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Chapter i

General introduction

1. NORMAL PUBERTY
1.1 The hypothalamo-pituitary-gonadal (HPG) axis

Normal puberty is the result of the maturation of the hypothalamo-pituitary-gonadal (HPG)
axis. Primary and secondary sexual characleristics develop by the Increase in the serum
levels of gonadal steroids: oestradiol in girls and testosterone in boys.

The main players in the process of normal puberty are the hypothatamus, by
producing pulsatile Gonadotrophin Releasing Hormone (GnRH), and the pituitary. GnRH
influences the pituitary via the portal vein system and the pituitary secretes the
gonadotrophins Luteinizing Hormone and Follicle Stimulating Hormeone (LH and FSH). LH
and FSH in turn stimulate the gonads fo develop the cells essential for reproduction and to
secrele the gonadal steroids. (Figure 1)

hypothalamus pulsatile

————"""" GnRH

piluitary

LH action:

Q: role in E2 production

& Leydig cells: T production

. . LH FSH

Figure 1: ) | FSH action;
Reproductive system. B 1 O maluration of follicles
E2= osstradiol; & Sertoli cells & spermatogenesis
T= lestosterone L

In girls this maturational process primarily leads to the development of the breasts and
internal genitalia. Menarche follows as a resuli of ongoing maturation. in boys it results in
growth of the testes, pubic and axillary hair, lowering of the voice and spermarche. In both
sexes, a pubertal growth spurt occurs as well as further psychosocial and psychosexual
development.

1.2 Onsef of puberly

The onset of puberly is one of the intriguing yet unresolved issues in paediatric
endocrinology. In recent years progress in basic science has led to further insight in the
control of the onset of puberty {1). There is a central role for the GnRH cells, unusual cells
that originate from outside the brain and migrate in early development from the olfactory
placode to the hypothalamic region. Later in fetal development the GnRH cells stimulate fetal
gonadoftrophic activity. In late fetal life this GnRH activity is suppressed by fetoplacental
sleroids. From birth up to puberty, except for the early neonatal period, the GnRH activity
appears to be suppressed or campromised (2, 3). However, when using uitrasensitive LH
assays some aclivity is measurable in prepubertal children {4-7).
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The general view on the onset of puberly has been that increased maturation of GnRH
neurons leads to pulsatile GnRH release. This view has been debated in the last few years
(8).

The issue of the pubertal ‘re-awakening * of the GnRH pulse generator is complex
and many mediators have been described to have a particutar rale:

I, Glutamate

Studies in explanted hypothalamic tissue of rats have shown the involvement of glutamate
receptors of the N-methyl-D-aspartate (NMDA) subtype in the increase in GnRH pulse
frequency at the onset of puberty (9, 10). NMDA administration was shown lo have a
stimulatory effect with regard to the onset of puberty (11, 12). However, both an inhibitory
and a facilitatory role of NMDA receptors have been described (10). A possible mechanism is
that glutamate reduces the inhibitory effect of NMDA receptors on GnRH secretion.

li. Gamma aminobutyric acid (GABA)

Gamma aminobutyric acid (GABA) is an inhibitory neurctransmitter to GnRH release in vivo.
It has extensively been studied in primates. A reduction in endogenous GABA release is
suggested fo lead to the pubertal increase in GnRH release (8, 13). The mechanisms for this
reduction may be a decrease in the number of GABA-ergic neurons, a reduced GABA
synthesis or enhanced degradation, or a reduction in the neural activity of GABA-ergic
neurcns during hypothalamic development. Recent research connects the findings on
glutamate and GABA by showing that release of glutamate follows the disinhibition of the
GnRH neuronal system to further increase GnRH release at the onset of puberty (13).
Glutamic-acid-decarboxylase 67 (GADG7) is a catalylic enzyme that synthesises GABA from
glutamate, thus probably an important player in the mechanism of the onset of puberty (13).

it Transforming growth factor-alpha (TGF-a) and other glial-derived substances

The concept that GnRH neuronal function is not only influenced by neurofransmiiters, but
also by molecules of astrocytic origin has created a fot of research and the support for this
hypothesis is emerging.

Clinically, the occurrence of precocious puberty in children with hypothalamic
hamartomas {14-16) has led to the hypothesis that hamartomas conltain an ectopic GnRH
pulse generator. However, histologic examination of tumour tissue showed no GnRH
neurons present. Astroglial cells producing TGF-a were demonstrated in the tumour, thus
suggesting that lesion-induced precocity is mediated by increased expression of TGF-a in
glial cells causing activation of GnRH neuronal network in the hypothalamus (17-19). TGF-a
affects the GnRH neuronal network inducing glia to produce bic-active substances, such as
prostaglandin-E2, that stimulates the release of GnRH {20, 21). TGF-a production is
stimulated by glutamate (22). Oesfradiol seems lo enhance TGF-a gene expression in
hypothalamic astrocytes (22). TGF-a is probably not involved in the inhibitory effect of
oestradiol on GnRH neurons (23).

V. Leptin and neuropeptide Y (NPY)

An overwhelming amount of literature on leptin has been published in the last few years,
focussing on its relation to obesily. Indeed, the original ob/oh mice in whom the leptin gene
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was cloned were obese (24). On the other hand the relationship of leptin with the onset of
puberty has exfensively been studied since clinical data suggest a link between peripheral
energy stores and central regulation of reproductive capacity (25-28). The potenfial role of
leptin is demonsirated by the fact that leptin deficient mice fail to undergo pubertal
development, while administration of leptin restores this process (29).

The general view by now about the role of leptin in pubertal development is that leptin
acls as a permissive signal for the onset of puberty (25, 30-33).

“ Many investigators have now reported that leptin increases gradually in both sexes over the
prepubertal years. Af each age, girls tend fo have higher levels than boys. The lepfin pesak is
reached al Tanner genital stage (G} 2-3 in boys, but in girls leptin continues o rise through
puberly with a parficular increase after menarche” (25).

Leptin is regulated by several hormones (e.g. sex steroids, growth hormone and melatonin)
and proinflammatory cytokines (31). Several hypothalamic neuropeptides are involved in
leptin action: orexigenic neuropeplides, Including for example neuropeptide Y (NPY)} and
alpha-melanocyte stimulating hormone (a-MSH) and anorexigenic neuropeptides including
corticotropin releasing hormone (CRH) and cocaine- and amphetamine regulated franscript
(CART).

Leptin activates pro-opiomelanocortin (POMC) and CART neurons that project to the
lateral hypothalamic area (J. Elmquist, Proceedings 5th international conference on the control of
the onset of puberly, Luik 1999), thus linking leptin with neurons that regulate feeding
behaviour, energy expenditure and body weight homeostasis. CART seems to be involved in
the leptin effects on GnRH pulsatility in rat hypothalamic explants (34). -

NPY has importance in dictating the onfogeny of the GnRH release. Removal of the
inhibitory NPY input to the hypothalamic GnRH neurons may lead to the onset of puberty

(35)
V. Insulin-like Growth Factor {{GF) system

in the hypothalamus and pituitary IGF receptors have been localised and in vitro studies
showed possible effects on GnRH expression. Probable mechanisms involve interactions
with sex steroids and other hormones, extensively reviewed in (36). From a clinical point of
view the elevated 1GF-1 levels during puberly and precocious puberty suggest a role of IGF-|
(37-40). Since IGF-I is nutrition-dependent refeeding after malnutrition may cause a rise in
IGF-I acting as a stimulating signal for the timing of sexual maturation, which is probably age
dependent (41).

V. Other mediators

Nitric oxide is reported to be a mediator in the induction of GnRH release; norepinephrine,
glutamic acid and oxytocin may stimulate the release of GnRH by activation of nilric oxide
synthase (42). Recently, local regulatory effects of GnRH on the hypothalamus were
described suggesting that local regulatory effects of the neuropeptide could supplement the
primary hypothalamic mechanism for the control of episodic gonadotrophin secretion.
Changes in melatonin secretion were suggested to have influence on the timing of puberty
as well (43, 44).
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Based on recent literature reviewed above, the following tentative scheme is suggested (22,
25) (ses Fig. 2)

Neurons Astrocytes
Peripheral signals
MNeurotransmitiers TGF-a
IGF system (+)
GABA () Neuro-active Leptin (+)
Glutamate (+) substances
NPY (+/-) <
Leptin (+) |~
CART(+) S N
Nitric Oxide (+)
7o GaRH neurons

!

Pulsatile GnRH

!

Puberty

Figure 2: Mediators with a role in the onset of puberty; summary from animal and human
data. In brackets: proposed direction of action, see text for details.

1.3 Timing of puberty

In The Netherlands four conseculive growth studies have been performed showing a
continuing secular change towards tall stature. Fredriks ef al. reported another increase of
final height in the most recent survey of 1997 (45). From 1955 fo 1980 this Increase in adult
height was accompanied by a decrease in the age of onset of puberty and of menarche (46-
48). In 1997 the age of onset of puberty in girfs has been reported to be 10.7 years, in boys
11.5 years, suggesting a stabilisation in the age of onset (45). Menarcheal age in this study
was 13.14 years, slightly fower than in 1980.

The timing of puberty in South America, Asia or Africa differs from the timing in
Western Europe or the United States. In Asian and African countries menarche is often later
than in the western world. This is understandable from a biclogical point of view, since fertility
demands a healthy biologic status and acceptable body composition. In table 1 the age of
menarche is shown for a variety of countries outside Europe.

In The Netherlands each year many children have been adopted from developing
countries, The Dutch government reports that in 1999 most adopted children originate from
China {n=271), Colombia {n=198), South Korea (n=77) and Haiti {n=61). Between 1980 and
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1995 many children were adopted from India, Sri Lanka and Indonesia. The earlier onset of
puberty of children adopted from Asia or Africa to Europe is described more extensively in
secllon 2.2.3.

Table 1: Age of menarche (mean or P50) from different countries
reported in the literature

Country ..+ oo | Age'menarche {yr) |Reference
India {urban} 13.4 (49}
India (rural) 14.0

India (highest SES) 13.2

India {lowest SES) 14.6

SriLanka (Tamil girls) 13.8 (50}
Thailand (urban) 12.4 (61)
Bangladesh 13.0 (52)
Nepal {high altitude) 16.2 (53)
Senegal 16.1 (54)
China 13.7 (55)
Hong Kong 124 (56)
Argentina {urban) 12.5 (57)
Bolivia (all SES) 12.7 (58)
Nigeria {urban} 13.5 (59)
The Netherlands

1980 13.3 (48)
1997 13.1 {45)
2, CENTRAL PRECOCIOUS PUBERTY (CPP)

2.1 Definition

In central precocicus puberty, the age at onset of puberty is below the mean of normal onset
minus 2 or 2.5 SD. In practice the cut-off limit of 8 years for girls and 9 years for boys is
used. Because of the mathematical relation of the cut-off age with the mean age al onset of
puberty of the normal population, one might argue that the secular trend of earlier onset of
puberty in many countries shouid fead to adaptation of the age limits. The Lawson Wilkins
Pediatric Endocrine Society advised fo take a cut-off value of 7 years for white girls and 6
years for African-American girls to look for a pathologic aetiology of precocious puberly {60).
This was based on a cross-sectional population study that showed earlier onset of signs of
puberiy than in the dafa used for the common definition of precocious puberty (61). In The
Netherlands the 1997 growth study did not show a further significant change towards earlier
occurrence of puberty (45) {see chapter 2.2). Therefore, in this thesis the former definition of
precocious puberty is used. Early puberly is defined as the onset of puberty in girls between
8 and 10 years of age and in boys beiween 9 and 11 years of age.
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2.2  Aetiology

This thesis deals with CPP, or gonadotrophin dependent precocious puberty, which means
that there is a normal mechanism of activation of the pituitary and subsequent gonadotrophin
production. In girls the incidence of CPP is higher than in boys.

2.1.1  [Idiopathic CPP

In idiopathic CPP no organic or external factor can be demonstrated that causes the GnRH
pulse generalor to be re-activated. In boys the percentage of idiopathic precocious puberty is
lower than in girls (62). Recently it was reported that in 45 boys with CPP the aetiology was
idiopathic in 60% and in 40% neurcgenic (e.g. hamartoma or neurofibromatosis 1) (63). An
earfier report from the NIH described idiopathic precocious puberly to be present in 6% of the
boys and 63% of girls (62). In girls the overall incidence of neurogenic abnormalities varied
from 18 to 37% (62, 64).

2.1.2 Organic CPP

Organic causes of CPP are given in table 2. The mechanisms underlying the onset of
puberty in these conditions are not known in detail. It can be assumed that local pressure or
increased intracranial pressure stimulates the GnRH neurons in the case of hydrocephalus
and meningo-myelocele {MMC), as well as in brain tumours. Another hypothesis is that the
compression and stretch may cause disruption of the inhibitory fibers, thus removing their
inhibitory actions (65). Decompression of arachnoid cysts was described fo reverse the
precocious pubertal development {66).

Table 2: Organic causes of CPP

Causes of organic CPP

- Hamartoma

- Neurofibromatosis |

- Braintumors: craniopharyngeoma, astrocytoma
- Hydrocephalus and meningo-myelocele

- Cerebral infections

- Cerebral frauma

- Arachnoid cyst

In hamartomas recent findings suggest focal production of TGF-a stimulating the
GnRH neuronal network (17). The diagnosis of hamartoma is established neuroradiologically
{67). In general a hamartoma needs no neurosurgical intervention.

Exposure to cestrogen confaining substances may mimic precacious puberty with
accelerated growth and advanced bone age (68, 69).
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MRI evaluation of the hypothalamo-pituitary region showed that in cases, clinically regarded
as idiopathic, an infracerebral process may be present, in most cases a hamartoma (15, 63,
70). In 304 girfs evalualed by CT or MRI| a neurogenic abnormalily was demonstrated in
18.4% of cases, of which 26/56 were just diagnosed at presentation of CPP (64).

2.2.3 Early puberty and CPP in adopted children

In several countries in Europe it was described that adopted children from developing
countries are overrepresented among children suffering from CPP or early puberly (71-77).
Compared to an incidence of about 1/10.000 for idiopathic CPP, in Belgium 20-25% of
children with CPP were adopted from developing countries (41, 78), estimating the incidence
of CPP in adopted children 1 per 54 adoptions (J-P Bourguignon, communication Copenhagen
Workshop on Endocrine Disrupters 2000).

In auxological studies in adopted children catch-up growth was demonstrated (72, 79-
81). Theoretically, this should result in a higher mean final height than in the country of origin.
However, due {o the early oceurrence of menarche mean final height did not substantially
exceed the final height in the country of origin (82, 83).

The high prevalence of early onset of puberty in adopted children may serve as an
experiment of nature. However, the factors involved remain unclear as long as we do not
know the perinatal medical history of the child, nor the health status of the mother.

In comparison to the normal age of menarche in the countries of origin, an early
menarche is observed when the girls migrate to the western world. Proos et al. showed that
menarcheal age was 11.6 years {median) in a sample of 107 gifs from India, whereas the
normal age of menarche in India varies from 12.8 years in privileged girls to 14.4 yrs in gitls
in rural areas {71).

The same pattern of early menarche was observed by Costdijk in the Netherlands. In
446 qirls adopted from four different countries, mean age at menarche was 12.0 {3D 1.5)
years, varying from 11.2 years in Indian girls to 12.4 years in gifls from South Korea (82).
The mean age of menarche was significantly lower than the mean for Dutch girls. In the
studies of Qostdijk and Proos a positive correlation was found between menarcheal age and
final height. Although in bivariate correlations later arrival was associated with earlier
menarche, in multipte regression analysis the menarcheal age was associated with height at
arrival, but not with age at arrival (83, 84). Height at arrival, the velocity of height catch-up
growth and menarcheal age appeared to be significantly correlated with FH (83).

Proos studied the natural growth of 66 adopted children in Sweden. Their height at
arrival was —2.8 8DS, increasing {o —0.8 SDS 2 years hefore the peak height vetocity. At FH,
however, H-SDS was —1.8 SD. These data suggest that despite the promising magnitude of
catch-up growth FH-SDS is substantially lower. Puberial height gain was reporled to be
equivalent to that of Swedish girls (85), suggesting a negative effect of shortening of the
prepubertal growth phase. The siudy of Qostdijk showed that in 34 adopted children H-SDS
at arrival was —1.8 and increased {0 a mean H-SDS of -0.5 between 6 and 8 years of age,
where FH-SDS was around -1 SD (76).

Some authors speculate on genelic reasons for the fall in H-SDS, for example that a
certain height potential is already fulfilled at an earlier age than in the country of origin, as a
result of genomic imprinting of a growth pattern appropriate for that country (81).
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The differences in expression of genes derived from the father and the mother are already marked in
early development (86). The mechanism of this Imprinting might be differential methylation of
specific gene sites. Imprinted genes are involved in many aspects of development including fetal and
placedal growth (87). Genomic Imprinting of regions of chromoesome 14, especially of a gene
involved in the onset of puberty, was related to uniparental disomy in a boy with precocious puberty,
low birth weight and growth abnommalities and some dysmorphic features and developmental delay
(88). In a later report intrauterine growth retardation was linked to a comparable uniparental disomy of
chromosome [4 (89), The combination of phenotypes with intrauterine growth retardation and early
onset of puberly in chromosome 4 abnormalities may stimulate further research on the genetic basis
of early puberty.

However, several studies show that environmental factors can increase final height in a
population, as was shown in the consecutive Dutch growth studies.

One might speculate early puberly to occur as a result of transition from a situation
with low socio-economic conditions to the highly affluent western world during a specific,
maybe even critical period after birth. Specifically, Virdis suggests a role of the dietary
change in adopted children from low protein and low energy vegetarian diet to a balanced
enriched diet after adoption (73). The presence of cestrogen- like substances in food
{phytoestirogens) (90) and other endocrine disrupters in their new environment influencing
the pubertal development of adopted children remains to be studied (91). The influence of
enviranmental factors on the timing of puberty in healthy Dutch children seems minimal, as
no further decrease in the age at onset of puberty was shown (chapter 2.1).

The occurence of early puberly in adopted children might be related o the
improvement of nutritional status in early life, possibly facilitated by an increase in leptin
levels acting as permissive factor for the onset of puberly by Interacting with several
neuropeptides (see section 1 of this introduction). In male rats it was demonstraled that
unresiricted feeding after nulritional deprivation in a specific period after birth resulted in
accelerated hypothalamic and testicular maturation (41). In that study the role of increased
IGF-1 is suggested as an important mediator.

On the other hand, Engelbregt ef al. studied the rofe of early undernutrition pre- or
postnatally on pubertal development in rats {(92). Food restriction in each of these periods
resulled in a change of programming of pubsrtal development: early malnutrition resulted in
defayed onset of puberty in intra-ulerine growth retarded (JUGR) male and female rafs, as
well as in male food-restricted rats. In female food restricted rats the onset of puberly was
normal. This study and other data suggest thai there may be environmental factors in the
pre- or postnatal period having long term effects on the hypothalamo-pituitary action (93).

As it can be assumed that many adopted children are born from mothers from the
lower social classes and thus al risk for unfavourable circumstances in utero. The
comparison of these adopted children with children born small for gestational age (SGA) is
challenging. The long-term influence of intra-uterine growih retardation on several endocrine
axes has been described, especially by Barker and co-workers (24-99). With regard to the
HPG axis an earlier menopause and altered hypothalamic control of LH release were
described to have an association with WUGR (94, 95). It can therefore be assumed that
programming of the setting of the GnRH pulse generator is influenced by prenatai factors.
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2.2 Effects of CPP
2.2.1 Height

The oldest reports of the deteriorating effects of GPP on final height (FH) date back from the
nineteen sixties, when Thamdrup reported a series of 56 untreated patients with a mean finaf
height of 151.3 (SD: 8.8) om in 26 girls and of 155.4 (8.3) cm in 8 boys. Mean parental height
was 166.6 (4.6) cm and 166.8 (5.1} cm respectively (100). Summarising the available data in
girls, FH in untreated CPP without slow progressive forms, range from 149.6 to 161.7 cm
(101). The decrease in final height is due to acceleration of the fusion of the epiphyseal
plates as a result of the sex steroid exposure, combined with the early interruption of the
prepubertal growth period.

Factors negatively influencing FH in girls were reporied to be an early age at start of
puberty and menarche, short parental height and a targe difference between hone age and
height age {100).

2.2.2 Reproduction

The reporis of the effects of precocious sexual maiuration on reproductive capacity are
scarce. A relalion with early polycystic-ovary-like symptoms was suggested since an
abnormal adrenal response after adrenocorticotropic hormone (ACTH) stimulation was
observed in £5.4% of girls in early stages of CPP. However, it did not result in clinical signs
of a hyperandrogenic state, nor in abnormal elevation of baseline androgen fevels (102, 103).
Thamdrup described the occurrence of pregnancies in girls with CPP from literature dating
back from the 18th to 20th century (100).

Ovarian ultrasound in children with CPP revealed an increased prevalence of
polycyslic ovarian appearance, related to either precocious puberty itself or ils treatment
(104}. However, other reports did not confirm the presence of PCO (105, 108) after GnRHa
treatment.

2.2.3 Body proportions

The studies of Thamdrup also address body proportions in untreated precocious puberty. in
most cases the ratio of upper to lower segment is above normal for age during the course of
pubetty and also after completion of growth. It is concluded thai in most cases the patients
preserve the childlike body proportions with relatively short limbs and a large head in
proportion to the frunk; the later onset of pubertly, the more chance of attaining normal
proportions {100). The observation of the relative large trunk compared to the limbs was
confirmed in a later study, although in that study several children received treatment (107).

2.2.4 Malignancy

The precocious exposition to natural oestrogens in girls with CPP might theoretically lead to
oestrogen induced tumors in later life. However, no prospective study was performed to
evaluale this relationship. There are epidemiologic studies that suggest a relationship of
breast cancer with an earlier menarche {108). The mutagenic or carcinogenic properties of
oestradiol are weak, but induction of genetic lesions might occur with low frequency {109).
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3. DIAGNOSIS OF CPP
3.1  Physical examination

Physical examination is the basls for the clinical diagnosis of CPP. The child is carefully
examined for the presence of secondary sexual characteristics and these are scored
accarding to the Tanner criteria (110). In boys testicular volume is assessed using an
orchidometer. In girls palpation and measurement of the diameier of the mammary gland is
a valuable option. To define the onset of puberty B2 stage in girls should be present, and in
boys the testicular volume should be 4 ml or more. A 3 mi cut-off is suggested by some
authors (111, 112).

The general physical examination further includes careful inspection of the skin for
signs of any dysplasia, café au lail spots or signs of neurofibromatosis. Neurological
examination should be performed as well. The visual fields need attention in case of possible
brain tumours. Other signs Include the presence of acne, oily hair and transpiration odour.
Furthermore, height, weight and sitting helght should be recorded in order to evaluate the
effect of possible interventions and the progression of puberial development. Increase in
height velocity is an important means to demonstrate that there is progression of pubertal
development over time.

3.2  Radiological evaluation
3.2.1 Bone age (BA)

Bone maturation is used as a marker for the biological maturation of a child, An X-ray of the
left hand is made for BA assessment. In CPP bone age assessment is usually performed by
the Greulich and Pyle method (113, 114) and the difference hetween chronological age (CA)
and BA is assessed. The more BA is advanced over CA, the more height will be lost in case
of no treatment (100).

To predict adult height the tables of Bayley and Pinneau (BP) are used for height
prediction (115}, Most children with CPP have a BA advance of 1 year or more. In this
condition, the traditional method of height prediction used the accelerated BP tables. For a
long time, it was questioned to what extent the abnormal growth process in CPP was lo be
analysed by tables for the normal population. Kauli showed that using the accelerated tables
the predicted adult height (PAH) was overestimated. She suggested that it would be hetter to
use the average iables in children with CPP {116).
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The assessment of bone age (BA) is.used as a marker of biofogical maturation of a child
(113, 117). In all techmques an X-ray of the ieft hand is used and matunty mdlcalors are
scored (118).
¢ The Greulich and Pyle (GP) method assumes that a1l bones have |denhcai ske[etal age
so that a skeletal age can be assigned to an X-ray as a whole. ERERE
* The Tanner & Whitehouse 2 {TW2) method uses a bone-specific approach assessmg
~the maturity of 20 bones that are matched to a series of written criteria. The RUS (radius,
- ulna, shorf bones) score is a shortened form of TW2 without scoring of the carpal bones.
¢ . The FELS method introduced i)y Roche s based on 98 maluniy !ndlcators In only few
studies this method was used. - :
In the evaluation of children with precoc:[ous puberty the GP melhod is mosi common arad it
is Iinked wuth the Bayley and Pmneau lables for predicuon of adult hetght (1. 15)

For several reasons there Isa. need for new standards lhe slandards of GP and
TW__2 BA assessment date back from nineteen thirties and fifties, and the samples consisted
of relatively lower class children in the TW2 sample and upper-middie class children jn the
GP sample. Now after several decades with a secular trend lowards earier maturation and
laller ‘stature the reliability of the old -standards might . be ‘waning. "Furthermore, BA
assessments are largely dependent on lhe obsewalors expenence and mter—mdwndual
differences in BA assessment are inevitable.

For research purposes all BA assessments over a long penod of lame shoulci be
performed by the same observer. An improvement of the generalising GP method would be a
bone age based upon assessing the maturily of each of the 20 bones. The average of these
ages then should be calculated to establish bone age (S.1. Pyle referenced in (118)). This
{ime-consuming approach has been reported to have an inler-observer-difference betwean
0.1 and 0.34 ‘years’, and mean inlra-obsarver difference ranging from 0.15 to 0.63 years.
King reporled a mean difference between 3 observers of 0.74 years for the TW2 method and
of 0.96 years for the GP method, whereas the intra-observer variation in TW2 method was
0.33 years (95% CI: -0.87 — 1.53) {118). Comparing TW2 and GP the 95% confidence
interval of intra-observer variation amounts to 2.28 lo --1.52 years (120). .

-New methods in BA determination using computer imaging have been developed bu!
still positioning and exposure of the image cannot fully be automated {121-127}). - :

Several studies showed that GP method was preferable in clinical conditions, such as
precocious puberty (118, 128). Height predictions in untreated CPP patients were performed
with BP predictions, showing a correlation of 0.85 with the attained final height (114). In
precocious puberty in girs it was shown by Kauli that the use of the accelerated fables of
Bayley and Pinneau resulted in overestimation of final helght Therefore. it weu]d be more
appropriate to use the average tables (116}, -

~The problem in children with .early .or precomous puberty is that BA maturatmn is
beyond the physiologic range, thus reducing the expected final height. [In contrast, early
maluring girls —still in the normal range — show a more intensive growth reachmg their FH
earlier, but also with a greater gain in height per bone age advance {118). '

In general, predicting final height suffers from a limited accuracy, with a mean
prediction error of 7 - 9 cm depending on the bone age (129). An additional error could be
introduced by using western world standards to children from Africa, Asla or South-America,
as in adopted children, refugees or immigranis. No data is available on the bone age
progression during catch-up growth in adopled children or during recovery of undernutrition.
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In our clinical practice in adopted children we frequently observed dissociated maturation
between carpal and phalangeal hones, as was also observed in children with precocious
puberty and congenital adrenal hyperplasia {130). Possibly, the early exposure to androgens
and/ or estraogens has different effects on the ossification of carpal bones than on phalangeal
bones. Thus, in children from other ethnicity who have increased risk of the development of
early puberty, one should be aware that height prediction is very complicated and should be
performed with caution. In the group of adopted children studied in chapter 6 we observed a
mean difference between carpal and phalangeal bones of 0.5 ‘years’ (range 0.1-1.1).

~The literature on the relationship between skeletal maturation in non-European
countries and westaern world standards for bone age assessment shows variable results
(131-133), suggesting that children of the higher socio-sconomic classes can beller be
compared with the European slandards than can children in sduahons of lower .s0cio-
economic circumstances, malnufrition and poor health. :

To assess the chronological age in cases where the birth date is uncertam one should
always bhe careful to focus on bone age only. Other ‘methods include for example
determination of dental age, which was described to be reliable regardless of sex and race
but stili difficult in cases with uncertain birih date (134). Another marker -for biological
maturation is the closure of the epiphyseal plates of the clavicle, which is highly independent
of external factors (135). Its use however s Ilm:ted fo forensm age determmauon for
example in young adolescent refugees. : Lo :

3.2.2 Magnstic Resonance Imaging (MRI)

The use of MRI in the diagnosis of CPP is mainly of interest in those cases in which no
known underlying disorder is present. In those patients labelled as having idiopathic CPP
intracranial pathology can be excluded by MRI (15, 64, 70).The relevance of these findings
for follow-up of these patients can be disputed, as most of the hamariomas do not increase
in size,

The indication for MRI is especially important in young girls and in boys with
precocious puberty. However, Cisternino reported that neurogenic abnormalities not
previously known ware also detected by MRI in 7.4 % of girls between 7 and 7.9 years of age
(64).

3.2.3 Ultrasound

Ultrasound is used in the evaluation of CPP for assessing the size and aspects of uterus and
ovaries. Several studies in normal children provided reference values for the ovarian
volumes or uterine size {(138-138). In CPP the sizes of ovaries and uterus increase in a
comparable sequence as in normai puberty, follicles become visible in the ovaries and the
delineation between endomelrial and myomeirial tissue wili be present in later stages.
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A considerable overlap between ovarian size of normal girls and girls with precocious
puberty has been ohserved {1086, 140)

Another application of ultrasound is the assessment of glandular fissue in the breast in
case of doubt whether the breast volume is increased by adipose tissue or by the mammary
gland (141, 142).

3.3 Biochemical evaluation
3.3.1 Basal values of gonadotrophins

The assessment of basal values of gonadotrophins with the conventional assays does not
contribute to the diagnosis of CPP. Mare sensitive assays could be used to demonstrate
early activation of the hypothalamo-pituitary axis {143-145).

3.3.2 Stimulated values of gonadoirophins in the GnRH stimulalion test

Classically, the GnRH stimulation test has been used to demonstrate the central origin of
precocious puberty by stimulating the pituitary to produce LH and FSH. LH serum levels
above a certain cut off {dependent on the assay) or a ratio of LH/FSH > 1 have been
considered criteria for central aclivation (146). However, the use of this test especially in
children with recent onset of puberty has been challenged (see chapter 3).

3.3.3 Stimulated values of gonadotrophins in the GnRH agonist stimulation test

To improve the diagnostic process in early pubertal children agonists of GnRH with higher
potency were used. As in clinical practice a considerable number of children with Tanner
stage 2 showed no pubertal response in the GnRH stimulation test, the more potent GnRH
agonist was used for diagnostic use. Ibanez et al. demonstrated that a pubertal response of
> 8 IU/L for LH had a good correlation with clinical progression of puberty (147).

3.3.4 Basal and stimulaled sex steroid levels in serum

Thusfar, the levels of cestradiol and lestosterone in the diagnosis of precocious puberty can
not be regarded as essential, although they can be indicative in the diagnosis of pseudo-
precocious puberty. The levels can be used for the follow-up of treatment of precocious
puberty. In stimulation tests no reference values for the sex sleroids are avallable. In a GnRH
agonist stimulation test clinically relevant cestradiol levels were found in absence of
‘pubertal’ LH responses (148). The time interval between the stimulus and production of
ovarian oesiradiol is probably between 6 and 9 hours, due to the time required for
aromatization (149).
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4. TREATMENT

4.1 Treatment options
4.1.1 Agonists of GnRH

Currently, potent agonists of GnRH are the treatment of cholce in central precoclous puberty.
The publication of Belchetz et al. in 1978 showed that intermittent administration of potent
GnRH agonists initfally stimulated but subsequenily inhibited LH and FSH release {(150).
This led to the development of several GnRH agonists with addition of an aminoacid at
posilion 6 or replacement of the Gly-NH. terminal group by N-EtNH; (151). GnRH agonists
are widely used in reproductive medicine to achieve ovarian suppression before stimulation
with exogenous gonadotrophing (152, 1563). in 1881 the use of a daily administered GnRH
analogue was reported in children with precocious puberty {154).

To improve the suppressing capacity of GnRH agonists slow-release depot
preparations were developed (1556-1589). These preparalions were shown to suppress
pubertal activity better then short-acting preparations {(160). An extensive review on GnRH
agonists in paediatrics is given by Lahlou ef af, (161).

In the Netherlands triptorelin and leuprolide-acetale depot preparations are available
as monthly injections with 3.75 mg to be given each 28 days. A depot with leuprolide-acetate
11.25 mg for injections once in 3 months has been infroduced in patients with prostate
carcinoma (162, 163). The use of this preparation in children with CPP is still under
investigation. In the United States a 7.5 mg preparation is commonly used as IM injection
every 28 days.

Recently, the use of GnRHa for delay of pubertal development in a transsexual
adofescent has been reported (164).

4.1.2 Acute and long-term side effects of GnRHa

During ireatment with depot GnRHa several minor side effects were reported. Most common
is the occurence of local reactions during leuprolide acetate treatment (165-167). Other
reporis with only very small numbers of patients included hair loss (168), prolonged vaginal
hieeding (169) and hyperprolactinaemia {170).

After long-term use of GnRH agonist resumption of the activity of the reproductive
axis was reported (171-173) with normal pregnancies (171, 174). The mean period beween
discontinuation of treatment and menarche is about 12 months {174-176). No changes in
pituitary size or shape during GnRHa treatment in girls with precocious puberty were
observed (177).

4.1.3 Antagonist of GnRH

Antagonists of GnRH competitively bind to the piluitary GnRH receplors and block the
receplors immediately. They do not induce gonadotropin release (178). These antagonists
are currently used in reproductive medicine, as they prevent the occurence of an premature
LH surge (179). Theorefically, they could be used for pubertal suppression in precocious
puberty, but thusfar no publications have been describing this application. Further they can
be used for androgen blockade in prostate cancer (180).
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4.1.4 Aromalase inhibitors

Recently, aromatase inhibitors were infroduced in the hormonal therapy of breast cancer as
freatment of advanced breast cancer after tamoxifen freatment or after failure of other
hormonat therapies in postmenopausal women (181, 182). These drugs inhibit the
conversion of androstenedione into oestrone and of testoslerone into oestradiol. So,
theoretically, they could be used in precocicus puberty in order to inhibit the oestrogen driven
effects of early puberty on skeletal maturation. The manufacturer reporls that exemestane
did not affect cortisol or aldosterons secretion at baseline or after ACTH stimulation (183). An
advantage of this method of hormonal therapy is the oral route of administration. No data on
the use in paediatric patients is available.

4,2 Evaluation of the effect of treatment
4.2.1 Physical examination and BA assessment

During treatment with GnRHa the physical signs of puberly will be arrested or even regress.
No increase in Tanner breast stage stage shouid be observed, and testicular volume should
halt or regress during treatment. During treatment height velocity (HV) should not exceed
prepubertal limits.

In precocious puberty the ratio ABA/JACA Is > 1. During frealment a decrease fo
values < 1 should be obtained. iIn practice, the ratic ABAJACA in the first 6 months of
treatment is often > 1 even in case of effective suppression {see chapter 4). Probably, the
aciual BA is the calcified representation of growth plate physiology of approximately 6
months before.

4.2.2 Biochemical methods

During treatment, the levels of gonadotrophins and sex stercids are regularly measured at
the end of the injection interval. Most often @ GnRH stimulation fest is used in which a
prepubertal response is expected after the stimulus. Values of sex steroids have to be at
casiration lavals. The use of GnRHa tesling during trealment might be useful (184).

4,2.3 Adaplation of freatment

In case of evidence of ineffective suppression the injection method and frequency should be
checked. When these show no problems, the interval between 2 injections could be
shortened to 3 weeks or the dose might be doubled to 7.5 mg each month. This is the
commonly applied dose in the Uniled States.
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4.2.4 Rationale for addition of GH during GnRHa freafment.

During treatment with GnRH agonists it Is frequently observed that height velocity decreases,
even below normal prepubertal levels {185, 186). The effects of GnRHa treatment on the GH
axis, both on GH secretion and IGF-I lavels remain controversial as reviewed by Walvoord
(187). Howevar, the reports on alterations in the GH axis in children with low growth
velocities during GnRHa treatment have led fo the hypothesis of a functional GH deficiency.

4.3 Results of freatment
4.3.1 Paramefers of effect

In the evaluation of the effect of treatment for precocious puberty severat methodological
issues arise. First, the issue of bone age assessment and the method of prediction; can they
be applied as in healthy children in which the standards were developed? Second, what is
the best marker for effect: is it the difference between initial height prediction and attained
final height, the difference between FH and TH, or FH itself? Third, how can predictive
factors for effect of treatment be assessed in view of the obvious interdependence between
BA and height prediction?

As a rule of thumb: in randomised studies with FH data both the difference between
FH and initial prediction and the difference between FH and TH should be presented. When
FH is not yet reached, the best option is to compare initial prediction with height prediction
after disconfinuation of treatment. In the latter situation one should take into account that FH
will be lower than PAH at discontinuation of treatment {(105, 188). Table 3 summarises
possible effect parameters in the evaluation of GnRHa treatment.

Table 3: Parameters of effect in the evaluation of GnRHa treatment

Parameterof effect | Comment 5 lai i il s

FH To be used in comparative studies with untreated controls or

differently trealed patients; provided comparable baseline parameters
FH-TH For comparison with parental growth potential; provided healthy
parents without growth disorder
FH-PAH start For comparison within the patienis; provided the best prediction

method is used and BA assessments performed by 1 observer

PAHstop — PAH start | For estimation of effect in case no FH Is attained and no untreated
condrol group is available

4.3.2 Results of GnRHa frealment

In the fast few years several reports on the effects of GnRHa treatment have been published,
Only the reports on FH in girls with CPP will be summarised in table 4.
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Table 4: Results of GnRHa treatment in girls with CPP at final height

* | Number . of} Treatment . d *H = PAHstart (cm) -
71 4.0
Carel 58 3.7 (178)
Heger 50 4.4 (174}
Costdifk 3t 34 3.4 {105)
Galluzzi 22 4.0 3.2 (190}
Bertelloni 14 3.9 4.6 (191}
Kauli 8 24 5.8 (116}

4.3.3 Resulls of GnRHa treatment in combination with growth hormone (GH)

The combination of GnRHa and GH was studied in several palient groups. Thus far, only a
few studies have reported FH resulls (219).

In adopted children, Tuvemo et al. showed that the combination of GnRHa and GH
results in an increase in height velocity. After 2 years of treatment the increase in prediction
of adult height is + 1.8 cm in the combination group and — 0.9 cm in the group with GnRHa
alone (192). We report the results of a study in adopted children in chapter 6.

fn children with precocious puberfy and low HV short term results show that HV
increases and that PAH Increases (185, 193).

The application of GnRHa and GH in short girls or girls with idiopathic short stature
with normally timed or early puberty was reported to result in a final height not different from
controls {(194) or from initial prediction (195). In contrast, Pasquino ef al. reported a mean
height gain at FH of 10 cm (SD: 2.9), compared to 6.1 (4.4} cm in a control group with GH
alone (196). Shori-term studies (treatment period 1 to 2 years) report that the PAH increases
during combined freatment (197, 198). In chapter 7 a Dutch study with untreated controls is
described.

4.3.4 Effects on body composition, body proportions and reproductive function

Many clinicians report their clinical impression that children become fat during GnRHa
tfreatment. Measured by Dual Energy X-ray Absorptiometry (DEXA) fat mass-SDS and
percentage fat SDS increased during GnRHa treatment (199). Heger &f al. found that chesity
is a common problem in children with CPP already at starl of treatment, but that GnRHa
treatment does not aggravate this {174). The assessment of a pre-treatment Body Mass
Index (BMI} can predict the development of obesity during GnRHa treatment, but the
development of obesily appears to be unrelated to GnRHa treatment (200).
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The treatment with GnRHa theoretically results in a decrease in bone mineral density (BMD)
as a result of sex steroid depletion. The studies addressing this issue reporl either a
decrease in BMD (201, 202) or, when expressed in comparison {o heatthy controls, normal
BMD for chronological age, but low BMD for bone age after 2 years of treatment {193). At
final height Heger et al. found a normal BMD for age in women after GnRHa treatment (174).
In male patients at FH bone mineral density was normal too (203).

CPP may lead to relatively short [imbs compared to trunk length. After GnRHa
treatment an improvement of body proportions was described at FH {174).

Only few data is avallable on reproductive function or fecundity in women who had
received GnRHa treatment for precocious puberly. After treatment the reversibility of gonadal
suppression is demonstrated by spontaneous menses after about one year after
discontinuation of treatment {105, 171, 173, 176, 204). Normal pregnancies have been
described {171, 174).

The PCO-syndrome is one of the forms of ovarian hyperandrogenism. In premature
adrenarche the development of functional ovarian hyperandrogenism (clinical signs of
androgen excess, and elevated ovarian 17 — hydroxy-progesterone (17-OHP) response after
GnRHa stimulation) is frequently seen (205). The combination of hyperandrogenism and
insulin resistance in this condition might be caused by a gain-of-function mutation of a single
kinase causing hyperphosphorylation of the insulin receplor and of P450¢17 causing
hyperinsulinism and hyperandrogenism, respectively (208). In precocious puberly with
GnRHa treatment ovarian ulirasound data demonstrated polycystic ovaries (PCO) in varying
percentages (summarised in reference (174)). In summary, PCO may occur in increased
percentage after GnRHa treatment, but a clinical development of PCO-syndrome has not
been demonstiated thus far. In this context, it has to be considered whether the right
diagnosis of CPP was made at stait of GnRHa treatment or that a premature adrenarche
should have been diagnosed. Premature adrenarche is assaciated with PCO (207).

3. PSYCHOLOGICAL ASPECTS OF CPP AND ITS TREATMENT

i is known from an earlier report that, using the Child Behaviour Checklist {CBCL), eariy or
precocious puberly leads to elevated scores on the internalising syndrome (withdrawal and
anxious /depressed) up to 2 years after start of treatment {208). Furthermore, it was reported
that precocicus puberty in girls is associated with a long-term risk of minor psychopathaology
(208-211). With respect to psychosexual development, early pubertal development was
associaled with earlier, but not extremely advanced psychosexual development (209, 210}
During treatment with GnRH agonist problematic behaviour and functioning decreased slightly,
particularly in the girls showing regression of breast development. In another study, perceived
self-esteem was within the normal limits, but anxiety levels were increased (212).

The delay between start of puberial development and start of treatment may be
lengthened as a result of a cultural taboo on sexuality and pubertal development (208). The
initial tota! 1Q score in CPP patients is not different from normat (208}, although an effect of sex
steroids on brain development, especially the left hemisphere is suggested, resulting in a
higher verbal IQ score (213).
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In a recent publication a refation between earlier menarche and fater onset of schizofrenia —
only in girfs- was describad, The authors speculate on oestrogen's protection against nerve cell
loss and the preservation of neuronal connectivity (214). A glutamate dysfunction in
schizophrenia is suggested with a role of the NMDA glutamate receptor (215, 216). Whether
this implies a dual involvement of NMDA receptor or an association of the onset of puberly
with schizophrenia remains to be elucidated.

6. ETHICAL ASPECTS

The treatment of short children with growith hormone has long been resfricted to clearly
defined groups, for example those with GH deficiency. However, the wide availability of
recombinant GH has widened the administration to many groups of children with any growth
disorder without GH deficiency. As fong-term resulis of GH treaiment become available,
questions arise whether we should treat “ali” short children (217). There is no clear picture on
the psycho-social effects of GH treatment in short children, and the lack of validated
instruments to estimale the burden of short stature or the improvement of a variely of
psycho-social indicators inhibits proper research in this field.

In adopted children growth promoting treatment either by GH or GnRHa was disputed
specifically, as it was felt that early puberty was ‘normal’ for adopted children and that it was
unethical to try to make adopted children as tall as their non-adopted peers (218).

7. STRUCTURE AND SCOPE OF THE THESIS

The thesis is divided into 5 parts, addressing a wide specirum of questions with regard to the
trealment of adopted and non-adopted children with early or precocious puberty.

The auxology is presented in chapters 1 to & and contains effacts of treatments with
GnRHa with or without GH, shorl-term results and evaluation of GnRHa treatment, diagnostic
aspects and final height data after GnRHa treatment.

Psychological aspects and motivalion for treatment were studied in adopted chidren
treated with GnRHa alone or in combination with GH. The results of these studies are
reported in chapters 6.2, and 6.3.

Ethical aspects of growth promoting and puberty delaying treatment come up for
disussion in chapter 9.

In the final part of the thesis (chapler 10} the resulfs will be summarised and
discussed, and recommendations for future research and clinical work will be provided.
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ABSTRACT

We investigated pubertal development of 3909 boys and 3454 girls > 9 years of age
participating in a cross-sectional nation-wide survey in the Netherlands and compared the
results to those of fwo previous surveys using similar methodology.

Reference curves for all pubertal stages were constructed. The 50th percentile of Tanner
breast stage 2 was 10.7 years, and 50% of the boys had reached a testicular volume of 4 ml
at 11.5 years of age. Median age at menarche was 13.15 years.

The median age at which the various stages of pubertal development were observed has
stabilised since 1980. The increase of the age af stage G2 between 1985 and 1987 is
probably due to different interpretations of its definition. The age limits for the definition of
precocious puberty that are currently in use (8 years for girls and @ years for boys), are close
to the 3rd percentile of these references.

A high agreement was found between the pubic hair stages and stages of puberial (genital
and breast) development, but slightly more in boys than in girls. In 11.3% of the girls in stage
B1 pubic hair was present. In 10.2% of the boys in stage G1 pubic hair was observed.
Menarcheal age was dependent on heigit, weight and BMi. At a given age tall or heavy girls
have a higher probability to have menarche compared to short or thin girls. A body weight
exceeding 60 kg (+1 SDS), or a BMI of > 20 (+1 SDS) does not further increase tha chance
to have menarche, while for height such ceiling effect was not observed.

In conclusion, in The Netherlands the age at onset of puberly or menarche has stabilised
since 1880. Height, weight and BMI have a strong influence on the chance of menarche.
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INTRODUCTION

The development and first appearance of secondary sexual characteristics can be regarded
as reflection of the overall physiological development in adolescence (1). The subdivision of
the continuous process of pubertal development into discrete numerical stages, as proposed
by Marshall and Tanner (2, 3), has been widely used and serves to label the phases of
various elemenis of pubertal devefopment more or less objectively.

However, the assessment of pubertal stages in the individual child or adolescent in
the clinic is only useful if reliable reference data from the same population is available for
comparison. In many European countries a positive secular trend with regard to height has
been accompanied by a decrease of the age at onset of puberty {1, 4, 5). This would imply
that the definition of precocious and delayed puberty should change over time. In fact, in the
United States it was recently proposed to revise the guidelines for the evaluation of girls with
precocious puberty (6, 7).

Besides clinical reasons, there are also sclentific reasons to sfudy pubertal
development in a large population-based sample of healthy children and adolescenis. First, it
is unclear if the secular trend with regard to body stature is invariably associated with a frend
towards earlier pubertal development. Second, there is little data on the association between
the markers of the maturation process of the hypothalamo-pituitary-gonadal axis (breast
development in girls and genital stage in boys) and pubic hair as a marker of adrenarche in
the female (pubic hair) and of the combination of adrenarche and genital development in the
male. Whife gonadal development and adrenarche usually occur in the same age period, the
endocrine regulation of these processes is different {2, 8). Based on this background, one
would hypothesise that the agreement between gonadal (G- or B-stage) and pubic hair
development {P-stage) should be higher in boys than in girls. Third, there are observations
suggesting that pubertal development is influenced by anthropometric variables, particularly
body weight (9, 10}, but the exact nature of the correlation is unknown.

In the Netherlands four consecutive growth studies have been performed since 1955
{1, 11-13). These studies provide the opportunity to thoroughly study the secular changes in
height, weight and pubertal development. In two earlier papers on the study performed in
1997 we concentrated on the secular trend of body stature, weight and body mass index
(BM1) and only shortly discussed pubertal development (13, 14).

In this paper we present the reference data in more detail, as well as a comparison
with the previous growth studies. Furthermore, we investigated the degree of concurrence of
breast or genifal stages with pubic hair stages and the relationship between the age at
menarche and height, weight and BMI.

PATIENTS AND METHODS
In a cross-seclional design the presence of secondary sexual characteristics was studied. Alf
participants of the 1997 nation-wide growth study aged > 9 years completed a questionnaire
on demographic variables {3809 boys and 3454 girls). This sample can be regarded as
representative for the general population. In a subgroup (‘puberty sample’) we determined
the stage of sexual maturation and age al menarche. The age distribution in the puberty
sample showed an overrepresentation of children < 15 years of age (around 250 in each age
group) compared to children > 15 years {100 — 150 per each group) (see Table 1).

In the analyses in this article age was used as covariate, so this skewed age
distribution will not affect the results. The composition of the puberly sample was comparable
with the sample of a pational survey with regard to region and level of education.
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Table 1: Puberty sample characteristics, 3909 boys and 3454 girls

Age (yrs) PH hoys G hoys TV hoys PH girls B girls Men
9-12 73.2% 72.9% 66.5% 78.1% 80.5% 85.6%
12-15 54.4% 54.3% 51.3% 57.4% 58.5% 76.9%
15-18 49.9% 49.9% 47.6% 51.1% 521% 74.8%
18-21 42.5% 42.4% 40.4% 33.6% 33.9% 83.8%

Participating boys or girls per age group as percentage of age group in the naticnal survey. PH: pubic
hair; G: genital stage; TV: testicular volume; B: breast stage; Men: menarche

The measurements of helght and weight were performed by trained staff. The pubertal
stages were determined by visual inspection, using Tanner's criteria (15}, In boys testicular
volume was assessed using an orchidometer. To validate the accuracy of the measurement
of testicular volume, the testicular volumes in 79 boys were measured by 2 observers. The
Spearman correlation cosfficient belween the measurements of 2 observers was 0.82, the 95
% confidence Interval for the difference between observers appearedto be 0.4 - 2.0 ml (1.2
+ 0.8). In midpuberty the interobserver differances were highest. Zachman and Prader
reported a correlation coefficient of 0.83 and a mean difference in iesticular volume between
2 observers of 2.8 ml {18). The age at menarche was determined by the stalus quo method,
asking a girl whether she had had her first perfod at the moment of the survey.

{remographic varlables were assessed by a questionnaire. The highest level of
completed education of the parents was used as a measure for socio-economic status, The
country was divided in 5 geographicat regions, one of them containing the 4 largest cities
{13}

STATISTICAL METHODS

For menarche and stages of secondary sexual characteristics the reference curves were
eslimated by a generalised additive logistic model for each stage transition separately (17).
This model describes the probability of each stage as a smooth function of age. The amount
of smoothing was determined by cross-validation. LMS reference curves were derived for
testicutar volumes, where the measured volumes were considered as a continuous measure
{18). To compare B or G stages and pubic hair stages in girls and boys we calculated kappa
{K) as measure of agreement {19).

RESULTS

1. Reference curves for pubertal stages and teslicular volume

In figures 1 a-f we present the reference curves for sexual development. The dotted lines
represent the crude data. The 50th percentile ages can be read from the figures. The 10th
and 90th percentile ages, that were published earlier as nurerical data {13), can also be
read from these graphics being the ages at which the curves cross the 10th and €0th
percentile respectively.

Figure 1 also shows the intervals between the consecutive pubertal stages, with a
general pattern of a shorter interval belween the third and fourth stage compared to the
interval between stage 2 and 3. In figure 1-g reference curves are presented for various
testicular volumes.
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The P for B2 and G2 were 8.2 and 9.8 years respeclively, the Pg; values were 12.7 and 13.4
years respectively

2. Comparison with the 1965 and 1980 growth sfudies

In figure 2 a-d we show comparisons between the Himing of pubertal stages in this and the
previous growth studies from 1965 and 1980. The Py, values are shown for both boys and
girts. For all stages a decreasing trend is seen belween 1965 and 1980 with a stabilisation
afterwards, In contrast, G2 in boys increased from 11 years in 1965 to 11.5 years in 1997,
whereas the Psy of a testicular volume of 4 ml decreased from 12.0 years in 1965 to 11.5
years in 1997. [n all studies the SD of the Psy ages is approximately 1.

3. Relationship between pubertal stages

In tables 2a and 2b the relationships between the P stage on the one hand and B or G
stages on the other hand are shown in absolule numbers, In girls in BT 60/531 (11.3%)
showed pubic hair development, while from the girls in P1 23.3% showed breast
development. In boys, G1 was accompanied by the presence of pubic hair in 10,2%; boys in
P1 had genital development in 24.9%.

Table 2a: Distribution of B and P stages In girls

N=2213 B1 B2 B3 B4 B5S Total
P1 471 124 19 -- - 614
P2 55 138 50 3 1 247
P3 5 50 118 36 6 215
P4 -- 4 58 186 71 319
P5 -- -- 17 156 495 668
P6 -- - 5 23 122 150
Total 531 316 267 404 695 2213
kappa = 0.59 {p<0.001)

Table 2b: Distribution of G and P stages In boys

N=2360 G1 G2 G3 G4 G5 Total
P1 529 151 21 2 1 704
P2 59 222 53 4 -- 338
P3 1 47 124 20 1 193
P4 - 56 178 32 268
P5 -- 1 10 130 387 528
P& -- 1 15 313 329
Total 589 423 265 349 734 2360

kappa=0.63 {p<0.001); * this boy was 17.1 years old, testicular volume 20 ml
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The agreement between P and B or G slage was expressed as kappa (k) and Spearman
correlation. The k's were 0.59 and 0.63 for giifls and boys respectively Indicating moderate to
substantial agreement. The difference between the 2 K’s was significant (p<0.05). Spearman
rank-order correlation was 0.81 both in boys and girls {p < 0.001).

Thus, in line with our hypothesis, in boys the gonadal and pubic hair development
show a closer mutual agreement than in girls, although the difference in kappa is only small.

4. Menarcheal age in relation to auxological variables

In figure 3 a-f the probability to have menarche is depicted as function of age (X-axis) and
weight, weight SDS, height, height SDS, BMi and BMI-SDS respectively (plotted on the Y-
axis).

All figures show the expacted increase in probability of menarche with increasing age
and the additional effect of weight, height and SDS (expressed as nominal values or as
SD8). They demonstrate that at a given age the heavier and faller girls have a higher
probability to have menarche. However, the shape of the probability curves is different for the
indices of weight (i.e. weight and BMI) and height. When weight or BMI exceeds a cerlain
point, no or just a slight further inerease in probability is observed anymore, as the curves
have an almost vertical course from there. For weight this point Is close to 62 kg (1 SDS},
and for BMI it is approximately 20 kg/m? or 1 SDS,

In contrast, the figures on height show a continuing effect of height at a certain age.
Some examples of the different ages at which there is 50 % probability to have menarche
with various SO scores for weight, height or BMI are shown in table 3.

Table 3: Influence of different SD scores on the Ps age of chance of menarche

-|AgePslyn)®

12.1

12.7

13.2

13.8

14.5

Helight +2 12.2
+1 12.8

0 13.3

-1 13.7

-2 14.0

BMi +2 12.7
+1 12.7

0 13.1

-1 13.8

-2 14.7

* estimated form the curves in fig 3b, d and {
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DiscussION

This study provides up-to-dale references for pubertal stages in the Dutch population, which
can be used for clinical purposes. [n the interpretation of the reference curves for the
consecutive pubertal stages, one should be aware, however, that our data is derived from a
cross-sectional study. The reliability of the data is high, due to the relatively large numbers of
subjects. On the other hand no information is available about the tempeo at which a child
passes through the consecutive stages. Such information can only be obtained by a
longitudinal study, like the longitudinal assessment of puberty in boys and girls performed by
Marshal! and Tanner (2, 3). [n general, reference centiles based on cross-sectional data
have a larger variance than those based on longitudinal data. For pubertal development
curves, this implies that the progression of stages for individuals is generally faster than the
intervals between Pg-stages obtained from cross-sectional references.

The second finding is that the posiive secular change towards an earlier
development of puberty between 1965 and 1980 has almost stabilised thereafter. Over the
whole period between 1985 and 1997 the P age of onset of puberly {stage B2) in girls
decreased from 11.0 vears in 1965 o 10.7 years in this study. The median age at menarche
decreased by 0.25 yrs in the same period, and by 0.5 years from 1955. In the last 17 years
only a small decrease of about 1.5 months from 13.28 to 13.156 years was observed. A
similar pattern of an apparent stabilisation of a previously decreasing trend was observed in
Oslo schoolgirs, where menarcheal age has reached a stable level for several decades (20).
However, in Norway the secular trend in body stature appears to have stopped as well {20).
Maybe the stabilisation reflects a situation in which the environmental conditions have
aliowed the child fo reach the optimal genetic potential given the actual environmental
conditions (4).

The only exception to this trend of a slow positive secular trend between 1965 and
1980 followed by near stabilisation is the apparent increase of the median age at which boys
reach G2 from 11.0 years in 1965 to around 11.5 years in 1997. This finding contrasis with a
decrease of the median age at attaining a testicular volume of 4 ml from 12.0 years in 1965
to 11.5 years in 1997.The best way to conltrol for the reliability of the observation of the
increase in age al G2 would be to compare it with testicular development in the consecutive
growth studies. However, testicular volume was not assessed in 1980.

The most likely explanation of this discrepancy is that the interpretation of the
definition of stage G2 must have bsen different in 1965 in comparison fo 1980 {1, 21} and
1997. In fact, the original definition of G2 as proposed by Marshall and Tanner (3) [eaves
much room for confusion, as it states that "The scrotum and testes have entarged and there
is a change in the texture of the scrotal skin. There is also some reddening of the scrotal skin
...." This description is not pertinent about the question which of the three criteria mentioned
is most relevant, and about whether all criteria have to be met or at least one or two of them.
In additicn, it does not strictly describe the minimum volume thal the testis should have
before the genital stage may be labelled as G2. For example, there are good arguments that
a testicular volume of 3 ml can already be considered as a sign of puberty (16, 22). In the
present study the observers were taught to describe the genital stage as G2 if both
enlargement of testicular volume and scrotum was observed and reddening of the scrotal
skin was present. It appears likely that in 1965 the observers might have labelled the genitai
stage as G2 if at least one of the three criteria was present.
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Based on these findings, but also on our experience in clinical trials {23), we believe that it is
opportune to come to a redefinition of stage G2, fo prevent more confusion in the future. We
would prefer that the testicular volume, the criterion that is most easily measured, should be
used as the only criterion. Furthermare, a volume of 3 ml appears a betler indication of the
onset of puberty than 4 ml (22, 24).

Little data is avallable on the accordance between P and G or M stages during
puberty. Based on the theorstical view that for girls breast development is the initial event in
pubertal development and testicutar development for boys , these parameters should be
used as markers in clinical practice. In girls P stage is a reflection of adrenal maturation and
in boys of a combined adrenal and testicular maturation, so that a higher agreement would
be expected in boys than in girls. In fact, we found a higher agreement between P and G or
B stage (expressed as kappa} in boys than in girls, but both were significant. This suggests
that pubertal development and pubic hair development frequently synchronise, With regard
to the timing of both phenomena, we found that in general breast development slarls
somewhat earlier than pubic hair, in line with the findings of Marshall. However, pubic hair
was seen before breast development in aboul a third of all gitls in the English study {2}, and
in about 10 % in our study. in stages B3 and G3 the distribution of P stages is equally divided
and in the higher B or G stages the P scores tend to shift to the right, especially in boys, with
higher P than G or M stage.

The definition of precocious puberly and delayed puberty should be based on the
nermal occurrence of secondary sexual characteristics in the population, but there is no
consensus whether -2 SDS or -2.5 SDS should be used as a cut-off. We chose to use the
usual cut-off measure of -2 SD, which is close to the 3rd parcentile, which can be read from
the reference curves in figure 1.

The third percentile age for B2 (8.2 years} is close fo the age of 8.0 years which is
generally and internationally used as age limit for the definition of precocious puberty, and
we would therefore propose to continue using this figure, For boys the P, of G2 stage is 9.8
years, whereas no reliable P; data for testicular volume of 4 mi can be presented. Thus, the
current cuf-off ages for precocious puberty, i.e. 8 years for girls and 9 years for boys, can be
maintained in our country.

For delayed puberty, the Py; for B2 and G2 presented in the results section, as well
as the Py; age for testicular volume of 4 ml (13.8 years), point fo a cut-off age for delayed
puberty of 13 years in girls and 14 years in boys,

As mentioned before, in the United States a decrease in the age at onset of puberly
in girls was observed (6). However, in that study the sample was not representative for the
general population, as the girls were examined when they visited a general practitioner. The
girls were heavier and taller than in the naticnal American growth survey, and in 15% of the
girls rated B2 by visual inspection no breast tissue was found at palpation (7).

We have shown that, besides age, weight, height and BMI influence the chance of
having menarche in the age range 11-15 years as well. Interestingly, the probability lines for
weight and BMI show a vertical paftern in the range where the SDS exceeds approximately
1. Beyond such degree of (overjweight, weight or BMI does not affect the probability of
having menarche anymore. The cut-off level for Bl data is consistent with the resulls
published in our earlier report, showing that premenarcheal girls in all age ranges had mean
BMI < 20 kgim® {14). Our data are in contrast to those of Marshall, who stated that the
occurrence of menarche was not related fo the attainment of a particular height, weight or
body comgosition, but mostly occurred after the peak of the adolescent growth spurt (8).
However, the limited number of subjects in that study may have precluded the appearance of
statistical significance in this respect. An interesting phenomenon is that height, in contrast to
weight and BMI, exerts its influence on the probability of menarche over the full range.
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H is generally assumed that the increase in socio-economic conditions and general health is
the main contribuling factor for the trend towards earlier maturation {4, 25, 26). In most
industrialised counfries the increase in public health and socio-economic conditions was
accompanied by an increase in adult height and a decreasing age at attainment of pubertal
events (27). The mechanisms through which these changes occur are unknown. On the
physiclogical substrate for earlier puberial development several hypotheses were discussed,
for example the so-called critical weight hypothesis (9, 28). Recent studies on [eptin have
suggested that this protein could act as a link between fat tissue and the central activation of
the hypothalamus (29-31). Another line of research concerns the possible influences of
esftrogen-like substances in the environment on the timing of puberly, for example phyto-
estrogens present in soy-based feeding (32). However, no human data is available that show
an influence of infant feeding, containing phytoestrogens, on sexual maturation (33). The
stabilisalion of the age at onset of puberly in a period where an increasing exposure to
estrogen-like substances can be assumed, argues against a causal link.

We conciude that the secular change towards earlier puberty has been stabilised in
the last 2 decades in The Netherlands. No change in the definition of precocious puberty is
warranled. The occurrence of menarche is not only dependent on age, but also on height,
weighf and BMi, Beyond a weight or BMI of +1.0 8D$ this dependency disappears. The
agreement between the expression of gonadal maturation and pubic hair is slightly higher in
boys than in girls.

Acknowledgement: The contribution of Inge Everhardus, studying the observer
characteristics for testicular volumes, is greatly acknowledged.
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Figure 1:(pages 50 — 56). Reference curves for secondary sexual characteristics in The
Netherlands 1997. a: breast stage in girls; b: publc hair stage in girls; ¢: menarche; d:
genital stage in boys; e: pubic hair stage in boys; f: mean testicular volume; g: specific
festicular volumes in early and midpuberty.
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Stadia Testis Volume
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(Discrete model}

1,0 1

0,9

0,8

0,7 1

e
=
L

Proportion

0,24

0,0 1

Age (Years)

>

Figure 2: {next two pages): Sexual maturation in The Netherlands 1965 — 1997'; the P50
values of the different pubertal stages are given.

A: breast stage and menarche; h: pubic hair stage in girls; ¢: genlital stage in boys and
testicular volume 4 mf; d: pubic hair stage in boys. (* refer 1 and 12 and data from this study)
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(Previous page):_Figure 3: Probabilily on having menarche as a function of age and weight
(3a), weight SDS (3b), height (3c}, height SDS {3d), BMI (3e) and BM] SDS (3f).

The probability is expressed as a percentage. A vertical course of the lines means that at a
certain age the paramester on the y-axis does not further contribute to increase the probability
on menarche. A transverse course implies additional effect of the parameter of the y-axis on
the probability to have menarche
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Trends in pubertai development in Europe

ABSTRACT

The secular changes in growth and maturation can be seen as indicators of socic economic
and healih status. In most European countries the age at onset of puberty and menarcheal
age is still decreasing in the last decades. The duration of puberly seems fo decrease as well
although only few studies have sufficient data. The four Dutch nation-wide growth surveys
are useful examples assessing the secular frend in pubertal development over the last 45
years. Genetic and environmental factors contribute to the secular changes. Environmental
faclors seem to be the most imporiant ones. Recently, attention has been given to
substances with ocestrogen-like actions, present in nutrients. The possible role of these
substances is discussed in this review.
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INTRODUCTION
Secular changes in growth and development should be regarded as indicators of socio-
economic and sacio-hygienic condition and of the state of health of a population. The term
“secufar trend “is often used to describe a slowly confinuing change in growth and
development over successive generations living in the same territories. Since these changes
can be positive, nil, or negative, the term * secular changes " is preferred (1), but both terms
will be used interchangeable in this text.

During the course of the past two centuries a striking increase of mean stature and an
earlier sexual maturation has been observed in all countries in Europe (2). However, this did
nat occur in the same period in every European couniry. Both genelic and environmental
factors result in population differences. The same environmental factors will not affect afl
chifdren in the same manner, as their genstic sensitivities will be different (3). These secular
changes towards a taller stalure, heavier weight, and earlier maturation are predominantly
linked to improvements in nutrition and health (3). Therefore, growth of a population can be
phrased as * a mirror of conditions in society" {4). However, secular changes may slow-down
and may become reversed as well. Negative trends have been observed in periods of socio-
economic problems, e.g. during World War |l. Observations of no change in tempo of growth
might be explained by cessation of improvement of environmental conditions or that these
already allowed the genetic potential for growing to be fully expressed.

in The Netherlands, in 1955, 1965, 1980, and recently in 1997, large cross-sectional
nation-wide growth studies were performed (5-8). In these studies, next to growth data,
reference curves for menarcheal age and the stages of secondary sex characteristics were
estimated. In the next paragraphs we will compare these dala with the secular changes in
several European countries. Further, we will highlight potential mediators of the process of
the secular frend.

SECULAR TREND IN THE ONSET OF PUBERTY

The onset of puberty is mediated by the increase in pulsatile LH release by the pituitary,
resulting in the production of male or femaie sex steroids that initiale the secondary sexual
characteristics. There are many hypotheses regarding the primary event that causes
aclivation of the hypothalamic GnRH pulse generator. An interesting hypothesis is that leptin,
produced by human adipocyles interacts via several neuropeptides as a permissive factor for
the onset of puberty (4}, thus connecting an aspect of hody composition with the onset of
puberty.

During the middle ages in Europe pubertal onset occurred around the age of 14 and
became delayed until a markedly older age (17 to 18 years) just around the furn of the 19th
century {10}. In the last century the onset of puberty progressively shifted back towards
younger ages In several countries of Europe, with a levelling off in the last decades. Table 1
shows a comparison of average ages at onset of puberty {breast stage 2 (B2) in girls and
genital stage 2 (G2) in boys according to Tanner{11)} in various European studies.
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Table 1: puberial maturation in various European countries

Country Girls Boys Reference
{Yr of study)
B2/(yr) 1 B5 (yr) i B2:Bo iy 3| G2yry: = | G5ty -] G2:G5 (yi):
Metherlands
- 1665 |11.0 15.2 4.2 11.0 15.85 4.9 B
- 1980 |10.54 14.21 3.7 11,33 15.33 4.0 7
- 1997 |[10.72 14.34 3.6 11.45 15.30 3.8 8
Sweden
- 1970 | 11.0 15.6 4.6 12.2 16.1 2.9 derived from;12
- 1980 [10.8 14.8 4.0 1.6 15.1 3.5 12
England
- 1960 [11.2 16.3 4.1 1186 14.9 33 derived from: 12
- 1975 |10.8 14.0 3.2 “ - - derived from: 12
Switseriand
- 1970 |10.9 14.0 3.1 11.2 14.7 3.5 derived from: 12

In The Netherlands, comparison of the results of the fourth nation wide growth study with
those of the three previous sludies shows that the mean height of Dutch children,
adolescents, and adults, in 1980 already among the world's tallest, has further increased
during the past 17 years (8) (Table 2).

Table 2 Final height, menarcheal age and change in menarcheal age per decade in Dufch
girls

T 140880: - 1097
Mean FH girls 163.0 166.3 168.3 170.6
Menarche {yr) 13.75 13.40 13.28 13.15
Observed shifl per decade {yr) |- -0.36 -0.08 -0.08

Usually, a positive secular growth change is accompanied by an advance of sexual
maturation. However, in the Dutch boys the median age at G2 tended to increase during the
past 30 years. In girls, the age of onset of puberty (age at B2) declined from 1955 fo 1980,
but tended to occur sfightly later in the most recent study (Table 1). Lindgren reported
pubertal stages of Stoeckholm schoolchildren in 1980 and compared those with two earlier
studies in the same area {lable 1) (12).

The girls of the 1980 study were somewhat earlier in breast and pubic hair
development than the girs invesligated in 1870 and 1975. The boys studied In 1980 entered
G2 eartier than boys studied In 1970, Thus, in the last decades the tendency of an earlier
start of pubenly levelled off or came fo a halt in some European countries.
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SECULAR TREND IN TEMPO OF PUBERTY AND AGE OF MENARCHE

Tempo of puberty

The duration of puberly can be defined in several ways, for example as the interval between
B2 and menarche or B5 stage in girls and in boys between G2 and G5 stage. In this article
we use the period between B2 and B5 for girts and for boys between G2 and G5. It should be
noted that data from cross-sectional studies result in longer intervals than compared to data
from longitudinal sfudies. From the different surveys it becomes clear that the secular trend
lowards earlier onset of puberly is accompanied by a decrease in duration of puberly, Not
many studies do show all stages of sexual maturation from the onset of puberty fo the fast
stage, thus we limited ourselves fo studies providing complete data. In table 1 a summary of
maturation data from 4 couniries in the northern part of Europe is shown.

From table 1 it can be concluded that there is a secular trend towards a higher tempo
of sexual maturation in girls. In boys a similar frend can be assumed but only the Dutch data
support the assumption. There is scarce data on pubserial development in boys due fo lack of
a marked indicator such as menarche is in girfs. Only a few studies used spermarche as
indicator for male puberty (3). Some reports on peak height velocity (PHV) in boys are
available but it is difficult to estimate these dala from cross-sectional studies and a
comparison to estimate a secular change can be assumed to be inaccurate (13). Factors that
determine the tempo of puberty are not known. Clinical observations in children on growth
hormone treatment and in several form of early pubertal development suggest a role of the
GH-IGF axis (14, 15).

A shorter duration of puberly can, theoretically, cause less pubertal height gain,
unfess growth velocity is higher during that shorter period (16). The data on the secular
increase in final height in the same periods as in which duration of puberty decreases,
however, does show that either a higher stature at start of puberty or sufficient pubertal
growth in a shorter period is obtained. ft was reported that the largest part of the secular
increase in adult height was established in childhood and due to increase in leg length {17}

Methodological aspects of the assessment of age at menarche

To compare the different studies on fnal height and age of menarche some methodological
issues should be addressed. First the quality of the survey in terms of the composition of the
study population, its representativeness for the whole population and a balanced distribution
of all age groups (8). Then the assessment of the age of menarche. Several methods can he
used: one is the status quo method where it is asked whether or not the girl had had her first
period. Another method is to ask at what age menarche occurred. The latter recall method
was compared with the status quo method and resulted in comparable age at menarche (18),
However, in rnost studies the status quo method is preferred as it was shown that the longer
the recall period the more inaccurate the estimation of menarcheal age was (19).

Changes in age of menarche

Many studies address the age of menarche as a marker for the Himing of puberty. [t is well
known and a world-wide phenomenon that there is a difference between urban and rural
regions in menarcheal age, with the urban girls having their menarche earlier than rural girls
{20, 21). In fig 1 a summary is shown of results from several growth sfudies providing data on
menarcheal age over fime. The largest decrease in the age of menarche was observed until
the end of the seventies and early eighties. Thereafter, in some countries there is a
continuous small decrease in the age at menarche (The Netherlands, Germany, Bulgary),
while an increase in the age at menarche has been observed in ltaly and Croatlia. Age at
menarche has not changed recently in Belgium and Norway {13} .
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The observation of a decreasing age of menarche should carefully be interpreted. It was
shown that the decrease in number of late maturers was the most marked change observed
(8, 13, 22). This phenomenon can contribute to a decrease in mean age and in the variability
around the mean. One might speculate that the number of late maturers is a sensitive
indicator of the effect of final changes In socio economic and health status. The cause of the
reduction in number of late maturers can be the increasing awareness of delayed puberty
and better treatment options available,

Although the age at menarche is going down it seems that the size at menarche,
based on body weight underwent only minor changes (23). This may lead to the hypothesis
that the earlier occurrence of menarche is the result of the optimalisation of growth so that
the minimal body size {needed for menarche) is achieved af an earlier age. This can explain
why the decreasing age of menarche is not accompanied by a decreass in final height such
as happens in case of precocious puberty (24)

MEDIATORS IN SECULAR CHANGE IN TIMING AND PROGRESSION OF PUBERTY

The age at onset of puberty and menarche is determined by genetic and environmental
factors (25). The relative contribution of each of these is difficult to assess. Probably the
secular trend towards earller occurrence of pubertal onset and menarche is mainly duse to
environmental factors (26) such as increasing socio economic conditions, better health care
and prevention (13}, Because of improvement in general living conditions, favouring the
lower social groups in particular, growth and maturation differences diminish between social
groups {28). The effect of racial mixing might contribute {o the secular changes as well (27).
However, the phenotypic effect of heteroslis (the increase in size, strenght, elc.often found in
a hybrid as compared with inbred plants or animals) remains a controversial issue (3).
Thereby, gene-environment interactions do occur. Modifications under the effect of external
agents will especially become visible during periods of more intense change. In table 3 some
factors that may contribute to secular change are summarised.

Table 3 : Possible mediators explaining secular trend In timing and progression of puberty

Genetic
- Migration - gene flows
- phenolypic effect of heterosis®
Environmentatl
- Improvement of - socio-economic conditions
- hygienic conditions
- heatth service
“ Growing urbanisation
- Reduction of family size
- Changss in nutrition - increased intake of animal proteins
- phyto- or xeno estrogen intake (?}
- Environmental poliutants (?)

# Heterosis : the increase in size, strenght, efc.often found in a hybrid as compared with inbred plants
or animals (Webster's Dictionary)
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The levalling off of the menarcheal age in some countiies is either the effect of a ceasing
improvemsnt of environmental factors or of reaching the genstically determined limits of
normality in menarcheal age (13).

Nutritional differences between rural and urban populations still exist in some
European countries with more vegetables and fruit, meat and milk-based products consumed
in the urban areas (3). In The Netherlands, the general wealth of the population over the past
42 years has increased considerably and at presant virlually all children have easy access {o
food. With regard to the quality of food, a clear rise of consumption of animal protein and
saturated fat was observed between 1936 and 1975 in The Netherlands and the present
consumption of dairy products is one of the highest in the world (8). Recently, emphasis is
placed on food-substances that have oestrogen relaled physiological effects such as phyto-
oestrogens and lignans. These substances act as either agonists or antagonists of
oestrogens. They are found in vegetables, fruits, seeds, and grains and are substantial
constituents of our daily food (28). Rat studies have shown that feeding lignan-rich food fike
flaxseed during pregnancy had dose dependent hormonal effects in the offspring such as an
earlier age and lighter welght at puberty {29). Afthough it is often stated that soy-based
formulae {containing relatively high isoflavoneid fevels) do not alter the timing of puberty,
there are in fact no studies of sexual maturation in relation to the type of infant feeding (30).
In women intake of some phyto-estrogens was shown to be related to a reduction in breast
cancer risk (31).

Figure 1: Secular trend in menarcheal age. Data from Bodzsar & Susanne 1998 and 4 Duich
national growth surveys mentioned in the text.
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On the other hand there is a theoretical, vet dispuled, increase in breast cancer risk as an
effect of an earlier start of oestrogen exposure in women with a history of early menarche
(32, 33). However, no data is available aboul the net effect on breast cancer risk when
women with early puberty would ingest more phyto-oestrogens.The early onset of puberly in
many adopled children from developing countries to Europe (34, 35} raisad the question
whaether exposure fo low levels of oestrogenic chemicals in the environment, xeno esfrogens,
may lead to higher expression of oestrogen regulated genes in children that were used to
vegetarian diets (Mengarda, unpubfished data). A possible role of intra-uterine growth
retardation can be hypothesised in these children as well (36). With regard fo diet, however,
data from the literature suggest that the composition of the diet is a less imporiant
determinator of pubertal events than Is the attainment of a certain hody size or fat mass at
which puberial onset is permitted (37-39)

Another potential explanation for the decreasing age of onset of puberty might be the
increasing prevalence of obesity both in the Uniled States and Europe which seems (o be
related to eartier onset of puberty, as the hypothesised minimal body mass is reached at an
eariier chronological age (40-42).

CONCLUDING REMARKS

During the [ast century an earlier start of puberty has been observed in most European
countries. In the fast decades, however, this decrease slowad down or came to a halt as
illustrated by the very recent data from The Netherands (8).

The shift towards a younger age has also been observed for age at menarche and
still continues in several European countries, albeit at a slower rate. Occasionally, during
periods of socfo-economic instability age at menarche was found 1o have shifted towards a
later ime. From several reports it became clear that the more recent decline of menarcheal
age resulted mostly from a reduced frequency of late maturers.

improved socio-economic conditfons, improved health service and hygienic
circumstances, changes in nutrition, and growing urbanisation are among the most important
factors influencing these secular changes. The cbservation that the earfier maturation slowed
down, stopped, or even reversed may Indicate either that environmental conditions have
ceased to improve, or that these have already allowed the full expression of genetic potential
(13).

The striking decrease in age at onset of puberly and menarcheal age as reported
from the United States, especially in African-American girls (33) has not been found in
Europe. The magnitude of the decrease is in part due to the comparison with old references
from Marshall and Tanner. The possible influences of substances that have oestrogen-
related effects have bhesn mentioned and require further study (33}
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GnRH and GnRHa stimulation test in early puberly

ABSTRACT

To test the activity of the hypothalamo-pituitary-gonadal {HPG) axis in girls with clinical signs.of
puberty a stimulation test can be performed with native Gonadotropin Releasing Hormone
(GnRH} or with GnRH agonists (GnRHa}. It has been suggested that GnRHa lesting with
leuprolide acetate is a better tool than GnRH testing for the early diagnosis of pubertal
disorders. We compared the response to native GnRH and GnRHa leuprolide acetate (0,5 mg.
$.¢.) in 65 girls with early or precocious pubery. The correlations between the genadotropin
peak values in both tests were 0.87 for LH and 0.80 for FSH. Using a cut off level of 10 /L for
a LH peak as indicative for HPG activation, significantly more girls in Tanner stage 2 could be
diagnosed by the GnRHa stimulation test compared to the test with native GnRH. The mean
LH/FSH ratio was Jess than 1.0 after the GnRHa stimulation in girls In Tanner stage 2 and we
suggest that this ratio has limited value in the decision with regard to initiating therapy. We
conclude that GnRHa stimulation with leuprolide acetate demonstrates HPG axis activation in
an early phase and can replace the standard iv GnRH stimulation test.
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INTRODUCTION

Several strategies have heen proposed 1o assess central activation of the pituitary in children
with a history of puberial development at a young age or in other disorders of puberty (1).
Stimulation tests with Gonadotropin Releasing Hormone (GnRH) all use the increased
reactivity of the pituitary to hypothalamic GnRH as indication of central puberty (2-4). The
luteinizing hormone (LH) response to GnRH is biphasic: first there is depletion of stores of
gonadofrophins in the pituitary, and secondly the newly synthesised pool is released (5). The
LH response fo intravenously administered native GnRH seems to represent the readily
releasable pool of pituitary LH, while the newly synthesised pool of LH may cause the
response to GnRH agonist (GnRHa) (6-8). To release LH and follicle stimulating hormone
{FSH) suificiently, pituitary maturation is required. Prior exposure to GnRH is necessary for
sufficien amounts of quickly releasable LH. The other aspect of maturation is the ability of the
cells to produce de novo gonadofroping (5). Agonists of GnRH are able fo produce larger LH
peaks in comparison fo native GnRH (B, 7} in rats this peak is 50 - 100 times greater (8, 9).
One might therefore expect that in children with recent onset of puberty GnRH agonists are
more capable in demonstrating pituitary activation than native GnRH. This may allow a
diagnosis of central precocious puberty (CPP}in an earlier phase,

Ibangz ef al. demonstrated that pubertal LH peaks (> 8 IU/L)} after GnRH agonist
leupralide acetate administration correlated with progression of puberty during a mean follow-
up period of 12.9 months (8). The authors suggested that for the early diagnosis of pubertat
disorders GnRHa testing with leuprolide acetate is a better tool than GnRH testing.

in the present study the usefulness of the GnRHa lest is further investigated: we
compared the response of LH, FSH and estradiol (E2) following administration of native GnRH
or GnRH-agonist leuprolide acetate. Special emphasis is put on palients in which pubertal
development has progressed only to Tanner stage 2, as in our experience the standard test
with native GnRH was often found {0 be non-discriminatory. We hypothesise that the
stimulation test with GnRH-a leuprolide acetate would be able to demonstrate hypothalamo-
pituitary-gonadal (HPG) axis activation in an earlier phase of puberty than after stimulation with
native GnRH. Furthermore, in case both tests are comparable, the GnRHa stimulation test is
still less invasive and less time consuming and may therefore be cost-effective.

PATIENTS AND METHODS
In all girls with clinical signs of puberty, consecutively referred fo our endocrinology unit
between 1995 and summer 1999, a standard GnRH stimulation test with 100 micrograms
GnRH intravenously (Relefact LH-RH, Hoechst AG, Frankfurt am Main) was performed. Blood
samples for LH, FSH and E2 were taken at baseline and for LH and FSH at 30 and 60
minutes. After a week {range 5 - 10 days) a GnRHa stimulation test was performed with 500
micrograms leuprolide acetate {5 mg/ml preparation, 0.1 ml), given s.c. After 3 hours one
single blood sample was taken and LH, FSH and E2 levels were measured. Laboratory
assessments for LH and FSH were performed by monoclonal specific immuno radiometric
assay (IRMA) (BioSource Europe SA, Nivelles, Belgium), sensifivity 0.2 and 0.1 miUiml
respectively. E2 was assessed by coated tube radio-immuno assay (RIA; Orion Diagnostica,
Espoo, Finland), sensitivity 20 pmolil.. We calculated the L.H peak/FSH peak ratio as a variable
as this ratio was described previously to distinguish prepubertal from pubertal children based
on the sharp rise in LH in eariy pubertal girls (4, 10-12).

As the best available standard to indicate pubertal activity we used an a priori cut off
peak of LH in IRMA of 10 1U/L in the standard GnRH stimulation test (13). In some children
both tests were performed more than once. This was done when both tests resulted in a
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prepubertal response while clinical appearance suggested puberty. Then, pubertal develop-
ment was monitored for 3-6 months and the child was retested.

Values in the standard GnRH stimulation test and GnRHa test were non-
parametrically tested with the Wilcoxon signed rank test for paired values. The Mann-
Whitney test was used to compare between groups, For bivariate corrglations we used
Spearman rho, as the distribution of the parameters was not normal. As the data were paired
we used the McNemar test to compare the fractions of pairs that were discordant in LH peak
after either standard GnRH or GnRH-a leuprolide-acetate. A significance level of < 0.05 was
indicalive for statistical significance.

Paiients were included based on thsir first clinical presentation, and divided in 2
subgroups: group 1: precocious puberty: pubertal development (according fo Tanner > B2 in
girls before the age of 8 years); group 2: early puberty: pubertal development before the age of
10). In table 2 some clinical data on a subgtoup of patients is presented. The description of
further diagnostic tests is bayond the scope of this article.

It was decided to treat patients when auxclogical or psychosocial indications were
present and when the peak value of LH in the GnRH test was > 10 IU/L. When the LH peak in
the GnRHa stimulation test was > 10 IU/L progression of puberty was probable based on data
in the literature {8}, and In that case we regarded it unethical fo postpone GnRH agonist
freatment.

RESULTS

Ceniral activation: LH and FSH

Seventy-seven pairs of {ests were performed in 65 girls (44 presenting wilh Tanner stage 2, 31
with Tanner stage 3 and 2 with Tanner stage 4). Fifty-six tests ware performed in group 1 (22
with organic causes of precocious puberly) and 21 in group 2 {4 with organic causes of early
puberty}. No significant differences were present for mean LH, FSH and E2 values and
LH/FSH ratio's in either test comparing children with or without organic reasons that could
explain the early or precocious onset of puberty. No significant differences between the mean
values of LH and FSH peaks with or without the repeated tests were observed. Therefore each
lest was used as independent test.

Peak values of LH and FSH obtained in the GnRH stimulation test significantly
correlated with values obtalned after GnRHa stimulation: Spearman rho was 0.87 for LH and
0.80 for FSH (both p < 0.001). In group 1 these correlations were 0.89 and 0.83, and in group
2: 0.83 and 0.76 respectively (all p < 0.001}). In figure 1a mean LH and FSH peak values and
in figure 1b the LH/FSH ratios are shown for Tanner stage 2 and 3.

Giris with Tanner stage 2 (n=44) were studied in more detail. Peak values for LH and
FSH in both tests are plotted against each other in figure 2. In alt children with prepubertal LH
peaks in both tesls the LH/FSH ratios were < 1. In Tanner stage 2 we found values of the
LH/FSH ratio below and above 1.0, ranging from 0.15 to 10,3 in the GnRH test {median; 0.67)
and from 0.11 to 8.8 in the GnRHa stimulation test {median: 0.61). The number of Tanner 2
girls with LH peak > 10 in the GnRH test {(n=14) and LH/FSH ratic < 1.0 is two.
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Table 1: Summary of resulis of 44 pairs of GnBH and GnRHa stimulation tests in girls in
Tanner stage 2; the number of patients is given,

LH peak in GnRH test LH peak in GnRH lest
> 10IUA < 10 UL

LH peak in GnRHa test > 10 fU/L 13 8

LH peak in GnRHa test < 10 /L 1 22

Figure 1a: FSH- and LH -peak values in 2 different GnRH stimulation tests; *=p < 0.001
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Figure 1 b: Peak LH / peak FSH ratio in girls after GnRH or GnRHa challenge according to
Tanner stage; * p = 0.001;
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When children were divided in 2 groups according to the LH peak in the GnRH stimulation 1est,
the McNemar test for paired observations showed a significant difference (p<0.02} belween the
fractions that are discordant for results of the test (8/30 and 1/13 respectively} (table 1).

Figure 2: Scatterplot of peak LH and peak FS values in GnRH test vs GnRHa test;
Spearman rho : .87 for LH and 0.80 for FSH (both p < 0.001).
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The children with discordant responses In the 2 tests were studied in more detail. Those with a
pubertal response in the GnRHa lest and no pubertal response in the standard test (n=8) are
summarised in table 2. We added clinical signs of HPG axis activation in this table. In these 8
giris, the patients with organic reasons for CPP (nrs 1, 2 and 6) all had £H peak values just
above the cut off value. Mean E2 values in the 22 girls with 2 LH peaks < 10 |U/L ranged from
< 20 to 86 pmoliL (mean: 31.7 pmolL) in the GnRH stimulation test and from < 20 to 108

pmol/L {mean 43.8 pmolL} in the GnRHa stimulation test.

82



Chapter 3

Table 2: individual data of 8 patients with LH » 10 IU/L in GnRHa test and LH < 10 |U/L in
GnRH stimulation test.

Nr | Diagnosis Age GnRH test GnRHa iest Clinical
evidence*

LH peak |E2 LHFSH |LHpeak |E2 LH/FSH
{IUAL) {pmol/L) |ratio {IU/L) {pmol/L) |ratio

1 [Braintumer [35 |63 80 0.72 10.2 123 0.88 A

2 |[MMC 9.7 |66 23 0.62 10.8 111 0.72 A

3 |ICPP 89 (76 180 0.76 34.0 181 1.28 B,C

4 |ICPP 7.7 {59 57 0.75 18.7 103 113 B,C

5 [ICPP 46 |77 33 0.16 10.4 100 0.19 B

6 [Cranio 7.0 |98 28 0.74 1.1 44 0.66 Cc

7 {ICPP 66 (8.0 22 0.48 15,2 19 0.61 B

8 |ICPP 88 {74 70 0.81 17.2 160 0.69 A

*for presence of HPG axis aclivation: A: pubertal E2 levels > 50 pmol/l. (ref: (26); B: advanced (> 2
yry bone age; C: pubertal ultrasound uterus. ICPP = idiopathic central precocious puberty; MMC =
meningo myelocele; cranio = craniopharyngeoma

Compared to these girls, the 8 patients presented in table 3 had significantly higher E2, LH
peak and LH/FSH ratio values in both tests and higher FSH peak levels in the GnRHa test (all
p < 0.05, for LH peaks: p<0.001}. The only girl {age: 9 years) with a pubertal LH peak (10.7
IU/L} in the standard GnRH test but not in the GnRHa stimutation test (8.8 IU/L} had an
advanced bone age, low E2 levels (< 20 pmol/L in both tests) and ratio’s below 1 in both tests.

Table 3: Follow-up data of girls without pubertal LH peak in both stimulation tesis

Category Number
Gionadotropin independent PP 6"
Progression with central activation within 8 months 5

Slow progression without central activation within 8 months 7

Other 2

No data on progression avallable 2

Total 22

#: ovarian cysts {n=4}, obesity (n=1}, possibly McCune-Albright syndrome (n=1}
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The LH/FSH ratio was < 1.0 in 4 of 14 girls with a LH peak > 10 IJ/L in the GnRH stimulation
fest and in 8 out of 21 girls with a LH peak > 10 IU/L in the GnRHa stimulation test.

Gonadal activation

In girls in Tanner stage 2 E£2 values were studied in both tests. Median basal value was 35.0
(range 6.80-190) pmollL in the standard test. Mean {SB) E2 in the GnRHa tesf, 3 hours after
GnRHa administration, was 72.1 (50.7} pmoliL.

Spearman correlations between LH peak and E2 serum levels in the group girls with
Tanner stage 2 were 0.49 in the standard GnRH test and 0.66 in the GnRHa stimulation test
(both p< 0.01). For girls in Tanner stage 3 these correlations were 0.40 {p<0.05) and 0.56
{p=<0.01) respeciively. In the group of girls with * pubertal’ LH peaks after GnRHa (n=21) only 3
had E2 levels below 50 pmoaliL, indicating that already 3 hours after a GnRHa stimulus the E2
production is clearly activated.

No activation of HPG axis (LH peak < 10 [U/L) in either test was seen in 29 pairs of
tests, referring to 22 children (table 3). Five of these children demonstrated HPG axis aclivation
during follow-up within 6 months when the tests were repeated.

DisCUSSION

The decision to start a dignostic procedure in children with precocious or early puberty is
related {o the age of the nhormal occurence of sexual characteristics in the population. In The
Netherlands the age at onset of puberty in girls did not decrease dramatically over the last 20
years (15, 16)}. Therefore, the adaptation of the age limit for the definition of precocious puberty
recommended in the USA is not applicable for the Dutch population (17). Then, one would be
cartain about further progression of puberly in the near future in order to prevent unnecessary
treatment. In some children there is rapid progression of sexual development, while in others
there is only slow progression without marked acceleration of bone maturation and without
decrease in final height, as Palmert ef al. showed (14), The children with slowly progressive
puberly alf had low LH peaks in a GnRH stimulation test. The authors state that slowly
progressive puberty in girls does not warrant therapy and it was advised to monitor giris with
FSH predominant response in GnRH stimulation test and moderate bone age advancement for
at feast 6 months before initiation of therapy. It would be helpful when a single assessment of
gonadotropins in serum could discriminate between prepubertal and pubertal girls. Recently, a
sensitive immunofluorometric assay (IFMA) for basal LH and FSH was used for the diagnosis
of CPP, but this method was able to diagnose CPP in only 62.7 % of the girls and has a limited
avaitability in clinical practice (18).

Thus, stimulation tests that challenge the HPG axis are still fo be used to discriminate
between prepubertal and pubertal girls. The classical test is performed with an iv. bolus of
GnRH. Alternatively, agonists of GnRH could be applicable. The potent GnRH agonist
leuprolide acetate was shown to be able to distinguish children with progression of puberty
from those without {8). Apparently, the GnRH agonist is able to induce de novo synthesis of
gonadotropins in the pituitary indicating the onset of puberty {19). Therefore, in our study we
used the same GnRH agonist and used an even higher LH peak as cut-off to be sure that all
children with a LH peak > 10 IU/L in the GnRHa stimulation test were indeed prone fo
progression of puberty. Comparing the two tests high correlations were found between the
peak values of LH and FSH without differences between early or precocious puberty.

We put emphasis on the subgroup of patients with eardy pubertal development (Tanner
stage 2). In clinical practice we have often seen that the standard GnRH stimulation test does
not substantiate cenltral HPG axis activation: Sometimes there is hardly any rise In LH, FSH
levels are higher than LH levels and the LH/IFSH ratic shows a prepubertal pattern, although
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puberty progresses in the following months, We have shown that application of the GnRHa
stimulation fesl resulls in a considerable reduction of the number of these ‘prepubertal
responders’ (8/30) now demonsitrating the HPG-axis aclivation. This phenomenon was
observed despite the highly significant correlations of the LH and FSH peak values obtained in
the standard GnRH test and after GhRHa stimulation. The lower potency of natural GnRH
compared to leuprolide acetate may explain the prepubertal- like response (20). it is nof clear
from the literature why GnRH agonist administration stimulates the de novo gonadotropin
synthesis. A possible explanation is the longer duration of stimulation, due to the subcutaneous
route of administration and sustained delivery to the circulation (2, 20}.

The data of Roger ef al in normal girls (5} suggest that the ratio LH/FSH Is not
consistently > 1 in healthy girls that have reached Tanner stage 2. We and others (21)
showed the same for gitls with early or precocious puberty. The use of the LH/FSH ratio with a
cut-off of 1.0 to demonstrate puberial onset in Tanner stage 2 might be of questionable valug
as we show ratio’s ranging from values far below 1.0 up to 10 in both tests. Furthermore, in
the GnRHa test, girls in Tanner stage 2 showed a mean value for the LH/FSH ratio below 1.0.
Detailed analysis of the girds in Tanner stage 2 showed that the combination of a LH/FSH ratio
> 1 and a pubertal LH peak was more frequently present in the GnRH stimulation test than in
the GnRHa stimulation test. Thus, the usefulness of the LH/FSH ratio in distinguishing
prepubertal from pubertal girls is debatable, and possibly limited to the GnRH stimulation test.
This is a remarkable finding, indicating that GnRHa Is able fo induce an increase of hoth FSH
and LH in recently slarted puberty. it is in line with the observations that FSH release after
GnRHa stimulation is more gradual and has not the biphasic pattern as LH release. Therefore
FSH peaks will be demonstrated on a later moment than LH peak (2, 22, 23).

In patients without pubertal LH peak in either fest, the decision not to treat was justified
by the clinical course. No rapid progression was observed In these patients. In this study, the
decision o treaf patients was not used as a validation for the test under investigation. We
already applied the resuits of earlier findings on the use of the GnRHa stimulation test (6) in
our clinical praciice. Thus, we make no recommendations regarding the predictive valie of the
GnRHa stimulation test for progression of puberty, because the study design does not allow a
statement on this.

We show that GnRHa induces E2 production even 3 hours after administration. An
early rise in serum E2, described in adult females, was not observed by Rosenfield after
nafarelin administration in girls with CPP (24). The normal response pattern of early pubertal
ovaries to gonadotropin exposure is not known. One might speculate that the first LH pool
could be responsible for the short term respense. The maximum E2 level is probably not
reached after 3 hours as it was shown that the time lag between LH and E2 was between 6
and 9 hours due fo the lime required for aromatization (25).

Based on our findings, we advise to test children with clinical development of secondary
sexual characteristics with 500 microgram of leuprolide acetate s.c. and serum sampling after 3
hours for LH, FSH and E2. The test has to be repeated after 3-6 months in case HPG axis
aclivation can not be demonstrated. The benefit of our advice for the patients is a less invasive
procedure and results in an earlier diagnosis fo start the appropriate trealment. Secondly, the
test is fess time consuming and less expensive.

In conclusion: the GnRHa stimulation test with leuprotide acelate demonstrates HPG
axis aclivation in an early phase of puberty, therefore improving the diagnostic process in
children with early or precocious pubarty.
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Pubertal suppression during GnRHa treatment

ABSTRACT

We studied the auxclogical effects of treatment with the GnRH agonist leuprolide acetate
(Lucrin & } at 3.75 mg/28 days in 38 children with early or precocious puberty, We present
our newly developed scoring system, the Puberly Suppression Score (PSS), in which clinical
and biochemical parameters determine whether suppression was effective. Leuprolide
acefate suppressed pubertal development in the majority of cases. During treatment there
was a significant correlation between the number of times that PSS was 10 and gain In
predicted adult haight (PAH) compared to initial prediction at the start of treatmeni. After 6
months of treatment, ineffective suppression measured by PSS was associated with the
magnitude of gain in PAH. We conclude that a leuprolide acetate dosage of 3.75 mg every
28 days effectively suppresses puberty. PSS is helpful in monitoring the suppressive
capacity of a GnRH agonist. We recommend fo start with feuprolide acetate at 3.75 mg/28
days and to increase the injection frequency or dose in case PSS Is 10 after 6 months of
treatment.

92



Chapter 4

INTRODUCTION

For years, gonadotrophin-releasing hormone (GnRH) agonists have heen used as potent
therapeutic suppressors of gonadotrophin release from the pituitary {1-6). In children with
early or precocious puberty, the depot formulations of GnRH agonists have made this
treatment more acceptable. With the use of depot formulations, a large difference in dose per
kilogram body welight is observed in daily practice (7). To assess whether this dose is
sufficient for a particular child, clinical, auxolegical and blochemical evaluation of the
suppression of pubertal development is demanded. In the recent literature, a suppressed
peak tevel of luteinizing hormone {LH) in a GnRH stimulation test is regarded to be the best
parameter to establish pubertal suppression (7-9). Cook ef al. {10) suggest that overnight
monitoring of LH release is more sensitive than GnRH stimulation testing. These authors and
others {11, 12} also stressed the importance of clinical regression of pubertal characteristics
and decrease in skeletal maturation rate.

So far, no scoring system has been developed which evaluates pubertal suppression
during treatment. Such a scoring system should include clinical, auxological and biochemical
parameters and should be applicable in clinical practice. Besides evaluation of the ongoing
freatment in the individual patient, it may be useful for comparison of differant treatment
modalities or formulations. In the present study, the pubertal suppression of 38 children with
early or precocious puberly is evaluated by a newly developed scoring system, the Puberty
Suppression Score (PSS). We evaluate the usefulness and validity of the PSS and discuss
possible clinical applications.

PATIENTS AND METHODS
Thirty-eight patients (33 girls and 5 boys) with early or ceniral precocious puberty (CPP)
treated with the GnRH agonist leuprolide acetate were studied in a refrospective analysis.
Thirty patients had frue CPP {signs of puberty before the age of 8 in girls and before the age
of 9 in boys). In 8 children, puberty was early (signs of puberty before the age of 10 in girls
and hefore the age of 11 in boys). Leuprolide acetate {Lucrin ®; Abbot, Amstelveen, The
Nethertands) was given subcutaneously, 3.75 mg every 28 days, but the interval between the
first 3 injections was 14 days. Thirty-eight children received treatment for 18 months, 32 of
them for 24 months. Height was measured by a Harpenden stadiometer in an outpatient
clinic. Height and body mass index (BMi) were compared to Dutch standards (13), and
height standard deviation scores (H-SDS) for chronological age (CA) or bone age (BA) were
calculated. LH and follicie-stimulating hormone (FSH) levels were assessed by
immunoradiometric assay, estradiol (E2) and testosterone (T) were assessed by
radioimmuno assay. At diagnosis, a GnRH stimulation test with 100 pg LHRH intravenously
was performed, and LH peak values > 10 IU/l were considered lo indicate central activation
of the hypothalamic-pituitary-gonadal axis (14). In 13 children, an additional GnRH
stimulation test was performed with 500 pg leuprolide acetate subcutaneously and blood
sampling 3 hours after injection (15). During treatment, LH peak fevels >5 |Ufl (7} in a GnRH
stimulation test and basal E2 levels >50 pmolfl or T levels >1.0 nmol/| were considered to
indicate effective suppression. BA was assessed by one observer with the method described
by Greulich and Pyle {16). Prediction of adult height (PAH) was calculated with the Bayley-
Pinneau tables for average girls or boys (17). Skeletal maturation was expressed as
ABAJACA.

To evaluate pubertal suppression by the GnRH agonist, the PSS was developed with
4 parameters: Tanner siage progression, growth, bone maturation and sex steroid level
{table 1). These parameters were chosen because they reflect the major endocring activity in
CPP.
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For each parameter, the score is 0 in case of effective suppression, while the score is 1 in
case of ineffective suppression. The Tanner stage criterion reflects the clinical appearance of
a child under treatment. In case of progression of Tanner B or G stage of more than 1
compared to the start of treatment, suppression is clearly not effective.

Table 1. Puberty Suppression Score

Parameter | Suppression effective Score |Suppression not effective score

Tanner stage | < 1 stage progression 0] > 1 stage progression 1
comnpared to start of treatment compared to start of treatment

Growth AH-SDS., <0.26/6 months |0 AH-SDS., > 0.25/6 months | 1

ABAJACA 1< 0 =1 1

Sex steroids [E2 < 50 pmol/l; T £ 1.0 nmolff |0 E2 > 50 pmol/l; T > 1.0 nmoli |1

Total PSS 0 1-4

A progression of 1 stage was considered fo be due fo inter- or intra-observer variaiion. In a
recent Dufch consensus statement (18), growth retardation or acceleration was defined as a
change in height standard deviation score for CA (H-SDSCA) >0.25 SDS in 12 months. To
assess accelerated growth during GnRH agonist treatment, we used this increase in H-
SDSCA for a period of 6 months. When the increase in H-SDS exceeded 0.25 SD in 6
months, puberty was regarded to be ineffectively suppressed and the score was 1. Bone
maturation is retarded during effective treatment (4), and therefore ABAJACA is <1. In the
PSS, a ratio of >1 is regarded to indicate ineffective supprassion and the score is 1. Basal
values of sex steroids were considered to be prepubertal when the T level was <1.0 nmoM or
the E2 fevel was < 50 pmall. When these basal levels exceeded these limils, suppression
was considered to be ineffective and the score was 1. In a child with effective suppression,
the PSS is 0 for each parameter. In case of ineffective suppression the PSS ranges from 1 lo
4, suggesting a sliding scale of ineffectiveness of suppression.

Stalistical analysis was performed using the Student t-test for paired observations.
Values are expressed as means (+ SD). Simple and muiltiple regression analysis was used to
assess cofrrelations between the PSS and gain in PAH.

REsSULTS
Baseline parameters of the start of therapy are summarised in table 2. In 4 patients, LH peak
values in a GnRH stimulation test with GnRH were below 10 [Uff (2.6, 6.6, 7.7 and 3.1 ILIL);
in 3 of them, LH peak values > 10 1Ufi {10.8, 34.0 and 27.9 U/, respeclively) were shown in
the GnRH stimulation test with leuprolide acetate. The fourth one, a boy, had a LH peak
value of 9.6 1UA, but his testes were bilaterally enlarged (10 mf) and his T level was 2,10
nmolf. In a fifth patient with Tanner stages B4 P4, the E2 level was 188 pmolil and no GnRH
stimulation test was performed.

At baseline, the mean LH peak was 24.9 {Ufl (SD: 18.0); after 3 months of treatment,
the mean LH peak level had decreased fo 1.5 {0.8) U/l {range < 1.0-4.5 1UA), p < 0.001
compared lo baseline. The mean E2 level was 91.1 (65.1) pmoll at diagnosis; after 6
months, all girls had an E2 level <50 pmalll, except for 1 girl (88 pmol/l} who had suppressed
E2 fevels on subsequent visits. H-SDS for CA significantly decreased from 0.79 (1.47) at
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start 1o 0.68 (1.36) {p < 0.01). PAH increased from 155.6 {7.19) cm to 161.4 (6.44) cm {p <
0.001) at 24 months of treatment.

Table 2. Baseline characteristics {(mean + SD) of the study population

Girls (n=33) boys {n=5)
CA, years 8.2(1.9) 8.7 (2.4)
BA, years 10.3 (2.2) 12.2 (2.5)
Height, cm 134.8 (11.5) 140.5 (13.5)
H-SDS¢a 0.72 (1.44) 1.23 (1.76}
H-SDSg, -1.37 (0.97) ~1.41{0.28)
Target H-SDS -0.23 (1.02) -0.24 (0.87)
PAH, cm 154.4 (6.7) 164.8 (2.9)
Basal LH level IU/L 1.7 (1.00) 26 (1.9}
Peak LH, 1U/L 27.1(18.8) 13.4 (2.4)
Basal E2, pmolfL 91.1 (65.1) -
Basal T, nmol/L - 3.25(1.95)

Table 3. Auxological data during freatment

treatment period (months)

0-6 6-12 12-18 18- 24
ABA JACA 075(0.66) 056(0.38) 0.42°(0.34) 0.56 (0.31)
AH-SDS /6 mo -0.02 (0.20) -0.06 (0.15) -0.12(0.13) -0.10 (0.13}
HV (cmifyr) 5.9(2.2) 53'(1.8)  46'(18)  50°(1.7)

HY = height velocity; * p = 0.05 compared to 0-6 months; ¥ p < 0.05 compared to 0-6 monihs
* p < 0.01 compared to 0-6 months

The dose of leuprolide acetate decreased significantly (p < 0.001)} from 111.3 (31.5) uglkg
(range: 59.6-202.7 ug/kg) between 0 and 6 months to 92.4 (24.1) ug/kg (range 46.5-167.4
pafkg) between 18 and 24 months of treatment because of gradual increase in hody weight.
The BMI SDS significantly increased during treatment (p < 0.01) from 1.13 {1.11) to 1.39
(1.11). In table 3 height velocily, skeletal maturation and growth during freatment are shown,
To evaluate pubertal supprassion, the PSS was calculated after 6, 12, 18 and 24 months of
treatment. The results are given in table 4. In 6 children, the PSS was 10 on more than one
occasion during treatment, and 13 patienfs showed signs of ineffective suppression at any
momerd. In children with a PSS > 0, the data of the GnRH stimulation test at 3 months were
reviewed. None of these children had LH peak values indicating insufficient suppression:
mean LH peak value 1.48 (0.65) U/l {range: 1.0-2.8 IU/).

Because of signs of escape from treatment, the dose of leuprofide acelate was
increased to 7.5 mgf28 days in 1 girl. Her PSS score was >0 in the period of escape because
of accelerated skeletal maturation and an increased E2 level. in another child, at 22 months
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of treatment, the frequency of injections was increased to 1x/3 weeks because of aiterations
in behaviour at the end of each 4-week interval. The PSS was not >0 during the inlerval
studied. In none of these iwo girls progression of Tanner stage >1 was observed. In the
remaining 11 children with a PSS >0, ineffective suppression escaped clinical attention and
no dose adjustments were made.

Table 4. Number of patients with PSS = 0 (ineffective suppression) during treatment with
leuprolide acetate

treatment period (months})

6 12 18 24
Tanner stage progression > 1 0/38 0/38 0/38 0/32
H-SDS increase > 0.25/6 months 2/38 0/38 0/35 0/29
ABAJACA >1 5/24 4/24 1/25 2/25
sex steroids (E2 > 50 pmollorT > 1.0 nmol)  2/32 1438 1/29 2122
Total PSS > 0 9 5 2 4

Tahle 5. Correlation coefficients of the correlation beiween BA af start (BAy}, age at starl of
treatmeni {Ageg} or PSS.,, and gain in PAH in simple and multiple regression analysis.
Figures in parentheses denote p value

Regression variable | Whole group Girls alone
Simple regression, 18 months | PSS.yn -0.49 (0.007) -0.49 (0.01)
Simple regression, 24 months | PSSum -(.37 (0.086}) -0.40 (0.05)
Mukiiple regression, 18 months |BA, 0.09 (NS} 0.04 (NS)
Agey -0.35 {(NS) -0.34 {NS)
PSSuum -0.51 (0.01) -0.55 (0.01)
Multiple regression, 24 months | BA, 0.13 (NS} 0.28 (NS)
Agey -0.38 (NS) -0.34 (NS}
PSS.um -0.37 (0.08) -0.35 (NS)

The cumulative PSS during the treatment period (PSS.m} was calculated by adding the PSS
of each 6-month PSS, resulting in PSScumis 0OF PSSaumes for 18 or 24 months of treatment,
respectively.

We studied the relationship between the PSS,,, and gain in PAH during treatment (table 5).
First, we performead simple regression between PSS, and gain in PAH at 18 and 24 months
of treatment; correlation cosfficients are given in table 5, separately for the whole group and
for girls alone. Simple regression for the Individual parameters in PSS did not show any
consistent correlation, while PSS, — Including all these individual parameters together —
significantly correlated with gain in PAH at 18 and 24 months of treatment. Second, multiple
regression was perfarmed for PSS, corrected for BA and CA at the start of treatment, as it is
known that these parameters may influence the magnitude of gain in PAH {3]. PSS was
significantly correlated with gain in PAH at 18 months (whole group and girls alone, p = 0.01}.
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At 24 months of treatment, none of the 3 regression variables (BA at start, CA at start or
PSS.um) significantly correlated with gain in PAH. Calculations were performed for the
association between PSS, and gain in PAH with and without the PSS of the first 6 months
of treatment. Gain in PAH was plotted against increasing PSS, values during 18 or 24
months of treatment {fig. 1a). Afler 6 months of treatment, it appeared that there was a
significant difference in gain in PAH batween children with PSS, = 0 and those with PSS,
>0 (p < 0.05),

1118 Months | PSSeumB-24months -

| Psscme-t90r2emome
T H 24 Months

Figure 1. PAH gain during treatment with GnRH agonist: relationship to PSScumis oF PSS8cumza
(a) and without PSS of the first 6 months {b). * p < 0.05

DiscussioN
It was shown earlier that freatment of CPP with incomiplete suppression of the pituitary-
gonadal axis leads to disappointing final height resuils, due to the rapid bone maturation
compared fo ireatment modalities with complete suppression (3, 5, 6, 17, 19-22). We
therefore consider complele suppression superior to partial suppression to achieve the
auxological goals of treatment of CPP. However, complete suppression leads to very low
height velocities in some CPP patients, possibly due to a decrease in GH secretion as a
result of the decreased prepubertal E2 levels (23-25).

in order to evaluate to what extent pubertal development can be suppressed by a
GnRH agonist, the PSS was developed. This scoring system is based on generally accepted
criteria for the evaluation of the effect of treatment and applicability in clinical practice.
Although the cut-off values are arbiltrarily chosen, we think that the criteria are appropriate to
distinguish between effective and ineffective suppression. In this study, we showed that the
combination of parameters correlates better with gain in PAH than any parameter alone. It
might be questioned why we did not incorporate GnRH stimulation testing during treatment in
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this scoring system. The first reason s that the applicability of GnRH testing in daily practice
is limited because of the duration of testing and the intravenous route of administrations of
LHRH. Possibly, testing with teupralide acetate subcutaneously {15) may be an allernative,
but the value of this way of tesling during treatment has to be establishad more extensively.
A second reason is that GnRH testing is critically dependent on the moment of testing, while
3 out of 4 parameters in the PSS reflect effects of treatment over a 6-month period.

Thirdly, in this study we showed that it is possible to have a very well suppressed GnRH
stimulation test while clinical suppression is clearly ineffective over a longer period. This
limils the usefulness of the GnRH stimulation test as a marker of long-term suppression of
puberiy,

Behavioural changes appearing at the end of the interval between injections may
indicate ineffective suppression (26). Detailed psychologlcal evaluation is required before
these changes can be used as parameters of the effactiveness of treatment.

During treatment with a GnRH agonist, height velocity decreased and bone
maturation was halted. The mean PAH significantly increased from 155.6 o 158.9 and 161.4
cm after 18 and 24 months of therapy, respectively (both p < 0.001). The reported height
gain based upon height predictions in other studies with the GnRH agonist leuprofide acetate
varies between 3.4 and 5.5 cm (8, 9). One should be aware that we used the average tables
for PAH calculation [17] even when BA exceeded CA by 1 year or more. This results in a
lower PAH at the start of treatment compared to PAH calculated by accelerated tables.

Several theoretical explanations are possible for neffective suppression during
trealment: patient compliance, inadequate dose andfor way of administration. In general,
compliance was not a problem, as the injections were given by the ganeral praclitioner every
28 days. Inadequale dosage could be responsible for ineffective suppression. However, in all
children the mean dose per month exceeded the minimally needed dose (30 pgrkg) as
caleulated by Tanaka ef al. ([27). In another study [7], it was also shown that in most children
a dose of 3.75 myg resulted in a dose per kilogram that was largely above this minimally
required dose. In Europe, most children are treated with 3.75 mg subcutaneously, while in
the US 7.5 mg is the common dose, given as an intramuscular injection every 4 weaks. In
our study, we increased the dose of leuprolide acetate in only 1 child to 7.5 mg/28 days
resulfing in better clinical suppression. A third reason for insufficient suppression could be
the way of administration. In this study, leuprolide acetate was given subcutaneously, in
other studies it was injected intramuscularly (8). No data are available on differences
between subcutaneous and intramuscular administration. In our group, 1 child (2.6%) had a
sterile abscess. Manasco ef al. (28} described the occurrence of sterile abscesses in the
subculis during treatment with feuprolide acetate. The described percentages of this problem
vary between 3-8% and 13% (7, 8,28).

Our PSS data in this study suggest that a few children treated with the GnRH agonist
leuprolide acefate 3.75 mg/28 days have an ineffective suppression measured by the PSS,
These patients would not easily be detected without this scoring system because of the
sublle changes over a longer period measured with the PSS, The usefulness of the PSS was
studied in simple and multiple regression models. In the simple regression model, total PSS
during the treatment period was correlated with gain in PAH at 18 and 24 months of
treatment. In multiple regression analysis, BA at the start of treatment and CA at start were
entered as important covariables for gain in PAH during treatment. The regression coefficient
for PSS.um was the most important variable in the equation for the whole group. In girls alone,
this was also the case for gain in PAH at 18 months of treatment, it appeared that the
combination of parameters in the PSS had a stronger correlation with any gain in PAH than
one of the parameters alone. This suggests that the individual parameters can in part be
considered as independent, while they are apparently not physiologically unrelated. in the
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first 6 months of treaiment, the PSS was >0 in a considerable number of children. We
therefore caljculated the difference in gain in PAH between children with and without
ineffective suppression from 6 to 18 or 24 months (fig. 1b} to exclude the possible bias of
enhanced skeletal maturation in the first 6 months of treatment. It appeared that there was a
significant difference between the groups, indicating that when the PSS is >0 after 8 moniths
of treatment, adaptation of the dose regimen is required. In our group, no clear progression
of puberly according to Tanner was detected In any patient during treatment. It could be
argued therefore that this parameter has to be left out. We think, however, that because of
the clinical relevance of this parameter for the work-up of any patient during treatment with a
GnRH agonist it should be included. Especially when Tanner stage assessment is per-
formed by one single observer, it can bg useful.

With ineffective suppression, it is unlikely to reach the auxological goals of treatment.
Basides, there is a risk of vaginal bleeding and ongoing breast development in girls [eading
to emotional disturbances. On the other hand, the use of a standard leuprolide acetate dose
of 7.5 mg/28 days has obvious financial consequences. With the use of the PSS, children
with ineffective treatment can be detected and dosage can be adjusted from 3.75 to 7.5 mg
every 28 days or by increasing Injection frequancy to once in 3 weeks.

We conclude that thorough monitoring of the rate of suppression in children with CPP
is essential. The PSS could serve as a useful tool to evaluate pubertal suppression during
the treatment period. We advise to start treatment with leuprolide acetate 3.75 mg and to
adapt the dose regimen in case of a PSS >0, especially after 6 months of freatment. L.ong-
term studies have 1o be undertaken to assess the effect of ineffective suppression during
treatment on final height gain,
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Final height after GnRHa treatment

ABSTRACT

Final height (FH) data of 96 children (87 girls) treated with GnRH agonist for central precocious
puberty were studied. In girls mean FH exceeded initial height prediction by 7.4 (5.7) cm (p < 0.001);
FH was significantly lower than farget height, but still in the genetic target range. When treatment
started < 6 years of age height gain was significanlly higher than when started > 8 years of age.
Bone age (BA) and chronological age (CA) at start of {reatment, as well as BA advance at cessation
of treatment were the most important variables influencing height gain in multiple regression analysis.
BA advance al start of freatment was most imporiant in simple correlation. in girls, GnRHa irealment
seems to restore FH into the target range. A younger age and advanced bone age at start of
trealment are associated with more helght gain from GnRHa treatment.
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INTRODUGTION

When long-acling Gonadotrophin Releasing Hormone agonist (GnRHa) freatment became available
for the treatment of children with central precocious puberty (CPP) in the mid-1980s, it was expected
that long-term treatment would lead fo substantial improvement of compromised final height (FH). it
took many years to obtain FH data in children with CPP. Some authors reporied on final height in
relatively small samples or selected groups of patients, GnRH agonists were administered as daily
injections or in nasal spray, or even after a period of treatment with cyproleror111_acetate. " Recently,
results of larger study groups and of randomised frials have been described revealing stronger
evidence about the auxological effects of treatmen& i;éowever, it Is not yet clear which type of children
will benefit from treatment with GnRH agonists.” * In addition, questions about the appropriate
chronclogical age (CA) or bone age {BA} to discontinue treatment remain unanswered.

The interpretation of analyses that focus on parameters at the start or discontinuation of
freatment which inferfere with the gain in adult height is difficult for at least three reasons. Firstly, as
the paramelers used are closely interdependent it is not possible {o identify one or more independent
factors determining effect. Secondly, in the meihodg of calculating predicted adult heigh (PAH), the
current models are possibly less accurate in CPP. ~ Finally, it is necessary to allow for the effect of
regression fowards the mean: children with very advanqu bone age at start of treatment have an a
priori chance of ending up with #H in the normal range. Furthermore, the question is how fo define
effect of treatment, as racent data on the natural course of CPP in unireated patients are not
avalilable. We present here resulls from a nation-wide analysis in The Netherlands of final height data
in children with CPP uniformly treated with GnRH agonist triptorelin, providing data on the state of the
art in The Netherlands.

PATIENTS & METHODS

in this retrospective multi-centre study the clinical records and X-rays for BA of chilgren treated for
CPP were re-examined. The children (n=36) from a former analysis by Oostdijk ef al.” were included
in this group, CPP was defined as the onset of symptoms of sexual development before the age of 8
in girls {Tanner stage 2} and before the age of 9 in boys (testicutar velume > 4 ml}, pubertaf response
of LH in a GnRH stimulation test and pubertal levels of sexsteroids according to the individual hospital
laboratortes, or advanced BA: BA/CA ratio > 1.0, When availabls, perinatal data and family history
were obtained, as well as the eventual adoption status and MR findings.

A depot preparation of triptorelin (Decapeptyl CR®) was given IM every 28 days for at least 18
months in a dosage of 3.76 mg. Eight patienis were treaied with depot preparations after a period of
Intranasal buserelin or cyproterone acetate. Both idlopathic and organic forms of CPP were included.
Height data were gathered at start of trealment with depot triptorelin, at the end of treatment and at
final height, Final height was defined as BA of > 15 yr. in girls and >17 in boys, or a growth velocity of
less than 1 cmifyr. measured over a 6-month period, Height data were expressed as height standard
deviation scores (H-SDS) either for chronological age (H-SDSc,) or for BA {HSDSg,). Reference data
and equations for caicu[alirﬂxg target heights (TH) and H-SD scores were derived from the 1980 growth
study in The Netherfands.

Suppression of puberly was monitored at 3 — 8 months’ intervals and escapes from freatment
(for example vaginal blood loss or clinical progression of puberty) were recorded. The decision to stop
treatment was based on auxological or psychological factors. After treatment age of menarche was
nme1 . One experienced observer performed bone a 2 assessment with the method of Greulich and
Pyle ', and the average tables of Bayley and Pinneau  were used as suggested by Kauli to calculate
predicted adulf height

Statistics included pairwise comparisons between PAH at start of treatment, PAH at the end of
trealment, TH and final height (FH), and univariate correlations and multiple linear regression analysis
{(backward seleclion procedure).
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Our objective was 1o identify pre-treatment ot post-treatment factors influencing the main oulcon
parameter which is the gain in height between start of trealment and final height. Because of th
objective we only used 5 variables in the multiple regression analysis that could have possib
influence on decision making in clinical practice: chronological age at starl and stop of treaimer
bone age at start and stop of reatment and bone age advance {BA — CA} at the end of treatmer
Because of the small number of boys multiple regression was not applied on them. A p-value of
(.05 was considered to indicale statistical significance.

RESULTS

Ninety-six patients, 87 girls and 9 boys, were included in the analysis. Characteristics of the patien
before treatment are shown in table 1. One or more signs of escape from suppression were nole
during reatment in ten girls: puberial values in cestradiol levels were reported in five giits, four gir
had temporary vaginal blood loss after the first 6 months of treatment, and in tour girls clinical puber
had progressed —in 1 girl due to non-compliance. In case of biochemical proven escape the dos
regimen was adapted. No serious side effects were observed, some children complained abo
increase in body weight.

Table 1: Palient characteristics before treatment (Bx); {(mean + SD).

Girls (n=87) Boys (n=9)
CA at starl of puberty (yr.) Median: 7.0 Median: 7.75

Range: 0.8 - 8.0 Range: 4.0 - 9.0
CA at stait Bx {yr.) 7.7 {1.25) 8.3 (1.74)
BA at start Rx ('yr.) 10.4{1.17) 10.8 (1.99}
BA advance (BA-CA) at start Bx (yr.) 2.8(1.03) 2.7 (1.68)
H-SDS for CA al start Rx 1.54 (1.28) 1.57 {1.96)
H-8DS for BA at start Bx -1.14 {0.94) -0.96 {1.12)
Target height SDS -0.05 {(1.08) -0.37 {0.79)
Peak LH after GnRH stimulation (JU/L) | 31.7 (25.4) 21.6 (15.2)
Brain MRI or CT performed 61 8
- Hamartloma 2¢ g
- Neurofibromatosis 1 2
- Tumour 1
Number of adopted children 13 0
Type of CPP
- Idiopathic 76 3
- Organic 11 6
PAH at start Bx (cm)
-average tables B&P 155.3 (7.25) 171.5 (4.14)
-acceleraled tables B&P 160.6 (7.80) 180.0 {8.40]

* both < & years of age at start puberty

BA = bone age; CA = chronological age; H-SDS = slandard deviation score for height; LH = luteinizin
hormone; GnRH = Gonadotrophin Releasing Hormone; CPP = central precacious puberty; PAH = predicle
adult height; B&P = Bayley and Pinneau; MRI = magnefic resonance imaging; CT = compulerised tomograrm.
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Mean treatment perfod was 3.4 (1.31) [mean (SD)] yr in giifs and 3.8 {1.33) yr in boys. Bone age
advance (BA-CA) was reduced to 1.3 yr in girls and 1.0 yr in boys at discentinuation. Mean period
between cessation of treatment and the occurrence of menarche was 1.3 {0.8) yr, range: 0.1 fo 4.3 yr.
After treatmeni mean height increase was 9.7 (3.4) cm in girls and 12.9 (5.4) cm in boys. Mean FH-
SDS was 0.63 SDS below mean TH-SDS in girls and 1.30 SD below TH in boys {p< 0.001 and < 0.01
respectively). Mean H-SDS for CA at starf of treatment was 1.54 (1.28} in girls and 1.57 (1.96) in
boys. It decreased to 0.70 {(1.08} and 0.81 (1.37) in girls and boys respectively at discontinualion of
treatment.

Mean final height was 162.5 (7.26) cm in girls and 170.8 (7.18) cm in boys. Mean height gain
in gifls was 7.4 (6.71) cm and — 0.6 (5.94) cm in boys. Height increase in the subgroup of adopted
girls was 6.3 (3.87) cm. Figure 1 shows PAH at start and disconfinuation of ireatment, attained FH
and TH for girls. Mean height gain between girls with start of puberty < 6 (n=21} and > 6 years of age
(n = 64} was not significantly different: 9.3 and 6.7 ¢m respectively, In both age groups FH was
significantly higher than pre-treatment PAH (both p<0.001) and FH-SDS was not significantly different
between the two age groups. In boys there was a significant difference in FH-SDS between the older
and younger boys {p < 0.05). In table 2 the girls are divided in 3 groups based on age at start of
treatment and gain: the difference between FH-SDS and TH-SDS was calculated for each group.

Table 2: Predicied adult height at start (PAH1), final height (FH} and target height {TH) data of girls
divided In 3 subgroups based on chronological age at start of treatment: group 1: < 6 years, group 2:
6-8 years, group 3: > 8 years (range: 8-9.8 years).

Rx duration |PAH 1 FH Height gain| FH-SDS | TH-SDS N
(yr) {cm) (cm) (cm)
Groupl [6.2(1.1) 151.4 (8.05)| 163.1 (8.54)| 11.7 (8.03) {-0.84 (1.38)|0.27 (1.02)" |8
Group2 |3.8(0.8) 154.3 (6.04)] 161.9 (6.31)| 7.9 (5.54) [-1.03 (1.02){-0.11 (1.09)° |37
Group3 |2.6(0.7) 157.0 {7.75)] 163.0 (7.90)] 6.1 (4.97)* 1-0.85 (1.27}|-0.06 (1.10)° |42 |
Allgitls  [3.4(1.31) 155.3 {7.24)] 162.5 (7.26)[ 7.4 (5.71) |-0.93(1.17)]-0.05 (1.08)" |87

a=p < 0.05 compared to group 1: b = p < 0.01 compared to FH-SDS in paired t-test; ¢ = p < 0.05 compared io
FH-SDS in paired t-test; d = pp < 0.001 compared to FH-SDS in paired t-tast {66 pairs)

Correlation and regression analysis

The difference hetween PAH at start of treatment and the attained FH {height gain) was considered to
be the most important variable describing the effect of GnRHa treatment. Therefore this variable was
analysed using simple correlations and multiple regression analysis as described above. Resulis of
the simple correlations are given in table 3 for girls, in boys CA al discontinuation of treatment
correlated significantly with height gain.

In the multiple regression analysis a model with BA at start and stop of treatment, CA at start
of treaiment and with BA advance at stop of treatment could explain 48.9 % of the variance. This
model is described in table 4. In girls treated at CA > 8 years we studied the role of BA advancement
at start of treatment. In tabfe 5 the results are shown. No statistical significance was demonstrated
between the values of gain belween the groups, possibly due to the small number of girls with BA
advance > 3 years, Non-parametric correlation did not reveal significance.
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It can be derived from tables 2 and 3 that age at start of trealment was ane of the most imporia
variables determining the effect of treatment. Figure 2a shows a correlation plot with height ga
against age at start of trealment in girls, and figure 2b growth after treaiment against BA
disconiinuation of freatment.

Table 3: Simple correlation with height gain as dependent variable (girls)

Correlation (Pearson) |P value
BA advance at start Bx 0.63 < (0,001
CA at stant -0.32 < 0.001
Rx duration 0.38 < 0.001
H-5DS for CA at start 0.34 < 0.01
H-SBDS for BA at start -0.34 < 0,01
Ht at discontinuation of Bx 0.27 <0.05
H-SDE for CA at discontinuation of Rx 1 0.23 < 0.05 1

fx = treaiment; BA = bone age; CA = chronological age; H-SDS = standard deviation
score for height

Table 4: Total model of multiple regression analysis: dependent variable = gain; intercept = 12.5
{SE: 12.07); explained variance = 48,9 %)

Predictive factor Slope (standard error) P value
BA at start of Rx 5.55 {0.86} < 0.001
CA at start of Rix -4.89 {0.58}) < 0.001
BA advance at discontinuation of 8x -2.89 (0.92) < 0.001
BA at discontinuation of Rx -1.77 {(1.21) 0.15

BA = bone age; CA = chionological age; Rx = treatment

Table 5: Height gain related to BA advance at start of treatment in girls with CA at start of
treatment > 8 years,

BA - CA (yr) Height gain {(mean (8D) in em | Number of girls
<2 4.5 (5.24) 13

2-3 6.7 {4.58) 22

>3 7.4 (5.78) 6

BA = bone ags; GA = chronological age
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Legend
{Next paga):
Figure 2, 2A: Scatterplot of age at start of treatment and height gain, r = -0.39, p < 0.001 {girls only)

2B: Scatterplot of BA at disconlinuation of treatment and growth after discontinuation of treatment, in
girls: r = -0.67, p < 0.001

.
Ll

Figure 1. Predicted adult height (PAH) at start and stop of treatment, final height (FH}
and target height (TH). * = p < 0.001, * =p < 0.01

Figure 1:
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Discussion

In our study GnRHa treatment in children with CPP resulls In a final height that is significantly higher
than pre-treatment PAH, but significantly lower than farget height. Using mulliple regression analysis,
a model in which CA and BA at start of freatment have significant influence explains nearly 50% of
variance in height gain. However, children with onset of puberty below 6 years of age did not gain
significantly more than children > 6 year old at onset of puberty. Both groups gain compared to PAH
at start of treatment. Height gain is observed even after treatment started after the age of 8 in girls.

Our study describes FH data in a large population of patients with CPP uniformly treated with
GnRHa. Kietter and Kelch summarised data of several centres in diﬁe4rent countries pertaining to 150
patients, however with substantial variations In treatment regimens. The results of that study are
frequently cited to support the statement that freatment in younger patients (< 8 years of age at onset
of puberty} results in improvement of FH in contrast to children with onset from 6-8 years of age at
onset of puberly. Because of the use of different outcome parameters and the composition of their
conirol group it is difficult to assess to what extent their results can be compared with ours. In the
sludy of Carel et al. girts with onset of puberty between 6 and 8 years of age showad, as in our study,
a pos1i?live height gain of 4.5 {5.3) cm, resulting in a FH which was significantly different from PAH at
start.  Bouvattier ef al. showed that girls in advanced puberty (age of on§4et between 8.4 and 10 yr}
did not reach a final height significantly different from prediction at start.  From our data it can be
concluded that there Is more likely to be a positive effect of treatment when age at start of puberty is <
6 years of age. Cassio ef al. showed that in glgs with onset of puberty > 7.5 years old, GnRHa
treatment does not improve auxofogical outcome.

With respect to the age at start of treatment, which can have a variable delay after onset of
puberty, we conclude that even when treatment slart{s2 > 8 years of age il is possible to improve FH
compared fo initial PAH, as was described previously.

In our study, the gain in height, defined as the c;iszerence be}ween PAH at start and FH was
7.4 (5.7) cm, other sludies have reported 4.8 cm , 2.9~ or 3.4 cm . We used the average lables of
BP at start of treatment, resulting in lower PAH at start of treatment if compared to accelerated tables.
We believe that this method gives a belter indication of the effect of GnRHa treatment, as Kauli
showed that predictions with the average tables are more accurate in girds with CPP regardless of the
advancement of bone age.” We used the same method in giris and boys, although this method has
not been used previously or validated in boys.

Our results in girls show that FH-SDS, although in the ger}etic target range is significanily
lower than TH-SDS, which was also found by Kleiter and coworkers , whereas Carel  reported a FH-
SDS close to zero, therefore not different from the midparental height SDS. All the above-mentioned
reports suggest a restoration of FH within thﬁ& target range. The resulls for the boys suggest no
substantial height gain, as reported previously.

The best way to evaluate the effect of treatment of GnRH agonists would include the use of
randomised trials with untreated controls. it is, howaver, considered unethical not to treat children with
CPP. The use of a historical contro! group has its limitations as well because of the secular trend in
age of puberty and adult height. One should also account for prediction errors in any method used.
For example De Waal e! al. demonstrated that the predictizon error in different prediction methods in a
sample of tall girls < 11 years of age was 3.3 (2.5} cm. ~ In our opinion gain of height between the
PAH at start and altained FH is the best way to analyse effect ln sludres without a confro! group. in
the literature FH itself has also been used as measure of effect

For analysis of predictive factors for effect, we used varfables in a multiple regression model in
girls with probable clinical implications, e.g. BA at cessation of trealment. Chronological age and BA
appeared to be important variables in this model as well as BA advancement at discontinuation, In
other studies many variables were shown to influence height gain. In analysing these studies it
appeared that the difference between BA arngcA at start of treatment has significant influence on
height gain In multiple regression analyses. Taking together the results of simple and multiple
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regression analysis cne can conclude that the younger the girl, the more advanced hone age is at
start of treatment, and the more BA equals CA at discontinuation, the more heighi gain from treatment
with GnRH agoenist can be expected. This conclusion is in line with the conclusion of Kaplowitz et al.
that GnRHa freaiment in children with slowly progressive puberty and less bone age advancement
has not been proven to have a significant effect in improving FH.  No definite statement can be
derived from our, data as to when to discontinue Ilreatment, while others did make
recommendations.

We suggest that children with CPP should be treated as early as possible and that children
treated after the age of 8 years old can gain height especially when there is prominent BA advance al
the moment of start of treatment, indicating progressive forms of CPP. In addition, apart from
auxological considerations psychosocial aspects of precocious sexual development in children should
be accounted for in the dacision fo treat or not to treat.
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ABSTRACT

The small number of boys present in most studies on final height (FH) after Gonadotrophin
Releasing Hormone agonist (GnRHa) treatment for central precocious puberty (CPP) offers
uncertainty on the effecis of treatment on final height In males. We therefore combined final
height data from The Netherlands, ltaly and France to study the effect of GnRHa treatment in
a large group of 29 boys with CPP.

Mean chronological age at start of treatment was 7.9 (SD 2.1) years, BA was 11.0 {2.0)
years. All boys were treated by the depot formulations of GnRH agonist triptorelin with
established gonadal suppression for a mean treatment period of 4.6 (2.0) years.

Finat height was 172.6 (6.7) cm. Final height SDS was -0.68 (1.20), not significantly different
from the target height SDS of -0.27 {(0.75). FH-SDS was significantly lower in the subgroup
of 12 patients with organic CPP compared to patients with idiopathic CPP {-1.34 (1.06) vs. —
0.21 (1.13) respectively, p< 0.01), but no difference in height gain was observed. Mean
estimated height gain, defined as the difference between predicted and actual adult height
was 5.8 (8.4) cm using the average lables of Bayley & Pinneau, and 0.3 (8.3) cm using the
appropriate tables. Regional differences in height gain were observed between the different
countries, reflecting different local practices in initiation of treatment.

We conclude that GnRH agonist freatment in boys results in a FH close to TH.
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INTRODUCTION

in the studies published con the results of Gonadotrophin Releasing Hormone agonist
(GnRHa) treatment for central precocious puberty (CPP), male patients are present just in
small numbers (1-5). Comparisons between the effects of GnRHa treatment in boys and girls
are scarce {8) also due to the low incidence of CPP in boys. The number of male patients
with an organic subsfrate for the development of early puberty is refatively high compared to
girls, and more often intracerebral pathology can be observed, further limiting the number of
idiopathic CPP in boys (6, 7).

Furthermore, the relevance to compare boys and girls is limited. In boys, although the
importance of cestrogen is acknowledged (31) the pubertal growih pattern s mainly driven
by testosterone that is aromatized to cesfrogens and by increased growth hormone levels,
thus different from that in girls (8). Pubertal suppression in boys may thus have different
effects on growth compared to girls. Consequently, no conclusions from girls’ results of
GnRHa treatment can be inferred to boys.

The small number of GnRHa freated boys offers uncertainty on the effects of
freatment on final height (FH); uncertainty also persists on the issues when to start or stop
GnRHa treatment in boys. Most studies were not able to thoroughly analyse the boys' data,
suggesling that larger groups should be analysed.

A further issue in the analysis of FH In boys with CPP Is the reliability of height
predictions. In untreated giris with CPP the Bayley-Pinneau {BP) methad overestimates FH
by 4-6 cm (2). In tall boys a tendency to overestimate FH by the BP prediction method is
present as well (9). In a small number of boys with CPP Zachmann et al. reported that the
BP method was reasonably accurate (10). No final recommendation on the best method for
height prediction can thus be given .

In the present study we collected data from 3 different countrias on boys with CPP
that had been treated with simifar GnRHa treatment protocols and had reached final height
(FH). We thereby provide the results on the largest population of GnRHa treated boys to
date.

PATIENTS AND METHODS

Data from patient files were retrospeclively collected in a standardised way. The patient data
were gathered from The Netherlands, ltaly and France and have been presented in part in
earlier reporis (2, 3, 5).

All patients had reached FH after a variable period of freatment with the GnRH
agonist triptorelin (Decapeptyl®} as monthly IM depot (3.75 mg), some (n = 5) were treated
previously for a short period by cyproterone-acetate or intranasal GnRHa before start of
GnRHa depot treatment.

Pubertal development started before the age of 10 years with enlargement of testes
(= 4 ml) and elevated peak Luteinizing Hormone (LH) levels in a standard GnRH stimulation
test, proving the central origin of the precocious development of secondary sexual
characteristics.

In the analysis helght data at start and discontinuation of treatment, as welf as FH
data were used, Final height was defined as a growth velocity <1 ¢m per year in a 6 months
period andfor a BA > 17 years. Because of the different backgrounds of the children height
data were standardised by using standard deviation scores (SDS) for height. For the Dutch
boys we used the 1980 Dutch references (11), for the ltalian boys the Tanner references
from 1965 (12), which are suitable for the Italfan population, and for the French hoys the
Sempe references from 1979 (13), which are quile comparable with the Tanner 1965
references. Target heights were calculated by [(heighiyeme: + heighipme) £ 2] + 6.5 in ltalfan
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and French boys. In The Netherlands a formula is used that accounts for the secular trend:
TH = Kheightmetner + heightpye +12) / 2] +3.

Bone age (BA) assessments using the Greulich and Pyle references (14) were not
centralised In the French and italian group. in the Dutch patients the BA assessment were
performed by one observer. Predictions of adult height using the Bayley-Pinneau method
were performed in two ways. First we used the method as initially described (15) using the
appropriate tables (i.e. “accelerated” fable when BA exceeds CA by more than a year or
“average” fable when BA is within a year of CA); second, as suggested by Kauli in girls with
precocious puberty (18), we used the “average” table irrespective of BA.

Laboralory analyses were performed in the different hospitals using either RIA or
IRMA. The diagnosis for CPP by GnRH stimulation test was made according to the local
standards. Adequate gonadal suppression was assessed regularly by clinical andfor
hormonal follow-tp. GnRHa doses were adjusied to maintain complete suppression.

Statistics:

To describe the populations, the means (8D} were cafculated. Comparisons between start
and discontinuation of treatmant and between start of ireatment and FH ware parformed pair-
wise with the appropriate test for distribution of the variables,

in order fo assess the effect of treatment two different oulcome variables were used:
we compared the initial prediction with attained FH, which is called height gain; and
secondly, we compared FH and TH, expressed as SD scores.

Correlations were studied between the 2 outcome variables and several baseline
variables at start of treatment in order to elucidate the effect of any facter on outcome. We
performed a multiple regression analysis with the 4 variables that had the highest correlation
in univariate correlation analysis. P values < 0.05 were considered to indicate statistical
significance.

RESULTS

a) Descriptive

Data of 29 boys were available for analysis: 8 from The Netherlands, 12 from italy and 8 from
France. Organic causes were present in 12 boys {e.g. neurofibromatosis (NF) n = 5, brain
turmnaour, n = 4). All boys were treated for more than 1.5 years. Mean age at start of puberty
was 6.7 {2.3) years. In table 1 the further patient characteristics at start of treatment are
shown.

Mean treatment duration was 4.6 (2.0} yr. At the end of treatment BA was 13.7 (1.0)
‘vears’; the mean increase in BA was 0.57 (0.17) 'year' per year increase in CA. The
changes in H-SDS for BA and for CA as well as FH-SDS and TH-SDS are shown in figure 1.
Final height was 172.6 (8.7) cm; FH-SDS was ~0.68 {1.20) and was net significantly different
from TH-SDS (paired t-test, 27 pairs, p = 0.08}

In figure 2 predicted adult height at siart and stop of freatment, the attained FH and
TH are shown in cm. Both FH predictions with the average tables and FH pradictions with the
appropriate BP tables are shown. For comparison, FH data of untreated boys with CPP
reported by Thamdrup, Sigurjonsdotlir ef &l. and Paul ef al. are represented as well (4, 17,
18). Growth after treatment up to FH was 14.4 (7.7) cm (range: 4.3-43.7 ¢m), and correlated
significantly with BA at discontinuation of freatment: Spearman correlation coefficient = -0.60
{p = 0.001).
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Table 1: Clinical characieristics of the patients at start of GnRHa treatment.

P Mean sD
Chronelogical age (CA) {yr) 7.9 21
Bone age (BA} (‘yr') 1.0 2.0
H-SDS for CA 1.88 1.78
H-3D§ for BA -1.39 1.04
TH-SDS -0.27 0.75
Predicted adult  height (cm)
according fo
- Average tables (SDS) -1.54 1.19
- Appropriate tables (SDS) -0.70 1.37
- Average tables (cm) 166.8 8.5
- Appropriate tables (cm) 172.3 9.8

CA: chronclogical age; BA: bone age; H-SDS- height standard
deviation score; TH: target height.
* see patients and methods for description of the use of BP tables.

Figure 1. Height standard deviation scores (H-SDS} before and after ireatment with GnRHa,
final height SDS (FH-SDS) and target height SDS (TH-SDS) in 29 boys with CPP.

— start
Bslop

sDs

HSDSCA HSDSBA FH-SDS TH-8D3

HSDSCA and HSDBA = HSDS corrected for chronelogical age and bone age respectively.
Significant difference compared to FH-SDS: # p < 0.05; $p < 0.01; * p < 0.00%
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Figure 2: Predicted adult height before (PAHstart) and al discontinuation of treatmernt
(PAHstop) using average or appropriate tables, attained final height (FH} and target height
(TH) in 29 boys treated with GnRHa
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For comparison the FH of untreated boys in the siudies of Thamdrup, Sigurjonsdotiir and Paul {(cited in
the text) are shown likewise. * p < 0.001 compared to FH.

Final height was heigher than the initial height predictions. Mean height gain defined as the
difference between predicted and actual final height was 5.8 (8.4} cm using the average
table, and 0.3 (8.3) cm using the appropriate fable.

b} Comparisons beiween counlries and subgroups

In table 2 the data of boys are summarised for the individual eountiies [mean {SD}], showing
significant differences in FH-SDS and height gain. The percentage of boys with organic CPP
was high in the Dutch subgroup. No significant difference in duration of trealment was
present between the countries. In boys with age of onset of puberty below 6 years of age
{n=8) gain with average tables was significanfly higher (p<0.05} than in the other boys, while
FH-SD8 was not significantly different.

FH in the 12 organic patients was 169.5 (5.1} cm, and FH-SDS was —1.34 (1.06),
both significantly different (p < 0.05) from the FH outcome In idiopathic patients where FH
was 174.7 (7.0} and FH-SDS was —0.21 (1.13). In organic patients FH-SDS was significantly
lower than TH-SDS (p<0.01}. There was neither a significant difference in TH-SDS, BA or
BA-CA at start of treafment, nor in height gain between idiopathic and crganic patients.

The subgroup of 5 patient with NF was compared to the remaining organic patients;
FH-SDS and height gain {for both prediction methods) appeared to be significantly lower {p <
0.01 and p < 0.05 respectively) in the NF group.
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Table 2: Patlent characteristics differentiated per country.

ML {9) italy (12} France (8)
Age stant puberly {yr) 7.1{1.9) 6.2 (2.2) 7.1 (3.0)
Age start Bx (yr} 8.3(1.7) 6.8 (2.2)# 8.2(1.7)
BA start Rx {yr) 10.9 (2.0) 10.6 (2.3) 11.6 (1.7}
Duration of treatment (yr) 3.8 (1.3) 5.2 (2.5) 4.7 (1.8)
FH (cm) 170.8 (7.2) 173.7 (6.9) 172.9 (6.4)
FH-SDS -1.67 (1.07)*# -0.15 {1.02} -0.36 (1.06)
TH-8SDS -0.37 (0.79) 0.02 (0.77) -0.54 (0.63)
organic cause (%) 66.6 33.3 25
height gain (av) cm -0.6 (5.9)@ 12.7 (6.2) 2.7 (6.0
height gain {(appr) cm 7.3 (8.1)@# 6.8 (6.1} -0.9(6.2)

# p<0.05 compared to France; * P<0.01 compared to Italy; @p< 0.001 compared to Italy; BA: bone
age; H-SDS- height standard deviation score; TH: targel height; FH: final height; Rx: GnRHa
treatment; av : average lable for heigh prediclion; appr : appropriate table for height prediction

¢} Correlalion and regression
Height gain was correlated with several variables and the results are shown in table 3. The
same pracedure was performed for FH-SDS.

Table 3: Univariate correlations of height gain and FH-SDS

Height gain FH-SDS
CA start symploms -0.60 {p<0.01) -0.36 (NS, p=0.053} -0.27 (NS}
CA al stait Rx -0.72 {p<0.01) -0.49 (p<0.01) -0.26 (NS)
BA at start Bx -0.29 (NS) -0.19 (NS) -0.11 (NS)
BA advance start 0.50 {p<0.01) 0.45 (p<0.05) 0.20 (NS)
Duration of treatment | 0.58 {p<0.01) 0.54 (p<0.01} 0.04 (NS)
TH SDS 0.28 (NS) 0.17 (NS) 0.28 (NS)

Correlation coefticients with P value are shown. CA: chronological age; BA: bone age; TH-SDS:
target height standard deviation score; FH: final height; Rx: GnRHa treatment; NS: not significant.

Similar to other reporis height gain was correlated with BA or BA advance at start of
treatment. However, since BA is used fo define height gain (by the BP method), this result
should be interpreted with caution since the iwo variables were not obtained independently.
identical methodological considerations should be taken inio account in the linear regression
analysis that was performed with 4 variables: CA and BA at start of treatment, the difference
between BA and CA, and duration of treatment, where height gain was the dependent
variable. A model with a positive correlation cosfficlent for BA advance and a negative
correlation coefficient for BA at stari of treatment could explain nearly 60% of variation in
height gain using average tables for height prediction (table 4).
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Table 4: Factars associated with height gain; r* = 0.60; average tabes of BP were used

Predictive factor Slope 95 % Ci of slope P

BA at start of treatment {yr) -2.68 -3.81/-156 <0.001
BA advance at start of treatment {yr} +3.58 2.18/5.01 < 0.001
Discussion

In this study we show that FH-SDS was not significantly below TH-SDS in a relative large
group of 29 boys after GnRHa freatment for CPP. The estimation of the mean height gain
varied between 0.3 and 5.8 cm depending upon the prediction method.

Boys with advanced BA and eatly onset of CPP are expected to have the worse final
outcome. We did not confirm this assumption suggesting that GnRHa treatment is effective.
In this retrospactive study we observed regional differences in practices and effects of
GnRHa treatment. The ltalian boys had the highest estimated height gain, probably due to
the relatively young age and the marked BA advance at start of GnRHa treatment. The
differences in age at initiation of treatment reflects the use of more (or less) liberal criteria to
start GnRHa freatment. In The Netherlands GnRHa ireatment was used in boys entering
puberty just betore 10 years of age, whereas in Italy the mean age at stat of treatment was
lower. Another difference is the longer interval between onset of puberly and start of
treatment in the French group. Combining data from several countries allowed the analysis of
a wider spectrum of patients, since ‘national data’ reffect local practices and prescription
habits.

The published studies on H in GnRHa treated boys show variable results. In the
study of Galluzi et al. (using appropriate tables} idiopathic CPP patients had a FH exceeding
initial prediction by 7.2 em {B). In the studies of Costdijk ef al. and Paul st al. FH-SDS was —
1.6 and -1.7 respectively (1, 4). In the recent study of Berielloni et al. FH was close to TH
(5). In an older study, where daily deslorelin was used, FH was 168.0 (8.3) cm,
corresponding with -1.3 SDS {19). Patients from the studies by Oostdijk and Bertelfoni are in
part included in this paper. These relative discrepancies reflect the heterogeneity of the
patients treated and the difficulties in assessing "height gain”, based on predicled height at
onset of puberty. Indeed, very lithe data on the validity of BP prediction methods in boys with
CPP is available. With this in mind, the apparently normal predicted height (172.3 {9.8) cm)
in our large series of boys with marked CPP using the appropriate BP tables strongly
suggests that this method overestimates the true FH if boys were [eft untreated. This is in
line with the historical reporis showing poor FH outcome I untreated boys with CPP (4, 17,
18), see figure 2. It is also in accordance with the obhservation of a considerable
overestimation of FH by the BP method in tall boys (9). Therefore, we also used the average
tables as suggested in girls (16), although we could not validate this method in an untreated
group of boys with CPP.

Performing a randomised trial with untreated controls in boys with CPP would resalve
the issue of height gain, but is not ethical, given the psychosocial objectives of treatment.
The comparison with historical controls suggests that the improvement of FH after GnRHa
ireatment is about 15 cm, although the secular change in height (8 cm between 1955 and
1997 for Dutch boys (20)) should be taken into account. Further, the difference in target
height calculation should be taken into account. The correction of 3 centimetres for secular
trend in the Dulch formula results in a higher TH of approximately 0.5 SDS compared to the
TH resulting from the formula without this correction. Without the correction, TH in the Dutch
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boys would have been about -0.9 SDS, explaining in part why the difference between TH-
SDS and FH-SDS in this subgroup was considerably higher than in the boys from italy and
France. Another part of the expanation couid be the differences in duration of {realment and
in the percentage of boys with organic CPP,

Whether GnRHa treatment results in different effects in boys with organic and
jdiopathic forms of CPP has been debated as well. Our analysis shows that boys with
organic CPP have a lower FH-SDS than boys with Idiopathic CPP. However, 5 of the 12
bays with organic CPP had neurofibromalosis, a condition that may directly compromise FH
(21-23). Accordingly, in NF patients height gain and FH-SDS were significantly lower
compared to the remaining patients with organic CPP.

As in other studies in girls, the younger age at start of symptoms of CPP was
associated with more height gain compared fo initial height prediction (3, 24} and is known to
be assoclated with poor spontaneous oulcome (17, 18). Although this suggests that patients
should be treated early, before irreversible BA maturation has occurred, strict criteria for CPP
should be used.

We found no correlation of FH with initial patient characteristics, suggesting that even
boys with initially a poor prognosis ended up in the range of the genetic height potential. In
linear regression analysis an association of height gain with BA and BA advance at start of
treatment was described. Interpreting these data would suggest that a higher BA results in a
smaller height gain, especially when the difference with CA is small. Prospeclive studies
should address this issue formally.

Several reports have shown that girls with non-progressive forms of CPP should not
necassarily be irealed at least for auxclogical goals (25). In boys the issue of progressive vs.
non-prograssive forms of CPP has not been clearly delineated as yet, probably because the
assessment of a pubertal testicular volume and plasma testosterone are relatively robust
criteria, unlike minimat breast development or plasma oestradiol.

Criteria used fo decide on discontinuation of freatment have been debated and can
influence post-treatment growth and final outcome. In our study posi-freatment growih was
highly correlated with BA al discontinuation of treatment {r = -0.60, p<0.01). ldenfical results
were obtalned in girls {2, 3). In normal children, peak HV occurs around a CA of 11,5 yrin
girls and 13.5 yr in boys (28). In several studies in giifs with CPP the average BA at
interruption of ireatment was > 12 yr (1, 2, 6, 24) while it is close to 13.5 years in boys ( (6,
27) and this study). Therefore BA af discontinuation corresponds io early-mid puberty in boys
and lo lale puberty in girls. Altogether, these differences may expfain why boys grow an
average of 15 cm after treatment while girls only grow 9-10 cm, Similardy, Galluzzi ef al. have
observed a more pronounced post-treatment growth-spurt in boys than in girls (6). Based on
our study we cannot recommend a particular BA to discontinue freatment.

In boys with pseudo precocious-puberly anti-androgens and aromatase inhibitors
have been used, somstimes in cornbination with GnRHa when central puberty develops. The
analysis of the relative contribution of the anti-androgenic effect and anti-estrogenic effect is
difficult in these cases. It was shown that Spironolactone and Tesftolactone were able fo
normalise the growth rate and rate of bone maturation (28). Further, observations of
mutations in the estrogen-teceptor gene (29} and of aromatase deficiencies (30) in males
suggest that blocking the estrogenic effect would be enough to achieve the auxological goals
in boys with CPP. However, blocking the androgenic effect in young boys with CPP Is
important as well.

We conciude that in boys with CPP GnRHa is effective in obtaining a FH not
significantly differeni from TH.
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ABSTRACT

Early onset of puberly is frequently observed in adopted children. During treatment with
Gonadotrophin Releasing Hormone agonist {GnRHa) a decrease in height velocity (HV}
precludes height gain. We studied the effect of the addition of growth hormene (GH) fo
GnRHa treatment in a 3-year randomised trial in 30 adopted children with early puberty.
Mean age (SD) at start of treatment was 9.6 {0.9) yr in girls and predicted adult height (PAH)
using a segmented bone age (BA) assessment method was 148.0 (5.3) cm. HV decreased
gradually in both groups with a higher HV in the group with GH addition (= group B}, No
significant difference between the rates of bone maturation (ABA / ACA) of both treatment
groups was observed. After 3 years of treatment PAH increase was 5.7 (3.8) cm in group A
{GnRHa alone) and 10.1 (3.8) cm in group B (P < 0.01). Insulin-like growth factor | {({GF-i)
levels were higher in group B. HV decreased slowly in both groups during freatment, unlike
stabilisation of IGF-| levels. We conclude that after 3 years of treatment the additicn of GH 1o
GnRHa results in a higher HV and a significant increase in PAH compared to GnRHa alone.
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INTRODUCTION

in children adopted from developing countries the onset of puberty is often considerably
earlier than in the countries the children originate from, resulting in compromised adult
height(1-7). The occurrence of early puberty might be related to the improvement of
nutritional status in early life (8, 9), possibly facilitated by an increase of leptin secretion
acting as permissive factor for the onset of puberty by inleracting with several neuropeplides
(10.

In early or precocious puberty long-acting GnRHa treatment is currently considered
the first choice of treatment. Data from recent literature suggest that adding growth hormone
{GH) to GnRHa treatment is of benefit to improve final height (FH) {11). However,
randomised prospective lrials on the effect of combined treatment are scarce, especially in
non-GH deficient patients (12),

In children adopted from Eastern Asia or South America the parental heights are
generally not known, thus making the analysis of any growth promoling therapy difficuit.
These difficulties are of even more importance as bone age (BA) assessments can only be
compared by western world standards. It is not known how these standards compare to
foreign-born children and how fo account for possible effects of catch up growth on skeletal
maturation.

In this study we evaluate the effect of the addition of GH to GnRHa treatment in
adopted children with early puberty. We compare inilial height predictions at start of
freatment with predictions after 3 years of treatment with an adapted bone age assessment.

PATIENTS & METHODS

Children in this study met the following inclusion criteria; (A} bomn In India, Sri Lanka, Colombia
or South Korsea; (B) pubertal devefopment started between 7 and 10 years of age in girls with
breasl development andfor menarche; in boys, puberal development with testicular
entargement (> 4 mL) started between 8 and 11 years; (C) pubertal response of Luleinizing
Hormone (LH) in a GnRH stimulation test {13); (D} bone age at start < 12.5 yr in girls and < 14
yr in boys; (E} Predicted adult height (PAH} below the third percentile for the Dutch population
{14), which is the nation-wide accepted cut-off value for the diagnosis of short stature; (F)
passing of a psychological screening test before start of the study, {G) wrtten informed
consent from parents or guardians, (H} no abnormalities in endocrine and biochemical
screening.

Helght was measured every 3 months by the same observer in the outpatient clinic
using a Harpenden stadiometer. The mean of 4 measurements was used for analysis. Sitting
height (SH) and weight were assessed at each visil as well. Pubertal staging was scored
according o Tanner (15},

Bone age (BA)} was assessed by a segmented Greulich & Pyle (GP) score. This
method consists of the scoring of 7 regions of the hand and wrist {radius, ulna, metacarpals,
proximal, medial and distal phalanges and carpals), assigning a GF bone age lo each segment
and dividing the summarised score by seven. This method combines the advantages of
detailed scoring with the use of the most appropriate method of BA assessment in early
puberly (16). For adult height prediction we used the average Bailey & Pinneau tables even
when BA was more than 1 year advanced over chronological age (17).

Laboratory assessment at baseline included: a GnRH stimulation test with 100 pg
GnRH and sampling after 30 and 80 minutes and an arginine GH stimulation test (0.5 g/kg
body weight i.v. over 30 minutes) in order to exclude growth hormone deficiency. During the
study GnRH stimulation tests were repeated after 12, 24 and 36 months to monitor pituitary
suppression. Growth hormone, LH and FSH were assessed by time resolved
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immunoflucrimetric assay (Wallac, Turku, Finland); androstenedione by radicimmunoassay
(DSL Sensheim (Germany) and DHEA sulphate by an in house RIA with fritiated DHEA-S.
Estradiol and Testosterone levels were measured by RIA (Orion Espoo, Finland). tGF-f and
IGFBP-3 were assessed and fransformed to SD scores as described previously (18).
Ultrasound measurements of uterine and ovarian volumes were performed regularly, and
ovarian volumes were compared with normative data for calculation of SD scores (19).

The children were randomised and freated for 3 years with either GnRH-agonist alone,
grotip A (triptorelin (Decapeptyl®, Ferring and from 1998: Ipsen); dosage: 3.756 mg i.m. every
28 days) or in combination with human recombinant GH: group B {Genotropin®, {(Pharmacia &
Upjohn) 4 IUf m® s.c. every day).

In the original design of the study a third arm was included as a non-freated control
group, but this design was discontinued when the parents of the children that were randomised
for no treatment refused further paricipation, as GnRHa ireatment would be available
elsewhere. Before randomisation, chifdren and parents underwent exfensive psychological
evaluations aimed at assessing their motivation for treatment and current psychological status.
The results of these evaluations will be published separately (chapters 6.2 and 6.3). The study
was approved by the local Ethics Committees and by the Dutch National Board on the Ethics
of Medical Research (KEMO).

Statistical analysis

Results are expressed as mean # 8. The main oufcome parameter of this study is height
gain, defined as the difference between initial height prediction and height prediction at
discontinuation of treatment. Differences between groups were analysed by Student's t-test.
Comparisons between parameters within the treatment groups were performed pairwise.
When appropriate non-parametric comparisons (Mann-Whitney} were used lo compare
group A and B. Univariate correlations were non-parametrically tested with Spearman rho in
case of non-normal distribution.

Changes In variables during the study period between treated patients and controls
were analysed by repealed measurement analysis. The changes during the course of
freatment between groups and changes in the course of treatment for both groups together.
A p value of <0.05 was considered to indicate slatistical significance.

RESULTS

Auxology

Thirty patients were randomised for treatment, 27 girls and 3 boys. Children originated from
Sri Lanka (10 girls, 2 boys), India (9 giris), Colombia (6 girls, 1 boy) and South Korea (2
girls). They had arrived in The Netherlands at a median age of 4.5 months (range 1.0 — 84).
Fourteen girls were randomised for group B and the other girls as well as the three boys for
group A, The children from each country were equally divided in group A and B.
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Table 1: Patient characteristics at start of treatment {median and range).

Group A Group B Boys (n=3)
{13 girls) (14 girls)
Chronological age (yr) 9.8 (7.3/10.7) 9.7 (7.6/10.8) 10.8 (10.6/11.6)

Age at arrival (months}

3.0 (1.0/84.0)

7.0 (1.0/51.0)

2.0 (1.5 /14.0)

Height (cm)

133.9 (116.8/148.1)

134.6 (126.6/145.2)

131.4 (129.6/135.1)

H-5DS for CA

-0.85 (-2.88/0.82)

-0.63 {-2.24/0.60)

-2.40 (-2.52/-2.33)

Bone age {yr)

11.0 (8.5 /12.1)

11.5 (10.0/12.6)

10.4 (9.1/11.9)

H-SDS for BA

-1.68 (-3.07/-0.74)

-2,32 (-3,12/-1.18)

-1.48 (-2.97/-1.35)

Predicled adult height {cm)

150.3 (140.7/159.2)

145.5 (141.1/155.2)

169.9 (158.1/170.3)

LH peak value (IUA) in
GnRH stimulation test

35.5 (1.0 /60.0)

22.7 {1.6/51.8)

26.0 (18.4/39.5)

GH peak (mU/L) in GH
stimulation test

29.4 {9.0/106.7)

44.1 (15.8/126.6)

23,7 (21.3/26.6)

In table 1 patients characteristics at start of treatment are shown. The mean difference
belween carpal and phalangeal ‘BA’ appeared to be 0.5 yrs (range 0.1 - 1.1) at start of
treatment. Height-SDS for BA (H-SDSga } for girls in group A stabilised after an initial
increase, whereas group B showed a continuous increase (figure 1). The differences
between the two groups did not reach statistical significance. The change in H-SDSp, from
start {o 3 years of realment was significantly different between group A and B: 0.39 {(0.41)}
and 0.83 (0.38), respactively (p=0.01}. Significance was also present during the course of
treatment between group A and B in repeated measurements analysis (p < 0.001).

H-SDS for BA

sDs

24

35

I S F¥ERn
¥ op G

treatment period {months)

Figure 1. Growth during freatment: H-SDS for BA, significant differences
between groups in course of treatment (p<0.001).
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Sitting height SDS did not change significantly during treatment in group A and B and no
significant differences were present between group A and B, Sitting height / height ratic SDS
slowly increased during treatment with a significant difference in both groups belween start
and at 36 months (p = 0.001) hut without significant differences between group A and B in
the course of treatment.

Height velocity (HV) calculated over the consecutive 12-month periods was
significantly higher in group B in the first year of treatment: 5.4 (1.18) and 8.7 (1.59) cm / yr in
group A and B respectively {p < 0.05). HV gradually decreased to 3.6 (1.00) and 4.1 {1.67)
cim fyr respectively in the last year (figure 2a). In table 2 the bone maturation, defined as
ABA [ ACA shows that BA maturation was < 1.0 during the whole treatment period and was
not significantly different between the groups. BA at discontinuation of treatment was 12.3
(SD 0.9) yrs in group A and 13.0 (0.8) in group B.

Tahle 2: Bone age maturation in girls and boys (mean, SD)

ABA ! ACA period (months) Group A Group B

0-12 0.64 {0.18) 0.64 {0.17)
12-24 0.54 {0.19) 0.46 (0.18)
24-36 0.54 (0.19) 0.42 (0.22)

The resulting parameter {(PAH}) is shown in figure 2b. In both group A and B the increase in
PAH between start and 3 years of treatment was highly significant (p < 0.001}, the change in
PAH in time between group A and B was significant during the treatment period {p< 0.001}. ).
In figure 2¢ the gain in PAH compared to initial prediction is shown at different moments. The
gain in PAH was significantiy different between group A and B at 36 months of treatment: 5.7
(3.8) and 10.1 (3.8} cm respectively {(p < 0.01). In group B gain in height prediction was
negatively correlated with BA at start of treatment (rho = -0.60, p = 0.02). In 13 girls actual
height at discontinuation of treatment already exceeded initial height prognosis, 11 of them
belonging to group B.

A temporary increase in Body Mass Index {(BMI) SDS was observed in group A, while
in the girls with combined treatment BMI-SDS increased from (.58 (0.97) at start to 0.99
(0.81) al discontinuation of treatmant {p<0.05}. The change in BMI-SDS between start and

Legend to Figure 2: height velocily and changes in height prediction.

2a: Height vefocity per treatment year. 2b: Absolute values of PAH; significant differences
betwean groups in time (p<0.001); 2¢: cumulative height gain cornpared to start of treatment;
asterisks indicate differences betwaen group A and B. *: p<0.05, **: p<0.01
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discontinuation of treatment was not significantly different between group A and B. The
number of girls with BMI-SDS > 2 did not change in group B. BMI-SDS was not different
belween the 2 groups during the treatment period.

Hormonal data

Suppression of puberty was monitored by a GnRH stimulation test. During treatment mean
EH peaks for all patients were 0.95 (1.16}, 1.18 {2.09) and 0.62 {0.43) at 12, 24 and 36
months respectively. Mean estradiol level in girls at start of treatment was 67.5 (45.6) pmol/L
{range 39-208). Estradiol levels were suppressed during treatment and mean values did not
exceed 40 pmol/L except for 1 girtin group B at 6 months of treatment with an E2 value of 50
pmol/L. No significant differences were seen between group A and B.

Serum androstenedione and DHEA-S levels in girls were not significantly different
between group A and B during the course of treatment. When taken group A and B together,
the difference between levels at start and at discontinuation of treatment were significantly
different for both androstenedione and DHEA-S (p < 0.001, table 3)

Table 3 Main changes in serum DHEA-S and androstenedione levels in girls; see text for
detailed description.

{mean; SD) Group A Group B
DHEA-S at start (pmoliL) 1.81 (1.20) 1.80 {0.85)
DHEA-S at 6 months {pmol/L} 2.04 (1.29) 2.26 (1.33)
DHEA-S at 36 months (pumoliL) 3.34 (1.80)* 3.32 (1.29)*
Androstenedione at start {nmol/L} 3.48 (2.21) 2.69 (1.49)
Androstenedione at 6 months (nmol/l.) 1.85 (0.93)# 1.71 (0.89)#
Androstenedione at 36 monihs {nmol/L) 2.75 {1.72) 2.82 (1.45)

Paired t-test: * p < 0.001 compared to starl # p < 0.05 compared {o start

in girls, at start of treatment IGF-1 SDS was 1.14 (1.02} when corrected for CA and 0.67
(0.90) when corrected for BA, both significantly higher than O {p < 0.001). 1IGF-[ was higher in
group B than in group A, both the serum levels (figure 3} and the SD scores for CA and BA.
In the longitudinal analysis belween groups, there were significant differences between group
" A and B for the IGF-I serum levels and for the SD scores (all p < 0.01). In group A IGF-} -
508, scores gradually decreased during treatment while the SD scores for group B stabilised
at values significantly higher than in group A at 24, 30 and 36 months (p < 0.05}).

No significant changes during the course of ireatment, between groups or between
group A and B during trealment were present for IGFBP-3 levels or IGFBP-3 SD scores.
Mean IGFBP-3 SD scores for BA remained < 0 and showed only small variations within 1
SDS. The ratio IGF-I / IGFBP-3 remained stable in group B, whereas the values in group A
were significanily lower in the second half of the treatment period.

in group B significant correfations were present betwsen IGF-1-80Sp. and HV at 0,
12 and 24 months of treatment, where IGF-I SDSg, correlated with HY in the following year
of treatment {Pearson correlation coefficients: -0.62, -0.63 and —0.67 respectively, p < 0,05 or
< 0.001).
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Figure 3: IGF-1 and IGFBP-3 levels during treatment; 3a: absolute values of IGF-l in ng/mi;
differences between group A and B: at 12 and 24 months: p<0.05 and af 36 months: p<0.01;
the change between group A and B in time is significantly different (p < 0.01}

3b: absolute values of IGFBP-3 in mg/L. No significant changes between groups andfor in
time
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Laboratory evaluation of renal and hepatic function did not reveal any abnormalities. In group
B mean and maximal HbA1c levels remained equal or below initial values and did not exceed
6.8 % during the treatment period.

Ultrasound

Ovarian ultrasound measurements revealed a decrease in ovarian volumes, from 2.6 (1.1) ml
at start fo 1.5 {(.7) ml al 36 months {p < 0.01)}. Neither the absolute values nor the calculated
8D scores were significantly different between group A and B in the course of reatment.

In both groups, the uterine volumes decreased, with higher values in group B, the
difference reaching significance only at 24 months: 2.5 (1.83) ml and 4.0 (3.37) ml in group A
and B respectively, (p < 0.05). During treatment, no significant difference was observed
hetween ihe treatment groups.

Boys

In the 3 boys mean increase in PAH was 5.9 {1.46) cm. Height SDS for BA increased from —
1.83 (0.80) to —0.89 {0.83) after 3 years of treatment. In this treatment period BA increased
from 10.5 (1.4) to 12.1 {1.54) years and mean HV was 6.5 (0.71), 4.8 (0.27) and 4.3 (0.17)
cmfyr in the first, second and third year respectively.

Side effects

No serious side effects were observed during treatment. One girl in group B had local
erythema after the triptorelin injection. Treatment was continued after 15 months of triptorelin
with leuprolide acetate in a comparable dosage given s.c. whereafter effective suppression
was established. One girl in group A dropped out 15 months after start of treatment.

DISCUSSION

In this randomised trial comparing the effect of GnRH agonist treatment alone or in
combination with GH in adopted children with early puberty we show that the addition of GH
to GnRHa trealment results in a significant increase in PAH after 3 years of treatment. Our
results are in line with the data of Tuvemo et al. who also showed beneficial effects after 2
years of GH addition In adopted girls in a comparable study design using Buseralin nasal
spray as the GnRH agonist (8).

The best way to perform our study would have been a design with an untreated
control group. However, we did not succeed in performing such a trial as explained above.
Thus, children treated with GnRH agonist afone served as the best possible controls and
historical data of untreated adopted children will be gathered for final height analysis.

The importance of effective suppression of the hypothalamo-pituitary-gonadal axis to
reach the auxological goals of GnRHa treatment is well-established (20). Effective
suppression was ascertained in this study allowing proper analysis of the additive effect of
GH.

The rationale for the addition of GH to GnRHa treatment is based on the clinicat
observation that after some period of GnRHa treatment height velocity decreases balow
even normal prepubertal levels (21, 22}, In our study, HV decreased during treatment in both
treatment groups, with a higher HY in group B at any time point although the difference was
only small in the last 6 months of treatment. The IGF-I SDS corrected for BA also showed a
gradual decrease during treatment. However, mean serum fevels remained in the normal
range in both groups, thus not providing a finat explanation for the decrease in HV.,

Walvoord, reviewing the current literature on the combined treatment concluded that
the influence of GnRHa treatment on the GH-IGF-axis is not clear (23). Our dala
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demonstrate higher IGF-I levels and SD scores in the group with combined treatment, and
both in group A and group B a decreasing irend over time is present. Thus, addition of GH is
able to maintain IGF-| levels in a higher range during GnRHa treatment. These higher IGF-|
levels seem fo result in higher HV in group B. However, despite the stabilisation of IGF-I
levels in the last year of freatment, HY shows a decline, suggesting that the amount of 1GF-|
alone is not sufficient to maintain the previous HV, neither on a rate appropriate for
prepubertal girls nor appropriate for the the relative high SD scores for IGF-l. The
explanation for reduced growth despite adequate GH and IGF-I levels is not clear. There
might be a direct effect of severe sex steroid deficiency on skeletal growth or an involvement
of local factors (22). In rat, the oestrogen withdrawal by GnRHa caused increased apoptosis,
and no direct role of GnRHa itself could be demonstrated inhibiting growth (24). IGFBP-3
values did not change during treatment, in line with other reports in GnRHa treated children
{25) but in contrast to an eartier report on IGFBP3 levels in children on combined treatment
(26). The changes in the ratio between IGFBP-3 and iIGF-1 in group A may have resufted in
higher binding of circulating IGF, thus limiting the free fraction. This may raise the question
whether further GH dose increments during GnRHa treatment would result in higher HY,
such as described in Turner syndrome (27).

From our study it can be concluded that the addition of GH to GnRHa resuits in higher
IGF-I levels accompanied by higher HV in the first years of freatment. Thus GH is able to
prevent the negative effects of GnRHa on the IGF-1 or GH secretion. However, it is known
that the results of GH testing do not adequately reflect growth characteristics during GnRHa,
and one should account for the changes in BMI (22, 28). The absence of a difference in
change in BMI-SDS between group A and B does not support the hypothesis that a decrease
in GH dependent growth faclors would lead to an increase in fat mass (29). On the other
hand it should be realised that BMI is not the optimal parameter to assess body fat mass in
children {30) and that the changes in BMI-SDS in our study were relatively small.

The difference between group A and B in height gain in our study is mainly explained
by the higher height velocity during reatment in group B, occurring in the first 2 years of
treatment, since the addition of GH had no significant effect on the rate of skeletal
maturation. A simitar observation was made by others (22, 26, 31). In the study of Tuvemo et
al, the rate of maturation was considerably higher (ABA /ACA =1) compared to our study,
and height gain was considerably smaller. This may be due to the use of Buserelin as nasal
spray that may have had a less suppressive effect on the hypothalamo-pituitary-gonadal axis
when compared to suppression with depot preparations (32), Howaver, in their study LH
values in GnRH stimulation tests during treatment revealed suppressed pituitary aclivity with
a comparable assay. These contradictory findings could be explained by the different
methods of BA assesment and helght prediction.

As pointed out by Carel ef al. several methodological questions arise in the evaluation
of the effect of treatment in CPP {33). The Greulich & Pyle {G&P) method is most often used
in CPP, but the disadvantages of any method with regard to height pradiction are well known
(34). In 1997 Kauli ot al. described that the use of average tables of BP prediction method in
girls with GPP results in more reliabfe height predictions than when the accelerated tables
are used as commonly done in children with CPP. As we described earlier, using this
prediction method makes it difficult to compare our data with earlffer reports, that may have
overastimaled Initial height prediction (20). In our siudy we used an adapted G&P meihod for
BA assessment, which is close 1o the original recommendations made by Greulich and Pyle
{35): the “point scoring system” of BA results in smaller Intra-observer variations than an
“atlas mafching” method such as the way the G&P method is used in daily practice (16).

The next issue is the reliability of western world standards for adopted children.
Prakash studied skeletal maturity in well-off children in India and showed that the RUS
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maturity score for girls reflected a parity with the British standards. The carpal scores ran
from the 50th to the 25th percentile after 10 years in girls and after 11 years in boys (36). The
influence of malnutrition or calch-up growth on skeletal maturation has been described (37,
38) but the effect of the fransition to favourable circumstances is not known. Gne might
hypothesise that catch-up growth of children coincides with an increased rate of skeleial
maturation, resulting in advancement of BA compared to standards. Whether this is followed
by a normal maiuration rate after the period of catch-up growth is not known. In dlinical
practice we and others {2, 8) have seen that in some children, especially those who were
adopted at an older age, calch-up growth after arrival in Europe passed info a pubertal
growth spurt. The reported data on adopted children with early puberly led to the suggestion
that increased growth rate during recovery from nutritional deprivation in a critical period
could result in early onset of puberty. This was confirmed in an animal model where the role
of increased IGF-1 as an imporiant mediator is suggested in the accompanying paper (8).
Proocs et al showed in Indian girls adopted in Sweden that there is a correlation between the
rate of catch up growth and age of menarche in children that had arrived after 3 years of age
(2). Catch up growth will not only increase IGF-| fevels but leptin levels as well due to the
increase in body fat mass. In girls with precocious puberty serum leptin levels were modestly
increased compared to girls matched for pubertal stage and a negative correlation between
leptin SDS and BM| was observed (39).

In girls adopted at a younger age ancther mechanism raust be present. In those
children catch up growth is present and is followed by a period of normal prepubertal growth.
The mechanism for the early onset of puberly is not clear, and might be comparable with
catch up growth in children after intrauterine growth retardation. There may be environmentat
factors in the pre- or postnatal period having fong-term effects on the hypothalamo-pituitary
action (40), for example on the hypothalamic control of LH release (41).

The hesitation observed around the decision to treat adopted children with early
puberty and low predicted adult height may be influenced by the assumplion that early
puberty is normal for these children. However, the available data from the couniries of origin
show that the normal age of menarche is higher than the normal age of menarche in The
Netherlands, thus indicating an effect of the transition to Europe {1, 6, 42, 43). in our view
treatment is justified to limit the negative effects of early closure of the epiphyseal plates and
offering the children an adulf height as close as possible to their genetic potential. Qur resulls
imply that addition of GH could be considered not only in adopted children but also in non-
adopted children withoul GH-deficiency with early puberty and treated with GnRHa.
Howaver, with respect to the high costs of GH treatment a balance shouid be found between
cost and benefit. Further, it was described in CPP that height gain at FH was less than
expected from the height prediction at the end of treatment, due to poor post-ireatment
growth (44),

We conclude that the addition of GH to GnRHa treatment in adopted girls with early
puberty resuits in a significant increase in PAH after 3 years of reatrent. Follow up until FH
is required to assess the ultimate results.
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I TREATMENT WiTH GNRHA AND GH

Chapter 6: Study of the effect of treatment with GnRH-agonist {Decapeptyl) alone or in

combination with biosynthetic huiman growth hormone {Genotropin) in adopted

children with early puberty.

6.1 Gonadotrophin Relsasing Hormone agonist (GnRHa) treatment with or without
recombinant human growth hormone (GH) in adopted children with early puberty

6.2  Study of the effect of treatment with GnRH (GnRH)-agonist alone or in
combination with recombinant human growth hormone in adopted children
with early puberty: Psychological assessments before and after treatment
subrnitted

6.3 Motivation for treatment and psycholagical evaluation in adoplive families when a

child presents with early puberdy

Chapter 7
A randomized controlled frial of three years of growth hormone (GH) and GnRH agonist
treatment in children with Idiopathic Short Stature and Intra-Uterine Growth Retardation.

Chapter 8

The effect of pubertal delay by GnRH agonist in Growth Hormone Deficient (GHD) children

on final height
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Study of the effect of treatment with Gonadotrophin Releasing
Hormone agonist alone or in combination with recombinant human
growth hormone in adopted children with early puberty:

Psychological assessments before and after treatment.
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ABSTRACT

Early puberty is frequently observed in adopted children. We freated 30 adopied children with
early puberfy and short stalure in a randomised trial with either a Gonadotrophin Releasing
Hormone agonist (GnRHa) alone or in combination with growth hormone (GH) for 3 years. In
this trial the children and their parents underwent a psychological evaluation before start of
freatment (T1) and at discontinuation {T2). At start of treatment the children did not have
increased levels of behavioural or emctional problems as assessed by the Child Behaviour
CheckList (CBCL). During treatment the CBCL scores did not increase. Self-perception of the
children appeared to be normal, and after 3 years even a significant higher score for
acceptance by peers was observed. At T1, in 80% of the children and in 17% in the parents an
overestimation of future height was present. Lower family stress was observed at T1 and T2
compared to reference values, We discuss the findings with reference to the reported levels of
behavioural and emotional problems in adopted children and psychosocial effects of
precocious puberty. We conclude that in adopted children with early puberty the psychological
evaluation did not reveal any consistent abnormality. The treatment with GnRHa with or without
GH does not increase emotional and behavioural problems nor decrease their self-perception.
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INTRODUCTION
Early puberty is frequently seen in foreign-horn adopted children (1-4). No clear explanation is
available to understand the occurrence of early puberty. It can be hypothesised that the
improvement of nuftritional status and socio-economic siluation compared to the country of
origin results in an accelerated maturation of neuro-endocrine structures, especially during a
specific critical period after birth.

The effects of early puberty are well known: psychosocial distress and emotional
prablems (5-8) in addition to a decreased final height (7, 9, 10). Psychosocial evaluation in
adopted children has revealed increased parent-reported emotional and behavioural problems
compared to non-adopted peers {11, 12). it may be assumed therefore that adopted children
with early puberty are specifically at risk for emoficnal and behavioural problems. These
problems could be atiribuled to early pubertal development, short stature and the adoption
status.

Currently the pubertal development in central precocious puberty or early puberty can
be arrested effectively by Gonadotrophin-Releasing Hormone agonists (GnRHa)
administration (13}. We studied the effect of puberty-delaying freatment with GnRHa alone or
in combination with recombinant human growth hormone (GH} to promote growth in adopted
children with early puberty. The aim of the study was to evaluate the psychological effects of
early puberty and short stature itself and of the treatment given. in this paper we describe the
resulls of psychological assessments before treatment (T1) and after treatment (T2}). The
evaluation of motivation for treatment and the effects of treatment on growth and puberty will
be reported separately.

PATIENTS AND METHODS

Children in this study originate from India, Sri Lanka, Colombia and Korea and were adopted
by Dutch parents. The children developed early puberty, defined as pubertal development
between 7 and 10 years of age in girls and between 8 and 11 years in boys. In girls, the onset
of puberty was characterised by breast development andfor menarche, in boys by testicular
enlargement (> 4 ml). In both the physical sighs were accompanied by a pubertal rise in
gonadotropins in a GnRH stimulation test. To assess bone age (BA} an X-ray of the [eft hand
was obtained. The predicted adult height (IPAH)} was calculated on the basis of height and BA,
For inclusion in the study PAH had to be below the third percentile of Dutch children for sex
(14).

The children in this study were treated for 3 years with either the GnRH-agonist
tripiorelin (Decapeptyl®) alone (group A} or in combination with recombinant human growth
hormone {Genotropin®) (group B). A physician or nurse gave GnRH agonist every 28 days by
an intramuscular (!M) injectton; growth hormone was administered every day by subcutaneous
(SC) injection at home by the patient him-/herself or one of the parents.

The study schedule is depicted in figure 1.
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Figure 1: Study schedule

—» T2

psychological

andomisation

- Accepted ;

n study | assessment

GnRH a = Gonadotrophin Releasing Hormone agenist; GH = growth harmone

» Change in design

In the original study design a third arm with untreated children was scheduled as a control
greup, it was decided to [eave this coniro! group out of the study design after it appeared that
the parents of all patients who were randomised in the untreated control group refused further
paricipation in the study as GnRHa treatment could be obtained elsewhere. This aricle
describes the resulls of the palients entering into the treatment protocol.

» T1 data collection
Before randomisation for group A or B, a psychological assessment (T1) was performed. The
instruments used are shown in table 1.

Chifd Behaviour Checkiist (CBCL): The CBCL is a standardised instrument to obtain parents’
reports of competence and problem behaviour of their child {15). It consists of 20 competence
itemns and 120 problem items. Competence ratings were scored on three competence scales:
activities, social and school and also on a total competence score. The problem items that
describe the child are summarised in a score for Internalising (e.g. withdrawn, anxious
fdepressed), externalising {e.g. aggressive, delinquent} problems and a total problem score.
The refiability and discriminative validity of the Duich {ranslation has been established (16).
Reference values for adopted children in the Dulch population were used for comparison (17).
The Teacher Report Form (TRF) is the CBCL version to be completed by the child’s teacher.
Reference values for the Dutch population are available (18).

Self-perception profile for children (SPPC): Harler developed this self-reported
instrument for measuring self-esteem or perceived competence in children {19). Self-
competence in different domains is measured {scholastic and athletic competence, social
accepfance, physical appearance and behavioural conduct), as well as an independent
assessment of global self-worth. A Dutch translation was validated by Van Dongen-Melman ef
al, {20). The SPPC has been used in several studies on short stature (21, 22). For this study
we analysed data on soctal acceptance and physical appearance as children with early puberty
might be less socially accepted and do not feel comfortable with their physical appearance.
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Table 1: Psychological instruments at T1

Standardised siructured Interview on signs of | Standardised struciured interview on signs of
eaily puberty early puberty

Standardised structured interview on expected | Standardised structured interview on expected
aspects of treaiment aspects of treatment

Sithouslte Apperceplion Technique (SAT) Sithouette Appserception Technique

Child Behaviour Checklist {CBCL) and|Self Perception Profife for children

Teacher Report Form (TRF)@
Questionnaire on family stress {(NVOS) Wechsler Intelligence Scale for children
(WISC)#

@: CBGL version to be completed by ihe teacher; #:short form: ‘block design” and ‘information’ (39)

Sithouette Apperceplion Technique (SAT):. This test describes the accuracy of
estimation of current and future height and was developed to study expectations of treatment
with recombinant growth hormone (23, 24)

NVOS: The "Nijmeegse Vragenlijst voor de Opvoedings Situatie” is a validated Dutch
questionnaire evaluating family stress. it is to be compteted independently by the father and
the mother of a child. With the NVOS many aspects of family functioning and family stress
are evaluated. We limited our analysis to 4 main items that we regarded 1o be of specific
importance: first to what extent the family functioning is accepted or should be changed, the
presence of problems (2nd) and whether the parents are able to deal with problems (3rd).
For these items a higher score indicates increased family stress. A general assessment of
family functioning is expressed in the *satisfaction’ item (4th): the higher the score, the more
satisfied the parent is. The NVOS was used in earlier studies in children with precocious
puberly and was validated for the Dufch population {25, 26).

Standardised structured interview on signs of early puberly and expected aspects of
treatment In the structured interviews issues on the duration of pubertal signs and the impact
on the child as well as expected difficulties or problems with reatment or injections or with
endurance were addressed.

P Data collection during and after treatment

The T2 data collection was performed at the end of the 3-year freatment period. Except for the
structured interviews we used identical insfruments as were used in the T1 assessment.
During treatment there was an evaluation of the treatment using a struclured questionnaire for
parents and the child, asking about endurance and burden of treatment and the perceived
meaningfulness of the ireatment.

Statistics

Comparisons from the observed data with known normative data were performed by one
sample t-test. Non parametric (Wilcoxon signed rank) tests with paired data were used for the
comparison between T1 and T2 values. Because of the small numbers of patients no extensive
statistical methods were applied on the data.

The protocol was approved by the local medical ethical committees and by the Duich National
Board on Medical Research {KEMO). Written informed consent was obtained from all
participants in this study.
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RESULTS

After the assessment of motivatian for treatment, 30 patients (27 girls) were eligible candidates
for the study and entered into the freatment protocol, 12 from Sri Lanka, 9 from India, 7 from
Colombia and 2 from South Korea.

We report results on the girls, unless stated otherwise. Mean age at start of treatment
was 9.6 (SD: 0.90) years, mean hsight was 134.4 cm (7.0) cm and predicted adult height was
148.0 (5.3} cm (6 cm < P3). There was a wide range in age at adoption: from 1 to 84 months
(median: 6 months). Thirteen girls were randomised o group A, 14 to group B. No significant
differences were present between group A and group B at baseline.

During lreatment, one girl dropped out from group A. The data collection was not
complete for all parents as some of them refused participation in complefing the
questionnaires, mainly as they believed that there were no problems with the child to be
reported or as they judged their family situation as being without problems.

The results of the height data are described separately (Mul ef al; chapter 6.1). In
summary, a mean Increase in predicted adult height was observed in both groups, with a
significant higher increase in group B compared to group A (10.1 vs. 5.7 cm).

1. Emotional and behavioural problams

We compared the CBCL scores from the study group with the known age maiched norms for
Dutch girls as well as with the findings in adopted girls in The Netherlands. Furthermore,
scores on T1 and T2 were compared. Resulis are shown in table 2 (mean (SD)). There were
no significant differences between the mean values at T1 and T2 when compared to either
the norms of adopted or non-adopted children in The Netherfands. The decrease in fotal
problem score and internalising and externalising scares did not reach statistical significance.

Table 2. CBCL results

(airts 10.and 11

n=235 In=503)
Total problem 18.64 (17.49) |15.22 (13.01) |18.14 (17.12) 19.18 (14.82)
score
Internalising score | 5.68 (5.36} 4.22 (4.98) 4.98 (5.49) 5.16 (6.02)
Externalising score | 5.72 {5.98) 4.70 (5,16} 5.48 (6.35) 6.04 {5.57)

Total problem score in group A (GnRHa alone) was significantly higher than in group B
(GnRHa + GH) at T1 assessment: 25.31 (19.98) and 11.42 (11.08} in group A and B
respectively {p<0.,05). All olther measurements at T1 and T2, described in fable 2, did not
significantly differ between group A and group B,
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in group B the tofal problem score was significantly lower than for the Dutch girls (T1: 11.42
(11.08), T2: 13.08 (8.30) vs.18.18 (14.82), n=12, both P < 0.05), but not compared to the
adopted girls. No significant correlations were present between changes in the CBCL scores
and the increase in predicted aduli height during the study period. In 14 girls T1 and T2 scores
of the TRF were available. No significant differences were observed between T1 and T2. Total
praoblem score, internalising and externalising scores decreased according to the age-specific
patiern.

2. Self-perception

The mean scores at T1 and T2 for girts for general self-worth scores were not significantly
different from those of the Dufch references {20). Mean scores for physical appearance
decreased from T1 to T2, and social acceptance values increased. The score for social
acceptance at T2 was significantly higher than the reference population (p <0.01).

Table 3: HSPPC scores, n =23, mean (SD)

s T score {n=23) | T2 score (n=23) | Norm (girls)
General self-worth 3.34 {0.72) 3.25 (0.69 3.19
Physical appearance 3.12 (0.62) 2.81 (0.85) 3.03
Social acceptance 3.22(0.71) 343 (0.49) 3.02

**p < 0,01 compared to norm

There was no significant difference between the T1 or T2 scores for general self-worth,
physical appearance and social acceptance between children with and without GH addition.

No significant correlation was present between the change in SPCC variables and the increase
in predicted adult height.

3. Expectations of treatment

The Silhouette Apperception test before start of treatment showed that the parents did not
expact an increase In height percentile from the estimated actual height to adult stature. The
children however expected an increase from about the 30th percentile to about the 60th
percentife at the time they would have reached adult stature (p<(.001).

At T2 assessment however, the expeclations for future height were less optimistic in
the children than at start of treatment, but the p value was sfill < 0.01 when compared fo the
estimation of present haight. Data are summarised in table 3 for boys and girls.

When a score of > P50 is assumed to indicate overestimation of height the percentage
of chitdren overestimating fufure height is 80 at T1 and 72 at T2; for parents the percentages
are 17 and 15, respectively.
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Table 4. Eslimated actual and future height expressed in height percentiles in the
study group for child and parents

Ti T2
Child (n=30) |Parent (n=29) [Child (n=29) | Parent (n=26)

Actual height
P3 12 14 5 11
P25 8 9 13 8
P50 4 6 8 4
P75 4 - 2 3
P97 2 - 1 -
Future height
P3 1 10 1 9
P25 5 14 7 13
P50 10 6 2
P75 10 1 15 2
P97 4 - - -

4. Family stress

The NVOS scores from the mothers were used and studied for the whole group as a
considerable number of fathers did not fill out the questionnaire. A summary of the main
parameters is given in table 5.

Table 5: NVOS scores

T1n=28) . |T2(n=22). . [NormsDuteh .
Acceptance 1.11 {0.18)+ 1.22 (0.33)° 1.40 {8D=0.49) n=23

Able to deal with problems | 1,38 (0.33)+ 1.52 (0.31)# 1.71 (8D=0.56) n=234
Having problems 1.45 (0.41)¢ 1.55 (0.30)+ 1.94 (8D=0.60) n=234
Salisfaction 4.09 {0.65) 3.80 (0.79) 3.86 {8D=0,58) n=167

+p<0.001;*=p<0.05 # =p<0.01, all compared to norm

The 3 first mentionad items out of 4 listed in the table show lower values in the study group
than in mothers from the general Dutch population. The higher the score on 'satisfaction’ the
higher the mother is safisfied about the rearing situation in the family. With respect to the
studied NVOS items no significant differences were found between children with and without
the addition of GH
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5. Intelligence

The 1Q levels for the whole group decreased significantiy, but clinically not relevant from 100.2
(12.7) at T1 to 93.1 {10.5) at T2 (p=0.002). A comparable significant decrease was present in
both groups. There were no significant differences between group A and group B at T1 or T2,

Table 6 Result of IQ subtests; 25 paired observations (mean SD)

Verbal score Performal score Total 1Q
Whole groupT1 9.08 (2.96} 11.48 (4.04} 100.2 (12.7)
Range: 3-19 6-26 77 - 138
Whole group T2 8.04 (1.92) 9.28 (3.08} 93.1 (10.5)
Range: 5-14 5—-15 80-123
Difference T1-12 NS 0.061 0.002

8. Structured interviews

Eighty % of the children reported that their classmates did not treat them differentty from
others, while in 13% (4 children} the child reported that she was bullied for any reason. With
regard to the treatment, at T1 20% ({6/22) of the children expected that it would be difficult to
continue the monthly injections during the whole treatment period, while the parents
expected only mincr or no problems.

When the children (n=21) were asked to estimale pain from injections (scale: from
much pain to no pain) the majority expected ‘some pain’, only 1 child expected "pain’ or ‘much
pair’. In parents {n=22} the distribution was shifted lowards pain: 8 limes: ‘some pain’ and 11
times ‘pain’ of ‘much pair’.

The answers of parents to the question regarding the additive effect of GH
administration indicated that they expected more gain from GH administration than the children
did.

DISCUSSION

When discussing and interpreting the results of this study we should acknowledge the
limitations of the study with regard to sample size and the lack of an unireated controf group.
Furthermore, the several factors involved, for example the adoption status, early puberty and
shori stature make the interpretation even more difficuit,

In contrast to our initial hypothesis, adopted children with early puberly and low
predicted adult height did not differ markedly from adopted or non-adopted children with regard
to emotional and behavioural problems or self-perception. Their parents did not exhibit higher
scores on variables of family stress.

The results on the parents at T reveal that they are generally competent and realistic
people, able to cope with the presence of early puberty in their adopted child, This is in line
with the literalure on familles with adopled children or children born after reproductive
technigues in which the quality of raising was shown to be better than in children bom afier
normal conception (27). Explanatory factors for this quality could be the relatively high soclo-
economic status of adoption parents and the fact thal they are selected on parenting capacilies
kefore adoption.
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When the CBCL data are compared to normative data on Duich adopled children we see
that in our study population the children did not show more behavioural or emotional
problems than their age and sex matched peers. The reason for this may be that most
children in our study group had only a short period experiencing their secondary sexual
maturation characleristics, e.¢. breast development, not yet giving rise to shame or bullying.
Due to a pubertal growth spurt the actual height can even be experienced positively by the
child as it may bring the child ‘s height more close lo its peers. Ancther reason might be the
positive attitude of the parents to their children emphasising that being different from peers
can be labelled positively. Moreover, many people estimate the early pubertal development
as normal for a child adopted from developing countries. Thirdly, the children are strongly
supported by thelr parents in coping with their early pubertal development. Similar factors
could be used fo explain the resulls from the HSPP social acceptance subscale
demonstrating that adopted children feel themselves accepted by their peers, even now in
the presence of signs of early puberty making them more different from their peers.

In the longitudinal analysis CBCL scores showed decrease in the total problem score
and subscales for internalising and externalising problem scores. The decrease is comparable
with the fower scores in older children in the reference population. Apparently, the treatment
does not confribute to increase in problem behaviour or emotional problems as one might
expect when accounting for the intensity of treatment. This can be explained by the positive
aflitude of parents and the fact that a lot of attention is paid to the children in the research
setting. Furthermore, the relationship between parents and the adopted child was described by
the parents as close (28). The major intervention of suppressing the pubertal development,
causing regression or arrest of pubertal development may decrease problernatic behaviour (5)
or af least prevent a further increase.

it ts known from the literature that early or precocious puberty leads fo elevated CBCL
scores on the internalising syndrome {withdrawal and anxious /depressed) up to 2 years after
start of treatment (5). We did not confirm this observation which may be explained in part by
the age at start of reatment that was relatively high compared to reports in children with
precocious puberty. No association was found between idiopathic precocious puberty and
long-term severe psychopathology. However, it was reported that precocious puberly in girls is
associaled with a long-term visk of minor psychopathology (6, 29, 30). With respect to
psychosexual development, early pubertal development was associated with earlier, but not
extremely advanced psychosexual development (6, 29). During treatment with GnRH agonist
problematic behaviour and functioning decreased slightly, parficularly in the girls showing
regression of breast development (5). In our population in all patients regression of the signs of
puberty was observed.

The most remarkable finding in the longitudinal assessment of HSPP was the relative
increase in the score for social acceptance. Several factors could play a role: the regression of
pubertal signs brings the child back into the age matched peers, children may feel that
treatment makes them more ‘normal’ now and in the future and maybe the decreasing trend in
emotional or behavioural problems improves acceptance in the peer group.

It is difficult to demonstrate quantitatively to what extent children suffer from the early
puberty or short stature due to the lack of standardised instruments. Therefore the indication
for growth promoting treatmenis such as performed in this tdal Is hard to sustain as was
demonstrated in the case of children with short stature (31). On the other hand we have to deal
with parent's and children’s expsciations of treatment. In the SAT we studied the perceived
current height and the expected height after treatment. The development of the scores from the
SAT show that the expectations of the children with regard fo future height are still positive at
the end of treatment, while those in the parents did not change in the treatment period. This
points to the limited capacity of the children lo predict and estimate figures in the future, while
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they are able to estimate thefr own current height in comparison to their peers. Parents did not
have unrealistic expectations of the effect of treatment, probably due to the thorough
information procedure before the informed consent was given. On the other hand, the children
expected to be considerably taller at the end of treatment than they were at the moment
starling freatment. In children with short stature about 60% of the gifls had unrealistic
expectations of their future height (> p50), compared to about one-third in parents (32).

With respect to the family stress the presence of early puberty and expected short
stature does not increase family stress to ievels above normal. On the contrary, family stress
is even significantly lower on the studied sub items. We show that the ireatment does not give
rise to family stress above the limits of normal. Probably, we have to do with stable families,
already used and able to handle difficulties (33). Thereby, in general the socio-economic and
educational level of parents of adopted chifdren is relatively high. One can conclude that, as in
children from IVF or KID procedures, the parents are competent in dealing with the problems of
their children. On the other hand it was described in IVF parents, 1 year postpartum, that they
reported lower self esteem and IVF mothers saw their children as more vuinerable and ‘special’
compared with controls (34). They often mentioned that their motivation was based on the idea
of precluding future regret on not having tried every possible trealment option available. This
mighi theoretically lead to some kind of overprotection with possible adverse effects on the
child. In a quantitative analysis of motivation for treatment we concluded that the parents were
in the fast majorily of cases adaquately motivated {Mul ef af, chapter 6.3).

in our study population the delay between start of pubertal development and start of
treatment was not as fong as in the study of Xhrouet et al. which was interpreled as a result of
a cultural taboo on sexuality and pubertal development. Our experience doss not indicate such
a taboo being present In our population. Probably, the early occurrence of puberty in adopted
children is regarded as normal for this group of children.

The role of background variables for the adjusiment of adopted children was described
in the early seventies by Bohman (35} as relatively independent from each other. Verhulst of al,
however found that several background parameters placed the child at increased risk for later
maladjustment, but even in case of the presence of such variables the majorily of adopted
children function quite well (36). The results of the psychological assessments we performed
suggest normat functioning of the children. Early puberty and/or short stature does not seem fo
influence this negatively; however, they still have to go through puberty and adolescence which
is known to be a vuinerable period for some adopled children with respect o identity and
relations to parents (12). Secondly, when puberty progresses in peers, the feeling of being
short may be enforced by the magnitude of the growth spurt in Dutch boys and girls.

The resulls on IQ measurements in children with precocious puberty showed elevated
IQ scores, with higher verbal than performal scores, and this was interpreted as a possible
offect of sex steroids especially on the left hemisphere (5, 30, 37). The initial total IQ score in
our group is not different from normal - comparable with the data of Xhrouet et al. {5} and a
decrease of about 7 points is observed in the {reatment period. Although significant, one might
have doubts about the clinical relevance of this decrease. An interesting hypothesis on the
decrease in verbal |Q scores is thal withdrawal of sex steroid exposure to the brain brings the
child back into a more age-appropriate 1Q range. The lower verbal scores in our group, which
was in contrast to what was known in CPP girls, could be explained by the adoption status of
children, from which it is known, as in other children from foreign background, that verbal
intelligence is lower than children bornt in their own country. In adopted children it was
described that in primary school mathematics, which is part of verbal 1Q, was problematic,
especially in boys (38). The authors concluded that a deficlent development of visual-spatial
organisation and to a lesser exient the lower concentration was due to the lower prestations in
mathematics rather than intelligence or fluency.
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The observation that there are no consistent differences between group A and B suggests that
in early puberty the addition of GH does not contribute to development in either a protective or
negative direction and that pubertal arrest is the main intervention in children with early
puberty.

We conclude that in adopted children with early puberty and predicted short stature the
levels of emotional and behavioural problems, self-perception and family stress do not
significantly differ from the population means. The treatment with either GnRHa alone or in
combination with GH does nelther increase emotional and behavioural problems or family
stress nor decrease self-perception of the child.
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HI TREATMENT WITH GNRHA AND GH

Chapter 6: Study of the effect of treatment with GnRH-agonist {(Decapeptyl) afone or in
combination with biosynthetic human growth hormone (Genotropin) in adopted
chitdren with early puberty.
6.1 Gonadotrophin Releasing Hormone agonist {GnRHa) treatment with or without
recombinant hunian growth hormone (GH) in adopted children with early puberty
6.2  Study of the effect of treatment with GnRH (GnRH)-agonist atone or in combination
with recombinant human growih hormone in adopted children with early puberty:
Psychological assessments before and afler treatment
6.3  Motivation for treatment and psychological evaluation in adoptive families
when a child presents with early puberty
submitted

Ghapter 7
A randomized controfled trial of three years of growih hormone (GH) and GnRH agonist
freatment in children with Idiopathic Short Stature and intra-Ulerine Growih Retardation.

Chapter 8
The effect of pubertal delay by GniRH agonist in Growth Hormone Deficient (GHD) children

on final height
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Chapter 6.3

Motivation for treatment and psychological evaluation in adoptive

families when a child presents with early puberty

D. Mul’, H.J.M. Versluis-den Bieman?, W. Oostdijk'?, J.J.J. Waelkens®, S.L.S. Drop' and FME
Slijper® University Hospital Rotterdam/Sophia Children's Hospital, Depariments of
Endocrinotogy’
and Child and Adolescent Psychiatry®, Leiden Universily Medical Centre, Department of

Paediatrics®, Catharina Hospital Eindhoven, Department of Pediatrics™.

163



Evaluation of motivalion

ABSTRACT

In internationally adopted children early puberty is frequently observed. In a clinical trial on
hormonal treatment of early puberly the motivation of parents and child to participate was
studied. The fast majority of parents and children were adequately motivated for freatment. No
indication was found suggesting overmotivation in parents. Psychologicat assessment revealed
no increase in emotional or behavioural problems in the children compared to reference values
of adopted children in The Netherfands. We discuss the societal bias with regard to the role of
adopted parents in clinical research and to growth promoting treatment in adopted children.

We conciude that there is no reason to view adoplive parents differently from parents of non-
adopted children in the context of clinical research or medical treatment.
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INTRODUCTION

In The Netherlands about 25.000 international adoptees are part of society (anonymous, In
(1). It was described by Oostdiik et al. that despite the catch-up growth after arrival final height
in adopted children did not exceed that of the country of origin, due to early onset of puberty
{2). In other European countries this phenomenon has been observed as well (3-7).

An early onset of puberty may lead to a decrease in final height by early closure of the
epiphyseal growth plates of the long bones mediated by the sex steroids. Furthermore,
precocious sexual devefopment may cause adjustment problems (8, 9). In children with
precocious puberly treatment with Gonadotrophin Releasing Hormone (GnRH) agonists has
been shown fo improve final height fo some extent (10, 11).

To sludy the effect of the addilion of growth hormone to GnRHa treatment to further
improve final height we designed a study in adopted children with early puberiy. In the
process of approval the Dutch national board on the ethics of medical research (KEMO)
demanded a psychological study to evaluate the motivation for treatment of parents and
chitdren and of the psychological development during treatment. This was remarkable as in
other growth studies in non-adopted children such a requirement was never pointed ouf. One
of the concerns was that adverse molivas of the parents could harm the child, or at least that
contrasting inferests between parents and the child in participation or refusing participation
would be present. This concern could be based on the fact that many adoptive parents are
rather persisient in their demands for help. This attitude may be enforced when the child has
a medical problem. Thus in the medical profession a biased view on adoptive parents may
have developed.

Sharav points out the importance of a healthy motivation for adoption, which mainly
consists of a deep wish to raise a child (12}. The biological wish for a child has been given up
{about 20% of parents of adopted children do not have biological children), and adoption Is
their conscious choice. This kind of motivation for adoption can be regarded as protective.
The conscious choice of parents for adoption may lead to greater involvement in their
children, even more than in mothers with biclogical children (13). In general, great
involvement can also be viewed as a protective kind of motivation.

Hoksbergen has the opinion that motivation for adoption generally consists of external
and internal motives (14). Parents with external motives prefer adoption to complete or extend
their family or to help a child that is in distress. Those with internal motivation adopt a child
primarily to satisfy their own needs. The latter may be harmful because of great hopes the
parents nourish towards their adopted child, which can not always be answered by the child.
Thus, foo much involvement or strong internal motivation of the adoptive parents may be a
burden for a child and could result in developmental problems. Combined with a longstanding
and intensive treatment for early puberly serious problems may arise. From the point of view of
the adopted child, it might be difficult to refuse a treatment proposed by the parents, based on
feelings of loyalty, dependency and an unconscious feeling of gratitude. These feelings may
also result in a difficulty to express anger and fear, which may contribute to an increase in
behavioural problems.

The concept of motivation for ireatment is not widely described in medicine, fet alone in
paediatrics. One study in adults addresses the factors affecting the decision lo participate in a
clinical trial (15). In that study the belief that the proposed treatment could improve or help to
maintain the patients’ condition was an important reason to participate in the trial. Many studies
do discuss the ethics of participation of children in research trials mainty from the point of view
of the right to consent (16). No literalure is available on motivation for treatment in adopted
children, whereas some studies were published on expactations of growth promoting freatment
in non-adopted children (17, 18).
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We studied the motivation far treatment and performed a psychological evaluation of parents
and their adopted children who had volunteered for treatment of early puberty.

The aims of the sludy were to investigate whether parents and adopted children are
adequalely motivated for treatment of early puberly, to evaluate psychosocial development
before start of treatment and to assess folerance of trealment of early puberty.

PATIENTS AND METHODS

Children in this study originate from India, Sri Lanka, Colombia and Korea and were adopted
by Dutch parents. The children developed early puberty, defined as pubertal development
between 7 and 10 years of age in girls and between 8 and 11 years in boys. The onset of
puberly was characterised in girls by breast devslopment and/or menarche, in boys by
testicular enlargement (> 4 ml}; in both the physical signs were accompanied by a pubertal rise
in gonadotrophin hormones in a GnRH stimulation test. To assess bone age (BA) an X-ray of
the [eft hand was obtained. The predicted adult height (PAH) was calculated on the basis of
height and BA (19). For inclusion in the study PAH had to be below the third percentile of
Dudch children for sex (20).

Detailed characteristics of the patienis and the study design as well as the growth data
are presented elsewhere {21). in brief: The children in this study were freated for 3 years with
either the GnRH-agonist triptorelin (Decapeptyl®) alone {group A) or in combination with
recombinant human growth hormone (Genotropin®) (group B). A physician or nurse
administered GnRH agonist every 28 days by an intramuscular (im) injection; in group B the
patient him-/herself or one of the parents administered growth hormone every day by a
subcutaneous (s¢) injection af home. An untreated conirol group was incorporated in the
original study design, but this part of the design was abandoned when parents who
randomised for no treatment all left the study,

The study was announced to adoplive families by means of the pericdicals of adoption
societies and we informed the parents orally during the procedure of informed consent
Many parents were interested in the study and phoned for information. Because of the strict
inclusion criterfa only a few children were eligible candidates for the sludy. Before
randomisation and start of treatment a struclured interview was performed with parents and
child separately to assess motivation for treatment.

Instruments

Motivation study

An experienced psychologist (HJMV-dB} interviewed both parents and children. The
interviews were recorded on videolape and scored by fwo independent raters, The general
mofivation score was composed of the ratings on four parameters:

(I} motivation for treatment, (/f} expectations of treatment, (/lf} evaluation of psychological
suffering from early puberty and short stature by the child and (/V) psychological strength of
the child.

For the parents two more parameters were added: "expectations of freatment by the

parents” and “psychological strength of the parents”. The rating was performed in 2 steps:
first, a qualifative judgement was given on an adequate versus inadequate range;
subsequently, a quantitative score was applied. The cumulative score of parents and child
ranged from 0-10 {table 1}.
! Motivation for lrealment was assessed in parents by asking the ways they had used
to reach our clinic and how they felt about the randomisation and treatment. The children
were separately asked what they knew and felt about the treatment and how they felt about
the randomisation procedure.
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| Expectations of treatment of the child was assessed by asking the parenis how they
evaluated the psychological ‘burden’ of treatment for their child. The children were asked
how easy or difficult they thought the trealment would be for a long period.

1; Psychological suffering of the child: the parents were asked how much they thought
their child suffered from early puberty, short stature and the different appearance. The
children were asked the same guestions.

v Psychological strength of the child was estimaled by rating the parents’ answers on
the question how they had baen coping with difficulties in raising their adopted child and how
the chitd had been coping with difficulties in life,

When the totat score was lower than 6, the observers rated motivation as inadequate (either
from the parents or the child). In that case, participation in the study was not allowed.

Table 1: Composition of the motivation score

Child = lscore [Parent < lscore.

Motivation for treatment 1 motivation for treatment 1

Expectations of treatment 1 expectations of treatment 1

Evaluation of psychologicat suffering| 1 evaluation of psychological sufferingi

from early puberty and short stature from early puberly and short stature by

by the child the child

Psychological strength of the child 1 psycholegical strength of the child 1
expectations of treatment by the parenis |1
psychological strength of the parents 1

MOTIVATION SCORE 4 + 6

range 0-10
< 6 = inadequats, 9 = good enough,
10 = optimal

T1 study
After the motivation study and before randomisation and ireaiment the psychological
assessment (T1) was performed. This study was repeated after discontinuation of treatment.
The psychological assessment was performed to evaluate behavioural and emotional
problams, self-perception, expectations of treatment and intelligence levels of adopted
children. This psychological part of ihe study and the repeated assessment after 3 years of
treatment Is described in detall in a separate article (Mul et al, chapter 6.2}. In this article we
describe the psychological assessment of a slightly different study population. The difference
between the groups Is due to the fact that some parents did not agree to enter into the study
protocol after they were randomised to the control group. Thess parents were included in this
paper.

The following instruments were used: Child Behaviour Checkiist (CBCL): The CBCL is
a standardised instrument to obtain parents' reports of competence and problem behaviour of
their child (22). The problem items that describe the child are summarised in a score for
internalising {e.g. withdrawn, anxious/depressed), externalising (e.g. aggressive, delinguent)
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problems and a total problem score. Reference values for adopted children in the Dutch
population were used for comparison (23).

Self-perception profile for children {SPPC): Harter developed this self-reported
instrument for measuring self-esteem or perceived competence in children (24). Seif-
competence In different domains is measured, as well as an independent assessment of global
self-worth. For this study we analysed dala on soclal acceptance and physical appearance as
children with early puberly might be less socially accepted and do not fest comfortable with
their physical appearance.

Sithouelte Apperception Technique {SAT): This test describes the accuracy of
estimation of current and future height and was developed o study expectations of treatment
with recombinant growth hormone (18, 25)

NVOS: The "Nijmeegse Vragenlijst voor de Opvoedings Situatie” is a validated Duich
questionnaire evaluating family. We fimited our analysis to 4 main items that we regarded to
be of specific importance: first fo what extent the family functioning is accepted or should be
changed, the presence of problems (2nd) and whether the parents are able to deal with
problems (3rd). For these items a higher score indicales increased family stress. A general
assessment of family fupctioning is expressed in the ‘satisfaction” item (4th): the higher the
score, the mare salisfied the parent is.

During the 3-year course of freatment a questionnaire was sent three times, al 6, 18 and 30
months of treatment, fo be completed by the parenis (F1, F2, F3). The questionnaires
contained items concerning psychosocial development of the child and their experence with
medical treatment and injections in particular.

RESULTS

Before start of treatment: Motivation sfudy

Thirty-five parent-child couples entered into the motivation study. Data of 5 couples were lost
because of inadequate tape-recording, so 30 tapes were available for analysis and described
in this article.

The interrater reliability of the 30 recordings was significant and high (r=0.95) for {otal
scores of parents-child couples. Separately, the interrater reliability of the parents (6
parameters) or of the child {4 parameters) was also satisfactory and significant, r = 0.83 and
0.79 respectively. Agreement concerning the scores of the adopted children is lower but still
satisfactory.

in total 29 adopted children and their parents were accepted for treatment, 1 was not
accepted (Table 2) because of a score of 4 on the motivation paramsters. This means that
the parents were rated as inadequate on all but one parameter ("burden of the child') and the
child scored inadequate on 1 parameter (‘motivation for treatment’).

Table 2: Results of motivation study

Group 1: optimal motivation 19
Group 2; motivation ‘good enough’ 10
Group 3: not accepted for treatiment 1
Total 30
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In the Interview with the child it became clear that she was very afraid of being treated,
especially with regard fo the injections, but did not dars to tell her parents.

A score of 10 was considered to indicate optimal motivation {(group 1), and a score of
9 was labelled as good enough motivation (group 2).

Of the 29 accepted couples 19 obtained a score of 10 and 10 a total score of 9. In group 2
more children than parents were inadequately motivated, they had significantly more unrealistic
expactations of the effect of treatment (p=0.01). These children “could not think any problem to
happen” and were significantly more inadequately motivated (p=0.05) compared to children in
group 1.

In group 2, signiflcantly more parenis (p = 0.01) had unrealistic expectations concerning
treatment as well, suggesting that they did not expect any problem fo occur during treatment
for their child or for themselves.

We compared the group with optimal motivation and the group with ‘good enough’
motivation using the instruments of T1 measurements. No significant difference was present
between both groups in CBCL. scores, SPPC scores, family stress or expectations of freatment
with SAT.

Before treatment: psychological evaluation (T1)

The sample for the psychological evaluation consisted of 27 girls and 3 boys. To avoid a sex-
effect the resulls in this section only concern the girls. The adopted girls in our sample did nof
significantly differ from acopted girls in the general Dutch population (23) with regard to
behavioural and emotional problems, measured by CBCL. This holds for the internalising and
externalising subscales as well for the total problem score. Compared to age-matched girls
from the general population, the girls in our study had the same level of self-parception on all
subscales of the Harter self perceplion profile. The expectations of the future height was
overestimated by 80% of the children and 17% of the parents, when future height was defined
as height > 50th percentile of the Duich population. The mean 1Q fevel measured by the WISC-
subtest was 101.0, not different from the population mean of 100.0. The NVOS scores
revealed that general safisfaction with the rearing situation was higher than in the normal
population and that the family was significantly more able to deal with problems compared to
the reference group.

During treatment

Thirty children entered into the treatment protocol, as some accepted couplas did decide not to
continue as they were allocated in the control group that was incorporated in the original study
design. Three couples were admitted based on the psychologist's decision alone since
independent rating of motivation could not be obtained dus to loss of tape recordings.

Al the F1 evalualion 6 months after start of treatment the parents reported that their
children were doing well. In the children treated with GnRHa alone {group A} 96% of the
children could stand the painful intramuscular Injections well, 64% of the parents judged the
treatment to be a littie burden for their child and 36% a burden for themselves. The burden of
treatment with GnRHa could be the painful and unpleasant injections, the stress before having
an injection, the monthly visit to a physician and the loss of school time for the children
because of these visits.

In group B where monthly GnRHa and daily GH injections were combined, 86% of the
children tolerated the injections well, whereas the other 15 % found it annoying. The parents in
this group reported the freatment to be a litlle burden for their child in 23%, and for themselves
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in 156% of the cases. Forty-six percent of the children injected themselves with growth
hormone.

Combined data in both groups revealed that 96% of the parents and 56% of the
children thought the treatment was very advisable; and 68% of the parents reported a
favourable psychological effect of treatment for their children, With regard to these last
mentioned items no significant differences were present between group 1 and 2.

At the 6, 12 and 30 months assessmentis no significant differences were demonstrated
between the group with optimal motivation and that with good enough motivation with regard to
tolerance or experienced burden of GnRHa or GH treatment in parents and child. A non-
significant tendency was observed that the judgements of parents in group 1 were more
differentiated compared to group 2.

The results from F1, 2 and 3 suggest that the burden of treatment for the child due to
GnRHa injections decreases over time: the percentage of problems with injections decreases
from 64% at F1 to 38% at F3. The burden of treatment from the daily GH injeclions shows
some increase from 23 to 31 % at F1 and F3 respectively.

DISCUSSION

In contrast to the initial presumption we found In this study that the motivation of parents for
tfreatment of their adopted child with early puberly is adequate in the fast majorily of cases.
Only one out of 30 patients was not accepted to enter into the trealment protocol due to a
disagreement between the refusal of the child to participate and the desire of the parents to
obtain freatment. The differentiation in ‘optimal’ and ‘good enough’ motivation did neither
predict the level of behavioural or emotional problems or self-perception of the child during
{reatment, nor the way parent and child perceived treatment.

fn clinical research in children, the process of decision-making is a balance between
the interests of the child, the parents and the clinical researcher. Legally, it is the child that
decides providad that he or she has sufficient underslanding and intelligence to understand
what is proposed. In that case the consent of the child and not of its parents Is required. Thus
* a reasoned refusal by a child to participate In research is Hkely to be taken as evidence for
such understanding, and i would be unwise fo rely on parental consenl in such
circumstances” (26). Only in case of severe disagreement between parents and child the
child’s well-being might be threatened.

As in many studfes incfuding therapeutic research in children, the distinction between
motivation for participation in research and motivation for treatment is difficult to make. Van
Stuijvenberg el al. studied participants of a randomised trial regarding febrile setzures. They
found that the major factors in parents’ approval to participate were the contribution to clinical
science (in 51%) and benefit for their own child in 32% of the parents (27). It is likely that the
way the researcher informs the parents influences parental motivation. Highly educated
parents — and most adoplive parents in our study belong to this group- may on the contrary
be less influenced by the researcher's information, as they might be able o address more
specific questions to him or her,

One should assume a biased view towards adoptive parents, as only in this study,
concerning adopted children, an evaluation of potential candidates was demanded. Such a
prejudice towards adoplive parents that might be the basis for the demand of a molivation
study is difficult to explain. In the introduction of this article we pointed to the biased view on
adoptive parents possibly present in the medical profession. The interaction between the
asserlive, inspired and highly educated adoptive parents and the people that surround them
may result in various feelings, maybe even resistance, in the latter. From a psychoanalytical
point of view, one can think of unconscious hostile fantasies towards adoptive parents.
These serve as a defence mechanism against feelings of guilt with regard to adopted
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children that is felf in the interaction with adoptive parents. Alternatively, the good intentions
of adoptive parents may be denied by unconscious feelings that adopted children should not
get as much good as Dutch children. it is frue that, as in other parents, adoptive parents
have to deal with internal problems, and that these may concentrale arcund issues of
defectiveness and restoration (28). However, in the literature no data have been published
that report on adoptive parents who harm their child in dealing with these confiicts. Hoopes
refers to literature from the nineteen sixifes in & clinical sample in which adoptive mothers
tended to overprotect their children as a result of feslings of inadequacy on childbearing (29).
Our study shows that motivation in adopted parents is adequate. The evaluation of
motivation for treatment could eventually be advisable, but should at [east not be restricted to
adoptive parents. Whether it s advisable at all for any trial with a major intervention in
paediatric research might be questioned, as it might discard the parental autonomy and
responsibility.

Questioning growth-promoting therapy in adopted children is a relevant issue. Many
peaple reason that adopted children are short in their countries of origin and thus should not
be subjecled to any growth promoting treatment at all. However, this reasoning overiooks
that the expected increase in final height, as a result of catch-up growth and improvement of
socio-economic circumstances, may not be attained due to early puberty. A further reason
for growth promoting freatment is to compensate for the possible growth inhibition of GnRHa
treatment in children with early puberty {30).

The general picture derived from the psychological evaluation is described in a
separate arlicle (Mul et al, chapter 6.2). in summary It Is described In that article that for the
child no elevation of CBCL scores for emotional or behavioural problems, normal self-
perception and acceptance by peers has been demonstrated. For parents it describes that
no increasead level of family stress and realistic expeclations of treatment were shown. The
latter may be due to the relative high soclo-economic status in the group of adoptive parents
(80 % in the highest category), that may confribute to the understanding of the information
given before entering the study. Another possible bias to account for is that in The
Netherlands parents go through an extensive seleclion procedure before being accepted as
adoptive parents,

Once ftreated, children seem to get used to the monthly injections. Probably the
recurrent and repeated character of the daily injections, especially when the effects of
treatment are not clearly visible for a child, causes an increase in burden (31), while the
effects of the monthly injections for suppression of puberty is visible.

We conclude that mofivation for treatment in adoptive parents when their child enters in
to puberty at an early age is adequate. The refusal of 1 out of 30 families to enter into the study
can not be seen as a specific feature of the group of adoptive parents. They should be seen as
normal parents.
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i TREATMENT WITH GNRHA AND GH

Chapter 6: Study of the effect of treatment with GnRH-agonist {Decapeptyl) alene or in

combination with biosynthetic human growth hormone {Genotropin) in adopted

children with early puberty.

6.1 Gonadotrophin Releasing Hormone agonist (GnRHay) treatment with or without
recombinant human growth hormone {GH} in adopted children with early puberly

6.2  Study of the effect of reatment with GnRH (GnRH}-agenist alone or in combination
with recombinant human growth hormone in adopled children with eariy puberty:
Psychological assessments before and after treatment

6.3  Motivation for treatment and psychological evaluation in adoptive families when a

child presenis with early puberty

Chapter 7

A randomized controlled trial of three years of growth hormoene (GH) and GnRH
agonist treatment in children with ldiopathic Short Stature and Intra-Uterine Growth
Retardation.

Accepted for publication in J Clin Endocrinol Metab

Chapler 8

The effect of pubertal delay by GnRH agonist in Growth Hormone Deficient {GHD) children

on final height
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Chaptler 7

A randomized controlled trial of three years Growth Hormone (GH)
and GnRH agonist treatment in children with ldiopathic Short

Stature and Intrauterine Growth Retardation
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ABSTRACT

We assessed the effectiveness and safety of three years combined growth hormone {GH)
and Gonadotrophin Releasing Hormone agonists (GnRHa} freatment in a randomized
controlled study in children with |diopathic Short Stature (ISS) or intrauterine growth
retardation {lUGR). Ganadal suppression, GH reserve and adrenat development were
assessed by hormone measurements in both treated children and controls during the study
period.

Thirty-six short children, 24 girls (16 133/ 8 IUGR} and 12 boys {8 1SS/4 IUGR) with a height
8SDS <-2 in early puberty {girls: B2-3 and boys: G2-3), were randomly assigned to freatment
(n=18) with GH (Genotropin 4 U/m?*day) and GnRHa (Triptorelin, 3.756 mg/28 days) or no
treatment (n=18). At start of the study mean {SD) age was 11.4 {0.56) or 12.2 {1.12} years
whereas bone age was 10.7 (0.87} or 10.9 (0.63) years in girls and boys, respectively.
During three years of study height SDS for chronological age (CA) did not change in both
treated children and controls, whereas a decreased rate of bone maturation after treatment
was observed (mean (SD) 0.55 (0.21) 'year'fyear versus 1.15 (0.37) 'year'/year in ¢ontrols,
p<0.001, girls and boys together). Height SDS for bone age and predicted adult height
increased significantly after 3 years of treatment; compared to controls the predicted adult
height gain was 8.0 c¢m in girls and 10.4 cm in boys. Further, the ratio between sitting
height/height SDS decreased significantly in treated children, whereas body mass index was
nof influenced by treatment.

Puberty was effectively arrested in the freated children as was confirmed by physical
examination and prepuberial tesfosterone and esfradiol levels, GH dependent hormones
including serum [IGF-i, IGF-II, PICP, PIINP, alkaline phosphatase and osteocalcin, were not
different between treated children and controls during the study period. Thus, a GH dose of 4
U/im? seems adequate for stabilization of the GH reserve and growth in these GnRHa
treated children.

We conclude that 3 years trealment with GnRHa was effective in suppressing pubertal
development and skeletal maturation, while the addition of GH preserved growth velocity
during treatment. This resulted in a considerable gain in predicted adult height, without
demonstrable side effects. Final height results will provide the definite answer on the
effectiveness of this combined treatment.

178



Chapter 7

INTRODUCTION
Since puberty initiates the process of epiphysiaf fusion that determines final height, the first
signs of puberty are often perceived as an alarming signal in short children (1), and the
question whether therapeutic options exist to improve final height is often asked. If initiated
years before the onset of puberty, GH treatment may have beneficial effects on final height in
children with Idiopathic Short Stature (ISS) and intrauterine growth retardation {(IlUGR) (2, 3).
Once puberty has started, however, GH treatment in these short children has Iimited value;
GH may stimulate a rapid progression through puberty, which is expected to reduce the gain
In final height (4-6). The addition of Gonadotrophin Releasing Hormone agonists (GnRHa) to
delay puberty has therefore been considered. GnRHa were initially used in children with
central precocious puberty {CPP), with beneficial effects on adult height (7-9). Recent trials
with GnRHa in short children showed an increment in adult height of 0.5 — 3.3 cm (10, 11}.
No controls were included except for one study with 4 years treatment with GnRHa versus
placebo, showing a height gain of 7.6 cm compared to initial prediction in the GnRHa treated
children and of 10.3 cm compared to placeba group. The study population, however, was
very heterogeneous and therefore the results are difficult to interpret (12). More recent
studies, using the combined treatment of GH and GnRHa in children with ISS or IUGR,
report a gain in final height prediction between -0.5 to 10 cm (1, 13-17), but none of these
studies used randomized controls.

To answer the question whether GH and GnRHa treatment may improve final height
in pubertal children with ISS and IUGR we designed a randomized controlled study with 3
years treatment with combined GH and GnRH agonist treatment in 24 girls and 12 boys with
ISS or IUGR. We verified the effectivaness of gonadal suppression by physical examinations
and by measurements of sex steroids in all children. To assess the GH reserve during
treatment we yearly measured IGF-l, IGF-ll, IGFBP-3, and markers of collagen and bone
metabolism, all GH dependent hormones (18). Adrenal hormones were measured to search
for a possible effect of treatment on adrenal development. In this report we present data
obtained during the first 3 years of the study.

PATIENTS & METHODS

Forty children were randomized for either combined treatment with growth hormone (GH})
and Gonadotrophin Releasing Hormone agonist (GnRHa)} or no irealment. GH,
{Genolropin®, Pharmacia & UpjohnAB (Stockholm, Sweden)} was given in a dose of 4
IU/m*/day se, which is equivalent to 0.14 U (0.05 mg} fkg body weight/day. GnRHa
(triptorelin (Decapeptyl® Ferring); since Decapeplyl® was withdrawn by Ferring in 1998 we
used the same preparation from [psen) was given in a dose of 3.75 mg i.m. every 28 days.
The randomization was performed separately in children with a known history of intrauterine
growth retardation (IUGR), defined as a birth length <-2 SDS (19). Directly after
randomization, two patients randomized for treatment refused freatment and 2 controls
refused follow-up. Additionally, one iSS boy and one IUGR girls, both contrals, became drop-
outs. We report 3 year-data of 18 trealed (12 ISS, 6 JUGR /6 boys, 12 gitls) and 16 confrols
(11188, 5 IUGR / 5 boys, 11 gitls).

The protocol was reviewed and approved by the medical ethics committees at the
four participating centers (Catharina Haspital Eindhoven (n=12), Wilhelimina Children’s
Hospital Utrecht {n=12), Free University Hospital Amsterdam (n=10), and Sophia Children’s
Hospital Rofterdam (n=2}, and the parents of all children gave wrilten consent for the study.
When appropriate, the consent of the children was also obtained.

Inclusion criteria were G2 or G3 in boys (testicular volume of > 4 and <10 mi) and B2
or B3 in girfs, an actual height < -2.0 SDS (20) or between —1.0 and —2.0 SDS with a

179



GnRHa and GH in 1SSiIUGR

predicted adult height < -2.0 SDS (according tc Bayley & Pinneau (21)), and a chronological
age and bone age less than 12 and 13 years in girls and boys, respectively. Furthermore, a
maximum serum GH level > 10 ug/t (tug = 21U, The First International Reference
Preparation of hGH, MRC London, code 66/217 was used as standard) after provocation
(exercise, arginine, clonidine, L-dopa or glucagon), and a normal ratio of sitting
height/subischial leg !ength (between P3 and P97) (22} were established. At time of
inclusion, screening blood tests and urinanalysis were normal, and none had evidence of
malnutrition or hormonal or systemic disease.

All children were evalualed at baseline. Then, the children of the treatment group
were followed every 3 months during treatment and at least once a year thereafter. Children
in the control group were followed on a yearly basis, Evaluations included measurements of
height (mean of 4 measurements performed by the same cbserver (LV} at the same hour of
day on a Harpenden stadiometer), sitting height {mean of wo measurements (LV}), and
weight. Pubertal staging was assessed by one investigator in alt children at all visits {GAK),
according to the method of Tanner. The Prader orchidometer was used to determine
testicular size in boys.

Height was expressed as SDS for chronological age {CA) and for bone age (BA)
accarding to Dutch references {20). Body Mass Index (BMI) was calculated (weight/(height®))
and expressed as SDS (23). Sitting height and sitting height/height were also expressed as
SDS (22). Target height was calculated [father's height + mother’s height + or — 12 cm for
boys and girls, respectively} / 2] + 3 cm (for the secular trend) and expressed as SDS (20).
Bone age radiographs were measured yearly in all children and were determined according
to the method of Greulich and Pyle by one independent investigalor (24). To evaluate the
effect of treatment we used the gain in predicted adult height (PAH), defined as the
difference between the height prediction at start and after 3 years of treatment or follow-up.
In girls, a yearly ultrasound of uterus and ovaries was performed. We measured the volumes
and examined the occurrence of ovarian cysts.

Hormone analysis

Laboratory tesls at baseline and at yearly visits included full blood count, serum FT4, TSH,
LH, FSH, estradiol in girls and testosterone in boys, blood HbAle, fasting blood glucose,
serum fasting insulin, IGF-], IGF-I}, IGFBP-3, leptin, DHEA, DHEAS, androstenedione, PICP,
PIINP, atkaline phosphatase and osteocalcin. Plasma levels of 1GF-I, IGF-l! and iGFBP-3
were determined in one assay In the endocrine iaboratory of the Wilhelmina Children's
Hospital, Utrecht on samples that had been stored at -20°C for a maximum of 4 years. These
assays have been described previously {25). The levels of IGF-I, IGF-ll and IGFBP-3 were
expressed as ng/ml and compared with references based on measurements in 906 healthy
individuals. Smoothed references for three plasma parameters and three ratios were
constructed using the LMS method (26). This method allows to find the best transformation
of data which lack a normal distribution (as do alf these parameters) yielding a smoothed and
statistically valid function. Serum leptin {(ng/ml} was measured by RIA {Linco Research inc.,
St Charles, Missourt, USA). PICP (normal range 200-1000 pg/l (mean * 28D), decreases
with age from 2-18 years) and PIIINP (normal range 5-18 pgll {(mean £ 28D), decreases with
age from 2-16 years) were measured with RIA kits (Orfon Diagnostics, Finland}. Serum
alkaline phosphatase (IUl) was measured with the VITROS analyser and osteocalcin
{normal range 1.8-8.6 ugfl {mean  28D)) with a RIA kit (DiaSorin, Stillwater, USA). Serum
LH (o) and FSH (lUN) were perdormed with a solid phase, lme resolved
immunofluorometric assay ({IFMA), Waltac, Turku, Finland). Serum testostercne (nmolfL) (in
boys), DHEA (nmoliL) and androstenedione (nmol/L) were measured with solid phase RIA’s
(DPC, Los Angeles, CA, USA}. Serum estradiol {pmol/l.} (in girls) was also measured with a
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sensitive solid phase RIA (Orion, ESPO, Finland) and DHEA-S with an in house developed
RIA {Leiden, Department of Clinical Chemistry (MF)). Al samples were measured in one
assay on samples that had been stored at -20°C for a maximum of 4 years.

Statistics
Results are expressed as mean = SEM or SD. The statistical analysis comprised a paired -
test for comparisons bstween data at baseline and after three years, and when appropriate
for non-normal distribution we used the Wilcoxon signed rank test. Differences between the
treated children and controls were tested by Student t-test or Mann Whitney tests.
Correlalion analysis was performed appropriate for the distribution of the varfable.
Changes in variables during the study period between treated patients and controls were
analyzed by repeated measurement analysis. Reported are the changes in time between
groups and changes in time for both groups together.

RESULTS

Auxology

Table 1 shows the auxological data at baseline and after 3 years of study for ISS girls, 1SS
boys, IUGR girls and IUGR boys separately. There was no significantly different pattern
between these four subgroups in changes in bone age (BA), height velocity {HV}, height SDS
for chronclogical age {H-SDS CA), height SDS for BA {H-SDS BA), BMI-SDS, or in predicted
adult height (PAH} in cm or SDS. Combined auxological data of treated and control children
are shown in figure 1-3 and in table 2.

Table 2, Changes (mean = SEM) in predicted adult height in cm between start and after 3
years of study.

Bl N2 Control GH:+ GnAHa
Girls 23 2.4 (1.69) 10.4 {1.24)
Boys 11 -3.9 (2.09) 6.5 (0.87)
1UGR girls 7 0.3 (5.87) 1.1 {1.72)
ISS girls 16 3.1 (1.27) 10.1 (1.68)
IUGR boys 4 -3.6 {2.40) 6.5 {0.30)
1SS boys 7 -4.1 (4.50) 6.6 (1.58)

Bone age advanced significantly less in GH+GnRHa treated children compared to controls
{0.55 (0.05) 'vear'/year versus 1.15 (0.09) ‘year'fyear, p<0.001, all girls and boys together). in
subgroups, a significant difference in BA was seen in treated compared to control ISS boys
after 3 years of study (table 1). Height velocity (HV) decreased significantly (p<0.001) in the
GH+GnRHa treated children from 7.0 (0.32) cm/year during the first year of treatment to 5.4
{0.24) and 4.9 (0.30) cmfyear during the second and third year, respectively. In the control
group HV was 7.4 {0.51), 7.0 (0.53) and 4.7 (0.4) cm/year during the first, second and third
year of study, respectively (third year HVY compared to the first year HV: p < 0.05). Height
SDS for CA did not change during 3 years of study in all groups {see figure 1A for
GH+GnRHa versus controls, and table 1 for subgroups).
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Table 1. Auxological data at baseline and after 3 years of study for ISS girls, 1SS boys, IUGR girls and [UGR boys

st

S5 onis iSSboys  |I0GR girls [0GRboys  [liSS giis 1SS boys “iféﬁg:rlé UGR boys
N= 16 8 8 4 Co: 8 Rx; 8 Co: 3 Rx: 4 Co: 3 Rx: 4 Co: 2 Rx: 2
CA T5(01)  |122(08) [113(03) 122002 144023 |45 (014) |[164 (0.77) |14.5(0.38) |[148 (0.22) | 74.0(048) |[74.9(0.30) | 15.6 (0.02)
BA 10.8(0.2) 10802  |102©4 |1.00a  [i5.704) 12,7(0.2) 1280077 18101 |[133(0.8) |1230.1) |[15404) [12.80.1)
H-SDS CA 207 (0.14) |26 (0.20) |-229(0.14) | 2.76(0.19) §-2.22(0.18) |-187(0.31) |[-202(0.17) | 2.00(0.36) |[-2:20(0.18) |-1.68(0.21) ||-2.02(0.01) |-2.99(0.03)
H-SDS BA 7163 (0.14) |-183(034) |-1.30 (041) |-207 (0.37) §-1.78(0.30) [-0.860031)a |[7.04(042) | 0.66(0.65) ||-1.25(0.61) |-0.57(0.39) |[-246(0.52) |-0.590.10}
BMI-50% 539025 |-0.24 (0.36) |-0.64 (0.23) |-0.34 (0.77) §-C.36(04)  |0.18(0.25) ||-0.35(044) |0.19(0.82) ||-0.57(0.45) |-0.06(0.56) |[0.96(0.96) |-1.75(1.50)
PAH (cm) T518(10) | 1684 (28) |154.3(3.3) | 165.0(32) |1554(1.8) | 161124 |[1758(6.3) |171.3(5.6) |[1566(35) |163.5(3.0) |[159.4(42) | 175.4(1.5)
PAH §D3 285 (0.16) | -2.02(0.38) | -2.24 (0.53) |-2.40 (0.48) |-2.06(030p |-1.74{0.a6m |[-0.62(0.94] |-1.56(0.83) ||-1.55(0.57) | 0.79(0.49) |[3.38(0.62) |-0.98(0.22)
Birh weight (gr) | 3084 (121) | 2734 (301) | 2038 (177) | 2341 (513)
TH-SDS -0.81(0.20) |-0.82(1.27) |-0.08(0.39) | -0.93 (0.69)

*p < 0.07 compared fo girls witf 1SS
+ 1 < 0.05 between control and treatment group

& p < (.05 compared to start




Table 3 Hormonal data (Mean « SEM) at start of study and after 3 years for control and GH+GnRHa treated children.

fcontrol Rx Control Rx

Leptin(ng/ml} 38=x05 4225 6.1x1.1 7.7 +1.1 NS P<0.001
DHEA (nmol/L} 4.9+0.7 7312 10.3+£3.7 13.1£5.9 NS P<0.001
DHEA-S {umoel/L 1.7%03 1.7+03 27+x13 32203 NS P<0.001
Androstenedione 1.5+0.1 22+04 29=07 28=x0.3 P =0.01 P<0.001
(nmol/L)

PICP (ug/L) 2754 +220 3215+ 306 |251.3240.5 1272.2+14.7 |NS P<(.01
PIINP{ug/L) 8.8+0.8 9.0x0.7 8108 10.0x 0.8 NS P=10.01
Osteocalcin (ug/L) 58x07 58x086 7.9+£1.2 8107 NS P<0.01
allﬁ_l;ne Phosphatase |250.317.0 2102104 |179.5+23.6 [183.4+21.9 [NS P<0.01
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Height SDS for BA improved significantly in GH+GnRHa treated children compared fo a
decrease in controls {p<0.001, n = 30, figure 18). In subgroups, in ISS treated girls height
SDS for BA was significantly different between start of study and after 3 years (table 1). The
changes in predicted aduft height (PAH) in em or SDS were significantly higher in
GH+GnRHa treated children compared fo controls (p<0.001); the change in PAH SDS is
shown in figure 1C. The absolute values for changes in PAH {cm) betwesn start of study and
after 3 years are summarized in table 2.

There was no significant difference between 1SS and IUGR children or between boys
and girls In change in predicted adult height. In treated children, age, BA, height SDS for
CA, height SDS for BA, BMISDS, or pubertal stage al start of treatment, 1GF-I, IGF-Ii,
IGFBP-3 at start of treaiment, birth weight or target height SDS did not significantly correlate
with the change in PAH after 3 years of treatment {univariate non-parametric correlations).

Body mass index SDS (BMISDS) did not change during the study period, in both
groups. There was a significant change in sitting height SDS (SHSDS, p=0.05) and in the
ratio sitting height/height SDS (SHy, p=0.016) in treated children compared to controls. After
3 years of study, SHyy, changed -0.33 (0.77) SDS in the treated group (having relatively
longer legs after 3 years of treatment) compared fo +0.43 (0.83) SDS in controls (figure 2).

Puberty

At start of the study period no significant differences were present hetween treated children
and controls with regard to Tanner stage. Puberial development was effectively arrested in
the children treated with GH and GnRH agonist, while puberty progressed in the control
group. Figure 3 shows the Tanner breast stage in relation o esiradiol levels in girls and the
mean testicular volume in relation fo testosterone levels In boys. Ultrasound evaluation of
uterus volume and ovarian volumes in girls showed reduction in ovarian volumes in the
treated girls. We did not observe any abnormalities in the ovaries (indicalive for the
development of polycystic ovaries) or uterus by ultrasound in the children on combined

freatment.

Hormonal data

Serum FT4, TSH, blood HbA1c, fasting blood glucose, and serum fasting insulin remained
within the normal range in all children during the study period. Figure 4 shows the serum
IGF-1, IGF-II, and IGFBP-3 levels {ng/mi) for ireated children and controls. Serum 1GF-] and
IGFBP-3 fevels were approximately 0 SDS, while serum IGF-iI levels were around —1 SDS.
Serum [GF-] {ng/ml or SDS), or IGF-Il {(ng/ml or SDS) were not different at start of study or
during three years of follow up between treated children and controls, while IGFBP-3 {ng/ml
or SDS) levels in conlrols decreased significantly in comparison to treated children during 3
years of follow-up {p=0.01). With the exceplion of androstenedione, DHEA, DHEAS, PICP,
PIHNP, osteoalcin and alkaline phosphatase levels were also not different

Figure 1: Height SDS for CA (fig 1a} and for BA (fig 1b) during the study period. H-SDS for
CA does not change in time; HSDS for BA daia show significant differences in time and
between groups (p<0.001) Fig 1c shows the increase in PAH-SDS compared to the initial
height prediction. * = p < 0.05; *** = p<0.001



Chapter 7

PAH 5DS
o
®

=
3

treatment peried (yrs}

iOGH:GnRHa
ifFcontrot
1 2 3 OGrRHa+GH!
study period {years)
1c
[ @
OGHGnRHa
Brotol

185



GnRHa and GH in ISSAUGR

Figure 2: Proportional growth during the study period, expressed as SDS scores. 2a: Silting
Height SDS: significant difference in time and between groups {p<0.01), 2b Sifting Height
/Height SDS: significant difference between groups {p < 0.05).
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Figure 4: IGF-], IGF-Il and IGFBP3 levels during the study period (mean = SD). 4a: 1GF-]
levels (ng/m) increase significantly in both groups during in time (p<0.001); 4b; IGF-II levels
(ng/ml), dc IGFBPS3 levels (ng/ml), showing a significant difference in time {p< 0.001) and
between groups (p=0.01).

between treated and control children during three years of follow-up. All hormone levels
increased significantly with age in both treated and control children (table 3).

Serum leptin levels did not significantly differ between controls and treated children.
Pearson correlations between BMI-SDS and serum leptin levels showed no consistent
patttern: significant correlations were found at start and at 2 years in girls (p < 0.05) and at 1
and at 3 years in boys (p<0.01). Obesily defined as BMI-SDS > 2 was only present in 1 boy
In the GH+GnRHa group at 1 time point.

DISCUSSION

Combined treatment with GH and GnRH agonist in short children with {SS or IUGR In &
randomized controlled trial resulted in an unchanged height SDS for chronological age and a
decreased rate of hone maturation. Thus, height SDS for bone age and predicted adult
height increased significantly after 3 years of freatment. Compared to controls the predicted
height gain was 8.0 cm in gifls and 10.4 cm in boys. Further, body proportions changed in
favor of relatively longer legs in treated children, and body mass index was not influenced by
treatment.

Previous studies using the combined freatment of GH and GnRH agonist show
considerable variability in gain of predicted adult height, ranging from 0.7 to 10.5 cm (1, 13,
14, 16, 17, 27}. Results of two of these siudies seem comparable io our study (16, 27). The
gain in predicted adult height of 9.3 ecm in a group of 7 girls reported by Saggese and
coworkers was reduced to 6.3 cm after comparison with & historical controf group (27). The
same pattern was observed in our study In 23 girls, with a reduction of 10.4 to 8.0 cm when
compared to randomized confrols. Pasquino ef al. also reported a gain of 10.5 cm in girls, but
no controls were included (16). A recent randomized controlfed study of the effect of the
addition of GnRHa to GH treatment in 7 GH deficient individuals showed a gain in near flnal
height of 1.4 SDS or 9 cm (28). After comparison with randomized controls the gain in
predicted adult height in our 11 boys increased from 6.5 to 10.4 cm. The decrease In height
prediction in non-treated short boys shows that this prediction method is overestimating final
height in boys. This finding is in line with the overestimation of final height in untreated 1SS
boys, as we suggesied earlier (29). Conlrasting our expectations based on findings from
previous reports, a relative young bone age or an early puberial stage were not predictive for
a relative large gain in adult height. This finding may have clinical applications for future
treatment of older childrert in whom puberty has progressed substantially. Thus, after 3 years
of study our resulls are encouraging. Howevaer, the gain in final height will provide the definite
answer on the effectiveness if this combined treatment. The final height gain may be
probably less than 8 to 10 cm, as we have learned from experience in previous studies in
CPP (7).

The silting height SDS and the ratio of silting heightheight SDS decreased
significantly in both treated girls and treated boys during the study period. Fhis indicates that
delaying puberty in our study has resufted in relatively fonger legs. This result is in
accordance with the observation in hypogonadotropic hypogonadism, who provide a natural
experiment of pubertal delay. These men alsc have relatively longer legs compared to their
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trunk at final height {30). At final height some change in body proportions may also be
present in freated children, but we expect that the trunk/leg ratio will remain within the normal
range. Our data on body proportions are in contrast with the findings at near final height in a
recent sfudy on GH deficient children where the addition of GnRHa resuited in no change in
body proportions (28).

The clinical observation thal {reatment with GnRHa may lead to obesity could not be
confirmed by changes in BMISDS or leptin levels in our study {31). Moreover, we could not
identify a consistent pattern betfween changes in BMISDS and changes in leptin. It has to be
emphasized thal a BMI-S8DS change is not a good marker of change in fat mass, particularly
during puberty. Another explanation for the absence of obesity in our treated children may be
the result of the combined freatment of GnRHa and GH we used. The probable effect of
GnRHa on induction of fat mass which is usually reflected by increased leptin levels (32),
may have been counterbalanced by the anabolic effect of GH on muscle mass in our treated
children.

The therapeutic efficacy in terms of suppressing puberty and the good compliance to
treatment were shown by the absence of progression of puberty at clinical assessments. This
was further confirmed at the biochemical fevel by prepubertal levels of serum esfradiol in girls
and serum testosterone in boys during treatment. The development of polycystic ovaries, a
previously suggested side effect of GnRHa treatment (Hindmarsh, personal communication),
was not observed in the ultrasound studies In our treated children.

The decreased growth rate after GnRHa treatment without GH, as was observed in
previous studies, may be explained by a reduction of pituitary GH secretion after withdrawal
of sex steroids (33). The unchanged height SDS for chronolegical age after treatment in our
sludy suggests that the addition of GH freatment seems to counteract this mechanism.
Therefore, the combined {reatment resulted in preservation of growth during treatment while
a delay in bone maturation was accomplished. Assessments of IGF-|, 1GF-1l, IGFBP-3, PICP,
PIINP, alkaline phosphatase and osteocalcin, suggest that a GH dose of 4 IUim? /day is
needed for replacing the GH secretion In puberty in these GnRHa treated children. The
assumption that adrenal development is not altered by GnRHa treatment was confirmed by
the measurements of DHEA and DHEAS. All androgens increased with age in both groups.
Androstenedione levels, however, increased significantly less after 3 years of study in treated
children compared to conirols.

We conclude that 3 vyears treatment with GnRHa was effective in suppressing
pubertal development, while the addition of GH preserved the growth potential during
treatment. This resulted In a considerable gain in predicted adull height, without
demonstrable side effects, Final height resuits will provide the definite answer on the
effectiveness of this freatment regimen.
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Chapter 6: Study of the effect of freatment with GnRH-agonist {Decapeptyl) alone or in

combination with biosynthetic human growth hormone {Genotropin) in adopted

children with early puberty.

6.1 Gonadotrophin Releasing Hormone agonist (GnRHa} treatment with or without
recombinant human growth hormoene (GH) in adopted children with early puberiy

6.2  Study of the effect of treatment with GnRH (GniRH)-agonist alone or in cormbination
with recombinant human growth hormone in adopted children with early puberty:
Psychological assessments bafore and after treatment

6.3  Moiivation for tfreatment and psychological evaluation in adoptive families when a

child presents with early puberty :

Chapter ¥
A randomized controlled trial of three years of growtit hormone {GH) and GnRH agonist

treatment in chifdren with diopathic Short Stature and Intra-Uterine Growth Relardation.

Chapter 8
The effect of pubertal delay by GnRH agonist in Growth Hormone Deficient (GHD)

children on final height
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INTRODUCTION

Several strategies can be applied to optimize GH treatment in growth hormone deficient
(GHD) children during puberty (1}. In a recent issue of this journal Mericq and coworkers
reported their results of a prospective, randomized trial on the effect of growth hormone (GH)
alone or in combination with Gonadofrophin Releasing Hormone agonist (GnRHa) in
pubertal GHD patients (2). They concluded that delaying puberty by GnRHa led to a near
finai height SD score (SDS8) of -1.3 +/- 0.5 compared with -2.7 +/- 0.3 in the group ireated
with GH alone.

However, in this study the patients had been untreated up fo the age of 12-18.5
years, which is not the usual situation in western countries. in addition, in several cases the
growth retardation was less severe than would be expected in classical GHD patlents without
treatment.

Aithough a randomized controlled trial in a large and representative sample is
certainly the best design to study the efficacy of a therapeutical regimen, a paftient series with
malched controls is a good second. We report on a retrospective analysis of the effect of the
addition of GnRHa to GH treatment in GHD children, treated at a younger age and smalter
stature with GH, in which GnRHa was added. Matched controls with GH treatment were used
for comparison. The children were younger as well as shorter for age compared to the
subjects in the randomised trial (2).

PATIENTS AND METHODS

From the nation-wide database of GH treated children (Dutch Growth Foundation/ Advisory
Group on Growth Hormone) we selected 21 patients with GHD who had been freated with
the combination of GH and GnRHa (Triptorelin or Leuprolide acetate, 3.75 mg per month},
after a variable period of GH tharapy alone. All patients had reached final height {FH). The
GnRHa was given soon after entering inte puberty at a relatively early age and/or iow height
for age.

Thereafier the database was screened for matched confrols who were only treated
with GH, consecutively taking as matching criteria: age at start of puberty, H-SDS and age at
start of GH treatment, GH dosage, sex, BMI-SDS at start of treatment and type of GHD.
Thase criteria were chosen, because they best predict the growth response to GH (3). For 10
patients on the combination therapy (group A) suitable matched controls were found (group
B). For the remaining 11 patients (group C) no suitable controls were available.

RESULTS

Selected clinical data are shown in the fable [mean (SEM))]. In group A the mean age at start
of GnRHa treatment was 11.9 (SE 0.5} yrs and mean freatment period was 3.0 yrs
(range:1.2 - 5.6 yr).

DISCUSSION

We conclude that patients who are at risk of not attaining their genstic growth potential by the
onset of puberty when height has not sufficiently caught up, can reach a final height close to
their genetic target by the addition of GnRHa to GH substitution therapy. This effect was
seen in both groups A and C. In contrast, continuing GH therapy alone, as in group B, leads
under these circumstances to a final height of 1 SDS befow target.
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The efficacy of the combination therapy is also shown by other relevant parameters such as
the greater mean {SD) change in height SDS from ihe onset of puberly, and to a lesser
extent the change in height SD3 since the onset of GH treatment,

Table: Summary of patient data

Group

A B c
Number (M/F} 2/18 713 3/8
Diagnosis
- muifiple / isolated GHD 713 8/2 6/5
- idiopathic / organic GHD 6/4 713 578
GH peak (mU/L) 10.9 (1.4) 8.5(2.1) 7.6 (1.5)
MPH-SDS -1.44 (0.40) -0.93 (0.31) -1.68 (0.30)
Age starl GH (yr) 7.6 (1.0) 7.6(1.2) 10.2 (1.4}
H-SDS start GH -3.08 (0.58) -3.22 (0.61) -4.23 (0.48)
Age start puberty (yr) 10.7 (0.6} 11.5(0.5) 11.5{0.8)
H-SDS start puberty -2.17 (0.39) -1.78 (0.39) -3.39 (0.58)
GH dosage during puberty” 16.0 (0.9} 14.7 (1.4) 17.0 (1.2)
FH-3DS -1.31(0.39} -1.77 (0.34) -1.66 (0.16})
FH-SDS - MPH-SDS 0.13 (0.37) -0.85 (0.36) 0.04 {0.31}
FH-SDS - H-SDS start puberty 0.86 (0.48) 0.01 (0.36) 1.73 (0.58)

GH: growth hormone; MPH: mid parental height; SDS: standard deviation score; FH: final height; GH
dosage: average in pubertal period (JU/mweek); * p=0.05 compared to group B; in other variables no
signif. differ between group A and B

if the difference between FH SDS and MPH-SDS is taken as the most reliable outcome
parameter, the effect of GnRHa addition on final height can be eslimated at 1t SDS
(approximately 6-7 cm),

The literature on the finat effect of the addition of GnRHa to GH in GHD children is
limited, Adan et al. reported that the combined treatment resulted in a normal adult height,
albeit somewhat below target height (4). Hibi ef al. reported in 24 GHD children treated with
GH and cyproterone-acetate (CPA) andfor medroxyprogesterone acelate {MPA) for 4.4
years that FH-SDS was about 1 SDS higher than in a group children on GH alone. The final
height SDS was —2.2 in boys and -1.9 in giris, probably somewhat lower than in the more
recent studies due 1o less effective gonadal suppression by CPA or MPA (5).

In summary, In spite of the uncerainty about the representativeness of the patient
sample studied by Mericq ef al. {2}, their data and those of ather investigators discussed in
their paper, as well as our retrospective analysis, all point in cne direction: adding GnRHa In
early puberty to GHD patients who have been freated with GH, or in whom GH and GnRHa
are started simultaneocusly, enables the patients {o reach their genstic target, while final
height of patients on GH alone is about 1 SDS below MPH-SDS. This result is of similar size
as the efficacy of GnRHa in idiopathic short stature (6.
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Ethical aspects of GH treatment

ABSTRACT

The indications for growth hormone (GH) treaiment in non-GH deficlent short children are In
debate. Some argue that it does not bslong to the medical domain. We desciibe three
different approaches to this issue. We argue that a disease oriented or client oriented
approach are not sufficient. Both lead to withdrawal of medical inferventions or to undesired
application. An approach that focuses on suffering as an Indication for treatment of short
stalure is lhe most appropriate. The challenge is to develop proper tools to evaluate suffering
and the efficacy of GH freatment In these children in order to relieve or prevent suffering.
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INTRODUCTION

Height seems to be extremely Important; studies show that height has a significant impact on
salaries of men (1), people with short stalure are liable to societal bias (2), and famous
medels are tall (3). Taking into account the association of power, status and height, it is no
wonder parents like to have tall children or at the least are concerned if their child seems to
have growth problems.

Synthetic growth hormone {GH) Is used in the treatment for short children with growth
hormone deficiency (GHD). Growth hormone treatment (GH treatment) is aiso advocated for
those with non-growth hormone dsficient short stature, e.g. idiopathic short stature (I1SS),
intrauterine growth retardation {(IUGR}, Turner syndrome, and during GnRHa treatment for
early and precocious puberty. The use of GH in children with short stafure has led to serious
discussions amongst the medical discipline as weli as amongst philosophers and ethicists (4,
5, 6), GH ftreatment in idiopathic short stalure, for example, may be seen as an
enhancement, a freatment done for the sake of appearance just like breast enlargement for
women or eye surgery for children with Down syndrome. This raises questions such as
'should GH freatment be covered by health care insurance’ and ‘how should the danger of
medicalization and stigmatisation be valued'?

We will focus on the question, whether or not the use of GH in shori children belongs
to the medical realm. Three different lines of reasoning will be sketched. The first line
contains that GH treatment should only be administered {o those with a disease or disability
{if treatment is proven to be efficacious). The second line of reasoning holds that medicine
should focus on complete physical, mental and social wellbeing. This argumentation will
imply that almost any wish for a medical intervention belongs into the medical realm. [n this
article we will analyse and apply both lines of reasoning and suggest a third that rests on the
notion of prevention and elevation of suffering.

THE PROPER GOAL OF MEDICINE: THE DISEASE APPROACH

Some define health as the absence of disease and arque that the proper goal of medicine is
the prevention and the cure of diseases and disabilities. This view on the proper aim of
medicine clearly involves a distinction between disease and health, treatment and
enhancement.

According to Daniels the general function of health care is "to maintain, restore and
compensate for the loss of functioning thai is normal for a member of our species” (7).
Normal functioning of an organism may be disrupted or lost by diseases and disabilities.
Disease and disability are seen as “departures from species-typical normal functionat
organization or functioning” (7). Daniels’ view does not imply that health care should restore
a situation in which individuals are equal: he emphasises that individuals differ with respect to
natural endowments. There is human variation with respect fo skills and lalents such as
creativity, intelligence and sports. Health care should not make people egial competitors but
normal competitors. Health care should restore normal functioning in order to provide people
with an equal opportunity to, for exampie, schools and jobs.

Daniels refers to the biostatistical theory of Boorse (8). His theory holds that health as
the absence of disease is a value-free theoretical notion. “Health is normal functioning,
where the normalily is statistical and the functions biclogical.” A function is in Boorse's view a
coniribution fo a goal. Eventually the goals are individual survival and reproduction. The
goals of an organism can be determined by averaging a large sample of that kind of
organism (differentiated to age and gender). On the basis of this study a species design can
be discerned. This species design serves as the basis for health judgements: the physician
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can establish whether someone is healthy by determining whether the functioning of the
body matches with the design of the species.

Reasoning along this line leads to the following conclusions. According o Daniels GH
for idiopathic short chitdren would be an enhancemant rather than a treatment, and therefore
not acceptable (7). If Sue has short siature due to GHD and Mary due to familial short
stature, Sue would recelve freatment while Mary would nof. For Sue has a subnormal
functioning organ while Mary seems not to suffer a disease from a biostatistical perspective.
In the case of IUGR there seems o be no clear answer. The eliological factors in individual
children are often unknown. Although some cases will be undisputed {e.g. the Silver-Russell
syndrome {9} it is difficull to determine the cause of growth retardation in the majority of
cases, These practical difficulties are absent in the case of Turner syndrome. A clear
chromosomal disorder can be found with growth retardation as one of the clinical symptoms.
Moreover, recent studies have proven that growth hormone treatment is efficacious {10, 11).
From Daniels’ line of reasoning the administration of GH treatmeant therefore seems to be
justified in the case of Turner syndrome.

tn Sweden and The Netherlands studies are conducted on the effect of the addition of
GH to GnRHa in adopted children on growth (12, 13). These children are studied because
they have an early puberty, their predicted adult height is short and during treatment with
GnRHa decrease in height velocity may be observed. Suppose clinical frials show that
additionaf GH {reatment results in a considerable increase in height compared to GnRH
agonist alone. According to the disease-oriented model of Daniels, GH should not be
prescribed. If these children after GnRHa treatment do not differ from children in their nalive
country with respect to the norma! functioning ability and the mean height, one should
abstain from GH-treatment. The short stature is, in this view, part and parcel of the ethnic
background of the adopled children. From a bio-statistical perspective nothing is wrong with
these children. Some would argue that early puberty in these children is a disorder and the
possible decreasing height velocity during its treatment needs intervention. However, the
early onset of puberty seems to be related to the transition to the western world countries
and does not belong to the normal functioning in the countries of origin. It is therefore
doubifu] whether the administration of GnRH agonist, (with or withoul addition of GH) weuld
pass Daniels’ disease-oriented model.

Daniels’ line of reasoning has serlous practical and moral problems. The case of Sue
and Mary illustrates one of the problems of his freatment-enhancement distinction. The short
stature of Sue can be ascribed to a subnormal functioning organism but in our view the
cause of her short stature is not an ethically relevant characteristic. When it does not
interrupt her total functioning, the subnormai functioning does not really matter.

The above-mentioned criticism concerns Boorse's concept of normal functioning
ability. Some phenomena would be categorised by this concept as healthy or normal while
the medical literature defines these as a disease that can be prevented, e.g. arteriosclerosis
or dental caries {14). The biostatistical concept would categorise phenomena as normat that
are categorised as diseases in medical textbooks. Boorse therefore extends his definition of
disease: “a disease is a type of internat state that is a limitation on functionat ability caused
by environmental agents”. The extended definition and these examples, however, illustrate
that a cultural context should be understood in order to determine what is normal. In order to
determine what normal or good funclioning means, information is needed about the
circumstances in which functioning takes place. A biostatistical concept will not do because
biology gives too fittle guidance of what is normal or abnormal.

204



Chapter 9

THE PROPER GOAL OF MEDICINE: THE CLIENT APPROACH

The second line of reasoning would define health in a broader sense as “a state of complete
physical, mental, and social well-being”, which is the well-known definition of the World
Health Organisation. In this view the proper goal of medicine is to contribute to the physical,
mental and social wellbeing of people. Provided people pay for it themselves nothing is
wrong with medical Interventions to change appearances i.e. short stature. Medicine may
respect all these diverse wishes and desires, and its task may be making everyone happy.
As long as the subjects are properly informed and are aware of both benefits and risks, the
choice of parents and their children should be respected. This line of reasoning would imply
that GH treatment should be given to children with a disease or disability such as GHD and
to children with idiopathic short stature as well as to internationally adopted children (with or
without treatment for early puberty). Moreover, if parents request GH treaiment for their
children in order to give them a better chance of being a college athlete, these parental
requests should be respected.

This line of reasoning could imply that all differences between individuals should
belong o the medical realm; differences batween height, weight and skin colour. Too short,
too fat, too black, too old, it has no end. Some would see no objections, provided that people
pay the costs themselves. There may, however, be serious problems. If medicine would
respect all these wishes this could lead to medicalisation and stigmatisation. Zola infroduced
the concept of medicalisation to criticise the increase of medical control over private and
social fife (15). Medicalisation is the process in which more and more phenomena in human
life are governed by a medical perspective. As Verweij stated one should analyse the rather
vague intuitions that underlie this concept and make explicit what is wrong wilh
medicalisation (18).

One of the dangers of medicalisation is that it could turn healthy individuals into
patlents. Children who are under medical ireatment may have more problems than non-
referred children (17, 18), Treatment itself may give rise lo feelings of inferiority or
unacceptability. The child may become self-conscious or worried about her/his height (19).
More studies are needed to determine the effects of the {reatment on the psychosocial
development. With respect to these negative effects, parental requests should be restricled.
Secondly, the unrestricted use of medicine for the sake of appearance may reinforce existing
social norms of privileged groups (20). Medicine would supporl the negative attitudes
towards stigmatised individuals: persons who are unable to conform to standards which
society calls ‘normal’. Height prejudice, so-called ‘heightism’ may and should be coundered
by restricting extreme and ill-motivated requests (21}.

THE PROPER GOAL OF MEDICINE: THE SUFFERING APPROACH

There is a third perspeclive that may more or less circumvent the problems finked with the
above-mentioned approaches. According fo this line of reasoning suffering is the real issue
and the medical intervention may relieve or mitigate it. This view attaches great importance
to subjective suifering: suffering as exparienced by the individual. Not all existential and
psycholagical suffering due to such diverse circumstances can or should be remedied by
medicine. The suffering approach is based on the assumplion that the suffering of the
individual subject may (to a certain extent) be understandable {0 others, i.e. the doctor.
Suffering is a condition that can not be objeclified but the human condition makes it possible
to understand that some conditions involve suffering. Maybe it is not possible to understand
how someone experiences it, bul it may be appreciated that somebody is hurt and Is
suffering. in medicai practice physicians have to form a notion of the degree of the patient's
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suffering. In complex cases like euthanasia and assisted suicide the physician is even
required to determine whether the person involved is really suffering unbearably.

This approach implies firstly that not only the parenis, but also their child and the
physician try to determine whether the treatment may prevent or relieve the child's (present
and future) suffering. Although most children will be too young to decide for themselves, their
perspective should be included as well. Secondly, gain in stature is not a sufficient criterion
to decide whether or not to start with GH treatment. Efficacy is an important but not sufficient
aspecl. Essential [s whether or not the subject suffers and the treatment will prevent and
relieve the suffering. Several studies emphasise the adverse effects of short stature on
psychosocial wellbeing and educational attainment (2, 22, 23}. Studies, however, also
dispute the assumption that short stature is associated with psychosocial maladjustment and
a reduced quality of life {18, 24, 25). The advantages of shorter statute have even been
emphasised (26). The results of these latter studies seem to imply that not all categories of
people with short stature may benefit from GH-treatment. Whether or not some categories
{or individuals within a category) may derive more benefit from adequate coping techniques
should be investigated thoroughly. Finally, children and adults with an average height will not
be confronted with problems due to their height. A ‘taller’ stature will more likely create
advantages than cause suffering. From the suffering perspective there are good reasons to
withhold GH to these children whether or not the parents pay for it themselves.

if we try to apply the suffering criterion to the above-mentioned categories, the
following conclusions can be drawn. In the case of growth hormone deficiency GH treatment
would he accepted for it was described that adults with GHD were satisfied with thelr height
after GH-treatment {mean height close to P3) (24). Moreover patients with GH deficiency
suffer from other physical and psychological problems {e.g. lack of energy); GH treatment
may mitigate these problems. Children with IUGR could benefit from GH freatment;
psychosocial problems may be relieved by GH treatment (26). More studies to prove the
benefits of GH-treatment, however, are necessary before conclusive, more reliable answers
can be given. In Tumer syndrome, where a reduction In quality of life in adults was
demonslrated (24), GH treatment is effective and improves body image and results in greater
self-gsteem {28). With respect to 1SS the cause of short stature is unknown. From the
suffering perspective this is not relevant. At this moment there is little knowledge about
whether GH freatment improves their psychological and social wellbeing. According to Van
Busschbach et al, quality of life was not affected for a group of normal short adulls (mean
height close to the P3), while short adults with a medical history of shoriness appeared to be
negatively affected in their social functioning. But even here the impact of short stature on
the quality of life was small. The complaints of patients with 1SS may be the result of
unsuccessful coping strategies. Thus the offer of GH treatment should iake place in a
research seiting with adequate selection criteria and evaluation of psychosocial welibeing.

Our last example concems the use of GH to internationally adopted children during
GnRHa treatment. From a suffering-perspective it matters that early puberty may have a
negative influence on the emotional and cognitive development of these children {self-image,
development of identity ete.). Medical intervention may be beneficial to these children. It
seams reasonable, therefore, to offer it to them. There Is, however, no unanimity abowt the
negative effects of early puberty (29). With respect to short stature the adopted children
possibly reach an adult height that is considerably lower than children in the country in which
they grow up due lo an early start of puberty and this may cause serious problems. More
research is needed fo determine how serious these problems are and whether GH-treatment
can solve these problems effectively.

At this moment discussion about quality of life and degree of suffering is still faking
place. Medical practice should be based on good {(clinical and psychological) research.
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Empirical science is therefore needed to determine whether suffering due to short stature is
the case and whether GH freatment is the mast appropriate intervention (6, 30). In case of
demonstrating that GH treatment is not such an appropriate intervention one should decide
not to treat these children with GH, thus reducing high costs and preventing unnecessary
treatment. From a suffering perspective a clinical trial may therefore be justified on condition
that psychosocial wellbeing is evaluated exiensively and for a long time.

CONCLUSION

Different lines of reascning can deal with the justification of GH-treaiment. Some try to solve
the issue of short stature by applying notions of disease or disabllity, others state that the
proper goal of medicine is fo confribute ta physical, mental and social wellbeing of people.
We have pointed to the weaknesses of both approaches and argued that a suffering-
perspective is more appropriate, Le. it focus on a better personal and social functioning and
may minimise the dangers of medicalisation and stigmatisation. According to this approach
the suffering of a person from his or her short stature is essential. Empirical science is
needed fo evaluate suffering and to evaluate whether GH freatment Is a proper means to
prevent or relieve serious suffering.
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Chapter 10

General discussion and recommendations

This thesis deals with several aspects of the freatment of early puberty in children, either
adopted or non-adopted. In this section the results of the various studies will be integrated
and put into the perspective of current knowledge. Recommendations for clinical practice will
be made at the end of ihis section.

i NORMAL PUBERTY

In chapters 2.1 and 2.2 trends in normal pubertal development have been described
extensively. We reviewed the European situation and concluded that in most counfries the
age of onset of puberly and the age of menarche still decrease. The role of environmental
factors is discussed. In some countries a stabilisation in the decreasing trend is observed.
Since 1980, in The Netherlands no further decrease was observed in the age of occurrence
of the first signs of puberty in girts and boys. The mean age at onset of puberty in girls is 10.7
years and 11.5 years in boys. In boys, the observed age of G2 stage was higher than in
1980, raising questions on the description of this slage. Only a slight decrease in age of
menarche was observed, from 13.28 to 13.15 years between 1980 and 1997.

The observed relationship of menarcheal age and weight and height suggests that in
countries with Increasing height and weight menarche will occur earlier. Indeed, in the USA
the age of onset of puberly is remarkably reduced, in parallel with increased obesity
observed in children (1, 2). However, despite the ongoing secufar change of increasing adult
height as well as the increase in the number of obese children (3} no dramatic decrease was
observed in the age of menarche nor in the age of onset of puberty in the Netherfands.

We conclude that in The Netherlands the decreasing irend in age of pubertal
development has been slabilised between 1980 and 1997 and that only a slight decrease in
the age of menarche was observad, There is no need to change the age fimit for the
definition of precocious puberty in The Netherlands.

I} GONADOTROPHIN-RELEASING HORMONE AGONIST TREATMENT

Diagnosis and follow-up

In chapter 3 we analysed the gonadotrophin response to the GnRH or GnRHa stimulation
test in children with clinical development of puberty.

We concluded that the GnRHa lest was able to demonstrate HPG axis aclivation in
children with early puberty more precisely than the GnRH stimulation test. Once HPG axis
activation is demonsirated by GnRHa stimulation we expect further progression of puberty,
as was also demonstrated by [banez ef al. (18). The absence of pubertai LH peaks in a
GnRH or GnRHa stimulation test was shown to predict a slow course of puberty {(12). For the
decision whether to treat paftients with GnRHa HPG axis activation has to be demonstrated.
We conciude that HPG axis activation is more efficlently demonstrated by the GnRHa
stimulation test. As HPG axis activation indicates the onset of puberty, this test may be the
decisive factor in the decision whether to freat children with signs of pubertal development
with GnRHa {see section Vi).

In order {o reach the oplimal auxological goals of treatment careful follow-up is
demanded during treatment with GnRHa. We showed that in the Puberty Suppression Score
(PSS}, incorporating auxological and biochemical variables, signs of incomplete suppression
during treatment correlate with less height gain during treatment compared to children who
were effectively suppressed. With leuprolide-acetate in a dosage of 3.75 mg per 28 days
efficient gonadal suppression was achieved with only a limited number of side effects or
escapes. Triptorelin showed comparable efficacy and tolerability in the same dosage. In
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several reporis up to FH long-term safety of triptorelin has been demonstrated by normal
resumption of puberty after discontinuation of treatment (chapter 5.1 and ref {4, 5}). After
GnRHa treatment for precocious puberty normal pregnancies were reporied {5, 19).

We conclude that the PSS can be used to monitor children under treaiment with
GnRHa for early or precocious puberty.

Precocious puberty
After long-term follow-up until final height a general conclusion can be drawn about the
efficacy of GnRHa treatment for central precocious puberty . As described in the introduction,
several studies reporling final height show a helght gain of about 5 cm compared fo the
prediction at start of treatment. in most countries this is comparable with about 1 SDS.

it is also relevant to compare the achieved FH with the genetic potential expressed by
the midparental haight or target height. In some studies the results of GnRHa ireatment show
that FH is in the target range (4, 5). In other studies FH is significantly lower than targel
height (6, 7). It should be recognised that in Thamdrup’s seties of untreated children with
CPP FH was 16 cm below midparental height (MPH) in girls and about 11 ¢cm below MPH in
boys (8).

it table 1 we present the data of the 6 largest studies, including our study, reporting
on FH after GnRHa treatment in giris with CPP. In 4 of them a significant difference is
present betlween TH and FH, either in cm or in SDS.

Table 1: Gain in FH in girls after GnRHa treatment for precocious puberty

Sy i
7.7 3.4 ] (9
Arrigo 71 |7.0 4.0 0.48°" (7)
Carel 58 7.5 3.7 +0.15¢ {a
Heger 50 |86.2 ! 4.4 0.6 (5)
Qostdijk 31 |77 10.8 3.4 -1.02°" (6)
Galluzzi 22 (7.3 10.3 4.0 3.2 -0.84'" (10)

= significant difference between FH and TH either in ¢m or in SDS
® see chapter 5.1 of ihis thesis; ® p < 0.001;
¢ TH-SDS was not shown in the paper; calcutated from raw data: TH —SDS = -0.12. When expressed

in om FH was significantly < TH;
4 TH-SDS was not shown in article; ¢alculated from raw data: TH-SDS = -0.55. When expressed In

cm FH was not significantly different from TH;
® The difference belween FH and TH expressed in cm: p < 0.01; "p <0.01

Seaveral factors may have contributed to differences in the cutcome parameters shown in
table 1, e.g. the method of adult height prediction, the different BA or CA at start of treatment,
treatment duration and the difference between BA and CA. In univariate and multivariate
analyses different factors appeared to be correlated with ane of both outcome parameters,
i.e. gain in height between initial prediction and final height or final height itself. Height gain
was negatively correlated with BA at discontinuation of treatment (4) and positively correlated
with BA advance at start of reatment (5, 7). Final height was positively correlated with target
height {4, 6, 7) and treatment duration (6, 7).
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In our study we found height gain fo be positively correlated with BA at start of treatment and
negalively correlated with CA and with BA advance at start of treatment. In an univariate
analysis BA advance and treatment duration correlated posilively with height gain, whereas
CA at start of treatment correlated negatively.

The methodological problems in the analysis of FH data concern mainly the
dependence of height predictions on current BA and height, as well as the a priori
refationship that can be expected between TH and FH (4). Futhermore, the assessment of
BA needs close atlention. In our studies we used a segmented BA scoring, accounting for
possible differences in the maturation of carpal or phalangeal bones.

The selection of children suitable for treatment, e.g. who will benefit from GnRHa
treatment, is of major importance (11}. In this paragraph we limit the discussion to the
auxological goals of treatment: improvement of final height; the psychological aspects will be
discussed later in this chapter. In the literature a differentiation has been described between
children with rapid progression of puberty and children with slow progressive puberty. The
children with slow progressive forms of puberly, not warranting GnRHa treatment for
auxological reasons, were defined either by absence of well-defined biochemical evidence of
aclivation of the hypothalamo-pituitary axis (12) or by low estrogenic aclivity and limited
advance of BA over CA (13).

We consider a puberial LH peak in a GnRH or GnRHa stimulation test as the most
decisive parameter to assess onset of puberly, whereafter further progression of puberty is
expacted. No GnRHa {reatment should be initiated when no or insufficient evidence for
activation of the hypothalamo-pituitary axis is demonstrated.

The overall picture emerging from the literature and from our studies reporied in this
thesis is that young girls with progressive forms of CPP, thus with a considerable BA
advance at start of treatment, will benefit most especially when freated till an appropriate BA
for CA has been reached. The higher BA at discontinuation of treatment the worse FH wili
be. However, these statements come from retrospective analyses and were never addressed
in formal prospective studies,

In the liferature several authors make recommendations with regard 1o the timing of
discontinuation of treatment in girls, e.g. that BA should not exceed 11 years (4) or 12.0 -
12.5 years (6, 7}, The data from our study in chapter 5.1 do not allow fo indicale a particular
bone age fo discontinue treatment. However, in our study of FH in girls without a fixed BA
for discortinuation, we demonstrated that FH was nearly equal to the predicted adult height
at discontinuation of treatment (9). The same observation was made by Heger et al (5),
suggesting a limited role of BA as a single parameter for the decision o discontinue
treatment. Besides, it should be nofed that discontinuation of treatment is often dictated by
psychosocial reasons.

In boys with CPP we showed that FH after GnRHa treatment was close fo TH.
However, in boys with organic CPP FH-8DS was significantly fower than TH-SDS. A mean
height gain of 5.4 (SD 8.4} cm was obtalned compared to Initial height prediction at start of
treatment (chapter 5.2}, Boys with an organic cause for CPP ended up af a significantly lower
FH-S1)S compared to boys with idiopathic CPP. Bone age at start of treatment correlated
negatively with height gain and BA advance at start of freatment correlated positively with
height gain.

We conclude that GnRHa treatment in both girls and boys with CPP can restore FH in
the normal range. A well-defined activation of the hypothalamo-pituitary axis, indicating the
onset of puberty, has {0 be demonstrated in order to select children who will benefit from
GnRHa freatment. No recommendations can be given as to which BA is optimal to
discontinue treatment.
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Children with short stature and early puberly

Some argue that manipuiation of the timing of puberty In the relative normal age period for
puberty is unlikely lo affect final height to any great extent (14). Probably this is frue when
maturation occurs within a rather normal age range. Whether this holds for early maturers
outside the normal range and for children with precocious puberty was subject of our studies.
In this thesis 2 studies address the issue of pubertal arrest in short children with early
puberty. The resulls in adopted children treated with GnRHa alone showed that during three
years of freatment an improvement in mean predicted adult height of 5.7 cm is obtainad (see
chapter 6.1). In another group of children with either early or precocious puberty who were
observed during 18 months of treatment gain in predicted height occurred as well (see
chapter 4), although no differentiation was made between early and precocious puberty.

Only few studies have been reported on GnRHa treatment in children with early or
normal puberty. A preliminary study by Municchi ef al. showed an improvement of 5.9 ¢m in
height prediction afler 4 years of {reatment and of 6.4 cm compared {o placebo treated
patients (15). In conirast, Carel ef al treated 31 girls for 2 years without a valuable
improvement of near final height (16). A remarkable finding in the latter study was the rapid
progression of BA after discontinuation of treatment, causing a substantial decrease in height
prediction. This phenomenon was also seen in children with precocious puberiy after GnRHa
treatment (6).

In the above-mentioned study of Carel BA at discontinuation of freatment was 11.8
years {SD 0.6). In our study in adopted girls on GnRHa alone, BA at discontinuation of
treatment was 12.3 (0.9) years, thus offering uncertainty about the final height gain.

At this moment we do not know whether in children with early puberty the same
pattern of growth after discontinuation of GnRHa treatment will be observed as was seen
after GnRHa treatment for CPP. In precocious puberty height gain can be estimated fo be
approximaiely 60 - 80% of the gain obtained at discontinuation of treatment {4, 6, 7, 10). In
our report (chapter 5.1) FH was only slightly lower than predicted adult height at
discontinuation of treatment, which was similarly observed by Heger ef al (5).

We conclude that in short children with early puberly pubertal suppression is effecfive
in short-term studies. Final height data can be compromised by a limited post-treatment
growth and should be awaited before an indication for GnRHa trealment can be setiled.

Growth hormone deficient children

The addition of GnRHa in children aiready treated with GH for growth hormone deficiency
(GHD} presenting with early puberly at short slature and/or delayed bone age, resulled in an
improvement in FH compared to matched controls without gonadal suppression.

We performed a retrospective analysis and found a mean FH-SDS of —1.31 {0.39) in
chiidran with GnRHa additicn whereas the group without gonadal suppression ended up at a
mean FH-SDS of —1.77 (0.34). We choose to compare the difference between FH and TH as
effect parameter. In the group with both GH and GnRHa the outcome was significantly better
than in the group without gonadal suppression. These data are in accordance with a recent
praspective study of Mericg et al. (17) showing a difference of about 1.4 SDS in favour of the
children co-treated with GnRHa. However, in that study only a few patients could be
regarded as ‘classical’ GHOD patients.

We conclude that adding GnRHa to GH in GHD patients with marked short stature
who enter puberty at an early (bone) age enables them fo reach a FH in thair genetic target.
Criteria for intervention with GnRHa such as age, bone age and height at onset of puberty
need to be specified in the future.
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u COMBINED TREATMENT WITH GNRHA AND GROWTH HORMONE

The observation of impaired growth during GnRHa treaiment in CPP stimulated several
investigators to start GH treatment in combination with GnRHa in those children with
decreased HV (20-22}. In general, they concluded that GH increased HV {o normal values
without accelerating bone maturation, resuiting in an increase in predicted adult height. A
recent report on FH in children with CPP after combined ireatment showed a height gain of
7.9 cm at FH, when GH was added after a decreasing hefght velocity (23). No additional final
height data after combination treatment in precocious puberly is available.

In children with shart stature and in adopted children the addition of GH resulted in
increased PAH as well (24-28). Final height results show a variable pattern ranging from a
mean height gain of 10 cm compared to inilial prediction (27} to a final height not different
from controls or initial prediction (28, 29). Comparing our studies reported in chapters 6.1
and 7 with the studies reported in the literalure aur results, with a considerable height gain of
6 to 10 cm during treatment are encouraging.

An important issue to address here is the accuracy of the prediction method. A fower
initial prediction due fo the use of the average tables of Bayley and Pinneau may result in a
targer difference with the attained final height. This issue is of main interest when final height
data of different studies are being compared.

The results of the studies combining GnRHa and GH ireatment suggest the
importance of maintaining adequate height velocity during GnRHa freatment. In normal
children prepubertal growth is characterised by infensity {mean HV) and duration; the
intensity of prepubsertal growth has most influence on FH, in boys more than in girls (30).
Considering growth during GnRHa treatment (with or without GH) as prepubertal growth,
elevation of HV should increase FH. A prerequisite to gain height is that GH does not
accelerate BA maturation. We showed that BA maturation was neither accelerated in
adopted children nor in children born after IUGR or in ISS children during combined
treatment with GH and GnRHa.

In both studies on combined treatment BMI remained within the normal range. Recent
reports in the literature suggest a major role of pretreatment BMI in children who increase
markedly in BMI during GnRHa treatment {31). Theoretically, the lipolylic effect of GH may
prevent adiposity fo occur. Concerning body proporiions, relatively longer legs were
observed in ISS/IUGR children during combined treatment, whereas in the adopted children
an opposile frend was observed both in children with and without GH addition. No
explanation ¢an be given to resolve these contrasting findings,

In both studies on the combined treatment of GnRHa and GH we observed a gradual
dscrease In HV not only in the group on GnRHa alone, but also in the group with combined
treatment. No readily apparent explanation is present for the decrease in HV during GnRHa
treatment. In both studies the gradual decrease was also visible in the group with GH. GH
dependent growth factors 1GF-I and IGF-ll ievels remained in the normal range. IGFBP-3
levels were significantly lower in unireated ISSHUGR children (chapter 7). The bone
parameters sfudied in chapter 7 (e.g. PICP, PIlINP, osteocalcin) were not significantly
different between children on combined treatment and untreated controls. The decrease in
height velocity in combination with equal fevels of GH dependent growth factors suggest a
gradually increasing insensitivity of tissues for growth factors; alternatively, when reaching a
certain bone maturation or height percentile (e.g. farget heights SDS) the response to GH
may decrease as observed in GHD childran during GH treatment.

We conclude that the addition of growth hormone to GnRHa treatment resulls in an
improvement of predicted adult height compared to either GnRHa alone or confrols.

Further research should elucidate whether a higher GH dose or a stepwise increment
in GH dose would be beneficial.
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v PSYCHOLOGY AND MOTIVATION

in deciding whether or not to freat a particular child with early or precocious puberty
auxological motives alone are not decisive for initiating GnRHa treatment. In case there is a
discrepancy between pubertal and psychosocial development GnRHa therapy may be
indicated fo prevent progression of puberty and the occurrence of menarche. Children may
fesl embarrassed or ashamed in comparison with their peers and subject to teasing. GnRHa
treatment may also be indicated in early pubsrtal development in mentally retarded children
where the parents think it to be wise to postpone menarche for a couple of years.

In adopted children it was suggested that early puberty would increase psychological
distress. Our conclusion is that in our group of adopted children, using standardised
instruments, there Is no evidence of psychological problems before, during or after ireatment.
When standardised instruments do not demonstrate increased problem behaviour whife
there is a clinical suspicion, one can doubt the seriousness of the psychological problems in
early puberty (32). Alternatively, refined instruments should be designed to assess the
specific emotional suffering that can be observed clinically.

We extensively described the background of the study regarding the motivation in
adoplive parents and the remarkable demand for the evaluation of motivation specifically in
this group. One of the concerns was that adverse motives of the parents could harm the
child, or that conflicting Interesls between parents and their child in participation or refusing
participation in a cfinical irial would be present.

We concluded in our study thal an adequate parental motivation was present.
Therefore, adoptive parents should he approached just as other parents in clinical research.

Further psychological evaluation of the children with IJUGR or 1SS before and during
treatment with GnRHa and GH described in chapter 7 is in progress. These data will provide
a plcture of the psychosocial aspects of ISSAUGR and will be compared with normative data.

v ETHICAL ASPECTS

The use of growth promoting treatment, either by GH alone or by the combination of GnRHa
and GH in adopted children does not deserve an isolated approach per se. However, specific
considerations in these children deserve specific attention. First the role of catch-up growth
providing the opportunity to reach a higher adult height than would probably have been
obtained in the country of origin. Second, the relatively frequent occurrence of early onset of
puberty, resulting in a compromised adult height. Third, early puberty is presumed to cause
or increase psychological distress. However, we found no evidence for such a distress
present in our patient group. Another reason not fo isolate growth-promoting treatment in
adopled children is our conclusion that adoptive parents have normal motivation for
treatment, probably indistinguishable from parents of non-adopted children.

In {his thesis we addressed the ethical issue from the suffering point of view,
reasoning that when suffering s present in children growth promofing freatment should be
considered (33). The studies described in this thesis do not specifically show suffering in
adopted children with early puberty in the age group we sludied. The increase in predicted
adult height was accompanied by an increase in social acceptance. However, whether these
increases relieve suffering cannot be concluded. Final height data should be awaited before
a final conclusion can be drawn whether this intervention can relieve or prevent suffering.
However, additional instruments are probably necessary lo establish an ethical basis for
freatment.

The use of growlh hormone in short children has bean discussed many times and
especially the use In non GH-deficient children has received wide attention, The American
Academy of Pediatrics, Commitiee on Drugs and Committee on Biosthics highlighted several
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ethical issues: the agreement on the appropriate goals of GH treatment, the lack of an
established risk-benefit ratio for GH therapy and how to define treatment “success” (34). In
their conclusions the committee states that the benefits of GH therapy will remain somewhat
elusive, as the individual child can escape from the stigma of being very short, but a group of
short healthy children will always exist. The question remains whether the child with gain in
adult height actually experiences a psychosoclal benefif. In line with this, Haverkamp
provided an analysis of the ethical dilemma pertaining fo GH treatment in short children,
emphasising the need for empirical evidence of suffering for recognition of the ethical need to
fmprove this situation (35).

Until final height data are avaitable from our studies on the combined treaiment with
GnRHa and GH we do not advocate standard GH treatment in these children. In the
meantime, the current degree of suffering and the expected gain in FH has to be carefully
balanced in the decision whether or not to treat adopted children with GnRHa alone or in
combination with GH.

Vi INDICATIONS AND RECOMMENDATIONS

AuxoLocy

The age definition for the diagnosis of precocious puberty should be maintained at 8 years
for girls and at 9 years for boys. Children with central precocious puberty shoufd be treated
with GnRHa as soon as possible, after it is shown that puberty has a progressive course.
Puberiy can be assumed to be progressive by a pubertal LH response > 10 [U/L in a GnRHa
stimulation test combined with either an advanced BA or other signs of sex sleroid action. In
case of absence of signs of sex steroid action or a minimal presence of breast development
GnRHa testing should be postponed, Clinical observation for 3-6 months is warranted in
these cases.

In children with early, not precocious, puberty there Is uncertainty about gain in FH
after GnRHa treatment. This implicates that in this group no indication for GnRHa can be
established just for the sake of height gain. Further considerations regard the predicted adult
height and the psychological situation, including the suffering aspect. For prediction of adult
height the use of the average BP tables is recommended.

In general, GnRHa treatment in girls > 10 yrs and boys > 11 yrs is not recommended.
Specific conditions may warrant GnRHa treatment for example in children with mental
retardation or in children with GHD. In GHD patients pubertal suppression can improve FH
oufcome when pubertly starts at an early age, with delayed BA and at a marked short stature,
In the figure we summarise our recommendations.

During GnRHa freatment in CPP gonadal suppression needs to be confirmed by the
puberty suppression score andfor a GnRH stimulation test. No recommendation can be given
on the moment of discontinuation of treatment. This should be determined by psychological
and auxological parameters, for example the conformity with peers, BA and height velocity
during treatment.

Before FH resulls of the combined treatment will become available, the addition of
growth hormone to GnRHa freatment is not advocated as yet. Addition of growth hormone
may be provided in a setting of a clinical study in children with a marked decrease in height
prediction {before or during GnRHa treatment} or in height velocity during GnRHa trealment.
We recommend that patients treated with GnRHa will be monitored until FH is reached and
afterwards, not only to evaluate growth, but also fo assess the development of gonadal and
reproductive function,
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PSYCHOLOGY

The psychological aspects and concerns of early development of puberty should be
considered in the work-up of both adopted and non-adopted children (11). These include the
emotional impact of the appearance of secondary sexual characteristics, the fear to have
menarche, aspects of teasing and embarrassment and the expected future height. Specific
questionnaires addressing these items should be developed in order to assess eventual
suffering and the effects of interventions with GnRHa or other gonadal suppressanis.
Adoplive families were shown 1o be adequately motivated for treatment and should not be
ireated diffarently when they ask for any treatment or participation in a clinical trial.

ETHICS

For establishing indications for growth promoting treatment around puberty in adopted and
nen-adopted children, either by GH or by the combination of GH and GnRHa the suffering
criterion needs careful consideration. Especially in non-GHD patienis the use of GH
deserves a specific attention in the context of cost and gain (33).

Vi FURTHER RESEARCH

First of all, future research includes the analysis of final height dala of the present studies.
When a beneficial effect has been established in the final analysis, it is interesting to know
whether adapfation of the GH regimen might further improve auxological outcoms during
GnRHa treatment. Maybe a short period with a GH dose higher than used in our studies (4
1U/m?) might be beneficial. An alternative oplion is to treat patients with addition of growth
hormone only when height velocity becomas impaired by GnRHa treatment.

The development of prediction models for the effect of treatment with GnRHa for
CPP, as used in children with GHD, might improve the assessment of the patients suitable
for freatment.

Prospective studies should elucidale the question whether the factors retrospectively
found to improve FH outcome represent reliable predictive factors. The obvious ethical
problems connected {o these kind of studies need careful attention.

The issue of the timing of discontinuation of treatment for auxological reasons has not
been resolved yet and would require a prospective randomised frial design.

Further research could also involve other patient groups in which gonadal
suppression could be considered, e.g. IUGR children treated with growth hormone or
children with renal insufficiency on GH treatment.

The use of the GnRHa stimulation test during treatment as a means to evaluate efficacy of
pubertal suppression needs further vatidation.

Figure: Flow diagram of considerations regarding eventual initiation of treatment in children

with pubertal development
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Pubertal development
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General discussion

To alleviate the treatment for children, new modes of GnRHa administration that have been
introduced in adult oncology, for example a 3 months depot of leuprolide acetate, need lo be
studied in order to establish its efficacy and safety.

Whether aromatase-inhibitors deserve a place in the treatment of precocious puberty
remains to be investigated, as no central inhibition will occur during this treatment. On the
other hand, aromatase inhibitors are shown to inhibit oestrogen action effectively.

The impact of either short stalure or early puberty on quality of life during
adolescence and adulthood and the effect of any endocrine intervention deserve further
scientific attention.
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Summary

Summary

This thesis contains the resuits of several studies on growth promoting freatment around
puberty in adopted and non-adopted children. indications for treatment as well as short-term
and final results were subject of the studies and presented in this thesis.

After a general introduction {chapter 1), the thesis staris with 2 articles on the timing of
puberty in normal children.

in the Netherlands the fourth nation-wide growth study from 1997 provided new data
and new reference curves on the occurrence of puberty in healthy children {(chapter 2.1).
The Pgy of the age of menarche has decreased slightly from 13.28 years in 1980 to 13.15
years in 1927. The age of onset of puberty in girls defined by the presence of Tanner breast
stage 2 (B2) changed from 10.5 yrs in 1980 to 10.7 yrs in 1997. In boys an increase in the
age of Tanner G-stage 2 was observed from 11.3 yrs in 1980 fo 11.5 yrs in 1997. With
regard to festicular volume, the 4 ml volume is reached in 50% of the boys at 11.5 years,
compared to about 12 years in 1965. Based upon these data, there is no need to adapt the
current definitions for precocious puberty in The Netherlands.

The influence of body mass index (BMI) on the age of menarche was analysed; we
found that, hesides chronological age, height and weight contributed to the timing of
menarche. Further, we found a high agresment between the pubic hair stages and stages of
pubertal development.

We conclude that the decrease in age of puberty has been siabilised between 1980
and 1997,

in chapter 2.2 the literature on changes in the age of onset of pubarty and of menarcheal
age is reviewed, concluding thatl a positive secular frend is cbserved in most European
countries towards earller puberty. The role of environmental faciors such as improvement of
socio-economic circumstances and public health is discussed. The influence of estrogen-like
containing food etements needs further research.

In chapter 3 a new stimulation test with the GnRH-agonist leuprolide-acetate was evaluated
for use in the diagnosis of central precocious puberty. This GnRH-agenist stimulation test
was compared with the test used to date, a GnRH stimulation test.

We showed that the GnRH-agonist stimulation test was able to detect central
activation of the hypothalamo-pituitary-gonadal (HPG) axis in more cases than the GnRH
stimulation test. This offers the opportunity to eventually start treatment in children with
central aclivation at an earlier age or Tanner stage. Besides this, the test is simpler and less
invasive for the child as no intravenous access is needed for administration of GnRHa.

Once treated with a GnRH agonist it is important to monitor the gonadal suppression
carefully. We studied pubertal suppression in children ireated for 18 months with the GnRH
agonist leuprolide acetate (chapter 4). The puberty suppression score (PSS} was developed
as an instrument to monitor the efficacy of treatment. The parameters used In this score are:
Tanner stage progression, changes in H-SDS, sex steroid levels and bone age progression.
The PSS appeared to carrelate with changes in height prediction during 18 months of
freatment. Leuprolide acefate, in an usual dose of 3.76 mg per month, was shown to
suppress puberty effectively.
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Final height {FH) results of GnRHa treatment were studied In a large population of Dutch
children. They were praviously treated with GnRHa for Central Precccious Puberty (CPP})
and had reached final height.

in chapter 5.1 the results were presented with emphasis on girls. We showed that
GnRH ftreatment results in @ mean FH that is 7.4 {5.7) cm above the mean initial height
prediction. Expressed in SD scores, a FH-SDS of -0.83 (1.17) was found, significantly lower
than TH-SDS, but still in the target range. In this study the mean age at start of treatment
was 7.7 {1.3) years and the mean treatment period was 3.4 (1.3) years.

Several factors were found that influenced the effect of treatment. Chronological age
at start of freatment correlated positively with height gain, whereas bone age at start of
treatment and BA advance at discontinuation of treatment were negatively associated with
height gain.

In chapter 5.2, we combined FH dafa of boys from The Netherlands, [taly and France
previously ireated with GnRHa for CPP. We showed that mean FH was at mean 5.8 (8.4) cm
above the initial prediction. Expressed in SD scores, FH was not significantly different from
target height. In multiple regression analysis BA at start {negatively) and BA advance at start
of freatment {positively} were the most significant contributors to height gain.

From our studies we conclude that in children with precocious puberty a FH in the
normal range can be obtained with GnRHa treatment.

In adopted children early puberty is frequently seen. We performed a randomised clinical
study in 30 adopted children with early puberly to evaluate the effect of treatment with
GnRHa alone or in combination with growth hormone. The children were randomised for
Gonadofrophin Releasing Hormone agonist (GnRHa) freatment alone or in combination with
growth hormone (GH) for 3 years. This study is described in chapter 6.

The resulls concerning growth (chapter 6.1) showed that after 3 years of {reatment
girls treated with GnRHa alone gained 5.7 (8D 3.8} cm in predicted adult height. in the girls
on combination treatment mean height gain was 10.1 (3.8) cm, which was a significant
difference between the groups. In both groups a gradual decrease in height velocily was
observed, despite the absence of a decrease in insulin-like growth factor | (IGF-1). We
suggest that the decrease in HV is not mediated by changes in the GH axis.

The evaluation of psychosocial functioning of parents and children in this study
{chapter 6.2) showed no increased levels of emaotional or hehavioural problems and normal
self-perception in adopted children, and no increased levels of family stress as reported by
the parents.

The motivation for treatment appeared to be adequate in the fast majority of cases.
Only in one of 30 cases a family was not allowed to parficipate In the tifal (see chapter 6.3).
There seems to be no reason to a particular approach to adoptive parents in clinical
research.

A randomised frial with an untreated confrol group described in chapter 7 demonsirates the
efficacy of combined treatment with GnRHa and GH in 36 children with idiopathic short
stature and [UGR. The mean increase in FH was 10.4 (SEM 1.2} cm in girls and 6.5 (0.9) cm
in boys. In the untreated controls height gain was 2.4 (1.7) cm and 3.9 (2.1) cm respeclively
{p < 0.001). Growth hormone treatment preserved a normal height velocity during GnRHa
treatment. IGF-]1 and |l levels did not differ significantly between the untreated controls and
the children treated with GnRHa and GH.

When children with GH deficiency {GHD) enter into puberty at an early (bone) age or short
slature, GnRHa freatment can be used fo extend the prepubertal growth period. We studied
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final height daia in these pafients in a retrospective analysis (chapter 8). We concluded that
in GHD patients with the onset of puberty at small stature or early {bone)} age GnRHa
{reatment results in a FH in the normal range {(mean —1.31 (0.39) SDS).

Finally, questions regarding the ethical background of growth promoting treatment with GH
andfor GnRHa in non-GHD children were addressed in chapter 9. The availability and use of
GH in several patients without a classical GH deficiency renders questions with regard to
medical treatment of healthy children, the effectiveness of GH as treatment to improve the
quality of life or psycho-social well being of children and the costs of GH treatment for the
society.

We introduce an approach in which the suffering of a particular child could be the reason to
treat him or her with GH although no GHD is present. The nesd for valid instruments fo
estimate suffering before trealment and the effect of the intervention with GH or GnRHa on
suffering is pointed out.

In chapter 10 the findings of our studies are discussed and recommendations for clinical
practice as wall as for future research are provided.
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Nedearlandse samenvatling

Samenvatting voor de niet-medicus’

ONDERWERP VAN HET PROEFSCHRIFT

Dit proefschrift heeft als onderwerp de behandeling van (te) vroege puberteit bij kinderen.
Zowel te vroege puberteit als vroege puberteit worden in dit proefschrift gencemd. Te woege
puberteit, ook wel puberfas praecox genoemd, kenmerkt zich bij meisjes door het beginnen
van borstontwikkeling voér het 8° jaar en bij Jongens door een vergroting van de
zaadballetjes vodr het 9° jaar. Van vroege puberteit wordl gesproken als deze lichamelijke
puberteitskenmerken bij het meisje tussen de 8 en 10 jaar en bij de jongen tussen de 9 en 11
faar beginnen op te treden.

NORMALE PUBERTEIT

Met het cog op de juiste hantering van de termen vroege en fe vroege puberteit moet
duidelijk zijrn op welke leeftijd de puberleit gewoonlijk begint. Dit kan onderzocht worden met
grote landelijke of regionale onderzoeken bij gezonde kinderen. Uit de gegevens die deze
onderzoeken opleveren, kan afgelsid worden welke leeftijd normaal is voor bijvoorbeeld het
begin van borstontwikkeling of de eerste ongesteidheid.

In Nederland is in 1997 een landelijk onderzoek uitgevoerd, dat vergeleken kan
worden met soorigelijke onderzosken in 1965 en 1980. Hierdoor is het mogelijk om in
Nederland hel verloop van de puberteitsontwikkeling over een periods van ruim dertig jaar te
bestuderen. De resultaten van deze studie staan beschreven in hoofdstuk 2,1, De normale
leeftijd waarop meisjes beginnen met de puberteit is ongaveer 10 jaar en 8 maanden, bij
jongens is dit 11 jaar en 6 maanden. De eerste menstruatie bij meisjes treedt op de leeftifd
van 13 jaar en 2 maanden op, dit is iets eerder dan in 1980 werd vastgesteld: foen lag de
leeftiid op 13 jaar en 3 maanden.

Het tolaatbeeld van 1965 tot 1997 laat een lichte verviceging zien van de leeftijd
waarop de puberieit begint tussen 1965 en 1980, en geen verdere vervroeging meer van
1980 ot 1997.

In dit onderzoek keken we ook naar de verhouding fussen het optreden van
pubisheharing (“schaamhaar™) en de echte kenmerken van beginnende puberteit, namelifk
borstontwikkeling bij meisjes en toename van de testisgrootte bij jongens. Het bleek dat voor
het vaststelien van puberteit pubisbeharing geen goede maat is.

Tenslotte is met de cijfers uit de studie uit 1997 onderzocht wat de invioed van lengte
en gewicht is op hel moment van optreden van de eerste ongesteidheid. Samengevat
vonden wij dat fangere en zwaardere maisjes vrogger in de puberteit komen.

De gevonden resultaten uit deze studie maken duidelik dat de bovengenoemde
leeftijden in de definitie van te vroege puberteit niet aangepast hoeven te worden.

In Europa zijn de afgelopen tientallen jaren in diverse landen dergelifke onderzoeken
uitgevoerd; een overzicht daarvan wordt gegeven in hoofdstuk 2.2. De trend in de meeste
westerse landen is dat de pubsrteit steeds viceger begint. De ro! van de gezondheidszorg en
welvaartssituatie spelen hierbij waarschijnlifk de befangrijkste rol. Ook allerlei stoffen in het
milieu of in de voeding met een warking die lifkt op vrouwelijk hormoon zouden kunnen
bijdragen aan de steeds vroeger optredende puberteitsontwikkeling. Dit moset echter verder
worden ondsrzocht.

! Dit is geen letterlifke vertaling van de 'summary’
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DIAGNOSE VAN (TE) VROEGE PUBERTEIT

Voorafgaand aan een eventuele behandeling moet de diagnose van (te) vroege puberteit wel
duidelifk ziin. We willen er zeker van zijn dat er bif het kind sprake is van een normale, door
de hersenen gestuurde puberteit (centrale puberteif). Alleen het moment van aanvang van
de puberteit is om wat voor reden dan ook verviroegd.

Of er inderdaad sprake is van vervroegde puberteit werd tot op heden met een
stimulatietest, de GnRH-test onderzocht, waarbij het kind gedurende een uur een infuus
inkreeg en waarbij de GnRH-testvloeaistof werd ingespoten.

Inmiddels is er een wat eenvoudiger fest, de z.g. GnRHa-test waarbij in het
onderhuidse vet een klelne hoeveslheid GnRHa-festvioeistof wordt ingespotan. Na drie uur
kan dan door één bloedafname worden heoordeeld of er sprake is van cenirale puberteit.

In hoofdstuk 3 onderzochten wij of de GnRHa-fest in vergelijking met de GnRH-test de
cenirale puberteit even goed of zelfs beter kan aantonen. Meer kinderen met een
lichamefijke puberteitsontwikkeling hadden een positief testresultaat bij de GnRHa-lest dan
bif de GnRH-test. Dit maakt het mogelijk om met een eenvoudiger test sneller de diagnose te
stellen en eerder hehandeling in te stellen. Je hoeft dan minder frequent de GnRH-test te
herhalen om zekerheid te krijgen, wat met deze test nogal eens nodig was.

BEHANDELING VAN {TE) VROEGE PUBERTEIT

Er kunnen twee redenen ziin om bij kindeten met een te vroege lichamelijke
puberteitsontwikkeling de puberteit met medicijnen te remmen. In de eerste plaats leidt een
erg vroege puberteail erfoe dat het kind vervroegd is uitgegroeid en daardoor nief de lengte
haalt die het bi} een normaal opiredends puberteit had kunnen bereiken. Dit komt omdat de
geslachtshormenen in het bloed ervoor zorgen dat de groeischijven in de botlen gaan
sluiten. In de tweede plaats kan {le) vroege puberteit aanleiding geven tot psychologische
problemen. Te denken valt daarbij aan het gevoel van ‘anderszijn’, schaamte en angst voor
ongesteldheid. Dit is met name een probleem als het kind qua oniwikkeling nog niet toe is
aan de puberteit.

Sinds een aantal jaren kan de puberteit mat behulp van medicijnen worden geramd.
Dit gebaurt met de z.g. GnRH-agonisten (‘puberteitsrammers’) die via ean injectie eenmaal
in de maand worden toegediend. Dit zijn zogenaamde depot preparaten waarbij het actieve
medicijin over een periode van 4 weken langzaam aan het bloed wordt afgegeven. Een
kortwerkende vorm van dit medicijn wordt — 2zoals hiervoor beschreven — gebruikt in de
GnRHa-stimulatie test.

Een van de GnRH-agonisten die voor de behandeling wordt gebruikt is het leuprolide
acetaat. In het kader van dit proefschrift werd bij een groep kinderen onderzocht hoe effectief
dit middet de puberteit kan onderdrukken {(hoofdstuk 4). Daarbij werd een bepaalde score
gehanteerd, de Puberty Suppression Score (PSS). Deze score Kan poliklinisch gebruikt
worden om iets zeggen over hoe effectief de puberteit wordt geremd. Daarnaast zegt de.
score ook jets over de winst die de behandeling op korte termijn kan geven wat betreft
lengte.

in dit proefschriff staan in de hoofdstukken 5.1 en 5.2 de fange-termijn resultaten
genoemd van de behandeling met GnRH-agonisten bij te vroege pubertsit. Gekeken is naar
wat de uiteindelijke lengte van een kind geworden is vergeleken met de [engte die voorspeld
was bij het begin van de behandeling, Wij zagen dat bij meisjes de gemiddelde eindfengte
ruim 7 cm groter was dan de voorspelde lengte bij start. Dus, om een voorbeeld te geven,
een meisfe waarvan bij het begin van de behandeling voorspeld werd dat zij 146 cm lang zou
worden, haalde uiteindefijk een lengle van 153 cm. Uit de gegevens van dit onderzoek
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concludeerden wij verder dat voor een goed resuliaat tijdig begonnen most worden met de
behandeling. Juist bij kinderen met een snel verlopende vorm van te vroege puberteit en
snelle botijping kan GnRHa-behandeling winst in [engte opleveren.

Bi] jongens komt te vroege puberteit veel minder vaak voor en daarom hebben we
gegevens van een groep Nederlandse jongens uitgebreid met gegevens van ltaliaanse en
Franse jongens. Ook bij jongens met te vroege puberteit bleek de GnRHa-behandeling winst
op te leveren: de eindlengte was 5.8 cm hoger dan de voorspelde eindlengte bij start van de
behandeling.

BEHANDELING VAN VROEGE PUBERTEIT Bl ADOPTIEKINDEREN

Tijdens de behandeling van te vroege puberteit met GnRH-agonisten wordt bij een aantal
kinderen een fe sterke afname van de groeisnelheid gezien. Omdat je behandelt om juist
lengte {e winnen is dat een ongewenst effect. De gedachte kwam daardoor op of de
feevoeging van groeihormoon deze groei, en daarmee ook de prognoses voor de eindlengte,
zou kunnen verbeteren. Deze vraagstelfing werd onderzocht bij een groep geadopteerde
kinderen. Bij kinderen die uit het buitenland geadopteerd zijn wordt relatief vaak een vroeg
optredende puberteit gezien. De precieze oorzaak daarvan is niet bekend. De
onderzoeksgroep bestond uit 30 kinderen die geadopteerd waren ult India, Sri Lanka, Zuid
Korea of Colombia. Bij hen was de puberteif vroeg begonnen (meisjes voor de leeftijd van 10
en jongens voor de leeftiid van 11 jaar} en ze hadden een prognose voor een kleine
eindfengte.

Deze studie bestaat uit drie onderdelen: een groeistudie (hoofdstuk 6.1), een
psychologisch onderzoek (hoofdstuk 6.2) en een onderzoek naar de motivatie van ouders
en kinderen voor deelname aan de studie en behandeling (hoofdstuk 6.3).

in de groeistudie ziin de kinderen in twee groepen verdeeld en met elkaar
vergeleken: groep A werd alleen met puberfeitremmer {GnRH-agonist, in dit geval
triptoreline) behandeld, terwiji in groep B de behandeling bestond uit zowel GnRH-agonist als
groeihormoon {GH). De studieperiode was 3 jaar en de kinderen werden om de drie
maanden op de polikliniek gezien. Wij zagen na de 3 jaar behandeling een toename van de
voorspelde eindlengte in groep A van §,7 cm {van 149.8 naar 155.6 ¢m) en in groep B van
10,71 cm (namelijk van 148.8 naar 157.0 cm). Dit was een statistisch significant verschil, wat
belekent dat het niet door het toeval bepaald is maar een echt behandeleffect is. We
onderzochten ook groeifactoren in het bloed om te zien welke rol die spelen bij het verschil in
effect en hel bleek dat de GH toediening zorgde voor hogere waarden van de groeifactoren
in het bloed. Dit geeft een verklaring voor de hogere groeisnelhefd die in groep B werd
gevonden.

In het psychologisch onderzoek ging het erom te bestuderen welke invioed het
vroeq in de puberteit zijn en de behandeling hebben op het psychologisch functioneren van
de kinderen. Tegelijk werd ook gekeken naar de invioed die het op de ouders heeft en ook
naar de verwachtingen die ouders en kinderen van de behandeling hebben. De uitkomst liet
zien dat de behandelde geadopteerde kinderen niet méér gedrags- of emotionele problemen
hebben dan hun niet-behandelde geadopteerde leeftijdsgenoten, en dat er tijdens de
hehandeling geen toename van deze problemen wordt gezien. De kindersn in de studie
hebban een normaal zelfbeeld en voelen zich geaccepieerd door leeftijdsgenoten, zowel
voor als aan het eind van de behandelpericde. Aan het eind van deze periode werd
vaslgesteld dat het gevoel van acceptatie zelfs hoger was dan het gemiddelde van
Nederlandse kinderen. Ouders blijken reélere verwachtingen van behandeling te hebben dan
kinderen. Het hebben van een kind met vroege puberteif veroorzaakt geen grote stress in de
gezinssituatie,
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Het motivatieonderzosk werd verricht om te kifken hoe de motivatie van ouders en kinderen
was om deel te nemen aan de behandeling en het onderzoek. De achterliggende reden voor
dit onderzoek was dat door sommigen gevreesd werd dat adoptiecuders té gemotivesrd
zouden kunnen zijn en dat die motivatie soms legen de wensen van het kind in zou gaan.
Van overmotivalie is in onze evaluatie niets gebleken. Van de onderzochte oudar-/kind paren
is er slechis één afgewezen. Wij concluderen dan ook dat adoptieouders niet anders
benaderd dienen te worden in onderzoek of behandeling dan ouders van niet-geadoptesrde
kinderen.

ANDERE STUDIES MET COMBINATIE GNRHA EN GROEIHORMOON

De studies die beschreven staan in de hoofdstukken 7 en 8 onderzochten de vraagstelling
naar het effect van de gecombineerde behandeling met GnRHa en GH op verschillende
manieren. In hoofdstuk 8 wordt een evaluatie beschreven van kinderen met een
groeihormooniekort die behandeld worden met GH en ook met puberteitsremmer omdat ze
vroeg of klein in de pubertell zijn gekomen. De resultaten van de uitgegroeide kinderen tonen
dat het remmen van de puberteit gedurende een bepaalde periode de uiteindelijke lengte
doet toenemen in vergelijking met kinderen bij wie de puberteit niet is geremd.

De studie bij kinderen met kleine gestalte (al dan niet na grosivertraging tijdens de
zwangerschap} die in hoofdstuk 7 staat is een bijzondere studie omdat hehalve een groep
behandelde kinderen ook een zogenaamde controlegroep werd bestudeerd die geen
behandeling kreeg. Het vergelijken van deze twee groepen maakt het mogelijk het
behandseleffect nauwkeurig in kaart te brengen.

De studie Het zien dat kinderen met de gecombineerde behandeling van GnRH-
agonist en grosihormoon, in vergeljking met een onbehandelde groep een winst in
voorspelde eindlengte liet zien van 10,4 cm bif jongens en 8,0 cm bij meisjes. Dit is een
veelbelovend resultaat maar er moet afgewacht worden wat het resultaat is als de kinderen
zijn uitgegroeid. Dat geldt ook voor de studie bif uit het buitenland geadopteerde kinderen die
hierboven werd beschreven.

Tenslotte wordt in dit proefschrift (in hoofdstuk 9) vanuil de invalshoek van de ethiek
gekeken naar het behandelen van kinderen met groeihormoon {GH), met name bij die
kinderen die geen echt tekort hebban aan GH maar door een andere oorzaak {bijvoorbeeld
gebruik van puberteitsremmer) slecht groeien.

Er kan op verschillende manieren naar gekeken worden. Allereerst vanuit het
vitgangspunt dat als er geen echt tekort is aan groeihormoon, het kind niet ziek is en dus
geen medicijn — groeihormeon- zou moeten krijgen. Een tweede manier om het te bekijken is
dat als de ouders zo'n behandeling graag willen, waarom zou een dokter het dan niet
toeslaan? Een derde mogelijkheid, waarvoor wij in het artikel kiezen, is dat uitgegaan moet
worden van het fijden van het kind, en dat bekeken moet worden of hel geven van
grosthormoon daar echt Jets aan kan doen. De moeilijkheid daarbi} is dat er weinig
onderzoek Is gedaan naar de mate van lijden van kleine kinderen en evenmin naar het
‘helend” effect van groeihormoon. Wij benadrukken het belang van het ontwikkelen van
goede instrumenten om ijden’ in kaart te kunnen brengen en daarmee le evaiueren wat het
effect van grosihormoon behandeling is.

in hoofdstuk 10 worden de resultaten van de verschillende studies besproken en worden er
aanbevelingen gedaan voor de praktijk en voor verder onderzoek.
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Abbreviations

o-MSH
ACTH
AF

BA
BMD
BMI

BP

CA
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CBCL
CPP
DEXA
DHEA-S
E2

FH
FSH
FT4
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GH
GHD
GnRH
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HY
IFMA
IGF
IGF-BP
IRMA
1SS

U
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LHRH
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MPH
MRI

NF
NMDA
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PAH
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PHV
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Adrenocoriicotropic Hormone

Alkaline Phosphatase

Bone Age

Bone Mineral Density

Body Mass Index

Bayley & Pinneau

Chronological Age

Cocaine- and Amphetamine Regulated Transcript
Child Behaviour Check List

Central Precocious Puberty

Dual Energy X-ray Absorptiometry
Dehydroepiandrostenediona Sulphate
Estradiol

Final Height

Follicle Stimulating Hormone

Free Thyroxine

Glutamic Acid Decarboxylase 67
Gamma Aminobutyric Acid

Growth Hormone

Growth Hormone Deficiency
Gonadotrophin Releasing Hormone
Gonadotrephin Releasing Hormone agonist
Greulich & Pyle

Glycosyated Hemoglobin
Hypothalamo-Pituitary-Gonadal

Height Velocity

Immuno Fluorometric Assay

insulin-like Growth Factor

{GF-Binding Protein

Immuno Radiometric Assay

Idiopathic Short Stature

International Units

Intrauterine Growth Retardation
Luteinizing Hormone

Luteinizing Hormone Releasing Hormone
stafistical method for smoothing [smooth (L), mean (M), coeff. of variation (S)]
Meningo-myelocele

Midparental Height

Magnetic Resonance Imaging
Neurofibromatosis

N-methyl-D-aspartate

nanocmol

Nijmeegse Vragenlijst voor de Opvoedingssituatie
17 — Hydroxyprogesterone

Predicted Aduit Height

Polycystic Ovary

Peak Height Velocity
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SH
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T
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Puberty Suppression Score

Radio Immuno Assay

Standard Deviation

Standard Deviation Score
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Testosterone
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