old Down syndrome children: a randomized clinical
trial. J Clin Endocrinol Metab. 2005;90(6):3304-11.

Nuttall FQ, Ngo A, Gannon MC. Regulation of hepatic glucose production
and the role of gluconeogenesis in humans: is the rate of gluconeogenesis
constant? Diabetes Metab Res Rev. 2008;24(6):438-58.

Gelding SV, Coldham N, Niththyananthan R, Anyaoku V, Johnston DG.
Insulin resistance with respect to lipolysis in non-diabetic relatives of Euro-
pean patients with type 2 diabetes. Diabet Med. 1995;12(1):66-73.

Arslanian SA, Kalhan SC. Correlations between fatty acid and glucose me-
tabolism. Potential explanation of insulin resistance of puberty. Diabetes.
1994;43(7):908-14.

van Trotsenburg AS, Vulsma T, van Santen HM, Cheung W, de Vijlder JJ.
Lower neonatal screening thyroxine concentrations in down syndrome new-

borns. J Clin Endocrinol Metab. 2003;88(4):1512-5.



160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Baxter RG, Larkins RG, Martin FI, Heyma P, Myles K, Ryan L. Down syn-
drome and thyroid function in adults. Lancet. 1975;2(7939):794-6.

Tiiystiz B, Beker DB. Thyroid dysfunction in children with Down's syn-
drome. Acta Paediatr. 2001;90(12):1389-93.

Konings CH, van Trotsenburg AS, Ris-Stalpers C, Vulsma T, Wiedijk BM,
de Vijlder JJ. Plasma thyrotropin bioactivity in Down's syndrome children
with subclinical hypothyroidism. Eur J Endocrinol. 2001;144(1):1-4.

Surks MI, Ortiz E, Daniels GH, et al. Subclinical thyroid disease: scientific
review and guidelines for diagnosis and management. JAMA.
2004;291(2):228-38.

Noble SE, Leyland K, Findlay CA, et al. School based screening for hypothy-
roidism in Down's syndrome by dried blood spot TSH measurement. Arch
Dis Child. 2000;82(1):27-31.

Selikowitz M. A five-year longitudinal study of thyroid function in children
with Down syndrome. Dev Med Child Neurol. 1993;35(5):396-401.

van Trotsenburg AS, Kempers MJ, Endert E, Tijssen JG, de Vijlder JJ,
Vulsma T. Trisomy 21 causes persistent congenital hypothyroidism pre-
sumably of thyroidal origin. Thyroid. 2006;16(7):671-80.

Morganti S, Ceda GP, Saccani M, et al. Thyroid disease in the elderly: sex-
related differences in clinical expression. J Endocrinol Invest. 2005;28(11
Suppl Proceedings):101-4.

de Vries L, Bulvik S, Phillip M. Chronic autoimmune thyroiditis in children
and adolescents: at presentation and during long-term follow-up. Arch Dis
Child. 2009;94(1):33-7.

Lorey FW, Cunningham GC. Birth prevalence of primary congenital hypo-
thyroidism by sex and ethnicity. Hum Biol. 1992;64(4):531-8.

Devos H, Rodd C, Gagne N, Laframboise R, Van Vliet G. A search for the
possible molecular mechanisms of thyroid dysgenesis: sex ratios and associ-
ated malformations. J Clin Endocrinol Metab. 1999;84(7):2502-6.

Chan LY, Leung TN, Lau TK. Influences of perinatal factors on cord blood
thyroid-stimulating hormone level. Acta Obstet Gynecol Scand.
2001;80(11):1014-8.

Clemens PC, Neumann S. Thyroid test abnormalities in birth-traumatic
injury: correlation with Apgar score. Am J Med. 1988;85(3):459-60.
Ingemarsson 1. Gender aspects of preterm birth. BJOG. 2003;110 Suppl
20:34-8.

Sheiner E, Levy A, Katz M, Hershkovitz R, Leron E, Mazor M. Gender does
matter in perinatal medicine. Fetal Diagn Ther. 2004;19(4):366-9.
Thorpe-Beeston JG, Nicolaides KH, Gosden CM, McGregor AM. Thyroid
function in  fetuses with  chromosomal abnormalities. = BMJ.
1991:302(6777):628.

Oakley GA, Muir T, Ray M, Girdwood RW, Kennedy R, Donaldson MD.
Increased incidence of congenital malformations in children with transient
thyroid-stimulating hormone elevation on neonatal screening. J Pediatr.
1998:132(4):726-30.

van Trotsenburg AS, Smit BJ, Koelman JH, et al. Median nerve conduction
velocity and central conduction time measured with somatosensory evoked
potentials in thyroxine-treated infants with Down syndrome. Pediatrics.
2006;118(3):e825-32.

67



Acta Universitatis Upsaliensis

Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 465

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-106756

U

ACTA
UNIVERSITATIS
UPSALIENSIS
UPPSALA
2009



	Abstract

	List of Papers
	Abbreviations
	Introduction
	Down syndrome
	Growth and growth charts
	Growth in Down syndrome
	Syndrome-specific growth charts

	Growth hormone and insulin-like growth factor I
	Growth hormone and the brain
	Growth hormone in adolescence and adulthood
	Growth hormone in Down syndrome

	Thyroid hormones and their function
	Importance of the thyroid during early life
	Hypothyroidism during childhood
	Hypothyroidism in Down syndrome

	Psychomotor development in Down syndrome
	Cognitive ability
	Motor proficiency

	The adolescent and adult with DS
	Body composition and obesity
	Bone mass density
	Energy metabolism – glucose production and lipolysis

	Ethical approval

	Aims of the studies
	Material and methods
	Study I
	Patients
	Study design

	Study II
	Patients
	Study design

	Study III
	Patients
	Methods
	Study design

	Study IV
	Patients
	Methods
	Study design


	Results
	Study I
	Study II
	Study III
	Study IV

	Discussion
	Growth as index of health
	Designing growth charts
	Anthropometry in Down syndrome
	Birth length and final height
	Weight and body mass index
	Head circumference
	Bone mineral density

	Growth hormone secretion
	Growth hormone and cognitive function
	Growth hormone and motor performance
	Growth hormone therapy

	Energy metabolism
	Energy substrate production and insulin sensitivity

	Neonatal metabolic screening
	Thyroid disorders
	Subclinical hypothyroidism
	Manifest hypothyroidism
	Differences between the genders
	Thyroxine therapy


	Conclusions
	Summary in Swedish – Tillväxt och hormonbalans vid Downs syndrom
	Studie I: Tillväxtkurvor för svenska barn med Downs syndrom
	Studie II: Sköldkörtelhormon hos nyfödda med Downs syndrom förutsäger inte senare sjukdom
	Studie III: Seneffekter av tillväxthormonbehandling vid Downs syndrom
	Studie IV: Insöndring av tillväxthormon hos unga vuxna med Downs syndrom

	Acknowledgements
	References

