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INTRODUCTION

Short stature in children born small for gestational age

By definition, approximately three percent of infants are born small for gestational age
{SGA). These children comprise a heterogenous group of newborns. SGA infants may be born
either full-term or premature. SGA may be secondary to a chromosomal disorder, intrauterine
infection, maternal disease, placental dysfunction, cigaretie smoking, and multiple birth. However,
in the majority of cases the etiology is not known',

It has been reported that most of the children born SGA without an underlying disorder do
show catch-up growth within the first years of life*. The percentage of premature SGA infants
with catch-up growth is not different from that of full-term SGA infants’. Approximately 15% of
SGA children fail to show catch-up growth in the first two years of life**. A Swedish population-
based study showed that during childhood this percentage decreases to approximately 8% at 18
years of age. These children represent about 22% of the total short adult population®.

Little is known about the growth pattern of these children during childhood. In contrast to
e.g. Turner syndrome™® or idiopathic short stature’, no reference growth diagrams are available for
children with short stature born SGA. More data are available about a special subgroup of SGA
children with the dysmorphic features of Silver-Russell syndrome (SRS), such as small triangular
face, clinodactyly, and asymmetry of the body*, They are short at birth, show only minimal catch-
up growth during infancy, and have a reduced pubertal growth spurt'™? . Davies ef al. reported a
mean adult height of -3.6 SDS in 18 children with SRS, corresponding to 142 ¢m for girls and
150.7 et for boys'". Wollmann ef al. found, however, a lower mean final height of [39.7 cm in
163 girls and 149.5 cm in 223 boys™.

Previous reports have demonstrated that bone age was delayed in young children born
SGA, irrespective of the presence of SRS, Tanner ef /. reported a gradual increase in bone
maturation during the second half of the first decade of life resulting in only a smalt detay at the
beginning of puberty®’. Wollmann ef al. showed that there was a catch-up of bone age in early
puberty’, Despite the retardation of bone age in young childhood, the start of puberty has not
been delayed compared to healthy children®*. An even early pubertal development has been
described in these children™"”. The acceleration of bone maturation and the absence of a delayed
puberty may play an important role in the restriction of adult height of these children.

Pathophysiology of the postnatal growth failure .

The mechanism of the stunted postnatal growth in short children born SGA is poorly
understood. It has been previously shown that disturbances in the growth hormone (GH) / insulin-
like growth factor (IGF) - axis may account + 60 percent of the growth retardation. Short children
with SGA spontanecusly secrete less GH or showed other GH secretion patterns during 24-hour
growth hormone profiles than healthy children with short stature born appropriate for pestational
age and children with a normal height™". In addition, subnormal responses to arginine
provocation and reduced mean plasma IGF-I, IGF-I1, and IGF-binding protein-3 {IGFBP3) were
reported in short children born SGA"*%, Furthermore, it has been reported that an mcreased
proportion of non-22-kDa GH isoforms {in controls 70-75% 22-kDa) were found in children with
short stature born SGA. These non-22-kDa GH isoforms may interact as weak agonists or
antagonists of the GH-receptor®. However, the magnitude of the abnormality in the GH/IGF axis
is not always directly related to the magnitude of the growth retardation and several children with
short stature born SGA have no distinct GH/IGF axis abnormalities'", Therefore, other direct or
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indirect mechanisms may play a role as well. We do not know whether the feeding problems being
often present in short children born SGA and in children with SRS contribute to the postnatal
growth fatlure. Even less is known about possible genetic abnormalities undetlying the
mechanisms leading to the absence of a postnatal catch-up growth™?*.

Growth hormone treatment for short stature

Studies in the early 1970s with low frequency of GH administration and low dose in short
children born SGA were quite disappointing, as has been described in other GH-treated chitdren
in those days™*, Papers in the late 1980s showed that daily administration of GH treatment in
varying dosages accelerates growth significantly in short children born SGA™*%, With the
availability of recombinant human GH after 1985, greater numbers of SGA children were treated
in standardized studies. In 1991 a GH dose-response trial in 79 children with short stature born
SGA was started in four centers in the Netherlands. Preliminary data of a subgroup of the
children showed that two years of GH treatment appeared to be efficacious in increasing height
and height velocity. In addition, a significant improvement in the predicted adult height was
achieved despite advanced bone maturation”.

Possible side effects of GH treatment in children with short stature born SGA

No published data were available on whether an increase in height in children with short
stature born SGA during treatiment with supraphysiological GH dosages will be accompanied by
proportional growth of other parts of the body.

SGA has been associated with increased prevalence of diabetes mellitus type II,
hypertension, and hyperlipidemia at a relative young age in later [ife*®. GH modulates tissue
responses to insulin, Supra-physiclogical concentrations of GH in acromegalic patients” and in
normal™' and diabetic" adults showed a decrease in glucose sensitivity to insulin, both in [iver
and in extra-hepatic tissues. Concern has been expressed regarding possibie adverse effects of
long-term GH treatment on carbohydrate metabolism in children with short stature born SGA.
Since in adults GH hypersecretion in acromegaly is associated with an increased incidence of
hypertension®, one may suggest that tong-term GH treatment in short children born SGA may
have negative effects on blood pressure. In addition, little is known about the effects of long-term
GH treatment on lipid metabolism in these chitdren.

Considerations, questions, and aims of the study

Efficacy of GH treatment

Although short-term data showed a catch-up growth during GH treatment in short children
borir SGA, we wondered if long-term GH treatment would result in an attainment of the target
height percentile and subsequently if growth would persist along that percentile. In addition, we
wanted to know whether GH treatinent would result in gain in adult height prediction, and finally
gain in attained adult height. Furthermore, we wanted to assess the effects of two GH doses and to
find the optimal age to start treatment, Moreover, we wondered if there would be a relationship
between gain in height during long-term GH treatment and the GH/IGF status before start of
treatment. Therefore, we evaluated the effects of 5 years of GH treatment with 3 or 6 1U per m?
body surface per day on height, hone maturation, final height expectations, plasma IGF-1, and
IGTBP3 levels inr short children born SGA with or without abnormalities of the GH/IGF axis.
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Safety of GH treatment

Using supraphysiological GH dosages for a long period during childhood, we wanted to
know if GH treatment would have side-effects. Therefore, we evaluated the development of the
body proportions of short children born SGA before and during six years of GH treatment. In
addition, we assessed the effect of GH on carbehydrate metabolism during six years of
treatment. Furthermore, the body composition, bleod pressure, and lipids were evaluated during
long-term GH treatment.

Outline of the thesis, part ”Children with short stature boim SGA”

This part of the doctoral dissertation gives the resulis of the randomized, double-blind
dose-response study on GH treatment in 79 children with short stature born SGA either with or
without abnormalities of the GH/IGF axis. This study was started in 1991. Preliminary results
concerning the first years of the study period were reported in the thesis of W de Waal entitled
“Influencing the extremes of growth”, Rotterdam 1996. Chapter 2 describes the effects of 5 years
of GH treatment on height, bone maturation, predicted final height, IGF-1, and IGFBP3 levels in
short children born SGA. Chapter 3 describes the body proportions of short children born SGA
before and during six years of GH treatment. Chapter 4 presents the effect of GH treatment on
carbohydrate metabolism during six years of GH treatment. Chapter 5 gives the results of body
composition, blood pressure, and lipids during long-term GH treatment. Chapter 6 discusses the
significance of the presented data as such and in the relation to the current literature. Qur final
conclusions are listed and recommendations for future research are given. Finally, Chapter 7
summuarizes this dissertation in English as well as in Dutch.
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GROWTH HORMONE TREATMENT IN CHILDREN WITH SHORT STATURE BORN
SMALL FOR GESTATIONAL AGE: FIVE-YEAR RESULTS OF A RANDOMIZED,
DOUBLE-BLIND, DOSE-RESPONSE TRIAL

Theo Sas, Wouter de Waal, Paul Mutder, Mieke Houdijk, Maarten Jansen, Maarten Reeser,
Anita Hokken-Koelega

Depariment of Pediatrics, Division of Endocrinology, Sophia Childrens Hospital/Erasnrus
University, Rotterdam (Th.S., Wd. TV, A H.-K.); Institute of Epidemiology and Biostatistics,
Erasmus University, Rotterdam (PM.); Academic Hospital of Free University, Amsterdam (M.H.);
Wilhelmina Children’s Hospital, Utrecht (M.J); Juliana Children’s Hospital, The Hague (M.R.),
The Netherlands

Abstract

The growth promoting effect of continuous growth hormone (GH) treatment was evaluated
over 5 years in 79 children with short stature (height SD-score < -1.88) born small for gestational
age (SGA) (birtilength SD-score < -1.88). Patients were randomiy and blindly assigned to either
one of two GH dosage groups (3 vs 6 IU /m? body surface/day). GH deficiency was not an
exclusion criterium.

After 5 years of GH treatment almost every child had reached a height well within the
normal range for healthy Dutch children, being in the range of their target height SDS, Only in
children who remained prepubertal during the study period, the 5-year increase in height SD-score
(HSDS,.,) was significantly higher in the study group receiving 6 compared to 3 1U GH/m’/d.
Remarkably, the 3-year increment in IISDS,., was not related to spontaneous GI¥ secretion,
maximum GH levels after provocation, nor to baseline insulin-like growth factor-I levels, GH
treatment was associated with an acceleration of bone maturation, regardless of the GH dose
given, Height SD-score for bone age and predicted adult height increased significantly. GH
treatment was well tolerated.

In conclusion, our 5-year data show that long-term continvous GH treatment at a dose of 3
or 6 [U/m¥day in short children born SGA results in a normalization of height during childhood
followed by growth along the target height percentite.

Introduction

Shozt stature in children born small for gestational age (SGA) is a well known
phenomenon. Although posinatal catch-up growth occurs in most of the SGA newborns, about
15% of these children fail to show catch-up growth (I, 2). They present with a height deficit
during childhood that in almost all cases results in short adult stature (3-5). The mechanism of the
stunted postnatal growth in short children born S8GA is poorly understood. It has been previously
shown that disturbances in the growth hormone (GH) / insulin-tike growth factor I (1GF-1} - axis
may account for some of the growth retardation: up to 60 percent of the short children born SGA
have GH-secretory abnormalities and/or reduced levels of IGFs {6-12). GH freatment in these
children has been explored from the early 1970s (13, 14). Initial data were disappointing probably
due to the low dose and frequency of GH administration. Recent short-term studies have shown
that daily administration of recombinant human GH therapy in varying dosages accelerates
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growth significantly in short children born SGA (7, 15-22).

To assess whether GH treatment will also improve linear growth on the long-term as well
as adult height, we started a randomized, double-blind, dose-response multicenter trial with
continuous GH treatment until adult height in 79 prepubertal children with short stature born
SGA. We now report a five-year analysis comparing the effects of two doses of GH (3 versus 6
[U/m? body surface/day).

Subjects and Methods
Study group

Seventy-nine prepuberial short children born SGA were included after mecting the
following criteria: 1) birth length standard deviation score {(SDS) below -1.88 (that is < 3rd
percentile) for gestational age according to the standards of Usher and McLean (23), 2)
chronological age (CA) between 3 and 11 years in boys and 3 and 9 years in girls at start of study,
3) height SDS for CA (HSDS,.,) below -1.88 according to Dutch references (24), 4) height
velocity SDS for CA (HVSDS) < zero (24, 25) to exclude children presenting spontaneous catch-
up growth, 5) prepubertal stage, defined as Tanner breast stage I for girls and testicular volume
less than 4 ml for boys (26}, 6) uncomplicated neonatal period, that is without signs of severe
asphyxia (defined as an Apgar score below 3 after 5 minutes), without sepsis neonatorum and
without long-term complications of respiratory ventifation such as bronchopulmonary dysplasia.
Exclusion criteria were: endocrine or metabolic disorders, chromosomal disorders, growth failure
caused by other disorders or syndromes (emotional deprivation, severe chronic illness,
chondrodysplasia), and previous or present use of drugs that could interfere with GH treatment.
Patients with Silver-Russell syndrome (SRS), however, were included in this study. GH-deficiency
was not an exclusion criterinm.

Four centers in the Netherlands participated in the study. The study was approved by the
Ethics Conunittee of each participating center. Written informed consent was obtained from the
parents or custodians of each child.

Study design

Before GH treatment, 40 of the 79 children underwent a 24-hour plasma GH profile, as
described previously (6). To stratify for the spontancous GH secretion during the 24-hour GH
profile, the total group of 79 children was divided info three groups: “normal profile”, "GH
insufficient profile” (area under the curve < 90 ug/L/24 h and mean GH < 2.0 pg/L), and "no
profile performed”, After stratification for spontaneous GH secretion during the 24-hour GH
profile and CA all children were randomily and blindly assigned to either one of two GH dosage
groups: group A, 3 IU/m’ body surface/day, or group B, 6 TU/m? body surface/day (= 0.1 or 0.2
[Urkg/d, respectively). Biosynthetic GH (r-hGH Norditropin®, Novo Nordisk A/S, Denmark) was
given subcutancously once daily at bedtime with a pen injection system (Nordiject 24). Every
three months the total G dose was adjusted to the calculated body surface. The study was kept
double-blind by using an equal volume of a reconstituted preparation. Criteria to discontinue the
GH treatment were a height velocity (HIV}) below 0.5 cm over the last 6 months and/or bone age =
[5 years for girls and = 6.5 vears for boys.

Growth evaluation
Height (H) was measured at baseline and subsequently every three months, determined
according to Cameron (27) using a Harpenden stadiometer, Four measurements per visit were
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made by two trained observers (WdW and later on ThS) and the mean was used for the analysis.
Height was expressed as SD-score for CA (HSDIS,,) (24). Target height (TH) was adapted from
Dutch reference data with addition of 3 em for seeular trend: 1/2 x (Hpy,, + o + 12) + 3 for
boys and 1/2 x (H,,, + H,_.,.. - 12} + 3 for gitls (24). TH and body mass index (BMI} were
expressed as SD-score using Dutch references (24). Bone age (BA) was determined by one
investigator (ThS) according to Tanner & Whitehouse radius, ulna, short-bones score (BA,<) (28).
Bone maturation was expressed as the ratio of the change in BA to the change in CA
{CBA/CCA), Height SD-score for BA (HSDS,,) and adult height prediction according to the
Tanner & Whitchouse prediction method (TW2) (28) were used as indices of adult height
prognosis. Pubertal stages were assessed by the same fwo investigators according to Tanner (26),
using an orchidometer in boys.

Biochemical parameters

Before treatment a standard arginine tolerance test (ATT) was perforimed (6). A standard
oral ghucose tolerance test (OGTT) was done at baseline and after one year of GH treatment (29).
Additional blood samples were taken at start of the study and subsequently every year for
determination of the IGF-I levels and hemoglobin A, levels. FGFBP-3 was determined at start of
the study, afler the first and second year and after the fifth year of GH treatment. After
centrifugation, all samples were frozen (-20°C) until assayed.

Hormone Assays

The RIA measurements of plasma GH, IGF-I, IGFBP-3, and insulin were performed as
described previously (30-33). All measurements were performed in the same laboratories, Since
levels of both IGF- and IGFBP-3 are dependent on age and sex, values were transformed to 8D
scores using reference values for healthy children determined in the same laboratory (34).

Statistical analyses

Results are expressed as mean + SD, unless indicated otherwise. Differences between
groups were tested using Student’s t-tests. Differences between points in time were tested by
paired Student’s t-tests. To study the relation between the growth response variables {(increment in
HSDS,, after 5 years) and baseline parameters, multiple linear regression analyses, adjusted for
GH dosage group, were done. For each possible predictive factor, separate analyses were
performed. Possible predictive baseline factors were: CA, BA,,,, BA delay (CA-BA), THSDS,
IGF-1 SD-score, pretreatment HV SD-score, maximum GH value during the GH provocation test,
and the characteristics of the 24-hour GH profiles established at the start of the study (6). A
subgroup analysis on prepubertal growth was performed in the group of children who remained
prepubertal during the whole study period. Girls with Tanner breast stage I and boys with a testis
volume < 6 mL during the 5-year study period were included in this analysis on prepubertal
growth. A p-value less than 0.05 was considered significant.

Since the study remains double-blind until final height, statistical analysis was performed
by an independent statistician (PM) and therefore data are only expressed as mean &+ SD.

Results
Clinical data, growth, and bone maturation

Table [ lists the baseline clinical data of the 79 children, Both GH dosage groups had
similar initial characteristics. Seven children had SRS. Five children dropped out of the study for
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TABLE 1. Baseline clinical data (mean + SD).

group A group B
3 [U/m*d 6 TU/m¥/d
(n=41) (n=38)
Male/Female 31/10 21417
Gestational age {(wk) 373432 36.0+4.1
Birthlength SDS 36+ 14 37+ 17
Birthweight SDS -2.6+1.2 26+ 1.0
Chronological age (yr) 73+2.1 72424
Bone age (RUS) (yr} 6624 67+29
Height SDS., 3.0+07 307
Height velocity SDS 0.7+ 1.1 12413
Target height SDS -L0£09 0.5+£09

the following reasons: Three children were no longer motivated to inject GH daily after 15, 45,
and 51 months of GH treatment, respectively, despite ongoing catch-up growth with GH treatment
in two of the three children. One girl dropped out of the study because of treatinent for earty
puberty after 27 months of GH treatiment. In one boy GH treatment was discontinued after 27
months beeause of signs of GH insensitivity. During GH treatment his IGF-I levels and height
velocity did not increase, despite good compliance with treatment. As these five children were
lost to follow-up after discontinuation of GH, their data were not included in the analysis,

Figure I shows the height at baseline, as well as the height after 5 years of GH freatment.
During the 5-year study period, onset of puberty was observed in 47 of the 74 children. The mean
CA at the onset of puberty did not differ between the GH dosage groups {in gitls 16.5+ 0.9 yr vs
PO+ 1.1 yr; in boys 1.9+ 0.9 yrvs 11.6 + 0.6), being apparently within the normal range. One
male adolescent discontinued GH treatment after 54 months because of satisfaction with the
height achieved (165.3 cm). All other children were still growing and receiving GH treatment,
Since the design of the study is still double-blind, in these figures no separate growth diagrams
were made for the two GH dosage groups. After 5 years, almost every child had achieved a height
well within the normal range for healthy Dutch children,

Figure 2 shows the HSDS,, at baseline and throughout the 5-year study period. After 5
years of GH treatinent, the mean HSDS,., in both GH dosage groups have significantly increased
compared to baseline {p < 0.001), being in conformity with the target height SDS, Although the
S-year increase in HSDS,, was higher in group B (2.6 & 0.9) than in group A (2.2 £ 0.6), the
difference was not statistically significant (p = 0.057). The increment in HSDS,., was not different
between the seven children with SRS and those without (data not shown).

Figure 3 shows the (OBA/TCA ratio per year throughout the 5-year study period. The mean
(CBA/TCA ratio per year was significantly higher than 1 for both GH dosage groups (1.4 + 0.21
and 1.3 £0.2, respectively) (p < 0.001). No significant difference in bone maturation was found
between the two GH dosage groups. At baseline, mean BA,; retardation was 0.6 £ 1.0 year, while
after 5 years of GH treatment mean BAy,, was advanced with 1.0 £ 1.1 years,

After five years of GH treatment, HSDS,, increased significantly compared to baseline
{p = 0.001). The increase was significantly higher in the group B (from -2.4 + 1.0 to 1.2 £ 0.8)
compared to A (from -2.1 £ 1.1 to 1.5 £ 0.8) (p = 0.004).
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Fig. 1. Individual heights at start of the study (open circles) and after 5 years of GH treatment (filled circles).
Reference curves for healthy Dutch children (P3, P10, P50, P20 and P97) are given,
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Fig, 2. Mean (+SD) height SD-score for chronological age for both GH dosage groups during 5 years of GH
treatment. The target height SDS (£18D) is indicated in the figure.
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Fig. 3. Mean (+SD) ratio (CBA (yr) /(~CA (yr}) per year for both GH dosage groups during 5 years of GH
treatment,

In the subanalysis on prepubertal growth (1=23 in group A, n=16 in group B), the HSDS,
was significantly increased in both GH dosage groups (p < 0.001) (Figure 4). The increment in
HSDS,., was significantly higher in group B (3.30 + 0.73) than in group A (2.35+ 051 (p <
0.001}. The mean MBA/TCA ratio per year was significantly higher than | for both GH dosage
groups (1.39 & 1.17 and [.37 + 0.22, respectively) (p < 0,001), without significant differences
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Fig, 4. Mean (#5D) height SD-score for chronological age for both GH dosage groups during S years of GH
treatment in the children who remained prepubertal during the study period. The target height SDS (£18D} is
indicated in the figure.

between the two GH dosage groups. HSDS,,, increased significantly compared to baseline (p <
0.05). The increase in HSDS,,, was significantly higher in group B (from -2.06 + 1.17 to -(.88 +
0.93) compared to A (from -1.86 = {.11 to -}.49 = 0.89) (p = 0.02).

The increase in predicted adult height after 5 years of GH treatment was 9.1 + 2.8 cm in group A and
[4.0 £ 5.5 cm in group B, being significantly increased compared to baseline in both GH dosage
groups {p < 0.005), and being significantly higher in the group B compared to group A (p = 0.02),

Body mass index :

At baseline, the BMI SD-score (BMI-SDS) was -1.2+ [ 3 ingroup A and -1.2 £ 1,1 in
group B, being significantly lower than zero {p < 0.601). After 5 years of GH treatment BMI-SDS
was significantly increased to -0.3 + 1,2 in group A and to -0.2 + 0.8 in group B (p < 0.001). The
increase in BMI-SDS was not significantly different between the two GH dosage groups.

GH, IGF-I and IGFBP-3

The resuits of the 24-hour plasma GH profiles at baseline have been described previously
(6). The mean + SD maximum serum GH concentration during the arginine tolerance test at
baseline was not significantly different between the two GH dosage groups (11.2 £ 6.3 vs 4.0+
6.3 ug/L). In 27 children, the maximal GH peak was below 10 pg/1.

Table 2 shows the IGF-1 and IGFBP-3 SDS at baseline and during 5 years of GII
treatment, Baseline IGF-1 SDS was significantly lower than zero. During GH treatment, IGFI-
SDS was significantly higher compared to baseline at each point in time for both GH dosage
groups, The [GF-1 SDS was significantly higher in group B compared to group A during the first
three years. Thereafter, this difference was no longer statistically significant. The mean baseline
IGFBP-3 SDS was significantly lower than zero. During the first year of GH treatment the
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IGFBP-3 concentrations normalized and after 5 years the IGFBP-3 SDS was significantly higher
than zero for both GH dosage groups. The IGFBP-3 SDS after five years of GH treatment was not
significantly different between group A and B.

TABLE 2. Mean (# SD) of IGF-1 and IGFBP-3 SD-scores.

group A group B
3 TU/m¥d 6 1U/m*d
1GF-1 SDS
baseling -1.2+ 1.2 -0.9+ 1.0
I year 124 1.1 1.9+ L1
2 year 1.2+ 1.0¢ 1.9 12"
3 year 1.4+ L0 20+£1.27
4 year L8 +0.8 2.0+ 1.2
5 year [.7+0.7 20+09
{GFBP-3 SDS
baseline L7+ L3 13+ L1
1 year 02+£1.2 0.5+ 1.1°
2 year 0.o0+12 0210
5 year [LO£0.8 12+ 10

Significantly difterent from zero, (1) p < 0.001, (2) p = 0.021. Significantly higher in the group receiving 6
than the group receiving 3 FU/m2/d, (*) p < 0.05, (**) p = 0.0!

Predictors for growth response

After adjustment for GH dosage group, the 5-year increase in HSDS,, correlated
negatively with baseline CA (B =-0.216 p < 0.001) and with baseline BA,,; (B =-0.173 p <
0.001). The S-year change in HSDS,, was not significantly related to THSDS, baseline BA delay,
pretreatment HVSDS, nor to baseline IGF-1 SD-score, the mean maximal plasma GH response
during ATT, or the characteristics of the 24-hour GH profiles established at the start of the study
(6). In addition, no difference in the 5-year increment in HSDS,, was found between the children
with GH-deficiency and those with normal GH levels.

Safety

Treatment was well tolerated and no adverse events were detected that were considered to
be drug related. In both GH dosage groups the mean fasting glucose level and area under the
curve (AUC) for glucose during OGTT did not significantly change during | year of GH
treatment compared to basetine. In contrast, the mean fasting insulin levels increased significantly
in both GH dosage groups after one year of GH treatment, from 6.4 to 7.6 mU/L and from 4.9 to
8.4 mU/L, for group A and B, respectively (p < 0.01). In addition, the AUC for insulin during
OGTT was significantly higher after one year of GH treatment compared to baseline (p < 0.001),
from 1433 at baseline to 2101 mU/L* th after 1 year for group A and from 1161 to 2634
mU/L*1h for group B, however, without a significant difference between the two GH dosage
groups. Hemoglobin A, levels remained within the normal range and none of the chitdren
developed diabetes mellitus.
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Discussion

Our study shows that long-term continuous GH treatment (3 vs 6 IU/m*day) in children
with short stature born SGA results in a normalization of height during childhood followed by
growth along the target height percentile. The ditference in gain in HSDS_, between the GH
dosage groups was just not statistically significant. Only in children who remained prepubertal
during the study, the mean gain in HSDS,, after 5 vears of GH treatment was significantly greater
in those treated with 6 compared to 3 TU/m?d. Both GH dosage groups reached their target height
SDS well within 5 years of GH treatment, indicating that long-term1 GH treatment with a lower
GH dose of 3 TU/m¥d is also able to normalize height of short children born SGA.

Maost controlied trials have shown a beneficial effect of GH treatment over a period of 2-3
years in comparison with a randomized untreated group of children born SGA for 1 or 2 years,
The untreated children did not show aay spontaneous catch-up growth indicating that they are
destined to remain short (18, 20, 21). For owr long-term stirdy, a randomized controlled trial with
an untreated group until adult height was considered unethical by several Ethics Committees.
Therefore, a dose-response design comparing two GH dosages (3 and 6 IU/m¥day) was chosen to
gvaluate the long-term use of continuous GH treatment,

Our 5-year results consolidate the previously described effects of short-term GH treatment
int short children born SGA (18-22). In the 3-year study reported by Boguszewski et al., similar
daily GH dosages (3 and 6 IU/m?) have been used as in our study. Interestingly, the GH dose-
dependent 3-year increase in HSDS,, in prepubertat children was found to be almost identical in
both smdies (21). A metanalysis of four European trials showed that the 4-year growth response
was similar between continuous GH use, 3 {U/m’/d for 4 years, and discontinuous GH use, 6
IU/m¥/d for 2 years followed by 2 years without GH (22), suggesting that the cumulative GH dose
received and not the daily GH dose determines the growth response, All studies demonstrate that
GH treatment induces an acceleration in linear growth in short children born SGA. In addition,
our 5-year study shows that continuous GH treatment can normalize height and is foliowed by a
persistent growth within the normal height range.

Comparing our growth results with other GlI-treated patient groups receiving long-term
GH treatment, the gain in height in short children born SGA is comparable with that in GHD
patients with a GH dose that is slightly higher than the conventional GH dose (2 TU/m?d) (35).

In some previous short-term studies and in the present study bone maturation was
accelerated compared to untreated short children born SGA and compared to healthy children,
respectively {18, 20, 22}. However, it was remarkable that during the S-year treatment period the
bone maturation in the total group, as well as in the children who remained prepubertal during the
study period, appeared to be independent of the given GH dose, whereas no progressive
acceleration of the bone maturation was found. Previous reports have demonstrated a spontancous
acceleration of bone maturation from the age of 6-10 years in untreated children with short stature
born 8GA (3, 36, 37). Therefore, the acceleration of bone maturation seen in GH-treated short
children born SGA may be partly explained by the effects of GH treatment, but may also be
explained by the spontaneous acceleration of bone maturation observed in untreated SGA
children.

Data on final height are very limited. Therefore, an indication of final height is often given
by the change in HSDS,, and the predicted adult height according to the Tanner & Whitehouse
prediction method, during GH treatment. In our study, HSDS,,, and predicted adult height
increased significantly after 5 years of GH treatment, in conformity with results described in
short-term studies {20, 22). Thus, the gain in height outweighs the faster bone maturation.
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However, we realize that both prediction methods have Hmitations and therefore, data on adult
height have to substantiate our results. Only two studies reported data on final height in relatively
small numbers of patients (38, 39). One study reported data from a pharmaceutical registration
database showing that 16 SGA patients, treated with GH at a median daily GH dose of
approximately 3 TU/m” until near adult height, achieved an adult statire that was 1.0 SDS greater
than the pretreatment HSDS,, (38). However, in these patients the median age at start of treatment
was 12.7 years. Preliminary data of the study of Albanese et al., demonstrated that in 12 GH-
treated children with short stature born SGA, GH treatment with approximately 4 1U/m%day,
starting at a mean age of 7.6 years, significantly improved final height. Although HSDS,, did not
improve throughout the study, the HSDS,, had increased from -2.9 at baseline to -1.5 at final
height (39). '

Some studies reported carlier onset of puberty in untreated short children born SGA (36,
37). The question arose as to whether G could further advance the timing of puberty and
consequently reduce the growth period. In our study the niean pubertal onset seemed not to be
advanced by GH treatment (girls 10.8 year, boys 11.8 year). However, longer follow-up is required
to establish whether all of our children will start puberty at an appropriate age and whether the
overall duration of puberty is not altered.

As described in other siudies, the variability in growth response to GH treatnient was
considerable. For that reason, we looked for clinical predictors of the growth response to GH
treatment. The increase in HSDS,, over 5 years of treatment was negatively related to baseline
chronological age and bone age: the younger the child at baseline, the better the 5-year increase in
HSDS,.,. I conirast, neither the height of the parents, the pretreatment height velocity, nor the
baseline bone age retardation were refated (o the 5-year increment in height,

The etiology underlying the insufficient spontaneous catch-up growth in short chikdren
born SGA is poorly understood. Findings in previous studies (6-12) and in our study suggest that
disturbances in the GH/IGF-1 axis play a role in the absence of spontaneous catch-up growth.
However, prior to treatment, we found no clear relation between the GII secretory status and
spontaneous growih (6). To study the relation between the baseline parameters of the GH
secretion status and the growth response to GH treatment, we included, in contrast to other
prospective studies, patients regardless of their GII secretion. We found that the maximwum GH
levels during the provocation tests betfore the start of the GH treatment were not significantly
related to the growth response, Two previous studies also found no differences in growth response
on GH treatment between SGA children who were GH deficient and those who were not (35, 40).
In addition, our study showed that neither the IGF-1 levels at baseline, nor the GH levels duting
the 24-hour plasma GH profile test were significantly related to the growth response. Thus,
although the stunted growth in shori stature born SGA may be partly explained by disturbances in
the GH/AGF-1 axis, the growth promoting effect of GH treatment at a dose of 3-6 [U/m%d seems
to be independent of the baseline GH/AGF-I status,

It is well known that many short children born SGA are lean and have lack of appetite. In
the present study, we did not systematically investigale a possible change in appetite of the
children. Several parents, however, mentioned that the children had better appetite and food intake
after the start of the GH treatment. Although we do not know the natural development of the body
mass in short children born SGA during childhood, it is remarkable that the normalization of
height during GH treatment was accompanied by a normalization of the BMIL We may speculate
that the anabolic effect of GH treatment has a positive influence on the food intake of the child
and that this plays an additional role in the catch-up growth in short chiidren born SGA.




Crarrer 2 Errect oF GHRY ov GroaTH iv SGA 29

Our study showed that the height gain afier 5 years of GH treatment with 6 1U/An%d was
only statistically significant higher than with 3 TU/m’/d in the children who remained prepubertal
during the study period. In addition, this difference was relatively modest, suggesting that near-
maximal GH effects in SGA children are reached in this dose-range. Follow-up until adult height
is necded to assess whether the higher GH dose results in a significantly better improvement of
adult height. Therefore, we will continue our double-blind, dose-response study until all children
have attained adult height.

In conformity with other studies (18-22), tolerance to GH treatment was good. No adverse
everls were detected that were GH related. In our study, 1-year GH treatment resulted in a
significant rise in insulin levels with normal glucose and glycosylated hemogtobin levels. SGA
has been reported to be associated with an impairment in insulin sensitivity and noninsulin-
dependent diabetes mellitus in tater life (41, 42). Further studies on the etfects of long-term GH
treatment on carbohydrate metabolisi are underway.

The most important aim of GH treatment in short children born SGA is a normalization of
height and conscquently an improvement of the psychosocial burden of being small in childhood,
as well as in adulthood. A two-ycar psychosocial evaluation in the children of our study showed a
beneficial effect on behavioral and emotional probleims and on the self-concept of the children
{43, 44). Further psychosocial research will be performed to confirm this improvement,

In conclusion, our S-year data show that long-term continuous GH treatment (3 or 6
[UAw/day) in short children born SGA results in a normalization of height and a subsequent
growth along the target height percentile. The increase in height appears to be independent of the
baseline GH/IGF-! status. Adult height prognosis and height SDS for bone age increased
significantly, despite acceleration of bone maturation. The difference in growth response between
the children receiving daily 6 IU/m? and those receiving 3 TU/nY was small and only significant in
the children who remained prepubertal during the study. Further studies should be directed at
optimizing GH modalities and establishing adult height results and long-term safety data, and at
the predictors indicating the small children born SGA who will benefit most front GH treatment.
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IN CHILDREN WITH SHORT STATURE BORN SMALL FOR GESTATIONAL AGE
PARTICIPATING IN A RANDOMIZED, BOUBLE-BLIND, DOSE-RESPONSE TRIAL
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Abstract

To assess body proportions in children with short stature bort small for gestational age
(SGA} before and during six years of growth hormone (GH) treatiment, height, sitting height (SH),
hand (Hand) and foot length (Foot), and biacromial (Biac) and biiliacal diameter (Biil) were
measured in 79 children (height SD-score < -1.88 and birth length SD-score < -1.88) participating
in a double-blind randomized dose-response study, receiving 3 or 6 IU/m%day. AH results were
adjusted for age and sex, and expressed as SD-scores (SDS) using reference values for healthy
Dutch children. To describe the proportions of SH, Hand, Foot, Biac, and Biil in refation to height,
these values were adjusted for the SDS of height expressing it as shape values, using the formula,
e.g. for SH: shape 8H = (SH SDS - height SDS) /\’(2-2 x correlation coefficient between SH and
height in the reference population). Values being less than -2 or more than +2 were considered
outside the normal range.

At baseline, the mean SD-scores of height, SH, Hand, Foot, Biac, and Biil were lower than
zero, indicating that the stunted growth is concerning several parts of the body. However, height
was more affected than Hand, Foot, Biac, and Biil. Consequently, the means of these shape values
were above zero, however, within the normal range. During six years of GH treatment the SD-
scores of all measurements increased significantly towards values more close to zero, The shape
values of Hand, Foot, and Biil showed a decrease, while the mean shape value of SH had
increased to values higher than zero, however, stifl being well within the normal range. The shape
value of Biac had not changed afier six years of GH treatment and was still higher than zero.
While the six-year increase in height was significantly higher in the group receiving 6 TU/m¥d
compared to 3 TU/m’/d, no differences in the six-year changes in shape values between the two
GH dosage groups were found.

In conclusion, wntreated short children born SGA have, on average, relatively large hands
and feet, and broad shoulders and pelvis, but a normal sitting height compared to height. The
dose-dependent significant increase in height during six years of GH treatinent is accompanied by
a dose-independent improvement of the proportions of the size of hands, feet, and biiliacal
diameter, respectively, in relation to height. The increase in height appears to be the result of a
relatively greater increase in sitting height than that of leg length. The dose-independency of the
changes in body proportions suggests that the changes are more the result of the natural
development of proportions in short children born SGA during childhood or part of the catch-up
growth rather than due to a direct effect of GH treatment. Thus, six-year continuous GH treatment
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with 3 or 6 TU/m¥day in children with short stature born SGA does not negatively influence body
proportions,

Introduetion

Short stature in children born small for gestational age (SGA) is a well known
phenomenon, Although postnatal catch-up growth ocours in most of the SGA newbotns, about
15% of these children fail to show catch-up growth resulting in short adult stature in most of the
cases {1-3). Although the mechanism of the stunted postnatal growth in short children born SGA
is poorly undersiood, studies have shown that continvous or discontinuous treatment with
recombinant human growth hormone (GH) in varying dosages accelerates growth significantly in
short children born SGA resulting in catch-up growth to values within the normal range followed
by growth along their target height percentile (6-14). We do not know if height is affected to the
sante extent as other parts of the body in children with short stature born SGA. In addition, to our
knowledge, no published data are available on whether the normalization of height in these
children during GH treatiment with supraphysiological GH dosages is-accompanied by
proportional growth of the other parts of the body.

To assess the body proportions of children with short stature born SGA, before and during
long-term GH treatment, we measured height, sitting height, hand length, foot length, biacromial
diameter and biiliacal diameter in 79 children participating in a randomized, double-blind, dose-
response multicenter trial, The effect of 5 years of continuous GH treatment on height was
described earlier {14}, We now report six-year data on body proportions comparing two GH
dosage groups (3 versus 6 IU/m’ body surface/day).

Methods
Study group

Seventy-nine prepubertal short children born SGA were included atter mecting the
following criteria: 1) birth length standard deviation score (SDS) below -1.88 (that is < 3rd
percentile} for gestational age according to the standards of Usher and McLean (15), 2)
chronoclogical age (CA) between 3 and 11 years in boys and 3 and 9 years in gitls at start of study,
3) height SDS for CA (HSDS,,) below -1.88 according to Dutch references (16), 4) height
velocity SDS for CA (HVSDS) < zero (16,17) to exclude children presenting spontaneous catch-
up growth, 5) prepubertal stage, defined as Tanner breast stage I for gitls and testicular volume
less than 4 ml, for boys (18), 6) uncomplicated neonatal period, that is without signs of severe
asphyxia (defined as an Apgar score below 3 after 5 minutes), without sepsis neonatorum and
without long-term complications of respiratory veatilation such as bronchopulmonary dysplasia.
Exclusion criteria were: endocrine or metabolic disorders, chromosomal disorders, growth failure
caused by other disorders or syndromes (emotional deprivation, severe chronic iliness,
chondrodysplasia), and previous or present use of drugs that could interfere with GH treatment,
Patients with Silver-Russell syndrome (SRS), however, were included in this study, GH-deficiency
was not an exclusion criterium.

Four centers in the Netherlands participated in the study. The study was approved by the
Ethics Conunittee of each participating center, Written informed consent was obtained from the
parents or custodians of each child.

Stucly design
After stratification for spontaneous GH secretion during a 24-hour GH profile (14,19) and
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CA, all children were randomly and blindly assigned to cither one of two GH dosage groups:
group A, 3 [U/m’ body surface/day, or group B, 6 IU/my’ body surface/day (= 0.1 or 0.2 [U/kg/d,
respectively), Biosynthetic GH (r-hGH Norditropin®, Novo Nordisk A/S, Denmark) was given
subcutaneocusly once daily at bedtime with a pen injection system (Nordiject 24). Every three
months the total GH dose was adjusted to the calculated body surface. The study was kept double-
blind by using an equal volume of a reconstituted preparation. Criteria to discontinue the GH
treatment were a height velocity (HV) below 0.5 cm over the last 6 months and/or bone age = 15
years for girls and = 16.5 years for boys. Bone age was determined by one investigator (TS)
according to Tanner & Whitehouse radius, ulna, short-bones (RUS) score (20).

Height, sitting height {(SH), left hand length {(FHand), left foot length (Foot}, biacromial
diameter (Biac) and biiliacal diameter (Biil} were measured at baseline and subsequently every six
months by two trained observers (WW,TS). Mecasurements were taken according to Cameron (21).
Height and sitting height were obtained using a Harpenden stadiometer and sitting height table.
The other measurements were taken with the Harpenden anthropometer. Pubertal stages were
assessed by the same two investigators according to Tanner (18), using an orchidometer in boys.
The results of each measurement were adjusted for age and sex expressing it as a SD-scores
(SDS), When GH treatment was stopped because of final height achievement the last available
measurements at discontinuation of GH treatiment was used for analysis. The data of the
Qosterwolde Study were used as references for healthy Dutch children (22). This reference
population consisted of 1240 boys and [093 girls, ranging from birth to 18 years of age. To
calculate SD-scores, data of the reference population were transformed using the LMS method
(23,24). This method transforms the reference data at each age to a normal distribution. Tn
addition, the SD-scores of the measurements of SH, Hand, Foot, Biac and Biit were adjusted for
the height SD-score and expressed as the shape value. The shape value, in this example defined as
the SH SD-score adjusted for the height SD-score, was calculated using the formula (25,26),

shape SH = (SH SDS - height SDS) / V{2-2r)
in which r is the correlation coefficient between height and SH in the reference population. Values
less than -2 or more than +2 were considered outside the normal range. Fourteen children were of
non-Caucasian origin. Although references of body proportions of non-Caucasian children might
be somewhat different compared to our Caucasian references, all children were included in the
statistical analysis.

Since the study remains double-blind until final height, statistical analysis was performed
by an independent statistician {PM) and therefore data are only summarized as mean and standard
deviation (SDD). SD-scores and shape values at baseline and afier six years were compared with
zero using Student’s one-sample t-fests, Differences between SD-scores or shape values after 6
years of GH freatment and baseline values were tested by paired Student’s t-tests. Differences in
the six-year change in height SDS and the shape values between the GH dosage groups were
tested using Student’s two-sample t-tests. A p-value < 0.05 was considered significant.

Results
Clinical data

Table 1 lists the baseline clinical data of the 79 children. Both GH dosage groups had
similar initial characteristics. Seven children had SRS. Five children dropped out of the study for
the following reasons long before reaching adult height: treatment of early puberty (n=1}, signs of
GH insensitivity and no catch-up growth (1=1), and lack of motivation to inject GH (n=3). More
details are described in a previous paper (14). As these five children were lost to follow-up after
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TABLE 1. Mean (SD} baseline data for each treatment group.

group A group B
3 TUMm/day 6 [U/m’/day

(n=41) (n=38)
Male/Female 3110 21717
Gestational age (wk) 37.3(3.2) 36.0 4.1y
Birth length SDS 3.6(1.4) =37 (L)
Birth weight SDS -2.6 (1.2) -2.6 (1.0}
Chronological Age (yr) 73021 7.2(2.4)

discontinuation of GH, their data were not included in the analysis. After six years of GH
treatment, five other children had discontinted GH treatment because of reaching (near) final
height. All other children were still growing and receiving GH treatment.

Body proportions

Figure | shows the SD-scores of the measurements at baseline and during 6 years of GH
treatment in both GH dosage groups. At start of GH treatment, all mean SD-scores were
significantly lower than zero, indicating a stunted growth in several parts of the body. However,
the baseline SDS of height and SH appeared to be lower than the SD-scores of the other
measurements. After six years of GH treatment all SD-scores had increased significantly
compared to baseline to values more close to zero. After six years of GH treatment, the SDS of
Biac in group B was even higher than zero. The largest changes in the six measurements appeared
to be mainly during the first three years of treatnient, followed by a sustained growth along the
attained percentile. The six-year increase in the SDS of height was significantly higher in group B
(2.5 {1.0)) compared to A (2.0 (1.02)) (p = 0.04),

Figure 2 shows the shape values at baseline and during 6 years of treatment in both GH
dosage groups. At start of the freatment all shape values, except for SH, were significantly higher
than zero, indicating refatively large hands and feet, relatively broad shoulders and pelvis, but a
normal sitting height compared to height, However, all bascline mean shape values were within
the normal range. After six years of GH treatment, the shape values of Hand, Foot, and Biil had
decreased significantly to values more close to zero, In contrast, the shape value of SH had
increased significantly to mean values higher than zero, however still well within the normal
range. The shape value of Biac showed an increase in the first two years of treatment followed by
a decrease resulting in no overall change after six years of treatment. No significant differences in
the six-year changes in body proportions between the two GH dosage groups were found.

Children who remained prepubertal throughout the whole study period (n=17) showed
similar patterns in shape values as the whole study group. In addition, during GH treatment
similar patterns of the results were found in boys as in girls, Morover, the shape values of the
seven children with SRS were also comparable with the total group {data not shown).
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Fig. 1. Mean (SD) SD-scores using reference values of healthy Duich children at baseline and during 6 years
of GH treatinent in group A, (3 1U/m¥/d, black bars) and group B, (6 TU/m%d, grey bars), respectively.
Significantly differences from zero (1) p < 0,001, (2) p < 0.005, and (3} p < 0.05 and significant changes
from baseline to 6 years of GH treatment {a) p < 0.001 are indicated.
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Fig. 2. Mean {SD) shape values at baseline and during 6 years of treatment for group A, (3 IU/m%d, black
bars) and group B, {6 TU/m?¥d, grey bars), respectively. Significantly differences from zero {1) p < 0,001 and
(2) p < 0.003, and significant changes from baseling to 6 years of GH treatment {a) p < 0.001, (b) p < 8.005,
and {c) p < 0.05 are indicated. '
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Discussion

The present study shows that untreated chitdren with short stature born SGA have small
hands and feet and narrow shoulders and pelvis compared to healthy peers. Height and SH,
however, are even more affected. Consequently, on average, these children have relatively large
hands and feet, and relatively broad shoulders and pelvis, but a normal sitting height in proportion
to height. However, all mean values and most of the individual values are within the normal
range. Thus, in most untreated children with short stature born SGA the height deficit is not
accompanied by an obvious disproportion. After six years of continuous GH treatment, height had
significantly increased to values within the normal range, being significantly higher in group B
compared to A. In a previous paper, we demonstrated that the attained height percentile after 5
years of GH treatment was comparable with the target height percentife (14). During the six years
of treatment, the proportions of Hand, Foot, and Biil to height improved significantly, while that
of Biac to height did not change. Since the SD-score of SH had increased more than that of
height, we may conclude that the increase in height appears to be more the result of a relative
better catch-up growth in sitting height than that of leg length. None of the changes in the body
proportions were different between the GH dosage groups. Thus, the higher increment in height in
group B than in group A is accompanied by a comparable increase in the size of the other
segments of the body.

As in other GH trials in children with short stature born SGA, we did not include a
randomized control group until adult height. Unfortunately, no reference values are available for
body proportions in untreated short children born SGA. Therefore, we do not exactly know the
natural development of the body proportions in these children and, consequently, we cannot prove
whether the changes in body proportions during treatment are caused by GH. However, in the
present study, we found that a higher GH dose resulted in a higher increment in height and to the
same extent a higher increment in other parts of the body resulting in no differences in the change
in body proportions between the GH dosage groups. Therefore, it is likely that the changes in
proportions during the GH freatment are more a result of the natural development of children with
short stature born after SGA or that the changes in proportions are a part of the catch-up growth
in these children rather than due to a direct etfect of the GH treatment.

During the six years of GH treatment most of the children entered puberty. One may
speculate that in short children born SGA the velocity of the natural changes in body proportions
during puberty is different than in healthy controls. As a result, the changes in body proportions
during treatment might be explained by the fact that most children had entered puberty. However,
the same pattern was seen in chiidren who remained prepubertal throughout the whole study
period as in the whole study group. Therefore, it is unlikely that puberty is involved in these
changes,

In conclusion, untreated short children born SGA have, on average, relatively large hands
and feet, and broad shoulders and pelvis, but a normal sitting height compared fo height. The dose-
dependent significant increase in height during six vears of GH treatment is accompanied by a
dose-independent improvement of the proportions of the size of hands, feet, and biiliacal diameter,
respectively, to height. The increase in height appears to be more the result of a relatively greater
increase in sitting height than that of leg length. The dose-independency of the changes in body
proportions suggests that the changes are more a result of the natural development of proportions
in short children born SGA during childhood or part of the catch-up growth rather than due to a
direct effect of GH treatment, Thus, six-year continuous GH treatment with 3 or 6 [U/m/day in
children with short stature born SGA does not negatively influence body proportions,
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Abstract

To assess possible side-effects of long-term continuous growth hormone (GH) treatment on
carbohydrate (CH) metabolism in children with short stature born small for gestationat age
{SGA), the data of oral glucose tolerance tests (OGTTs) and glycosylated hemoglobin {(HbA, )
measurements were cvaluated in 78 children with short stature (height SD-score < -1.88) born
SGA (birth length SD-score < -1.88). These children, being all prepubertal with a mean (SD)
chronological age of 7.3 (2.2) yr before start of treatment, participate in a randomized, double-
blind, dose-response multicenter trial, We report six-year data comparing two GH dosage groups
(3 versus 6 U/ body surface/day),

Before treatment, the glucose response to oral glucose after {20 min was in 6 of the 78
children (8%) above 7.8 mmol/l but below 1.1 mmol/l, indicating impaired glucose tolerance
(IGT), whereas after six years of GH treatment, IGT was found in 4% of the children. None of the
children developed diabetes mellitus. Mean fasting glucose levels had increased significantly by
0.5 mmol/t after one year of GH treatment, without a funther increase thereafter. The 2-hour area
under the curve adjusted for fasting levels {AUCab) for glucose and the HbA _ levels were lower
after six years of GH treatment compared to baseline. During GH treatment, atl HbA,_ levels were
in the normal range. In contrast to the effects on glucose levels, GH treatment induced
considerably higher fasting insulin levels and glucose-stimulated insulin levels. The increase in
AUCab for insulin occurred particularly during the first year of treatiment, whereas the fasting
insulin levels showed a further increase from one to six years. As a result, the 30- and 120-minute
ratio’s of insulin to glucose were higher during GH treatment compared to the start of freatment.
The children who remained prepubertal during the entire study period, showed similar patterns in
glucose and insulin levels compared to the children who entered puberty. None of the observed
changes were different between the GIH dosage groups.

It conclusion, six-year continuous GH treatment in children with short stature born SGA
has no advetse effects on glucose fevels, even with dosages up to 6 TU/m¥day. However, as has
been reported in other patient groups, GH treatment induces higher fasting insulin levels and
glucose-stimulated insulin levels, indicating relative insulin resistance. Because the consequences
of long-term hyperinsulinism during childhood are not known, careful follow-up of these GH-
treated children born SGA is required.
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Introduction

Shoit stature in children born small for gestational age (SGA) is a well known
phenomenon. Although postnatal catch-up growth occurs in most of the SGA newborns, about
15% of these children fail to show catch-up growth resulting in short adult stature in most of the
cases {1-5). Although the mechanism of the stunted postnatal growth in short children born SGA
is poorly understood, studies have shown that continuous, as well as discontinuous treatment with
supra-physiological growth hormone (GH) dosages accelerates growth significantly in these
children (6-11).

GH modulates tissue responses to insulin. GH-deficiency increases sensitivity to insulin
(12). Supra-physiological concentrations of GH in acromegalic patients (13) and in normal
(14,15} and diabetic (16) adults showed a decrease in glucose sensitivity to insulin, both in liver
and in extra-hepatic tissues. Diabetogenic effects only occur if compensatory mechanisms fail,
¢.g. when insulin secretion is deficient.

SGA has been reported to be associated with an impairment in insulin sensitivity and
noninsulin-dependent diabetes mellitus in later life (17,18). Concern has been expressed regarding
possible detrimental effects of GH treatment over a long period of time during childhood.

To assess the possible side-effects of long-term continuous GH treatment on carbohydrate
{CH) metabolism in children with short stature born SGA, the data of oral glucose tolerance tests
(OGTTs) and glycosylated hemoglobin (HbA, ) measurements were analyzed in 78 children with
short stature born SGA participating in a randomized, double-blind, dose-response multicenter
trial (19). We now report six-year data comparing two GH dosage groups (3 versus 6 1U/ny’ body
surface/day).

Subjeets and Methods
Sty groups

Seventy-nine prepubertal short children born SGA were included after meeting the
following criteria: I) birth length standard deviation score (SDS) below -1.88 (20), 2)
chronological age (CA) between 3 and 11 years in boys and 3 and 9 years in girls at start of study,
3) height SDS for CA (HSDS,.,) below -1.88 (21), 4) height velocity SDS for CA (HVSDS) <
zero (21,22) to exclude children presenting spontaneous catch-up growth, 5) prepubertal, defined
as Tanner breast stage [ for girls and testicular volume less than 4 ml for boys (23), 6)
uncomplicated neonatal period, that is without signs of severe asphyxia (defined as an Apgar
score below 3 after 5 minutes), without neonatal sepsis and without long-term complications of
respiratory ventilation. Exclusion criteria were: endocrine or metabolic disorders, chromosomal
disorders, growth failure caused by other disorders or syndromes {emotional deprivation, severe
chrortic Hlness, chondrodysplasia), and previous or present use of drugs that could interfere with
GH freatment. Patients with Silver-Russell syndrome (SRS), however, were included in this study.
GH-deficiency {GHD) was defined as a peak GH secretion < 20 mU/L during two GH
provocation tests or during one provocation test and a 24-hour GH profile. However, GH-
deficiency was not an exclusion criterium.

Four centers in the Netherlands participated in the study. The study was approved by the
Ethics Committee of each participating center. Written informed consent was obtained from the
parents or custodians of each child.

Study design
After stratification for spontaneous GH secretion during a 24-hour GH profile and CA, all
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children were randomly and blindly assigned to cither one of two GH dosage groups: group A, 3
[U/m? body surface/day, or group B, 6 1U/m? body surface/day (= 0.1 or 0.2 IU/kg/d, respectively)
(19,24). Biosynthetic GH (1-hGH Norditropin®, Novo Nordisk A/S, Denmark) was given
subcutancously once daily at bedtime with a pen injection system (Nordiject 24). Every three
months the total GH dose was adjusted to the calculated body surface, The study was kept double-
blind by using an equal volume of a reconstituted preparation. Criteria to discontinue the GH
treatment were a height velocity (V) below 0.5 crm over the [ast 6 months and/or bone age = 15
years for girls and = 16.5 years for boys.

Before start of treatment (baseline) and every three months after the start of GH treatment,
all children were seen at their focal hospital for a physical examination including measurements of
standing height (I} and weight (W), Height was expressed as standard deviation score {HSDS)
{21). Body mass index [BMI: weight (kilogram)/height (meter squared)] was expressed in
standard deviation score (BMI-SDS) for sex and chronologicat age (21). Glycosylated hemoglobin
{(HbA,.} was determined every 6 months. At baseline and after one year of GH freatment, all
children underwent an OGTT. In addition, afler six years of GH treatment, OGTTs were
performed in the children of three of the four participating centers. A single team performed all
OGTTs after three days of unrestricted diet supplemented with 100 g of carbohydrate
{Fantomalt®)) and after overnight fasting, Glucose (2 g glucose /kg body weight (maximum 50 g)
was administered orally within 5 minutes, Blood samples were collected at -15, 0, [5, 30, 60, 90,
and 120 min for glucose determination and at 0, 30, 60, and 120 min for insulin determination.

To evaluate the overall responses to the oral glucose load, apart from the plasina levels at
the various time-points, the following variables were described: (1) Impaired glucose tolerance
(IGT) was defined according to The Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus (25): the 2-hour (2h) level > 7.8 mmol/L (140 mg/dL) and < 11.1 mmel/L. (200
mg/diL). (2) The 2h area under the curve for time-concentration corrected for baseline values (Zh
AUCab)} during the OGTT was calculated using the trapezoidal rule. (3) The ratio insulin/glucose
at 30 minutes and the ratio at 120 minutes were calculated as an index for relative insulin
resistance.

Assays

The plasma glucose level was measured at the local hospital laboratorics with automatic
analyzers using a hexokinase catalyzed-glucose oxidase method. Plasima insulin was determined
in one laboratory by radioimmunoassay (R1A) (Medgenix, Fleurus, Belgium). The intra-assay
coefficient of variation (CV) was 6% to 10% and the inter-assay CV was 6% to 11% (fasting
normat range < 20 mU/L). HbA,, levels were measured in one laboratory using an automatic
HPL.C analyzer (DIAMAT, BioRad, Edgemont, CA, USA). The upper-normal assay limit is less
than 6.6%.

Statistical analyses

Since the study remains double-blind until final height, statistical analysis was performed
by an independent statistician (PM} and therefore data are only expressed as mean (SD}. For
practical reasons, after six years of GH treatment the OGTTs were performed in the children of
three of the four participating centers, resulting in a number of missing data after six years of GH
treatment. To properly test the time eifect (0, | and 6 years of G treatment) and dose effect (3
and 6 TU/m¥d) in the total group of 79 children participating in the trial, a repeated measurement
analysis of variance (rmANOVA) with maximum likelihood estimation of the coefficients was
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performed. In this analysis, the outcome variable was modeled as a linear finction of the
following explanatory factors: a within-subject factor ‘time’ with two levels (I and 6 years after
start of treatment), a between-subject fuctor ‘dose’ also with two fevels (3 and 6 TU/m’/d), and the
interaction between these two factors. Morcover, the baseline measurciment (at year 0) of the
outcome variable considered was included as a continuous between-subjects covariate in the
model, In the 2x2 within-subject (co)variance matrix of the two-dimensional residual term the two
variances (at | and 6 years after start of treatment) were assumed to be the same (compound
synumetry structure). A restricted maximum likelihood (REML) method was used to estimate and
test the coefficients; this method properly deals with the unbalance due to missing data. Relations
between insulin fevels and BMI-SDS and chronological age was tested by using the partial
correlation coefTicient, adjusted for the randomized treatment. A p-value < 0.05 was considered
significant.

Results

Table 1 lists the baseline clinical data of the 79 children, Both GH dosage groups had
similar initial characteristics, Seven children had SRS. Twenty-one children were GHD. Five
children dropped out of the study for the foltowing reasons long before reaching adult height:
treatment of early puberty in one child, signs of GH insensitivity and no catch-up growth in
another child, problems with motivation to infect GH in three other children. As these five
children were lost to follow-up after discontinuation of GH, their data were not included in the
analysis.

TABLE 1. Mecan (SD) baseline data for each treatment group.

group A group B
3 U GH/m/day 6 IU GH/m/day

(n=41) (n=38)
Male/Female 3110 21/17
Gestational age {wk) 373(3.2) 36.0 (4.1)
Birth length SD-score 3.6 (L) S3.7(1L.7)
Birth weight SD-score 22,6 (1.2) 2.6 (1.0)
Chronological Age (yr) 7.3 (2.1} 7.2(24)
Height SD-score -3.0(0.7) -3.1 (0.7)
Body mass index SD-score -1.2 (1.3} 1.3 (1.1)

At baseline and after one year of GH treatiment 78 of the 79 children underwent an OGTT.
Three children had discontinued GH treatment because of reaching final height before the 6th
vear OGTT. In 47 out of the 71 children a 6th year OGTT was performed.

Figure | shows the mean glucose levels during OGTT at start, after one year and after 6
years of GH treatment for group A and for group B, respectively. Before treatment, the glucose
response to oral glucose after 120 min was in 6 of the 78 children (8%) above 7.8 mmol/ but
below 1.1 mmol/l, indicating impaired glucose tolerance (IGT). After one year of GH freatment,
in 7 of the 78 children (9%), IGT was found, whereas after six years of treatment, in 2 of the 47
children (4%) IGT was present. Only one of the children with baseline IGT, had IGT after one
and after six years as well. The other children had an abnormal 120 min value just at one thme-
point during the study period. All children with FGT had normal HbA,, values. None of the
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Fig. 1. Mean glucose levels during OGTT before treatment, after one year and after ¢ years of GH freatiment
for group A and for group B, respectively.

children developed diabetes mellitus. Figure 2 shows the fasting glucose levels and the AUCab for
glucose during the study period. Fasting glucose levels increased significantly during the first year
in group A, as well as in group B (p<0.001 and p=0.006, respectively). After six years, fasting
glucose levels were still higher than at baseline for both GH dosage groups (p=0.013 and
p=0.037, respectively), but not higher than after one year of GH treatment, After six years of GH
treatment, the AUCab for glucose had significantly decreased compared to baseline (p=0.045 and
p<0.00! for group A and B, respectively). No significant differences in the change in fasting
glucose levels or AUCab for glucose were found between the GH dosage groups.
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Fig. 2. Mean (+SD) fasting glucose levels (leff panel) and 2-hour area under the curve above fasting values
(2l AUCab) (right panel), before treatment, after one year and after 6 years of GH treatment for group A
(black bars) and for group B (white bars), respectively. Significant changes from baseline (¥) p < 0.05, (%) p
< (.01, and (***) p < 0.001 are indicated.

Figure 3 demonstrates the mean insulin levels during OGTT at the three time-points during
the study for group A and B, respectively, Figure 4 shows the fasting insulin levels and the AUCab
for insulin. Fasting insulin levels increased in the first year of treatment, however, this was only
statistically significant in group B (p=0.002), and just not in group A (p=0.061). After six years of
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Fig, 3. Mean insulin [evels during OGTT before treatment, after one year and after 6 years of GH treatinent
for group A and for group B, respectively.
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Fig. 4. Mean (+SD) fasting insulin levels (leff panel) and 2-hour area under the curve above fasting values
{2h AUCab) (right panel), before treatment, after one year and after 6 years of GH treatment for group A
(black bars} and for group B (white bars), respectively. Significant changes from baseline (¥) p < 0,05, (**) p
< 0.01, and (**%) p < 0,001 are indicated.

GH treatment, fasting insulin levels had increased even more compared to baseline (p < 0.00I for
group A as well as for group B). The AUCab for insulin showed a significant increase after one
year of treatment in both dosage groups (p=0.019 and p<0.001), without a further increase
thereafter. The increase in fasting insulin levels and AUCab for insulin were not significantly
different between the GH dosage groups,

Figure 5 shows the ratios of insulin to glucose at 30 and 120 minutes after the start of the
OGTT, respectively, at the three time-points during the study. The ratio at 30 had increased
significantly after one year (p=0.016 and p<0.001, for group A and B, respectively), and even
more so after six years of treatment (p<0.001 for both GH dosage groups). The ratio at 120’ had
increased significantly after one year (p=0.007 and p<0.001 for group A and B, respectively)
without a further significant change thereafter,

Individual HbA_ levels never showed abnormal values. After six years of GH treatment the
mean values had significantly decreased in both GH dosage groups (from 5.1 (0.3) to 4.8 (0.4) in
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Fig. 5. Mean (+SD) ratio’s of insulin to glucose at 30 minutes (Je/f panel) and at 120 minutes (right panel)
after the start of the OGTT, respectively, before treatment, after one year and after 6 years of GH treatinent
for group A (black bars) and for group B (white bars), respectively.

Significant changes from bascline (*) p < 0.05, (**) p < 0.01, and (***) p < 0.001 are indicated.

group A, and from 5.1 (0.3} to 4.7 (0.4) in group B, respectively, p < 0.001), with no significant
differences between the GH dosage groups.

After six years of GH treatment, 35 of the 47 children who underwent a 6th-year OGTT
had entered puberty. To determine the influence of pubertal maturation on the observed changes
in glucose and insulin levels during treatment, we listed the carbohydrate variables (CH) variables
at baseline and after six years of treatment in the children who remained prepubertal throughout
the whole study period (group 1) and in those who entered puberty during the stady {(group 2).
Table 2 shows that the observed changes in glucose and insulin levels after six years of GH
treatment in the prepubertal children were similar as in the children who entered puberty.

TABLE 2, Mean (SD) of insulin levels before and after 6 years of GH treatment in children wheo remained
prepubertal throughout the entire study period (group 1} and in those who entered puberty during treatment

(group 2).

group | group 2
baseline after 6 years baseling after 6 years
of GH treatment of GH treatment

Fasting glucose
(mmol/L} 4.4 (0.7 4.8 ((1.4) 4.6 (1.3} 5.0 (0.5)
AUCab glucose
{min.mmeol/L) 242 {(103) 137 (98) 183 (162) 147 (96)
Fasting insulin
(mU/L) 4.1 (1.9) 15.0 {9.9) 6.2(3.2) 15.4 (7.4)
AUCab insulin
(min.mU/L) 1648 (958) 5159 (5511) 2612 (1435) 4339 (1833)
ratio insulin/glucose 39
(mU/mmol) 2.7 (1.4) 11.9(11.2) 4.9 (3.8) 9.2 (3.2)
ralio insulin/glucose 120’
(mU/mmol} 3.1(L.6) 8.2 (6.9} 4.4 (2.5) 7.4 (4.0}

To evaluate the influence of clronological age (CA) and BMI-SDS on the observed
changes in the CH metabolism, we tested the correlation between the CH variables after six yéars
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of G treatment and CA and BMI-SDS, respectively, after adjustment for GH dose and/or the
presence or absence of puberty. CA was not significantly related to the CH variables after six

years of GH treatment. BMI-SDS had significantly increased from -1.2 ([.3) to -0.3 (1.4} in group
A and from -1.3 (1.1} to 0.0 (0.9) in group B afier six years of GH treatment. However, no
significant correlations were found between the CH variables and the BMI-SDS after six years of
treatment, except for the fasting insulin levels, being significantly positively correlated with
BMI-SDS (partial r=0.370, p=0.02), after adjustment for the GH dosage. The increase in BMI-
SDS did not significantly correlate with the changes in the CH variables.

The 2§ children with GHD showed similar baseline values of the CH variables and similar
patterns in CH variables during the study period as the total group of 78 children (data not
shown), Baseline values, as well as values during GH treatment were not significantly different
between boys and girls,

Discussion

To our knowledge, the present study is the first study describing the effects of long-term
continuous treatmeit with supraphysiological GH dosages on CH metabolism in short children
born SGA. We showed that six years of continuous GH treatment in children with short stature
born SGA does not negatively influence glucose levels, even with dosages up to 6 IU/m¥day.
Although fasting glucose levels increased significantly during the first year of GH treatment, after
six years of treatment no fiwrther increase was found. The increase in mean fasting glucose levels
was small and none of the children developed diabetes mellitus. HbA, levels remained normal for
all children during the entire study period of 6 years. Impaired glicose tolerance (defined as
plasma giucose above 7.8 nmtol/l but below 11.1 nunol/ after 120 min) was found at baseline in
8% of the children, but after six years of GI1 treatment in 4% of the children. In contrast to the
changes in glucose levels, GH treatment induced considerably higher fasting insulin levels and
glucose-stimulated insuiin levels, The increase in AUCab for insulin appeared particdlary during
the first year of treatment, while only fasting insulin levels further increased after the first year.
The increased insulin levels compared to glucose levels resulted in a higher 30- and 120-minute
ratio of insulin to glucose during GH treatment compared to the start of treatment. Thus, during
GH treatment, relative insulin resistance ocenrs and this is accompanied by an increase in insulin
release to maintain normoglycemia. Although the stimulated insulin levels seem to be somewhat
higher in the group receiving 6 TU/m*/day compared to 3 TU/n/day, none of the observed changes
were significantly different between the two GH dosage groups.

In our study, many children entered puberty during the six years of GH treatment. Puberty
is associated with a marked reduction in insulin sensitivity, We found, however, similar changes in
the CH variables of the children who remained prepubertal during the entire study period as in
those of the children entering puberty. We can, therefore, conclude that the observed changes in
the CH variables after six years of GH treatment appeared to be irrespective of the pubertal status
of the children. Since our study did not include untreated children, we camot assess the
magnitude of the effect of age on the changes in CH variables. However, it is unlikely that only
age is causing the changes, because no relation with age was found after six years of treatment, It
is well known that many short children born SGA are very lean. It is remarkable that the
normalization of height during GH treatment was accompanied by a normalization of the body
mass index (BM1I). Since increased body mass is related to insulin resistance, one may speculate
that the increase in insulin resistance during the study period was caused by the increase in body
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mass. Except for fasting insulin levels after six years of treatment, the changes in CH variables
and the CH variables after six years of GH treatment were not related to the increase in BMI SD-
score, Therefore, it seems unlikely that the observed changes in the CH variables are completely
caused by the increase in body mass. Thus, although other factors causing insulin resistance
caunot be entirely ruled out, GH treatment scems to be the main cause of the presence of the
relative insulin resistance during the study period.

The absence of a control group of healthy children excluded the possibility to assess the
magnitude of a relative insulin resistance in these short children born SGA before the start of
treatiment. Compared to the insulin levels in healthy children reported by Potau et al. (20), the
pretreatment insulin levels of the children in our study seem to be quite normal. Hofiman et al.
reported, however, an impairment in insulin sensitivity determined by iv glucose tolerance tests in
12 untreated prepubertal children with short stature born SGA comipared to their normal birth
weight peers (17). It has been postulated that fetal adaptation to an adverse intrauterine
environment might alter the progranuning of endocrine pathways, teading to permanent metabolic
changes (27). In adults born SGA the prevalence of insulin resistance and non-insulin dependent
diabetes appeared to be higher compared to adults born appropriate for gestational age (18),
Therefore, one may speculate that SGA children may be more at risk of the diabetogenic effect of
GH than other patient groups.

The increase of insulin levels during GH treatment with minimal effects on the ghicose
tolerance is a well known phenomenon in other patient groups being treated with
supraphysiological GH dosages. In a previous study of our group, we showed that in girls with
Turner syndrome and in children with renal allografts, glucose homeostasis was maintained
during GH treatment, while insulin levels had increased significantly (28,29). In the present study,
we show that the effects of GH treatment during childhood in short children born SGA are
comparable with those found in other GH-treated patients groups.

In our opinion, it is reassuring that we found no negatively influence of long-term GH
treatment on glucose levels in these children. The consequences of [ong-term hyperinsulinism
during childhood, however, are unknown. The greater demand placed on pancreatic B-cells to
produce larger amounts of insulin to achieve normoglycemia may put the children at risk of
eventual B-cell exhaustion and its consequences. However, no human data are available to confirm
these considerations. In addition, we do not yet know whether the insulin secretion will normalize
after discontinuation of GH treatment in short children born SGA. Previous data showed a
normalization of insulin levels after discontinuation of GH treatment in girls with Turner
syndrome (30,31) and in children with idiopathic short stature (32). To assess the long-term
effects of GH treatment on CH metabolism in short stature born SGA, follow-up of these children
into aduithood is required. In addition, more sophisticated methods such as glucose clamp or the
more recent developed minimal model method have to be perforimed to improve insights into the
CH metabolism in these children during and after long-term: GH freatment.

Inn conclusion, six-year continuous GH freatiment in children with short stature born SGA
does not negatively influence glucose levels, even with dosages up to 6 TU/m?/day. However, as
has been reported in other patient groups, GH treatment induces higher fasting insulin levels and
glucose-stimulated insulin levels, indicating relative insulin resistance. Since the consequences of
long-term hyperinsulinisim are not known, follow-up of these children is required.
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University, Rotterdam (Th.S., A.H.-K.); Institute of Epidemiology and Biostatistics, Evasmus
University, Rotterdam (BM.), The Netherlands

Abstract

To assess the eftects of long-term continuous growth hormone {GH} treatment on body
composition, blood pressure (BP), and tipid metabolism in children with short stature born small
for gestational age (SGA), body mass index (BMI), skinfold thickness measurements, systemic
BP measurements, and levels of blood lipids were evalvated in 79 children with short stature
{height SD-score < -1.88) born SGA (birthlength SD-score < -[.88). Twenty-two of the 79
children were GH-deficient (GHD) (peak GI secretion < 10 ug/L). All children participate in a
randomiized, double-blind, dose-response multicenter GH trial. Four- and 6-yr data were compared
between 2 GH dosage groups (3 vs. 6 IU/m? body surface/day).

The prefreatment mean BMI SD-score (-1.3) and the mean SD-score of the sum of 4 skinfold
measurements (-0.8) were significantly lower than zero. The pretreatment mean systolic BP SD-score
(0.7), adjusted for height age and sex, was significantly higher than zero, whereas the diastolic BP
SD-score (-0.1) was not different from zero. The mean pretreatment lipid levels, total cholesterol (TC)
4.7, low-density lipoprotein (LDL) 2.9, high density lipoprotein (HDL) 1.3 mmol/L, were comparable
with healthy reference vaiues. During GH treatment the BMI SD-score showed a sustained increase
dwring GH treatment (to -0.2), whereas the SD-scores of the skinfold measurements had, after an
initially decrease, not changed after 6 yr compared to pretreatment values. The BP SD-score
decreased significantly during GH treatment: the mean systolic BP SD-score to 0.2, being not
significantly different from zero and the diastolic BP SD-score to -0.8, being significantly lower than
zero, TC and LDL decreased significantly to 4.3 and 2,5 numol/l, respectively, whereas HDL
remained unchanged, resulting in a significantly decreased atherogenic index. Although the mean 6-yr
increase in height SD-score was significantly higher in the children receiving 6 TU GH /in¥/d (2.7)
than i those receiving 3 TU GH /m*d (2.2), no differences in the changes in BMI, skinfold
measurements, B, and lipids were found between the GH dosage groups. The pretreatment SD-
scores for BMI, skinfold, and BP, as well as the lipid levels were not significantly different between
GHD and non-GHD children, but after 6 yr of GH treatment the skinfold SD-score and BP SB-score
had decreased significantly more in the GHD than in the non-GHD children.

In conclusion, untreated children with short stature born SGA either with or without GHD
are lean, have a higher systolic B, but normal diastolic BP and normal lipids compared to healthy
peers. During long-term continuous GH treatment with 3 or 6 1U/mm’/d, the BMI normalized
without overall changes in subcoutaneous fat compared to age-matched references, whereas the BP
SD-score and the atherogenic index decreased significantly, indicating that GIH treatment has at
least up to 6 yr positive instead of negative effects on these parameters. in view of the reported
higher risk of cardiovascular diseases in later life in children born SGA, further research into
adulthood, however, remains warranted.
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Introduction

Short stature in children born small for gestationat age (SGA) is a well known
phenomenoi. Although postnatal catch-up growth occurs in most of the SGA newborns, about
15% of these children fail to show catch-up growth resulting in short adult stature in most of the
cases {1-3). The mechanism of the stunted postnatal growth in short children born SGA is poorly
understood. It has been previously shown that disturbances in the growth hormone (GH}) / insulin-
like growth factor I (EGF-I) - axis may account for some of the growth retardation: up to 60
percent of the short children born SGA have GH-secretory abnormalities and/or reduced levels of
IGFs (6-12), Studies have shown that continuous or discontinuous treatment with recombinant
human GIH in varying dosages accelerates growth significantly in short children born SGA
resulting in catch-up growth to values within the normal range followed by growth along their
target height percentile (7, [3-21).

SGA has been associated with increased prevalence of diabetes mellitus type 11,
hypertension, and hypertipidemia at a relative young age in later life (22). All three disorders are
risk factors of cardiovascular diseases. Concern has been expressed regarding possible adverse
effects of long-term GH treatment during childhood. A previous paper of our group showed that
in short children born SGA either with or without GH-deficiency (GHD) long-term treatment
with supra-physiological GH dosages caused a relative insulin resistance (23) similar to findings
in other GH-treated patient groups (24, 25), Since relative insulin resistance is associated with the
development of diabetes type II, follow-up of these children during fong-term GH treatment is
required. Data on possible effects of GH treatment on other risk factors for cardiovascular
diseases during childhood are very limited in SGA children,

To assess the body composition, blood pressure (BP), and lipid metabolism in children
with short stature born SGA before and during long-term continnous GH treatment, the body
mass index (BMI), skinfold measurements, systolic and diastolic BP, and levels of blood lipids
were evaluated in 79 children with short stature born SGA with or without GHD, participating in
a randomized, double-blind, dose-response multicenter GH trial {21). We now report 4- to 6-yr
data comparing two GH dosage groups (3 versus 6 [U/m? body surface/day).

Subjects and Methods
Study groups

Seventy-nine prepubertal short children born SGA were included after meeting the
following criteria: 1) birth length SD-score below -1.88 (26), 2) clironological age (CA) between
3and Il yrin boys and 3 and 9 yr in girls at start of study, 3) height SD-score for CA (height SD-
scoreCA) below -1.88 (27), 4) height velocity SD-score for CA £ zero (27) to exclude children
presenting spontancous catch-up growth, 5) prepubertal, defined as Tanner breast stage 1 for girls
and testicular volume less than 4 ml for boys (28), 6} uncomplicated neonatal period, that is
without signs of severe asphyxia (defined as an Apgar score below 3 after 5 minutes), without
sepsis neonatorum and without long-term complications of respiratory ventilation. Exclusion
criteria were: endocrine or metabolic disorders, chromosomal disorders, growth faitare caused by
other disorders or syndromes (emotional deprivation, severe chronic iliness, chondrodyspiasia),
and previous or present use of drugs that could interfere with GH freatment. Patients with Silver-
Russell syndrome (SRS), however, were included in this study. GH-deficiency (GHD) was
defined as a peak GH secretion < 10 gg/L during 2 GH provocation tests or during one
provocation test and a 24-hour GH profile. GHD was not an exclusion criterimn.

Four centers in the Netherlands participated in the study. The study was approved by the
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Ethics Committee of each participating center, Written informed consent was obtained from the
parents or custodians of each child.

Study design

After stratification for spontaneous GH secretion during a 24-hour GH profile and CA, all
children were randomly and blindly assigned to either 1 of 2 GH dosage groups: group A, 3 TU/nv
body surface/day, or group B, 6 lU/m’ body surface/day (= 0.1 or 0.2 IU/kg/d, respectively) (6,21).
Biosynthetic GH (recombinant human GH Norditropin®, Novoe Nordisk A/S, Denmark) was given
subcutaneousiy once daily at bedtime with a pen injection system (Nordiject 24). Every 3 months
the total GH dose was adjusted to the calculated body surface. The study was kept double-blind
by using an equal volume of a reconstituted preparation. Criteria to discontinue the GH treatment
were a height velocity below 0.5 cm over the last 6 months and/or bone age = 15 yr for girls and =
16.5 yr for boys.

Before start of freatment and every 3 months after the start of GH treatment, ali children
were seen at their local hospital for a physical examination including measurements of standing
height and weight. Height was expressed as SD-score (21). Body mass index [BMI: weight
(kilogramy/height (meter squared)] was expressed as SD-score for sex and CA (21). The thickness
of 4 skinfolds {biceps, triceps, subscapular, and supra-iliacal} were measured according to
Cameron (29). The measurements of all children were performed by two trained observers (W de
Waal and fater on T Sas) using a Holtain skinfold caliper. Twwo measurements per visit were made
and the mean was used for the analysis. The sum of the 4 skinfold measurements were expressed
as SD-score using the references for healthy Dutch children (30), To calculate SD-scores, data of
the reference population were transformed using the LMS method (31,32). This methad
transforms the reference data at cach age to a normal distribution, Pubertal stages were assessed
by the same two investigators according to Tanner (28), using an orchidometer in boys.

Every 6 months blood pressure (BI’) was measured. Systolic and diastolic BP was
determined with a single Dynamap Critikon 18465X with the children in sifting position using a
cuff size corresponding to the size of their arm. BP was expressed as SD-score, using age and sex
specific reference values (age-matched reference values; BP, ) (33). As described previously, a
child was considered normotensive if BP was below the 90th percentile. Since body size is the
most important determinant of BP in childhood and adolescence, additionally, we adjusted the
pretreatment BP values and those after 6 yr of GH treatment for height-matched reference values
(BPy) (33).

During the first 4 yr, once a year, blood samples were collected for the determination of
total chotesterol (TC), low-density lipoprotein (1LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol. Dutch age-matched reference values were used for TC and HDL cholesterol (34). For
the other lipids our own reference values of healthy children were used (35). The atherogenic
index was calculated as the ratio of TC to HDL cholesterol.

Assays

Lipid analysis was subject to the quality-assessment program of the World Health
Organization Regional Lipid Reference Center (Prague, Czech Republic). The TC level was
measured using an automated enzymatic method (36) with the CHOD-PAP High Performance
reagent kit (Boehringer, Mannheim, Germany). HDL and LDL cholesterol were measured by the
same method after precipitation, For HDL cholesterol, the phosphotungstate method of Burstein
was modified {37). LDL cholesterol precipitation was performed with polyvinylsulfate
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(Boehringer). The overall coefficient of variance for TC, HDL cholesterol, and LDL cholesterol
was 2.9%, 3,7%, and 5.8%, respectively.

Statistical analyses

Since the study remains double-blind until final height, statistical analysis was performed
by an independent statistician (PM) and therefore data are only sunnnarized as mean and standard
deviation (SD), unless indicated otherwise. The SD-scores of the pretreatment values and after 6
vt of GH treatinent were compared with zero using Student’s one-sample i-tests, Differences
between points in time were tested by paired Student’s t-tests. Differences between groups were
tested using Student’s two-sample t-tests. To compare pretreatment fevels or changes during GH
treatment between the GHD children and the non-GHD children, multiple linear regression
analyses were performed with adjustment made for baseline covariables. For these analyses,
pretreatment age and birth length SD-score were chosen as baseline covariables along with GHD
(ves/no); the changes during treatment were, in addition, adjusted for the GH dose. A p-value <
0.05 was considered significant.

Results

Table 1 lists the pretreatment clinical data of the 79 children. Both GH dosage groups had
similar initial characteristics. Seven children had SRS. Twenty-two children were GHD (Table 2).
During the first 5 yr, 5 children dropped out of the study for the following reasons long before
reaching adult height: treatment of early puberty (n=1), signs of GH insensitivity and no caich-up
growth (n=1), problems with motivation to inject GH (n=3). These 5 children were lost to follow-
up after discontinuation of GH, After 6 yr of GH treatment, in 5 adolescents GH treatment was

TABLE 1. Mean (SD) pretreatment data for each GH dosage group.

group A group B
3 TU GH/m%day 6 [U GH/m*/day

{(n=41) (n=38}
Male/Female 31/10 21117
Gestational age {wk) 373(3.2) 36.0 (4.1)
Birth length SD-score -3.6(1.4) -3.7(1.7)
Birth weight SD-score -26(1.2) -2.6(1.0}
Chronological Age (yr) 73(2.1) 1.2 (2.4)
Height SD-score -3.0(0.7) -1
Target height SDS -1.0 (0.9) -0.5 (0.9)

TABLE 2. Mean (SD} pretreatment data for the GHD group as well as for the non-GHD group.

GHD non-GHD

(n=22) {(n=57)
GH dosage group A/ B 13/9 28/29
Birth length SD-score -3.1 (1.0} -3.8 (1.6)
Birth weight SD-score 2.4 (1.0 -2.7 (1.1}
Chronological Age (yr) 8.1 (1.6 7.0 (2.3}

Height SD-score : -3.0 (0.0) -3.1(0.7)
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discontinmed because (near) adult height was reached. Oaly data obtained during the GH
treatment period were included in the analysis. After 6 yr of GH treatment, 17 children were still
prepubertal.

Height, BMI, and skinfolds

The height SD-score increased significantly during GH treatiment (p < 0.001). The mean
(8D} 6-yr increment in height SD-score was significantly higher in group B compared fo group A
{from -3.1 {0.7) to -0.4 (1.1} in group B vs. from -3.0 (0.7} to -0.8 {0.6) in group A; p = 0.044),
The 6-yr increment in height SD-score was not significantly different between the GHD and non-
GHD children,

? BM1 SD-score “1 Skinfold SD-score
i 14
ﬂ E S— - WW 0 - S S— .
A1. : I‘ W
24 24
3 3-
0 1 2 3 4 5 6 0 1 2 3 4 5 o
yr of GH treatment yr of GH treatment

Fig. 1. Mean (SD} body mass index (BMI) SD-scorc  Fig, 2. Mean (SD) skinfold SD-score before and
before and during 6 yr of GH treatment for group A during 6 yr of GH treatment for group A (black bars)
{black bars) and for group B (white bars). and for group B (white bars).

Figure | shows the BMI SD-score during 6 yr of GIH treatment, The pretreatment mean
BMT SD-score of the children was significantly lower than zero. During GH treatment, BMI SD-
score increased significantly (p < 0.001) to values being not significantly ditferent from zero. The
increment in BMI SD-score was not significantly different between the GH dosage groups.
Although the pretreatment BMI SD-score in the GHD group was higher than in the non-GHD
group, this difference was not statistically significant. The increase in mean (SD) BMI SD-score
was not significantly different between the GHD group and the non-GHD group (from -0.8 (1.4)
to -0.2 (1.4) vs from -1.4 (1.2) to -0.1 (0.9)).

Figure 2 shows the SD-scores of the sum of the 4 skinfolds during 6 yr of GH treatment.
In one very obese boy, it was not possible to measure the skinfolds appropriately during the study
period. The data of all other children were used for this analysis. The pretreatment SD-scores were
significantly lower than zero (p < (.001). During the first yr, the SD-scores decreased
significantly (p < 0.001), Thereafter, the mean SD-score increased significantly {p < 0.001) to a
value being not significantly different from pretreatment values, but still significantly less than
zero (p < (.001). No differences in the changes of the SD-scores over time were found between
the two GIH dosage groups. Although the pretreatment mean SD-score in the GHD group was
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Fig. 3. Mean (SD) systolic blood pressure (BP) SD-score (left panel) and diastolic BP SD-score (right panel)
using age-matched reference values (BP,_), before and during 6 yr of GH treatment for group A (black bars)
and for group B (white bars). On the right part of each panel the BP SD-score using height-matched
reference values (BP,,.,.,) before and after 6 yr of GH treatment.

stightly higher than in the non-GHD group, this difference was not statistically significant. In the
GHD group, the mean (SD) skinfold SD-score showed a trend towards lower values after 6 yr of
GH treatment (from -6.5 (1.1) to -0.9 (0.5); this change was significantly different (p=0.044) from
the 6-yr change in the non-GHD group (from -1.0 (L.1) to -1.0 {0.9)).

Blood pressure

Figure 3 shows the SD-scores of BP,,, (using age-matched reference values) before
treatment and during treatment as well as the BP, ., SD-scores (using height-matched references
values) before freatment and after 6 yr of treatment. The mean pretreatment systolic BP,,, SD-
score was significantly higher than zero, whereas the mean diastolic BP,, SD-score was
significantly lower than zero (Table 3). During 6 yr of GH freatment, systolic BP,, descreased
significantly to vatues not significantly different from zero, whereas diastolic BP,, decreased
significantly to values significantly lower than zero. The decrease in the systolic BP,,, SD-score
was patticularly secen during the last 3 yr of the study period. The mean pretreatiment systolic
BP, .. SD-score was even higher than that of systolic BP, ,, whereas, in contrast to the diastolic
BP,,, SD-score, the mean diastolic BP,,,, SD-score was not significantly different from zero
(Table 3). Consequently, before treatment, about a quarter of the children had a systolic BP above
the 90th percentile using height-matched reference values. After 6 yr of GH treatment, a similar
change was found for the SD-scores of BP,, as for the BP, . SD-scores. No differences in the BP
changes were found between GH dosage groups. The pretreatment BP,, SD-score was not
significantly different between the GHD and non-GHD children. The changes in the systolic BP
SD-score as well as in the diastolic BP SD-score during GH treatment were significantly higher in
the GHD group than in the non-GHD group: mean (SD) sysiolic BP,,, SD-score from 0.8 (0.8) to
0.0 (1.1) vs 0.3 (1.2} to 0.1 (1.0), p=0.037; diastolic BP,,, SD-score from -0.2 (0.9} to -1.0 (0.8) vs
from -0.5 (1.0) to -0.8 (0.7), p=0.014.
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TABLE 3. Mean (SD) of BP levels before and after 6 years of GH treatment

67

Pretreatment After 6 yr
group A group B group A+B group A group B group A+B
Systolic BP (mm Hp) 103 (1% 101 {13) [02(13) 109 (13) 108 (i) 109{12)
[Jinstolic BP (mm Hg) 57 (10) 56 (9 56 (1) 57(7) 56(N 371(7)
systoic BP,,, SD-score 05(L.2) 0.3(1.1) 04 (t.1)* 0.1(1.1) 0.0 (0.9 0.0 (1.0)*
no (%) > P90 14 (17.7%6) 4{5.8%)
diastolic BP,_, SD-score 0.4 (1.0 -04(0.9)  -04 (1.3 0.8 (0.7) -0.9(0.8)  -0.9(0.8)**
no (%) > P90 4(5.1%) 1(1.4%)
systolic BP, ., SD-score 0.8(1.1) 0.6 (L.0) 0.7 (1.1 0.2(1.1) 0.1 (:.0) 0.z2{Loy
no (%) > P50 20 (25.3%) 5(7.2%)
diastolic BP, ., SD-score 0.1 (8.2 -0.2(0.9) 0.1 (1.0} -0.8 (0.7} 0907 -03(0.7*
no (%) > P90 6 (7.0%) 1{1.4%)

BP, blood pressure; BP,, SD-score, standard deviation score using age-matched reference valucs;

BP,.. SD-score, standard deviation score using height-maltched reference values; P90, 90th percentile.
Significantly different from zero: (*) p < 0.005, (¥} p < 0.001.
Significantly different from pretreatment values: () p < .05, () p < 0.01, (*) p < 0.001,

Lipids

Figure 4 shows the levels of total cholesteroi (TC), tow-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL} cholestercl. Table 4 shows the lipid levels before and
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Fig 4. Mean (5D} leveis of total cholesterol (TC; squares}, low-density lipoprotein (LDL; triangles}

cholesterol, high-density lipoprotein (HDL; circles) cholesterol before and during 4 yr of GH treatment for

group A (filled symbols) and for group B (open symbols),
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after 4 yr of GH treatment, The pretreatment mean levels of the lipid profiles were normal. Three
children (3.8%) had TC > 6 mnol/L, 7 children (8.9%) LDL > 3.7 mmol/L, and 2 children (2.6%)
HDL < 0.9 mmol/L. After 4 yr of Git treatment, none of the children had an abnormal TC, while
3 (4.1%) of the children had LDL > 3.7 mmol/L, 3 children {3.8%) HDL < 0.9 mmol/L. Puring 4
yr of GH treatment, TC, LDL, and the atherogenic index significantly decreased, whereas HDL
remained unchanged. The changes in lipid levels were not significantly different between the GH
dosage groups. In the GHD group, similar results were found as in the non-GHD group: mean
(SD)Y TC from 4.9 {0.9) to 4.5 {0.7) munol/L, LDL from 2.9 (0.8) to 2.6 (0.7) mmol/L, and HDL
from 1.4 (0.3) to 1.4 (0.3) mmol/L vs TC from 4.6 (0.7) to 4.2 (0.6} mmol/L, EDL from 2.9 (0.7)
to 2.4 (0.6) mmol/L, and HDL from 1.3 {0.3) to 1.3 (0.3) mmol/L.

TABLE 4, Mean (5D} of the lipid values before and after 4 years of GH freatment

pretreatment after 4 years Reference values

groop A group B group A+B group A group B group A+B

Total cholesterol {mmal/L) 4.7(0.8) 4.7{08) 4.7{0.8) 44007y 4162y 4307 32-6.0
Low density chelesterol (mumal/L) 29(06) 298 29{07 26 (0.6} 23(06) 25(0.6) 1.3-33
High density cholesterol (mmol/L) [4{03) 13¢02) 13{01) 1303 1.3(02)  1.3{(03) 05-16
Atherogenic index 31.6{(0.8) 3.6(0.8 3.6(D8) 35(08)  33{07 34087

Significantly different from pretreatment values: ([} p < 0.001, {2) p=0.018.

Subgroups

Children who remained prepubertal throughout the whole study period showed similar
patterns in BMI, skinfold thicknesses, BF, and lipids as the whole study group. The data of the
children with Silver Russell syndrome were also comparable with the total study group. During
GH treatment similar patterns of the results were found in boys as in girls (data not shown}.

Discussion

Our study is the first demonstrating data on body composition, BP, as well as lipids before
and during long-term continuous GH treatment in children with short stature born SGA either
with or without GHD. In short children born SGA, height, BMI, and the thickness of the skinfolds
were lower than age-matched controls, While the height SD-score and BMI SD-score increased
significantly during 6 yr of GH treatment, the skinfolds measurements showed an initial decrease
in SD-score, followed by an increase to pretreatment fevels, thereby still remaining significantly
lower than age-matched reference values. The changes in body composition during GH treatment
were not significantly different between GH dosage groups. Thus, short chifdren born SGA have a
tow weight compared to height and have a relatively low body fat percentage. During 6 yr of GH
treatment, the catch-up in height was accompanied by an increase in body weight for height,
without an overall change in body tat percentage compared to healthy controls. Before treatment,
28 percent of the patients were considered GH-deficient. A previous paper describing the 5-yr
data on height, showed that the growth response on long-term GIH treatment were comparable
between the GHD children and the non-GHD children (21). In the present study, we found that the
pretreatment BMI SD-score and the skinfold SD-score of the GHD children were not signifcantly
different from the non-GHD children. During GH treatment, a similar change of the BMI SD-
score was found for the GHD as for the non-GHE children, whereas the small decrease in
skinfold SD-score in the GHD children over 6 yr was significant greater than in the non-GHD

group.
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Our data are comparable with the results of the fat and muscle measurements using
magnetic resonance imaging (MRI) described by Leger et al. She reported an increase in muscle
tissue cross-sectional {cs) area in 14 prepubertal short children born SGA without GHD during 3
yr of GH treatment with 0.2 TU/kg/day (= 6 TU/m%d). Tn addition, the adipose tissue ¢s area
showed an initial decrease during the first yr of treatment, followed by an increase in the second
and third yr to values similar as to a control group of 7 heaithy children (38).

Several earlier reports have demonstrated the negative relationship between birth weight
and BP in childhood as well as in adulthood (22,39-41). Therefore, the SGA children may be
more at risk of hypertension in later life than their healthy peers, To optimize GH treatment in
children with short stature born SGA, supra-physiological GH doses are given for a long period
during childhood. Since in adults, GH hypersecretion in acromegaly is associated with an
increased incidence of hypertension (42}, concern has been expressed regarding possible negative
effects of long-term GH treatment in these children. We showed that pretreatment systolic BP was
signiticantly higher than age-matched as well as height-matched reference data, whereas
pretreatment diastolic BP was significantly lower compared to age-matched reference data, but
not significantly different compared to height-matched reference data. During GH treatment, the
SD-scores of systolic and diastolic BP decreased significantly. After 6 yr, systolic BP was not
different from controls anymore, whereas diastolic BP was even lower than healthy age-matched
and height-matched controls. The changes in the BP SD-scores were not significantly different
between the GH dosage groups. The GHD children showed a significantly greater decrease in BP
SD-score than the non-GHD children, resulting in similar BP SD-scores after 6 yr in these two
groups. Barton et al. described that in contrast to adult subjects, treatment with a high dose of GH
in short children is not associated with activation of the renin-angiotensin-aldosterone system
{43). This suggests that it is unlikely that GH treatment in childhood is associated with the
increased risk of hypertension seen in adults with GH hypersceretion. Qur long-term data support
these findings by showing even a decrease in the BP SD-scores during treatment with GH in
dosage up to 6 HU/in¥/day,

GHD is associated with dyslipidemia (44,45). Barker demonstrated the negative correlation
between birthweight and syndrome X (hypertension, diabetes mellitus type II, and
hyperlipidemia) in adult men (22). Consequently, the children of our study seem to be at risk of
problems with lipid metabolism in later life. In the present study we showed that children with
short stature born SGA had normal nrean pretreatment lipid values. In addition, no differences in
lipids were found between the GHD and the non-GHD SGA children. No previously published
data are available about the effects of GI treatment on lipids in children with short stature born
SGA, whereas the effects of GH treatment in GHD children are inconsistent. Some studies
showed no changes in TC and HDL during short-term GH treatment (46), whereas others found a
decrease in TC (47) or an increase it HDL {48), In the present study, TC, LDL, and the
atherogenic index decreased significantly during the first yr of GH treatinent and remained stable
thereafter, while HDL did not change during GH treatment. In a study evaluating the effects of
lipid profiles, the atherogenic index was the most efficient predictor of coronary heart diseases in
adults (49). We found similar patterns in the GHD children as in the non-GHD children. Simitar
changes in lipids were seen in the children who remained prepubertal throughout the entire study
period as in the total study group. Thus, the start of puberty during treatment cannot explain the
changes in the lipid profiles. In healthy children, no age-related change in TC was observed
between 5 and 10 yr of age, but TC decreased between 10 and 16 yr in boys, as well as in girls
(34). Duzing the first yr of GH treatiment most children were younger then 10 yr of age. It is,
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therefore, likely that the changes, particularly seen in the first yr of treatment, are not age-related
but due to GH, Thus, GH treatment seems to have a beneficial effect on lipid metabolism in
children with short stature born SGA.

Although the increment in height SD-score was higher in the children receiving 6 IU GH
Mmr/d compared to 3 IU GH /m*/day, no differences were found between the two GH dosages
groups regarding the change in BMI, skinfold thicknesses, BP, and lipids. Before GH treatment,
BMI, skinfold, and BP SD-scores, as well as the lipid levels were not significantly different
between GHD and non-GHD children. During GIT treatment, however, the changes in skinfold
SD-score and BP SD-score were slightly, but significantly greater in the GHD than in the non-
GHD children, resulting in similar values after 6 yr of GH treatment in both groups.

In our opinion, it is reassuring that our data show that long-term GH treatment does not
seem to have a negative effect on BP and lipids. However, follow-up of this children into
adolescence is warranted, because problems might arise later in tife. Another reason for long-term
follow-up is the evaluation of metabolic changes and changes in body composition after
discontinuation of GH treatment, as previously described in young GHD adults (50).

In conclusion, untreated children with short stature born SGA either with or without GHD
are lean, have a higher systolic BP, but normal diastolic BP and normal lipids compared to healthy
peers. During long-term continnous GH treatment with 3 or 6 1U/m?/d, the BMI normalized
without overalt changes in subcutaneous fat compared to healthy controls, whereas the BP SD-
score and the atherogenic index decrcased significantly, indicating that GH treatiment has at least
up to 6 yr positive instead of negative effects on these parameters. In view of the reported higher
risk of cardiovascular diseases in later life in children born SGA, further research into adulthood
remains, however, warranted.
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GENERAL DISCUSSION AND CONCLUSIONS
part "Children with short stature born small for gestational age”

This part of the doctoral dissertation gives the results of the randomized, double-blind
dose-response study on GH treatment in 79 children with short stature born SGA either with or
without abnormalities of the GH/IGF axis. This study was started in 1991 and had an inclusion
period of two years. The study population consisted of patients from four centers in the
Netherlands. Preliminary results of the first years of the study period were reported in the thesis
of W de Whaal entitled "Influencing the extremes of growth”, Rotterdam 1996. The following
discussion describes the significance of the presented data as such and in relation to the current
literature. in addition, considerations and queries at the start of the study as listed in the
Introduction (Chapter 1) are addressed, followed by recommendations for the treatment of these
chiidren and ideas about future research.

The effects of GH treatment on growth and growth factors

Growth

Our randomized, double-blind dose-response GH trial showed that five years of continuous
GH treatment (3 or 6 IU/m¥day) in short children born SGA results in a normalization of height
and subsequent growth along the target height percentile. After 5 years, almost every child had
achieved a height well within the normal range for healthy Dutch children. The normalization of
height was seen in the children who remained prepubertal, as well as in those who entered
puberty during the study period. Comparing our growth results with other GH-treated patient
groups receiving long-term GH treatment, the gain in height in short children born SGA is
comparable with that in GHD patients using a GH dose that is slightly higher (3 1UAMY/d)
than the conventional GH dose (2 IU/m¥d)'. Our 5-year results consolidate the previously
described effects of short-term GH treatient in short children born SGA®?,
Five years of continuous GH treatment (3 or 6 1U/m¥day} in short children born SGA
results in a normalization of height and subsequent growth along the target height
percentile,

Growth hormone dose

Our 5-year results showed that the increment in height SD-score.., was higher in the
children receiving 6 1U/m¥d than those receiving 3 [E7/m¥d. However, this difference was just not
statistically significant in the total group of children. Both GH dosage groups (3 and 6 IU/m%d)
reached their target height SD-score well within 5 years of GH treatment, indicating that long-
term GH treatment with a lower GH dose of 3 [U/my/d is also able to normalize height of short
children born SGA.

Oaly in children who remained prepubertal during the study, the mean gain in height SD-
score., after 5 years of GH freatment was significantly greater in those treated with 6 compared to
3 1U/m¥d. Tn the 3-year study reported by Boguszewski et al., similar daily GH dosages (3 and 6
1U/m?) have been used as in our study. Interestingly, the GH dose-dependent 3-year increase in
height SD-score,., in prepubertal children was found to be almost identical in both siudies®. A
metanalysis of four European trials showed that the 4-year growth response was similar between
continnous GH use, 3 IU/m¥/d for 4 years, and discontinuous GH use, 6 TU/m?/d for 2 years
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followed by 2 years without GH®, suggesting that the cumulative GH dose received and not the
daily GH dose determines the growth response,

Although the difference in height gain was statistically significant between the two GH
dosage groups in the children whoe remained prepubertal during the entire study period {5-year
increment in height SD-score 2.4 vs 3.3), the clinical relevance of the difference in 5-year height
gain between 3 and 6 1U/m%day is, in our opinion, rather limited. However, only final height data
will give the answer which GH dosage is required to attain an adult height within the normal
range and whether the difference in gain in adult height between the two GH dosages groups is
clinically relevant, Therefore, we will continue our double-blind dose-response study until all
children have attained adult height,

Our S-year results showed that the difference in growth response of short children born
SGA between those receiving 6 [U/mYday and these receiving 3 TU/m*day was small and
only statistically significant in the children who remained prepubertal during the study.
Long-term GH treatment with a dose of 3 [U/m?d is also able to normalize height during
childhood.

Final height prediction

Since data on final height are very limited, an indication of the expected final height is
often given by the height SD-scoreBA or the predicted adult height according to the Tanner &
Whitehouse prediction method™ during GH treatment. In both methods, bone age is used to adjust
the gain in height for the progression of bone maturation,

Some short-term studies showed that bone maturation was accelerated compared to
unfreated short children born SGA*™, whereas in our study we demonstrated that during 5 years
of GH treatment bone maturation was faster compared to that of healthy children, However, it was
remarkable that during the 5-yecar treatment period the bone maturation in the fotal group, as well
as in the children who remained prepubertal during the study period, appeared to be independent
of the given GH dose, whereas no progressive acceleration of the bone maturation was found.
Previous reports have demonstrated a gradual increase in bone maturation during the second half
of the first decade of life or a catch-up of bone age in early puberty in children with short stature
born SGA™?, Therefore, the acceleration of bone maturation seen in GH-treated short children
born SGA may be partly explained by the effect of GH treatment, but may also be explained by
the spontaneous acceleration of bone maturation observed in untreated SGA children.

We showed that height SD-scoreBA and predicted adult height had increased significantly
after 5 vears of GH treatment. Thus, the gain in height seems to outweigh the faster bone
maturation, However, we realize that both prediction methods have limitations and therefore, data
on adult height have to substantiate our results. Only two studies reported data on final height in
relatively small numbers of patients'"™", One study reported data from a pharmaceutical
registration database showing that 16 SGA patients, treated with GH at a median daily GH dose
of approximately 3 IU/m? until near adult height, achieved an adult stature that was 1.0 SDS
greater than the pretreatment height SD-score., . However, in these patients the median age at
start of treatment was 12.7 years. Data of the study of Albanese ef a/., demonstrated that in [2
(GH-treated children with short stature born SGA, GH treatment with approximately 4 IU/m%day,
starting at a mean age of 7.6 years, significantly improved final height. Although the height SD-
scoreBA did not improve throughout the study, the height SD-score,., did increase from -2.9 at
baseline to -1.5 at final height14.

Our five-year data show that adult height prognosis and height SD-score for bone age
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increased significantly during GH treatment, despite a GH dose-independent acceleration of
bone matueration which is not progressive during treatment.

Puberty
For some untreated children with short stature born SGA an earlier onset of puberty has
been reported'™®. The question arose as to whether GH could further advance the timing of
puberty and consequently reduce the growth period. In our study the mean pubertal onset seemed
not to be advanced by GH treatment (giﬂs [0.8 year, boys [1.8 year). However, longer fotlow-up
is required to establish whether all of our children will start puberty at an appropriate age and
whether the overall duration of puberty is not altered.

GH treatmment does not seem to have a negaftive effect on the timing of puberty.

Predictive factors for growth response

The growth response on GH treatment is quite different between individuals. Therefore, it
is important to find baseline factors which can predict the response on GH.

In our study, the S-year increment in height SD-score was significantly negatively related
with the pretreatment chronological age and bone age. Thus, the younger the child at the start of
GH treatiment, the better the 5-year increase in height SD-score. Boguszewski ef al. described a
negative relation of chronological age with 2-yr increase in height SD-score as well8. The
pretreatment height velocity was not significantly related to the 5-year increase in height.
Although the height after 5 years of treatment was highly related with target height, no significant
relationship was found between increment in height and target height. Thus, the paremtal height
does not significantly influence the growth response to GH treatment.

It is very interesting and of clinical importance to know whether extremely small children
would benefit more from GH treatment than children who are not that small. In order to answer
that question, the pretreatment height SD-score (or the target height SD-score minus the
pretreatment height SD-score) is often correlated with the increase in height SD-score during the
study period8. Very often a negative correlation is found: The smaller the child before start of
treatment, the better the growth response. We have to realize, however, that the relationship has to
be interpreted very cautiously since it is a statistical phenomenon that an initial measurement will
be correlated to the change in that measurement over time even if treatment is ineffective. This
phenomenon is called ‘regression to the mean’* and can (partly) expiain this negative
relationship. Therefore, in our 5-year analysis we decided not to evaluate the refationship between
the pretreatment height and the 5-year height gain, There are complex approaches for handling
this phenomenon, but they may have errors as well, and therefore, the magnitude of the ‘real’
influence of the pretreatment height SD-score on the growth response can only be determined in a
controlled trial.

Our results show a negative relationship between the age and bone age at start of treatment,
respectively, and the 5-year increment in height SD-score.

Levels of growth hormone and growth factors

A previous paper showed that up fo 60 percent of the children had 24-hour GH profile
abnormalities and/or subnormal responses to arginine provocation, whereas the IGE-I and -11
levels were significantly reduced'®. The pretreatment height SD-score,, and height velocity SD-
SCOlE.,, however, did not correlate with either spontancous or stimulated GH secretion, 1GF-1 or -
II levels. To study the relation between the baseline parameters of GH secretion and the growth
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response to GH treatment, we included, in contrast to other prospective studies, patients regardless
of their GH secretion. We found that the maximum GH levels during the provocation tests before
the start of the GH treatment were not significantly related to the growth response. This has been
reporied in two other papers as well'®, In addition, our study showed that neither the pretreatment
IGF-I levels, nor the pretreatment 24-hour GH levels were significantly related to the growth
response.

During GH treatment, the SD-scores of IGF-1 and IGFBP3 increased significantly
compared to baseline levels. During the first three years, the IGF-I SD-score was significantly
higher in children receiving 6 1U/m%d compared to those receiving 3 1U/m/day. After five years
of GH treatment, the SD-scores of IGF-I and IGFBP3 were significantly higher than zero, but not
significantly different between the two GH dosage groups. The absence of a statistically
significant difference in 5-year growth response between the two dosage groups seems to be a
reflection of the rather small differences in plasma IGF-I and IGFBP3 SD-scores between the
dosage groups particularty during the last two years of the 5-year study period. Since the IGF-}
levels were on the upper area of the normal range and we do not yet know the consequences of
high IGF-I levels for a long period during childhood, follow-up of the children into adulthood is
required.

Although the stunted growth in shor{ stature born SGA may be partly explained by
disturbances in the GH/IGF-I axis, the growth promoting effect of GH freatment at a dose
of 3-6 1U/m?*d seems to be independent of the baseline GH/IGFE-I status. GH treatment at a
dose of 3-6 TU/m*/d induces 1GF-I levels at the upper area of the normal range,

Safety of long-term GH {reatment

The development of body proportions during GH treatment

We have evaluated the body proportions before and during six years of GH treatment in all
children participating in the dose-response GH trial. The obtained values were compared to values
of healthy Dutch children, We found that untreated children with short stature born SGA had
small hands and feet and narrow shoulders and pelvis compared to healthy peers. Height and SH,
however, were even maore affected, Consequently, on average, these children had relatively large
hands and feet, and relatively broad shoulders and pelvis compared to their height, but a normal
sitting height in proportion to height, All mean values and most of the individual values were,
however, within the normal range. Thus, in most untreated children with short stature born SGA
the height deficit is not accompanied by an obvious disproportion.

One has to realize, however, that our pretreatment results of the body proportions have to
be interpreted with caution, since the normal range for body proportions particularly in extremely
small children appears to be dependent on the chosen mathematical approach to combine two
measurements ¢.g. hand length with height. One’s perception of a body being disproportionate is
dependent on what one s used to see and not on a chosen methad to describe body proportions.
Further research is, therefore, required to assess which method describes best the body
proportions in very sinall children. After 6 years of GH treatment, most children had reached a
normal height and as a result, the normal range for body propertions is far less dependent on the
chosen method than before treatment,

Whereas the 5-year height increase in the total group of chiidren, described in a previous
paragraph on the effects of growth and growth factors, was just not statistically significantly



CHAFTER 6 GENERLL DISCUSSIGN SGA 81

different between the two GH dosage groups, the 6-year increase in height SD-score was just
statistically significantly higher in the children receiving 6 compared to those receiving 3 1U/md.
This increment in height was accompanied by an improvement of the size of hands, feet, and
biiliacal diameter, respectively, in refation to height. The increase in height appears to be the result
of the increase in sitting height as well as leg length, but the sitting height SD-score increased
slightly more than leg length $SD-score. The dose-independency of the changes in body
proportions suggests that the changes are more the result of the natural development of
proportions in short children born SGA during childhood or part of the catch-up growth rather
than due to a direct effect of GH treatiment.

These findings show that six-vear continuous GH treatment with 3 or 6 IU/m%day in
children with short stature born SGA does not negatively influence body proportions.

GH treatment and carbohydrate metabolism

SGA has been associated with an impairment in insulin sensitivity aud noninsulin-
dependent diabetes mellitus in later life®®, Since supra-physiological concentrations of GH
induce a decrease in glucose sensitivity to insulin®*?, concern has been expressed regarding
possible adverse effects of long-term: GH treatment in short children born SGA. We show that six-
year continuous GH freatment in children with short stature born SGA has no adverse effects on
glucose metabolism. The percentage of children with impaired glucose tolerance was decreased
after 6 years of GH treatment compared to baseline levels and none of the children developed
diabetes mellitus. All individual giycosylated hemoglobin levels stayed within the normal range
and the mean level was significantly decreased after 6 years of treatment.

As has been reported in other patient groups, GH treatment induces higher fasting insulin
fevels and glucose-stimulated insulin levels, indicating relative insulin resistance. The
consequences of long-term hyperinsutinism during childhood are, however, unknown. In addition,
we do not know whether the insulin secretion will normalize after discontinuation of the GH
treatment in short children born SGA., Previous data showed a normalization of insulin levels after
discontinuation of GH treatment in girls with Turner syndrome®™ and in children with idiopathic
short stature®, but no data are yet available to confirm this in children with short stature born
SGA.

This study showed that six-year continuous GH treatment in children with short stature
born SGA does not negatively influence glucose levels, even with dosages up to 6 1U/m*/day.
GH treatmment induces, however, relative insulin resistance,

GH treatment and body composition, blood pressure, and lipids

SGA has also been associated with increased prevalence of hypertension and dyslipidemia
at a relative young age in later life”, Both disorders are risk factors of cardiovascular diseases.
Concern has been expressed regarding possible detrimental effects of GH treatment over a long
period of time during childhood, We showed that untreated children with short stature born SGA
either with or without GH-deficiency are lean, have a higher systolic blood pressure (BP), but
normal diastolic BP and normal lipids compared to healthy peers. During long-term continuous
GH treatment with 3 or 6 TU/m?/d, the mean body mass index normalized without overall changes
in subcwtaneous fat compared to healthy controls, whereas the mean BP SD-scores and the
atherogenic index decreased significantly. Before GH treatment, mean BMI, skinfold thickness,
and BP SD-scores, as well as the lipid levels were not significantly different between GHD and
non-GHD children, During GH freatment, however, the changes in skinfold SD-score and BP SD-
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score were slightly, but significantly greater in the GHD than in the non-GHD children, resulting
in similar values after 6 years of GH treatment in both groups. Our data indicate that GH
treatment has at least up to 6 vears a rather positive instead of negative effect on these parameters.
Our data demonstrated that long-term GH treatment has no adverse effects on body
compesition, blood pressure, and lipids.

Recommendations and future research.

Long-term continnous GH treatment (3 or 6 [U/m%day) in short children born SGA results
in a normalization of height and subsequent growth along the target height percentile. To assess
the gain in adult height, and to determine the pretreatment factors and the GH dose leading to the
most optimal gain in adult height, follow-up of these children until adult height is required. Until
adequate long-term experience is gained, treatment of short children with SGA should be limited
to investigational settings.

In our opinion, it is very important for children to attain a height within the normal range
during childhood and to have a persistent growth in accordance with their healthy peers. We
expect that normal growth during childliood will be beneficial for the rest of their lives, A two-
year psychosocial evaluation in the children of our study showed a beneficial effect on behavioral
and emotional problems and on the setf-concept of the children”. Further psychosocial research
on quality of life, self-perception, social functioning, etc, is required to confirm this improvement
on the long-term,

To determine the effect of GH treatment on childhood growth and adult height, it is
important to know the natural growth and development of untreated children with short stature
born SGA, Although a large randomized trial with a control group of children receiving no GII
treatment during the entire childhood would give the best opportunity to determine the GH effect
on adult height, such a study has been considered unethical. Therefore, as in Turner syndrome,
growth charts have to be developed, based on data of historical controis.

It is reassuring that long-term GH treatment in short children born SGA does not have
adverse effects on body proportions, glucose metabolism, body composition, blood pressure, and
lipid metabolism. Since SGA children may have a higher risk of an impairment in insulin
sensitivity and noninsulin-dependent diabetes mellitus in later life whereas GH treatment induces
relative insulin resistance, the carbohydrate metabolism needs to be followed up till final height
and after discontinuation of GH treatment. In addition, more sophisticated methods such as
glucose clamp or the more recently developed frequent sampling intravenous glucose tolerance
test could lead to improved insights into the CH metabolism in these children during and after
long-term GH treatment. To evaluate other safety aspects on the very long-term follow-up into
adulthood is required. It is, however, hnportant to compare the incidence of possible adverse
events in later life with a matched control group of short individuals born SGA who did not
receive GH treatinent,

Since a number of children of cur study were considered GH-deficient before start of GH
treatment, the endogenous GH status in these children has to be reevaluated after discontinuation
of GH treatment, If these individuals are considered GH-deficient in young adulthood, GIT treated
should be offered, as in non-SGA GH deficient adults.

It has been suggested that psychological support to learn coping with the psychosociat
problems concerning their short stature would be a cheaper and less invasive alternative for GH
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treatment. One has to realize, however, that very short individuals have also to deal with many
practical problems in society. The adaptation of houses, cars, furniture, etc. to very short
individuals is very costly as well. In addition, to date, no structural psychological programs are
available that have proven to be effective and of practical use. To assess whether a ‘psychological
program’ is an alternative for growth promoting therapy, a randomized trial has to be performed
evaluating the long-term physical and psychosocial effects and the cost-benefit analyses of both
therapies.

As a Dutch proverb says, ”To prevent is better than to cure”, preventing infranterine growth
retardation is the best way to reduce the risk of postnatal growth failure. Therefore, improvement
of the insights into the mechanisms of intrauterine growth retardation is required. Only extended
research may ehucidate the causes of the postnatal growih failure in a substantial percentage of
children born SGA.

Refercnces

[. de Zegher F, Francois 1, van Helvoirt M, Beckers D, Tbadez L, Chatelain P. 1998 Growth hormone treatment of
short chitdren born small for gestational age. Trends in Endoceinof and Metabol. 9:233-237.

2. Stanliope R, Preece MA, Hamill G. 1991 Does growth hormone treatment improve final height attainment of
children with intrautering growth retardation? Arch Pis Child, 66:1180-1183.

3. Albanese A, Stanhepe R. 1993 Growth and metabolic data following growth hormone treatment of children with
infrawierine growth retardation. Horm Res, 39:8-12,

4. Chatelain P, Job JC, Blanchard J, ef af. 1994 Dose-dependent catch-up growth after 2 years of growth hormone
treatment in intrauterine growth retarded children. I Clin Endocrinol Metab, 78:1454-1460.

5. Job JC, Chaussain JL, Job B, et al. 1996 Follow-up of three years of treatment with growth hormone and of
one posi-treatment year, in children with severe growth retardation of intrauterine onset. Pediatr Res, 39:
354-359,

6. Chaussain JL, Colle M, Landier F. 1994 Effects of growth hormone therapy in prepubsrtal children with short
stature secondary to intrauterine growth retardation. Acta Paediatr Scand [Suppl]. 399: 74-75.

7. de Zegher E Macs M, Gargosky SE, ef al. 1996 High-dose growth hormone treatment of shert ¢hildren born
small for gestational age, J Clin Endocrinel Metab, 81:1887-1892.

8. Boguszewski M, Albertsson-Wikland K, Aronsson S. 1998 Growth hormone treatment of short children born
small-for-gestational-age: the Nordic Multicentre Trial. Acta Paediatr. 87; 257-263,

9, de Zegher F, Butenandt O, Chatelain P, et al. 1997 Growth hormone treatment of short children born small for

gestational age: reappraisal of the rate of bone maturation over 2 years and metanalysis of height gain over 4
years. Acta Pediatr [Suppl] 423: 207-212,

10. Tanner JM, Whitchouse RH, Cameron N, Marshalt WA, Healy MIR, Goldstein . 1983 Assessment of skeletal
maturity and prediction of adult height {TW2-method). 2nd ed. London: Academic Press.

11, Tanner IM, Lejarraga H, Cameron N. 1975 The natusal history of the Silver-Russell syndrome: a longitudinal
study of thirty-ninc cases. Pediatr Res. 9:611-623.

12. Wollmann HA, Kirchner T, Enders H, Preece MA, Ranke MB. 1995 Growth and symptoms in Silver-Russell

\ syndrome: review on the basis of 386 patients. Fur J Pediatr, 154:958-963.

[3. Ranke MB, Lindberg A. 1996 Growth hormone treatment of short children born small for gestational age or
with Silver-Russell syndrome: results from KIGS (Kabi International Growth study), including the first report on
final height. Acta Pacdiatr. [Suppl]. 417:18-26.

4. Albanese A, Azcona C, Stanhape R. 1998 Final height in children with FUGR receiving GH treatment. Hom
Res. [Suppl 3] 50:46.

15, Marks LJ, Bergeson PS. 1977 The Silver-Russell syndrome. A case with sexual ambiguity, and a review of the
literature. Am J Dis Child. 131:447-451.
i6, Arisaka O, Arisaka M, Kiyokawa N, Nakayama Y, Yabuta K. 1986 Intrauterine growth retardation and early

adolescent growth spurt in two sisters. Clin Pediatr. 25:559-561.

7. Altman DG, 1991 In: Practical statistics for medical research. Londen: Chapman and Hall.: 284-285.

I8, Blaad JM, Altman DG. 1994 Some examples of regression towards the mean. BMJ. 309:730.

9. de Waal WJ, Hokken-Koclega ACS, Stijnen Th, de Muinck Keizer-Schrama, Drop SLS. 1994 Endogencus and
stimulated GH secretion, urinary GH excretion, and plasma IGF-T and IGF-H levels in prepubertal children with
short stature afier intravterine growthretardation. Clin Endocrinol, 41:621-630.

20. Azcona C, Albanese A, Bareille P, Stanhope R, 1998 Growth hormone treatment in growth hormone-sufficient



84

21
22.
23.

24,

25.

26.

27,

28.

29.

30.

3L

PART "CHILDAEN T4 SHORT STATURE BORY SMALL FOR GESTATONAL 4GE™

and -insufficient children with intrauterine growth retardation/Russell-Silver syndrome. Horm Res. 50:22-27.
Gerver WM, de Bruin R, 1996 Pacdiatric Morphemetrics, a reference manual. Utrecht: Bunge.

Hofman PL, Cutfield WS, Robinson EM, ef al. 1997 Insulin resistance in short children with intrauterine growth
retardation. J Clin Endocrinol Metab, §2:402-406.

Barker DIP, Hales CN, Fall CHD, Osmond C, Phipps K, Clark PMS. 1993 Type 2 (non-insulin-dependent)
diabetes mellitus, hypertension and hyperlipidaemia (syndrome X): rclation to reduced fetal growth.
Diabetologia. 36:62-67.

Hansen I, Tsalikian E, Beaufrere B, ef al. 1986 Insulin resistance in acromegaly: Defects in both hepatic and
extrahepatic insulin action. Am J Physiol 250:E269-E273.

Bratusch-Marrain PR, Smith T3, Defronzo RA. 1982 The effect of growth hormone on glucose metabolism and
insulin secretion in man. J Clin Endocrinol Metab, 55:973-982.

Rizza RA, Mandarino LJ, Gerich JE, 1982 Effects of growth hormone on insulin action in man. Mechanisms of
insulin resistance, impaired suppression of glucose production, and impaired stimulation of ghucose utilization.
Diabetes. 31:663-669.

Press M, Tamborlane MW, Sherwin RS. 1984 Importance of raised growth hormone levels in mediating the
metabolic derangements of diabetes. N Engl I Med. 310:810-815.

Sas TCJ, Muinck Keizer-Schrama de SMPE, Stijnen T, Drop SLS. 1997 Carbohydrate (CH) metabolism during
and after discontinvation of growth hormone treatment in girls with Turner syndrome (TS}, Harm Res.
48(Suppl 2):58.

Saenger P, Wesoly S, Wasserman E), ef al. 1996 Safety aspects of GH therapy in Tumer syndrome (TS): no
evidence for ventricular hypertrophy (VH) and normalization of insulin levels after discontinmation of GH
[Abstract]. Pediatr Res, 39:98A.,

Lesage C, Walker J, Landier F, Chatelain P, Chaussain JL, Bougnéres PE 1991 Near normalization of
adolescent height with growth hormone therapy in very short children without growth hormene deficiency. J
Pediatr. 119:29-34.

van der Reijden-Lakeman TEA. Thesis, 1996, Erasmus University Rotterdam, The Netherlands.



85



86



CHAPTER 7

SUMMARY
part "Children with short stature born small for gestational age”

87



83



CHAPTER 7 SUSLRY SGA 89

SUMMARY
part "Children with short stature born small for gestational age”

Persistent short stature in children bornr small for gestational age (SGA) is a well known
phenomenon. Although postnatal catch-up growth occurs in most of the SGA newborns, about 8-
15% of these children fail to show catch-up growth resulting in short adult stature in most of the
cases. Although the mechanism of the stunted postnatal growth in short children born SGA is
poorly understood, short-term studies have shown that treatment with supra-physiclogical growth
hormone (GH) dosages accelerates growth significantly in these children, In this part of the
doctoral dissertation the results of a randomized, double-blind dose-response study on long-term
GH treatment in 79 short children born SGA either with or without abnormalities of the
GH / insulin like growth factor (IGF) axis are described.

Chapter 1 gives an overview of literature data regarding the prevalence of short stature
after SGA, the few data about the natural growth and puberty in these children and the possible
mechanisms underlying the postnatal growth failure. In addition, short-term results of GH
treatment on height are described as well as considerations concerning possible side-effects of GH
treatment in these children.

Chapter 2 describes the effects of 5 years of GH treatment on height, bone maturation,
predicted Tinal height, plasma IGF-1, and IGF-binding protein (BP) -3 levels in short children
born SGA.

Five-year data show that long-term continwous GH treatment (3 or 6 1U/m¥day} in short children
born SGA results in a normalization of height and a subsequent growth along the target height
percentile, The increase in height appears to be independent of the baseline GH/IGF-I status,
Adult height prognosis and height SDS for bone age increased significantly, despite acceleration
of bone maturation, The difference in growth response between the children receiving daily 6
IU/m? and those receiving 3 TU/m? was small and only significant in the children who remained
prepubertal during the study.

Chapter 3 describes the body proportions of the children before and during six years of
GH treatment. Untreated short children born SGA have small hands and feet and narrow
shoulders and pelvis compared to healthy peers. Height and sitting height, however, are even more
affected. Consequently, on average, these children have relatively large hands and feet, and
relatively broad shoulders and pelvis, but a normal sitting height in proportion to height. All mean
values and most of the individual values are well within the normal range. Thus, in most untreated
children with short stature born SGA the height deficit is not accompanied by a disproportion.
The dose-dependent significant increase in height during six years of GH treatment is
accompanied by an improvement of the proportions of the size of hands, feet, and biiliacal
diameter, respectively, in relation to height. The increase in height appears to be the result of the
increase in sitting height as well as leg length, but the sitting height SD-score increased slightly
more than leg length SD-score. The fact that the changes in body proportions are not different
between the two GH dosage groups suggests that the changes are more the result of the natural
development of proportions in short children born SGA during childhood or part of the catch-up
growth rather than due to a direct eftect of GH treatment,

Chapter 4 presents the effect of GH treatment on carbohydrate metabolism during six
years of GH treatment. GH freatment in children with short stature born SGA does not negatively
influence glucose metabolism, even with dosages up to 6 [U/m¥/day. However, as in other GH-
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ireated patients, GH treatment induces higher fasting insulin levels and glucose-stimulated insulin
levels.

Chapter 5 shows the data on body composition, blood pressure, and serum lipid levels
before and during long-term GH treatment. Untreated short children born SGA either with or
without GHD are lean, have a higher systolic blood pressure, but normal diastolic blood pressure
and normal lipids compared to healthy reference values. During long-term continuous GH
treatment with either 3 or 6 1U/m%d a GH dose-independent catch-up in body mass was found
without a catch-up in body fat, whereas blood pressure and the atherogenic index decreased
significantly.

Chapter 6 discusses the significance of the presented data as such and in relation to the
current literature, Our final conclusions and recommendations for the freatinent of children with
short stature born SGA are listed. In addition, suggestions for future research are given.
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SAMENVATTING
deel "Kinderen met cen kleine lengte na kleine geboortelengte voor zwangerschapsduur”

De meeste kinderen die geboren worden met een te kleine lengte voor de
zwangerschapsduur (in het Engels: small for gestational age, SGA) vertonen een inhaalgroei in de
eerste jaren na de geboorte, Acht tot vijftien procent van de SGA kinderen haalt niet voldoende
in. Het grootste deel van deze kinderen heeft als kind en als volwassene een kleine lengte. Hoowel
de mechanismen die leiden tot de afwezigheid van de inhaalgroei na de geboorte nog niet goed
bekend zijn, hebben korte-termijn studies laten zien dat behandeling van deze kinderen met supra-
fysiologische groeiliormoon (GH) doses de groei significant doet versnellen,

In dit deel van het proefschrift worden de resultaten van een gerandomiseerde, dubbel-
blinde dosis-respons studie gepresenteerd betreffende lange-termijn GH behandeling in 79 SGA
kinderen met een kieine lengte. Een aantal van deze kinderen hadden afwijkingen in de GH /
insuline achtige groeifactor (IGF) as, terwijl andere geen duidelijke afigkingen van de GI/IGF
as vertoonden.

Hoofdstuk 1 geeft een overzicht van de literatuur betreffende de incidentie van kleine
lichaamslengte bij SGA kinderen en betreffende de weinig gegevens die er zijn over de natuurlijke
groei en puberteit bij deze kinderen. Vervolgens worden de mogelijke mechanismen besproken die
ten grondslag liggen aan de afwezigheid van voldoende inhaalgroei na de geboorte. Bovendien
worden in dit hoofidstuk de korte-termijn resultaten van GH behandeling op de lengte en de
overwegingen betreffende mogelijke neveneffecten van de GH behandeling bij deze kinderen
beschreven,

Hoofdstuk 2 beschrijft de effecten van 5 jaar GH behandeling op de lengte, botrijping,
voorspelde volwassen lengte, plasma IGF-I en IGF bindend eiwit nummer 3 (IGFBP3) bij kleine
SGA kinderen,

Vijf jaars resultaten laten zien dat lange-termijn continue GH behandeling met 3 of 6 TU/m¥dag
leidde tot een normalisatie van de lengte. Dit werd gevolgd door groei langs de percentiellijn van
de gecorrigeerde midden-ouder-lengte. De toename in lengte leek onafhankelijk te ziin van de
GI/IGF-I status voor de start van de behandeling. Tijdens de groeihormoon behandeling namen
de voorspelde volwassen lengte en de lengte SD-score voor botleeftijd significant toe, ondanks
een versnelde skeletrijping. Het verschil in groeirespons tussen de kinderen die behandeld werden
met 6 1U/n/d en de kinderen die 3 FJ/m? kregen was klein en alleen statistisch significant bij de
kinderen die prepubertair waren gebleven gedurende de studieperiode.

Hoofdstuk 3 beschrijft de lichaamsverhoudingen van de kinderen voor en gedurende 6
jaar GH behandeling, Wij toonden aan dat onbehandelde kieine SGA kinderen kleine handen en
voeten, smatle schouders en een smal bekken hebben vergeleken met gezonde leeftijdsgenoten.
Lengte en zithoogte waren echter meer aangedaan, waardoor, gemiddeld gezien, deze kinderen
relatief wat grotere handen en voeten en bredere schouders en een breder bekken hadden in
verhouding tot de lengte, terwijl de verhouding van de zithoogte ten opzichte van de lengte
volstrekt gemiddeld was, Alle gemiddelde waarden en de mceeste individuele waarden waren ruim
binnen het normale gebied, Dus bij de meeste kinderen gaat de kleine lengte niet gepaard met een
disproportie van het lichaam. De significante dosis-athankelijke toename in lengte gedurende 6
jaar GH behandeling ging gepaard met een verbetering van de verhoudingen van de grootte van
handen, voeten en van de breedte van het bekken, respectievelijk, ten opzichte van de lengte. De
toename in de Iengte was het resuitaat van een toename van zowel zithoogte als beenlengte, maar
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de zithoogte SD-score [eek wat meer toegenomen te zijn dan de beenlengte SD-score. Het feit dat
de veranderingen van de lichaamsverhoudingen niet verschillend waren tussen de twee GH dosis
groepen suggereert dat de veranderingen meer het resultaat zijn van de natuurlijke ontwikkeling
van de proporties in kleine SGA kinderen gedurende de jeugd of een onderdeel zijn van de
inhaalgroei dan dat het een direct effect van de GH behandeting is.

Hoofdstuk 4 Iaat de effecten van GH behandeling op het koolhydraatmetabolisme zien
gedurende 6 jaar GH behandeling, GH behandeling in kleine SGA kinderen heeft geen negatieve
invioed op het glucose metabolisme, zelfs met doses tot 6 FU/m?/d. Echter, net zoals in andere GH
behandelde patiénten, induceert GH behandeling hogere nuchtere en glucose gestimuleerde
insutine waarden,

Hoofdstuk 5 toont de gegevens van de lichaamssamenstelling, bloeddruk en serum lipiden,
vadr en pedurende lange-termijun GH behandeling. Onbehandelde kleine SGA kinderen met of
zonder GH-deficiéntie zijn mager, hebben een hogere systolische bloeddruk, maar een normale
diastolische bloeddruk en normale lipiden waarden vergeleken met referentic waarden van
gezonde kinderen. Gedurende lange-termijn continue GH behandeling met 3 of 6 IU/m2/d werd
een GH dosis-onathankelijke significante toename van de SD-score van het gewicht in
verhouding tot de lengte gevonden, zonder dat de SD-score van het onderhunidsvet toenam, terwijl
de bloeddruk en de atherogene index significant afgenomen waren.

Hoofdstuk 6 bespreekt de resultaten van de studie in samenhang met de meest recente
literatuurgegevens. Onze uiteindelijke conclusies en aanbevelingen voor de behandeling van
kleine SGA kinderen worden gepresenteerd. Bovendien geven we ideeén voor tockomstig
onderzoek,
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INTRODUCTION

Turner syndrome

Int the year 1938, the American physician Henry H Turner desciibed a disorder in 7 women
which was characterized by certain physical features including short stature, absence of female
secondary sexual characteristics, webbing of the neck, low posterior hairline, and increased angle
of the elbow’. This syndrome is now called Turner syndrome (TS}, although the German
pediatrician Otto Ullrich had already described patients with similar physical characteristics in
19302, Therefore, German studies called this syndrome Ullrich-Turner syndrome.

The cause of TS is the total of or partial absence of one of the two X chromosomes in
some or all of the body cells, An entire X chromosome can be lost due to non-disjunction during
either of the two meiotic divisions of gametogenesis or during the first mitotic divisions of the
zygote, These all result in numerical abnormalities, 45,X (60% of the cases). Structural
abnormatities with partial ioss of X chromosomal material may be due to transverse meiotic
division of the chromosome around the centromere leading to isochromosomes. Furthermore, the
long or short arm of the X chromosome may be missing (in part), but also smatl fragments can be
lost. In addition, an X chromosome may have formed a ring with the loss of chromosomal
material at the point of fusion. If an X chromosome is lost by faulty distribution during later cell
divisions, then a mixture of cell lines with both normal and reduced chromosome counts develops,
described as mosaics. Research on mapping of the X-chromosome has led to improved insights
into the relationship between clinical features and special regions of the X-chromosome™. It has
been suggested that short stature and skeletal abnormalities in TS are caused by a
haploinsuiTiciency of a pseudoautosomal growth gene on the X-chromosome (the short stature
homeobox containing gene on the X and on the Y chromosome, SHOX.gene)’. Many questions
about the genetic etiologics and mechanisms leading to the clinical features remain, however, yet
to be unanswered,

TS occurs in approximately 1:2500 female births. Table 1 shows that short stature and
gonadal dysgenesis are almost invariably present in TS, Since the scope of the studies in this
thesis is related to growth-promoting therapies, only some aspects of gonadal dysgenesis and the
natural growth pattern are described here,

Ovarian dysgenesis

In TS the ovaries develop apparently normally during the first three months in utero®,
Thereafter, oocytes are rapidly lost and connective tissue transformation takes place, However,
there is wide variation in the loss of germ cells in girls with TS, such that 5-10% retain sufficient
ovarian function for puberfy to commence spontancously, thongh in most girls incompletely. Only
in a fow cases does spentancous menstrual bleeding occur, and in most of these it persist for only
a short period of time®, Occasionally, reports of ‘spontaneous’ pregnancics have been reported",

To induce puberty, synthetic estrogens or the natural estrogen 17B-estradiol have to be
given to girls with TS, However, the optimal age to start estrogen therapy is a point of discussion.
Although it has been shown that lower doses may stimulate growth", it has been suggested to
postpone estrogen therapy to delay closure of the epiphysial growth plates and, consequently, to
prelong the growth phase. However, delay of pubertal development may have serious psychosocial
consequences. Therefore, if is important fo maximize the growth before higher [evels of estrogens,
required for a complete pubertal development, will result in epiphysial fusion.

For the adult woman with TS in vitro fertilization using oocyte donation can be offered.
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Nutural growth patters in Turner syndiome

Growth is reduced in virtually all of the patients. Ranke ef «l. was the first one describing
the pattern of natural growth in a farge number of girls with TS, who had nof received any growth
promoting therapy". In this thesis, the effects of treatment on growth are compared with the
Dutch-Swedish-Danish reference values for TS which are based on data from a large
multinational study and comprise data of a relatively large group of Dutch girls with TS, The
results of that study are described by Karlberg ef o/ (Figure 1)".

Newborns with TS delivered at term are smaller than average girls, body length by about 3
cm, and the body weight by about 500 g. Postaatal growth rate appears to be in the normal range
during the first 2 to 3 years of life. Thereafter, height velocity shows a gradual decrease
compared with healthy girls, There is a lack of the pubertal growth spurt because the ovaries are
non-functional. Due to the delayed epiphyseal fusion most untreated girls continue to grow until
their late teens or beyond". The mean adult height of women with TS in Northwestern Europe is
about 148 cim, that is about 20 cm smaller than the mean of the normal female population®.
Convincing evidence that patients with a 45,X karyotype differ from those with another
chromosomal pattern has not been documented’.

Pathophysiology of the stunted growth

Although the absence of (or a part of) the entire X-chromosome resuits in the typical
features of Turner syndrome, such as short stature, the mechanisms leading to the stunted growth
in gitls with TS are poorly understood. Physiological and stimulated plasma growth hormone
(GH) levels are normal***, I1GGF-T plasma levels are in the (sub)normal range®®, and binding
protein levels of GH and 1GF-I are thought to be normal®. It has been reported that an increased
proportion of non~-22-kDa GIH isoforms {in controls 70-75% 22-kDa} were found in girls with TS,
These non-22-kDa GH isoforms may interact as weak agonists or antagonists of the GH-
receptor”, Since the structure and biechemical composition of epiphysial cartilage are normal®, it
seems to be unlikely that the growth failure is due to a form of skeletal dysplasia. it has been
suggested that giris with TS have a relative end-organ insensitivity to growth factors®,

GH treatment for short stature

Studies in the early 1970s with small numbers of older girls with TS were disappointing
probably due to the low dose and frequency of GH administration (2-3 times weekly)”. With the
availability of recombinant human GH after 1985, greater nunibers of girls with TS were treated
in standardized studies. An earlier GH treatment study of girls with TS in the Netherlands showed
a doubling of the height velocity (HV) in the first year of treatment with 4 TU/m*/day compared
with pretreatment values®, However, this increase could not be maintained during the subsequent
years of treatment. In GHD patients, a simifar effect was observed, which can be overcome by a 2-
to 3-fold increase of the GH dose®™, In addition, previous studies showed that the growth
response after the first years in younger girls was better than in older girls with TS®"*2. To
optimize GH treatment in TS, two randomized multicenter studies were started in the Netherlands:
In 1989 a GH dose-response study was initiated in 68 relatively young girls with TS. In addition,
in 1990, a frequency-response study on GH treatment in [9 relatively older girls with TS was
started to evaluate whether a twice daily GH injection regimen results in better growth response
than one daily GH injections, by mimicking more the natural pulsatile GH secretion, Four-year
results of the dose-response study showed that a stepwise increase in GH dose reduced the waning
effect of the growth response without undue bone maturation. In addition, the initiation of GH
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Table 1. Frequency distribution for physical features and aberrations of internal organs in girls with Turner
syndrome (adapted from M.B. Ranke’)

Present in 84-100% of the cases:
Growth Small for dates at birth
Growil retardation after birth

Ovaries Gonadal dysgenesis

Present in 60-79% of the cases:
Mouth and jaw High arched palate
Small or backward rotated lower jaw
Defective dental development

Neck Short, thick {*webbed’) neck
Low neck hair line
Pterygium colki
Chest Scutiform thorax (apparent wide nipples)

liverted nipples

Skin (appendages) Lymphedema of hands and feet
Increased number of pigmented naevi
Increased body hair growth
Dysplasia of finger-nail and toe-nail
Increased skin ridge patterns
Alopecia
Vitiligo

Present in 40-59% of the cases:
Skeleton Wide angle of arm (cubitus valgus}
Short metacarpal bones (e.g. 4th)
Spongiose bone structure
Scoliosis

Heart and vessels Stenosis of aortic isthmus
Bicuspid aortic valve
Aortic dilatation/aneurysm

Kidneys Renal malformation (c.g. horseshoe)
Renal aplasia
Changes in renal pelvis and ureters
Vessel abnormalities

Ears Deformed auricles
Recurrent otitis media
Impaired hearing

Present in 20-39% of the cases:
Eyes Ptosis
Epicanthus
Myopia
Strabismus
Nystagimus
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treatment at & younger age was beneficial in ferms of the four-year increase in predicted final
height®, Two-year results of the frequency-response study demonstrated that the growth response
was not significantly different between the OD and the BID daily GH injection regimens™®,

Possible side cffects of GH treatment in girls with TS

TS is associated with congenital cardiac abnormalities®® (Table 1) and hypertension®*,
Previous studies showed that GH has, at least in adults, an anabolic effect on the myocardium and
that high levels of GI in adults with acromegaly are associated with hypertension'*, Therefore,
concern has been expressed regarding possible adverse effects of long-term GH treatment on the
cardiovascular status of the girls with TS,

Insulin resistance and carbohydrate (CH) intolerance have been reported in untreated girls
with TS®, In addition, in adults with TS who had not received GH treatment in childhood,
glucose intolerance, non-insulin- and insulin dependent diabetes mellitus are niore common than
in healthy women®™", Since supra-physiological concentrations of GH in acromegalic patients®
and in normal adults®” resulted in a decrease in glucose sensitivity to insulin in liver and in extra-
hepatic tissues, one may suggest that long-term treatment with supra-physioclogical GH dosages
could have detrimental effects on the CH metabolism in girls with TS,

The general clinical impression of body proportions of untreated girls with TS is that these
girls have a more coarse and stocky figure compared to healthy girls. This is confirmed by earlier
studies describing relatively short lower extremities and relatively broad shoulders and pelvis™*.
Little is known about the effects of supraphysiological GH dosages given for a long time during
childhood.

Despite only limited reports of a greater number of fractures during childhood® or
adulthood™*, osteoporosis historically has been described as a feature in TS, because of the
frequent observation of radiographic osteopenia and the coarse trabecular pattern of the carpal
bones on radiographs®™. An intrinsic bone defect, as well as oestrogen deficiency may explain
these findings. Since during GH administration bone formation is enhanced preferentially to bone
resorption”, one may suggest that GH treatment for short stature in girls with TS may have
positive effects on bone mineral density as well. However, no data are available on longitudinal
measurements of the volumetric bone mineral density in girls with TS during long-term GH
treatment either with or without estrogen therapy. -

Considerations, questions, and aims of the studies

Efficacy of GH treatment

Although short-term data showed an increase in height velocity and final height prediction
in girls with TS, we wondered if long-term GH treatiment results in a sustained growth during
childhood and, finally, gain in attained adult height. Furthermore, we wanted to assess the most
optimal GH dose, injection frequency, and the optimal age to start GH treatment, Moreover, we
wanted to know whether starting low dose estrogen therapy at a normal pubertal age would result
in pubertal development without an obvious interference on the growth promoting effect of GH
treatment. Therefore, we evaluated the etfects of 7 years of GH treatment on growth during
childhoed in 68 girls with TS, age 2-11 years, receiving 4, 4->6, or 4->6->8 IUU/m*/day in
contbination with low dose 17B-estradiot = 12 yr of age. Furthermore, we assessed the effect of
GH treatiment on adult height in those girls who had reached adult height until recently (dose-
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response study). In addition, we assessed the effects of GH treatment on adult height in 19 gitls
with TS, age > 11 years, receiving 6 TU GH /m¥/day divided over once (OD) or twice daily (BID)
injections, in combination with low dose ethinyl estradiol (fiequency-response study).

Safety of GH treatment

Using supraphysiological GH dosages for a fong period during childhood, we wanted to
know if GH treatiment may have side-cffects, We, therefore, evaluated the body proportions,
cardiac left ventricular dimensions and blood pressure during long-term GH treatment in girls
with TS participating in the dose-response study. in addition, we determined the effects of GH
treatment on earbohydrate metabolism during GH treatment and after discontinnation of GH
treatment in the girls of the dose-response study, as well as in those of the frequency-response
study. Furthermore, the effects of GH treatment either with or without estrogen therapy on bone
mineral density were evaluated in the dose-response study and in the frequency-response study.

Outline of the thesis, part *Girls with Turner syndrome”

This part of the doctoral dissertation gives the results of the randomized, multicenter,
dose-response study on GH treatment in 68 young girls with Turner syndrome. This dose-response
study was started in 1989 and is stil} ongoing. In addition, the results of the randomized,
multicenter, frequency-response study on GH treatment in 19 relatively older girls with TS are
described. This frequency-response study was started in 1990 and all girls have yet reached adult
height. Four-year results of the dose-response study and two-year results of the frequency-
response study were reported in the thesis of A, van Teuncnbroek entitled *Growth hormone
treatment modalities in girls with Turner syndrome” |, Rotterdam 1996. Chapter 2 describes the
results of the dose-response study on height and bone maturation during 7 years in childhood, as
well as on adult height in those girls who have reached (near) final height before the end of
August 1998, In Chapter 2, the final height resuits of the frequency-response study are presented
as well. Chapter 3 describes the body proportions of the girls of the dose-response study before
and during 7 years of GH treatment and in those who have reached (near) adult height. Chapter 4
presents the 7-year data on the effects of GH treatment on cardiac left ventricular dimensions and
blood pressure in the dose-response study. Chapter 5 demonstrates the effects of GH treatment on
carbohydrate metabolism during GH treatment and after discontinuation of GH treatment in the
girls of the dose-response study, as well as in those of the frequency-response study. Chapter 6
describes the 7-year data of the dose-response study on bone mineral density (BMD). In addition,
the BMD data of the frequency-response study during GH treatment, as well as three years after
discontinuation of treatiment are described in this chapter, Chapter 7 discusses the significance of
the presented data as such and in relation to the current literature. Our final conclusions are Hsted
and recommendations for future research are given. Finally, Chapter 8 summarizes this part of
the dissertation in English as well as in Dutch.
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CHAPTER 2.1
NORMALIZATION OF HEIGHT IN GIRLS WITH TURNER SYNDROME
AFTER LONG-TERM GROWTH HORMONE TREATMENT: RESULTS OF
A RANDOMIZED DOSE-RESPONSE TRIAL

Adupted from Journal of Clinical Endocrinology and Metabolism, in press.
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Abstract

Short stature and ovarian failure are the main features in Turner syndrome (TS), To
optimize GH and estrogen treatment, we studied 68 previously untreated girls with TS, age 2-11
yr, who were randomly assigned to 1 of 3 GH dosage groups: group A, 4 IU/m*day (=0.045
mg/keg/d); group B, first yr 4, thereafler 6 1U/m/d (=0.0675 mg/kg/d); group C, first yr 4, second
yr 6, thereafter 8 IU/m¥d (=0.090 mg/kg/d). In the first 4 yr of GH treatment, no estrogens for
pubertal induction were given to the girls. Thereafter, girls started with 1763-estradiol (5 pug/kg
bw/d, orally) when they had reached the age of 12 yr. Subjects were followed up until attainment
of adult height or until cessation of treatment because of satisfaction with the height achieved.

Seven-year data of all girls were evaluated to compare the growth promoting effects of 3
GH dosages during childhood. After 7 yr 85% of the girls had reached a height within the normal
range for healthy Dutch girls. The 7-yr increment in height SD-score was significantly higher in
group B and C than in group A. In addition, we evaluated the data of 32 of the 68 girls who had
completed the trial afier a mean duration of treatment of 7.3 (range: 5.0 - 8.75) yr. Mean (SD)
height was 158.8 (7.1), 161.0 (6.8), and 162.3 (6.1} cm in group A, B, and C, respectively, The
mean (SD) difference between predicted adult height before treatment and achieved height was
12.5 (2.1}, 14.5 (4.0), and 16,0 (4.1) em for group A, B, and C, respectively, being significantly
different between group A and group C. GH treatment was well tolerated in all 3 GH dosage
groups.

In conclusion, GH treatment starting in relatively young gitls with TS results in
normalization of height during childhood as well as of adult height in most of the individuals.
With this GH and estrogen treatment regimen, most girls with TS can grow and develop much
more in conformity with their healthy peers.

Introduction

Short stature and ovarian failure are the main features in Turner syndrome (TS). The
median adult height of North Enropean girls with TS is [46.9 cm, being on average approximately
20 cm less than their healthy peers'. Although these girls are not GH deficient’, GH
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administration accelerates growth in a dose-dependent way**. In many countries, TS is an
accepted indication for GH treatment, although the effect of GH on adult height is inconsistent™*.
In most girls with TS, puberty has to be induced by estrogen therapy. The optimal age to start
estrogen therapy is still a point of discussion. It has been suggested to postpone estrogen therapy
to delay closure of the epiphysial growth plates and, consequently, to prolong the growth phase®™'.
However, delay of pubertal developinent may have serious psychosocial consequences,

To optimize GH and estrogen treatment, in 1989 we started a randomized dose-response
study in 68 girls with TS. Four-yr results were described earlier’. We now report 7-yr resulfs to
compare the long-term growth promoting effect of GH in childhood between the 3 dosage groups.
In addition, growth data of the girls who had completed the trial before the end of August 1998
have been evaluated.

Study Subjects

Sixty-eight previously untreated girls with TS were enrolled in a multicenter GH dose-
response study, The diagnosis was confirmed by lymphocyte chromosomal analysis. Three girls
had a prenatal diagnosis. Inclusion criteria were: a chronological age (CA) between 2 and 11 yr,
height below the 50th percentile for healthy Dutch girls”, and normat thyroid function. Exclusion
criteria were: associated endocrine and / or metabolic disorders, growth failure caused by other
disorders or emotional deprivation, hydrocephalus, previous use of drugs which could interfere
with growth hormone treatment, and spontanecus puberty". Written informed consent was
obtained from the girls and their parents or custodians. The study protocol was approved by the
ethics committee of each participating center.

Methods
Study Design

After stratification for chronological age (CA) and height SD-score for CA girls were
randomly assigned to group:

A (=23} receiving 4 TU/m? body surface/day (equivalent to 0.045 mg/kg),

B (n=23) receiving 4 [U/m*d in the first yr, followed by 6 [U/m?/d (=0.0675 mg/kg/d), or

C (n=22) receiving 4 TUAn¥/d in the first yr, 6 IU/m¥d in the second yr, and thereafter

8 IW/m/d (=0.090 mg/kg/d).

Biosynthetic human GH (Norditropin, Novo Nordisk A/S, Bagsvaerd, Demmark) was given
subcutaneously once daily at bedfime using a pen injection systens. Every 3 months the total GH
dose was adjusted to the calculated body surface. According to the study protocol, the GH
treatiment was stopped when subjects had grown less than 1 cm over 6 months, However, when
girls were satisfied with their height achieved, they elected to stop GH treatment before study
criterta for the termination of treatment had been reached. In the first 4 yr of GH treatment, no
estrogens for pubertal induction were given to the girls. After 4 yr of GH treatment, estrogen
therapy was started in the girls who were older than 12.0 yr of age; the younger girls started
estrogen therapy at a yearly visit after reaching the age of 12 yr. Five g 170-estradiol/kg body
weight/day, orally, were given in the first 2 yr, 7.5 pg/kg/d in the third yr and 10 pg/kg/d
thereafter. Cyclic progestagen therapy {Duphaston 5 mg/d in the first [4 d of the month) was
added after 2 yr of estrogen therapy. If puberty had developed spontaneously (Tanner breast stage
= 2) during the study period and before start of estrogens, no estrogens were given,

Height was measured at baseline and subsequently every 3 months using a Harpenden
stadiometer. Four measurements per visit were made by 2 trained observers (A van Teunenbroek,
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and subsequently T Sas) and the mean was used for the analysis. For the adult height evaluation,
adult height was defined as the most recent available height after discontinuation of GH
treatment. Height was expressed as SD-score using the references for healthy Dutch girls™ or the
references for North European uatreated givls with TS2. At adult height, the height SD-score for
TS was calculated using the reference data of 21 yr of age. Target height was adapted from Dutch
reference data with addition of 3 cm for secufar trend: TH =" x (H, ;.. + H.o, - [2 cm) + 3 em®,
Target range was defined as the TH + 8 cm®. During GH treatment pubertal stages were assessed
according to Tanner". Bone age was determined by the same 2 observers according to the Tanner
& Whitehouse radius, ulna, short-bones score'®. Bone maturation was expressed as the ratio of the
change in BA to the change in CA (MBA/CA). Predicted adult height was calculated with the
modified projected adult height method, using the equation of Lyon, adapted to North European
untreated girls with TS, To assess the gain in adult height, the attained adult height was
compared with the modified projected adult height before treatment. Blood samples were taken at
start of the study and subsequently every yr for determination of the glycosylated hemoglobin.

Biochemical parameters and hormone assays

Blood samples were taken at start of the study and subsequently every year for
determination of the hemoglobin Alc levels, IGF-T was determined at start of the study and afler
6, [8, 30, 48, 60, 72, and 84 months of GH treatment. After centrifugation, all samples were
frozen (-20°C) until assayed. The RIA measurements of IGF-I were performed as described
previously””. All measurements were performed in the same laboratories, Since levels of 1GF-1
are dependent on age and sex, values were transformed to SD scores using reference values for
healthy children determined in the same laboratory®.

Statistical Analysis

Results were expressed as mean (SD), unless indicated otherwise. Differences between the
dosage groups were first tested by a linear trend test. In case of a significant result, this was
tollowed by comparisons with Student’s t-tests. Differences between points in time were tested by
paired Student’s t-tests.

Results
Clinical data and 7-yr results

The trial started in November 1989. During the first 3 yr, 3 gitls, one in each dosage
group, dropped out of the study because of noncompliance and were lost to follow-up. In October
1997 the remaining 65 girls had been followed for 7 years. Table | lists the baseline clinical data
of these girls, The 3 dosage groups had similar initial characteristics.

Figure I shows the individual heights of the 65 girls at start of GH treatment, as well as
after 7 yr. Twelve girls had completed the trial during the 7-yr study period. After 7 yr of GH
treatment, 55 of the 65 girls (85%) had a height within the normal range for healthy Dutch girls,
while only 10 girls (15%) had a height just below the 3rd percentile. Figure 2 shows the height
SD-score of the 65 girls using references of healthy Dutch girls (lower panel) and the height SD-
score using Turner references (upper panel) during the 7-yr study period. At baseline, the girls in
all 3 groups have a mean height which is normal for unircated North European girls with TS.
After 7 yr of G treatment the Turner height SD-score in all 3 groups has increased significantly
(p < 0.001). The change in SD-score was significantly higher in group B and C compared to
group A {95% CI: 0.08, 0.95; p = 0.02 and 95% CI: 0.38, 1.27; p = 0.081, respectively). However,
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the difference in SD-score between group B and C was not statistically significant (95% CI: -
0.19, 0.81, p = (.22). Expressed in centimeters: the height after 7 yr was 16.5 (3.5) om in group
A, [9.6 (4.5) cm in group B, and 21.2 (4.3} em in group C greater than the expected height
assuming that these girls would follow their height percentile when they were not treated with
GH. Compared to healthy Dutch girls, the mean baseline height of the girls was far below normal
{lower panel figure 2). After 7 yr, the mean height SD-score in all 3 groups had increased to
values within the normal range for healthy giris.

Table 1. Mean (SD)) baseline data for each treatment group. Karyotype (45,X; other) is expressed in numbers
(percentage) of patients

Group A Group B Group C
Number of girls 22 22 21
Baseline chronological age (yr) 6.1 (2.1 6.7 (2.4) 6.5 (2.4)
Baseline bone age {(yr) 55 (2.2) 6.0 (2.5) 5.8 (2.4)
Baseline SD-score for height
(references healthy Dutch girls) 2.7 (0.9) 2.4 (1.0) -2.6 (1.0)
Baseline SD-score for height
(references girls with Turner syndrome) 0.06 (1.03) 0.42 (1.05) 0.18 (1.06)
Baseline modified projected adult height (cm)  146.0 (5.5} 147.9 (5.6) 146.6 (5.6)
Target height {cm) 168.8 (6.3) 170.1 (6.1) 169.5 (5.6}
Karyotype: 45,X 18 (82%) 21 (96%) 16 (76%)
Karyotype: other 4  (18%) 1 (4%) 5 (24%)

To compare skeletal maturation during 7 yr of GIH treatment between the 3 GH dosage groups
one can determine the bone maturation of all girls stili receiving GH treatment. However, to avoid
selection bias, only gitls with a chronological age < 14 yr after 7 yr of GH treatment were included in
this analysis (group A, B and C, n= 12, [1, 12, respectively), The mean ratio (7 bone age (yr) /(O
chronological age (yr) over 7 yr of GH treatment was 1,17 (0.14), 1.24 (0,16) and 1.20 (8.14} in
group A, B, and C, respectively, being significantly higher than 1 {p < 0,005 for all 3 GH dosage
groups). These data indicate an acceleration of bone maturation compared to healthy children.
However, no significant differences in bone maturation was found between the 3 GH dosage groups.

After 7 yr of GH treatinent, 35 girls had started estrogen therapy at a mean (SD)
chronological age of 12.9 (0.8) yr and a bone age of 13.2 (0.6} yr. Twelve of the 35 girls started
estrogen therapy between the chronological age of 13 and 15 yr, because in the first 4-yr study
period no estrogens were given cven if these girls were older than 12 yr of age, The other 23 of
the 35 girls started estrogen therapy after reaching the age of 12 yr. The distribution of the 35 girls
over the Tanner breast stages was: 11 girls M2, 14 girls M3, 6 girls M4, and 4 girls M5 after a
mean (SD) duration of estrogen therapy of 1.8 (0.8) years. Five girls did not receive estrogens
because of starting spontaneous puberty during GH treatment (at the end of 7-yr study period: 1
gir had Tanner breast stage M2, 2 girls M3, [ girl M4, and [ girl M3).

Adult height results

At the end of August 1998, 32 of the 65 girls {group A, B, and C, n = 10, 10, 12,
respectively) had completed the study after a mean duration of treatment of 7.3 (1.1) (range:5.0 -
8.75) yr. Twenty girls had discontinued GH treatment because of a height velocity fess than 1 cm
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Figure 1, Individual heights at start of the study (open circles) and after 7 yr of GH treatment (filled circles)
in group A, B, and C, respectively. Twelve girls had completed the trial during the 7-yr study period (filled
squares), Reference curves for healthy Dutch girls (3rd, 10th, 50th, 90th and 97th percentile) and for
untreated girls with Turner syndrome (North European references; 3rd, 50th, 97th percentile) are given.
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over & months, while twelve girls stopped GH treatment because they were satisfied with their
attained height. Table 2 lists the clinical data of these 32 patients. Except for age, the baseline
clinical data of these 32 girls were comparable with the baseline data of the 65 girls, Mecan height
was [58.8 cm (SD 7.1, range 148.3 to 1724 cm) in group A, 161,0 cm (SD 6.8, range 152.8 to
176.2 cm) in group B, and 162.3 cm (SD 6.1, range 154.3 to [71.2 em) in group C, respectively,
Except one girl, all girls (31/32) had a height of more than 150 cm. More than half of the girls
(17/32) had a height above 160 cm and 5 of them exceeded 170 cm. The mean difference between
the target height and the attained height was 10.9 (5.1) cm for group A, 9.5 (4.1) em for group B,

81 Height SD-score
5| (ref North EuropeanTurner girls)

M group A
B group B
(O group €

years of GHRx

Height SD-score
(ref healthy Dutch girls)

Figure 2. Height SD-score for chronological age during 7 yr of GH treatment for group A (n=22}, B (n=22),
and C (n=21), respectively. Upper panel of figure: height compared to references for North European girls
with Turner syndrome, Lower panel of figure: height compared to references for healthy Dutch girls,

Table 2. Mean (SD} baseline and adult height data in 32 girls who have completed the study.

Group A Group B Group C
Number of girls 10 10 12
Baseline age (yr) 7.9 (0.9) 8.6(1.6) 8.1{1.4)
Baseline SD-score for height
(references healthy Dutch girls) 281 (1.17) -2.79(0.72) -2.84 (0.82)
Baseline SD-score for height
(references girls with Turner syndrome) 0.09 {142} 0.17 (0.85) 0.10(1.00}
Baseline modified projected adult height {cm)  146.2 (7.5) 146.6 (4.5) 146.2 {(5.3)
Target height {cm) [69.7 (4.6) 170.5 (5.0} 169.0 (4.5)
Duration growth hormone treatment (montiis) 93.3(8.5) 81.3 (14.5) 87.0 (14.8)
Age start 17B-estradiol 12.7 (0.6} 13.3(i.1) 12.9 (0.8)
Last age (yr) 16.0 (0.8) 15.8 (1.0) 15.7 (0.9)

Last height {cm) 158.8 (7.1} 161.0 (6.8) 162.3 (6.1)
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Figure 3. The most recent height of each subject completing GH treatment relative to each subject’s modified
projected adult height for group A (=10), B (n=10}, and C (n=12), respectively. Mean increment in height (in
cm) relative to modified projected adult height is indicated.
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and 6.7 {4.6) cm for group C. The target range was reached in 4/10 girls of group A, 4/10 girls of
group B, and 9/12 girls of group C. Figure 3 shows the attained height of each subject relative to
each subject’s modified projected adult height. The mean increment in height was 12.5 cm (SD
2.1, range 7.8 to 15.7 cm) for group A, 14.5 cm (SD 4.0, range 8.1 to 20.3 em) for group B, and
16.0 cm (8D 4.1, range 10.2 to 24.8 cm) for group C, respectively, being significantly ditferent
from baseline (p < 0.001). The linear trend test showed a significant positive trend towards a
higher gain in height (==attained height minus baseline modified projected adult height) in the
dosage groups receiving higher GH dose (p = 0.027). The gain in height was significantly higher
in group C compared to group A (p = 0.024), but without significant differences between group A
and B and group B and C, respectively.

IGF-I levels
Figure 4 shows the IGF-1 SD-scores before and during 7 years of GH treatment. Before

start of GH treatment, the mean IGF-1 S8D-score was significantly lower than zero {p < 0.001),

During GH treatment the mean IGF-1 SD-score was significantly higher than zero and bascline
levels at each point in time {p < 0.001). The IGF-1 SD-score after 7 years of GH treatment was
significantly higher in group B and C (2.5 {0.9) p = 0.02 and 2.7 (0.9) p = 0.003, respectively)

than in group A (1.8 {0.8)), without a significant difference between group B and C.

iGF-1 Sb-score

0 6 18 30 48 60 72 84

months of GH treatment

Figure 4. The mean (SD) IGF-I SD-score during 7 yr of GH treatment for group A (n=22) (black bars), B
{n=22} {grey bars), and C (n=21) (white bars), respectively,

Safety aspects

Treatment was well tolerated and no adverse events were detected that were considered to
be drug refated. During the study period, glycosylated hemoglobin levels remained within the
normal range. In addition, none of the girls developed diabetes mellitus.

Discussion
This study shows that in girls with TS treatment with biosynthetic GH, even with the
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‘standard’ dose of 4 IU/m/day (=0.045 mg/kg/d), results in a normalization of height during
childhood and a normalization of adult height in most of the girls. The ideal study design to
assess the growth promofing efiect of GH is a randomized controlled trial with an untreated study
group until adult height. Since at the start of the present study, GH treatment in girls with TS was
an accepted indication in the Netherlands, such a trial was not possible. Therefore, a randomized
dose-response design was chosen to assess the effect of GH treatiment on growth. To determine
the effect of GH on adult height, the attained adult height was compared to the individually
predicted adult height using the modified projected adult height method based on own references
for untreated Dutch girls with TS*%. However, in such a growth analysis, sccular trend and errors
in adult height prediction have to be taken into account. Remarkably, the growth promoting effect
of GH found in the present study exceeds the effects of secular trend and prediction errors. After
7 yr of GH treatment, most girls had a height within the normal range for healthy Dutch gitls. In
addition, in the 32 girls who had reached adult height, the mean height in the 3 dosage groups
was approximately 160 cm. Baseline predicted adult height was exceeded in all subjects and the
mean gain in adult height was well above 10 cm, even in the group receiving the standard GH
dose of 4 1U/m*/d. Morcover, in more than half of the 32 girls, the attained height was within the
target range.

As in the study of Rosenfeld er al.%, some girls discontinued the GH treatment earlier
because they were satisfied with their attained height. Although the maximal growth promoting
effect could not be obtained in these girls, such a precocious termination of GH treatment is the
consequence of the good growth response of the treatment.

The results of the present study contrast with reports stating that GH treatment in girls
with TS resuits onfy in modest increments or have noe positive effect at all***, In these studies the
age of start of GH treatment was considerably older than in our study. In the study of Rosenfeld ef
al., however, girls were started at a younger age (9.1 yr) and showed a mean gain in adult height
{8.4 cm) being more comparable with our results®. The girls who have reached adult height in our
study had a mean age at bascline of 8.2 yr, being even younger than in the study of Rosenfeld ef
al. Therefore, in our opinion, the most important reason of our better results is the fact that GH
treatment was started at a younger age compared to earlier studies. Since, the girls who are still
receiving GH are even younger than the girls who have already attained their adult height, we
expect at feast a shilar gain in adult height in these younger girls.

In our view, it is very important for the psychosocial well-being of the girls to induce the
pubertal development in confornity with their healthy peers. Therefore, in the present study,
estrogen therapy was started at a pubertal age, However, when estrogen therapy is started before
the end of the growth phase one runs the risk of earlier epiphysial closure, and consequently a
lower gain in adult height. From the results of the present study we can state that low dose
estrogens at a pubertal age does not interfere with the capability of GH treatment to normalize
adult height in most of the girls with TS. Thus, a major outcome of our study is that with these
GH and estrogen treatment regimens, most girls with TS can grow and develop much more in
conformity with their healthy peers.

Seven-year data demonstrated a higher increment in height in the GH dosage groups
receiving 6 or 8 IU/m*d compared to 4 TU/m¥d. In the 32 girls who had attained their adult
stature, the gain in adult height over the baseline predicted adult height was higher with a GH
dose of 8 compared to 4 1U/m*d (16.0 vs, 12.5 cm). However, this difference in gain in adult
height is quite small in proportion fo the difference in the GH dose between these 2 groups. In
contrast, Carel ef al. found an increment in adult height which was {wice as high in a study group
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who received an increasing GH dose (dependent on the height velocity, up to 9 TU/m?/d}
compated to a fixed GH dose (approximately 3.9 WU/m¥d) group {(1(.6 vs 5.2 cmy*. However,
these increments in adult height in both study groups were even lower compared to the results of
our dosage group receiving 4 IU/m%d, probably due to the higher baseline age of the girls in that
study compared to our study.

In conformity with the study of Carel ef ol in which even higher GH dosages were used
than in our study, tolerance to all 3 GH regimens was good. Our 4-yr resuits of the effects of GH
treatment on lipid metabolisim showed no unwanted side-effects?”. As described in other studies,
GH treatment had no adverse effect on glucose metabolism, but the insulin levels had increased
significantly after 4 yr of GH treatment compared to baseline levels™®. In the present study, we
showed that during 7 yr of treatment glycosylated hemoglobin levels stayed within the normal
range; an extensive evaluation of the effects of long-term GH treatment on carbohydrate
metabolism is described elsewhere®. In a previous paper, we showed that 7 yr of GH treatment
does not have adverse effects on left ventricular heart dimensions or blood pressure®. Since the
mean IGF-1 levels were on the upper area of the normal range in group A and higher in group B
and C, whereas the consequences of high 1GF-1 levels during childhood are not yet known,
follow-up of the girls into adulthood is required.

If higher GH dosages have proven to be safe on the very long-term and result in a
clinically significant higher increment in adult height compared to lower GH dosages, cost-benefit
evaluations have to be performed. Furthermore, psychological studies are required to evaluate
whether the (early) normalization of height is accompanied by an improvement of the
psychosocial functioning in childhood as well as in adulthood.

In conclusion, GH treatment starting in relatively young girls with TS results in
normaltization of height during childhood and normalization of aduit height in most of the girls,
even using the ‘standard” GH dose of 4 IU/n%/day (=0.045 mg/kg/d), and without unwanted side-
effects. Higher GI doses may be more effective, but the efficacy on adult height and safety in the
very long-term have still to be proven. Induction of puberty with low dose estrogens can be
started at normal pubertal age without interference with the capability of GH treatment to
normalize adult height in most of the girls with TS.
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CHAPTER 2.2

FINAL HEIGHT IN GIRLS WITH TURNER’S SYNDROME TREATED WITH ONCE OR
TWICE DAILY GROWTH HORMONE INJECTIONS

Adapted from Archives of Disease in Childhood 1999;80:36-41
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Abstract

Objectives- To study final height (FH) in girls with Turner syndrome (TS) treated with once or
twice daily injections of GH in combination with low dose ethinyl estradiol.

Design- In this study until FH the effect of fractionated twice daily (BID) was compared to once
daily (OD) s.c. injections of a total GH dose of 6 IU GH/m¥day. BID injections were given as
one-third in the morning and two-thirds at bedtime (BID). Al girls concurrently received low
dose estradiol (0.05 ug ethinyl estradiol/kg body weight/day, increased to 0.10 ug/kg/day after
2.25 years).

Patients- Nineteen girls with TS aged 11 years or over (inean 13.6, SD 1.7 yr).

Measurements- To determine FH gain, we assessed the difference between the attained FH and the
FH predictions at start of treatinent. These FH predictions were calculated by using the Bayley-
Pinneau prediction (BP) method, the modified projected adult height (mPAH), the modified index
of potential height (mIPH,), and the Turner-specific prediction method (PTS,.).

Resuits- The gain in FH (Mean{SD))} was not significantly different between the OD and the BID
GH injection regimens (7.6 {2.3) vs. 5.1 {3.2) cm). All girls exceeded their adult height prediction
(range: 1.6;12.3 cm). Thirteen of the 19 girls had a FH gain > 5.0 cm. Mean attained FH was
155.5 (8D 5.4). A “younger BA™ at baseline and a higher increase in HSDS for chronological age
{Dutch-Swedish-Danish references) in the first year of GH treatiment predict a higher FH gain
after GH treatment.

Conclusions- Division of the total daily GH dose (6 TU GH/n¥/day) into 2/3 in the evening and
/3 in the morning is not advantageous over the once daily GH regimen with respect to FH gain.
Trearment with a GH dose of 6 IU/m’/day in combination with low dose estrogens can result in a
significant increase in adult height in Turner girls, even if they start GH therapy at a relatively late
age.

Introduction

Growth failure and subsequently short adult stature is one of the main features in Turner
syndrome (TS) 2. } has been shown that short stature, independent of etiology, can be associated
with psychosocial problems®. GH therapy improves height velocity and adult height in most girls
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with TS*2, Studies in patients with TS have shown that the initial growth response to GH
treatment is dependent on the dose and frequency of administration™ ", Tn order to improve the
growth response intramuscular injections three times a week have been replaced by a once daily
subcutaneous regimen® ", However, just as in normal growing girls®, spontancous GH secretion in
TS is characterized by a large peak soon after falling asleep and the occurrence of several other
peaks during the course of a 24-hour period'**. A more frequent infection regimen might thus
improve the growth response, as has also been suggested by a study in GH-deficient patients™.

In this study, an attempt was made fo mimic the normat puisatile GH secretion pattern
more closely. The total GH dose of 6 TU/m? body surface/day was divided in two-thirds in the
evening and one-third in the morning in one group of patients (BID). The other group received the
sante total GH dose once daily (OD), in the evening. A total dose of 6 IU/my/day was chosen
instcad of the more commonly used 4 IU/m%day since an earlier study has shown that on the latter
dose the growth response in a somewhat older subgroup of girls with TS was poorer than in
vounger girls". Two year results were described earlier by our group™. We now report follow-up
until final height comparing the effects of BID versus OD GH administration in 19 girls with TS
aged 11 years or over concurrently receiving low dose ethinyl estradiol.

Patients and methods
Study group

We studied 19 previously untreated girls with TS, confirmed by lymphocyte chromosomal
analysis, Prior to treatment, ten gitls were enrolled in a 10-week (cross-over design) 24-hour GH-
profite study, as described earlier™, In brief, they started taking ethiny! estradiol (0.05
microgramvkg/day) 4 weeks before they were randomly divided into OD or BID GH injection
groups. GH was then administered for 2 weeks. Following a washout interval of 2 weeks, GH
therapy was resumed for another period of 2 weeks using the aiternative injection frequency. The
additional nine girls followed the same schedule without 24-hour GH-profile testing. After a
second randomization, which was carried out independently from the first randomisation, all 19
girls entered the present study immediately after completion of the [0-weck design. At start of the
cross-over study all girls had Tanner puberty stage B1%, were aged 11 years or over, and had a
Tanner and Whitehouse RUS bone age (RUS BA)* of less than 13.5 years. Exclusion criteria
were: associated endocrine and/or metabolic disorders, growth failure due to other disorders or
emotional deprivation, hydrocephalus, and previous use of drugs that may interfere with GH
therapy. Written informed consent was obtained from the girls and their parents. The study
protocol was approved by the Ethics Comumnittee of each participating centre.

Study design

After stratification for RUS BA and height standard deviation score for chronological age
(HSDS,.,)}, the girls were randonily divided into two GH injection frequency groups. One group
(n=9) received 6 L7 GH/m? body surface once daily (OD), in the evening. A second group {(u=10)
received the same total GH dose divided in one-third in the morning and two-thirds at bedtime
(BID), GH (r-hGH Norditropin®*} was injected by a pen injection system (Nordiject®24 Novo
Nordisk A/S, Denmark). Compliance was carefully monitored. GH treatment was stopped when
height velocity (HV) had decreased to less than 1 em / 6 months, The figure for final height was
recorded 6 months after cessation of therapy. All girls received, from the start of the 10-week
cross-over study 0.05 g ethinyl estradiol(EE2)/kg body weight/day, once daily. After the first
2,25 years of GH treatment, the dose of ethinyl estradiol was increased to 0,10 gg/kg/d and cyclic
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progestagen therapy was added.

Growtl evaluation

Height (H) was measured at baseline and three monthly till final height. Heights were
determined according to Cameron” using a Harpenden stadiometer; four measurements per visit
were made by two trained observers (AvT and later on ThS). Height was expressed as SD-score
for chronological age using the Roede en van Wieringen references for healthy Putch girls
{HSDS,, (RvW))* and the Dutch Swedish Danish Tuner references (HSDS., (DSD))’. At FH,
HSDS,, (DSD) was calculated by using the mean height {£46.95 cm) and the standard deviation
(6.37 em) of untreated girls with Turner syndrome (DSD references) of 21 years of age. Target
height {TH) was adapted from Dutch reference data® with addition of 3 cm for secular trend: TH
=1/2 * (H_ 4. + Hpao -12 em) + 3 cm. Puberial stages were assessed according to Tanner”. Bone
age (BA) was determined by the same two investigators (AvT and later on ThS) according to
Tanner & Whitchouse RUS-score (RUS BAY® and to Greulich and Pyle (GP BA)”. To determine
FH gain, we assessed the difference between the attained FH and the FH predictions at start of
treatment, These FH predictions were calculated by using the Bayley-Pinnean (BP) prediction
method®, the modified projected adult height (mPAHY! %, the modified index of potential height
(mIPH,.)*?*, and the recently developed Turner-specific prediction method (PTS,;) based on
regression coefficients for 1, CA, and RUS BA®, The latter three methods are based on Dutch
Turner references, as described previousty™,

Prior to any treatment aH girls underwent a GH provoecation test by infusion of arginine
(0.5 g/kg body weight in 30 min). In addition, blood was taken for the determination of IGF-1,
IGFBP-3, and GHBP at the start of the study (pretreatment) and subsequently at 6 and 18 months
after the start of the present study. The methods and the results of these measurements were
described previounsiy™ » ¥+,

Statistics

Results are expressed as mean (standard deviation (8D)), unless indicated otherwise.
Student’s t-test ot the Chi-square test was used to test differences between groups. Student’s paired
sample test was used for comparing means within groups. Correlations were tested with Pearson’s
linear correlation coefficient. To compare FH between the OD en BID group, a multiple linear
regression analysis, adjusted for baseline variables was perforined. For this analysis, RUS BA and
the average of the four FH predictions were chosen as baseline variables. In the search for
determinants of treatment success (FH gain = attained FH minus predicted FH), multiple linear
regression analyses, adjusted for treatment group, were done, For each possible predictive factor,
seperate analyses were performed. Possible predictive factors for FH gain after GH treatment were
at baseline: CA, RUS BA, HSDS_,(DSD), TH, levels of IGF-], IGFBP-3, IGF-I/IGFBP-3 ratio,
GHBP, and the maximal GH value during a provocation test; after the first six months of GH
therapy: the change from baseline of }GF-1, IGFBP-3, IGF-I/tGFBP-3 ratio and GHBP levels; and
in the first year of GH treatment: the change in HSDS_(DSD). A p-vatue < 0,05 was cousidered
significant.

Results
Growth evaluation

Table 1 lists the basetine (after the second randomization) clinical data of the girls. As
described in a previous paper®, at baseline, there were no relevant differences between the two
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groups for any of the variables. Prior to the treatment the mean CA, BA, and HSDS,, of the gitls
in the BID group were stightly (not significantly} higher compared with those in the O group.

Table 1, Pretreatment clinical data, expressed as mean (SD)

OD Group . BID group
Number of girls 9 10
CA (yn) 133 (1.7} 13.8  (1.8)
RUS BA (yr) 122 (1.0} 127 (0.9)
GP BA (yr) 1.4 (0.6) 118 (0.8)
Height (cmy) 1343 (3.1) i40.8 (7.9}
HSDS., (RvWV) 37 (L3 30 (12
HSDS,, (DSD) 02 (L1 L1 (13)
TH (cm) 166.5 (4.5) 168.3 (6.3)
Karyotype:
45X 6 8
other 3 2

OD: once daily GH injections; BID: twice daily GH infections; CA: chronological age; RUS BA: bone age,
RUS score; GP BA: bone age, Greulich & Pyle; HSDS,,: height standard deviation score for chronological
age; RvW: Roede van Wieringen references for healthy Duich girls; DSD: Dutch-Swedish-Danish references
for girls with Turner syndrome; TH: target height

Table 2 shows the mean predicted adult height according to the four different prediction methods.
For boths groups the differences between the four predictions were small and not significantly
different from zero. Therefore we used for further analyses the average of the four predictions as
the predicted adult height.

Table 2, Predictions of adult height at start of GH reafment, expressed as mean {SD)

OD group BID group
Number of girls 9 i
Prediction method
mPAH {cm) 146.7 {6.0) 151.5 {(6.9)
mlPH,,.; (cm) 146.9 (3.7) 151.2 (5.6)
BP pred.(cm) 145.8 (5.2) 1505 (6.9)
PTS,.; (em) 147.4 (5.7) 1514 (0.4)
Average of the 4 predictions 146.7 (4.9) 151.4 (6.3)

OD: once daily GH injections; BID: twice daily GH injections; mPAH: modified projected adult height;
mIPH,,.: modified index of potential height, including RUS bone age; BP pred.: Bayley & Pinneau
prediction of adult height; PTS,,;: Turner-speeific FH prediction method, including RUS bone age.

Table 3 shows the clinical data at FI1, The difference in FH between the two treatment
groups was 2.2 cm in favour of the BID group, but this difference was not significant. However,
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after adjustment for baseline variables (RUS BA and the predicted adult height), the mean FH of
the BID group minus the mean FH of the OD group was -1.2 cm (95% confidence interval: -3.8 ;
1.4). Thus, the OD group had a slightly better growth response on GH treatment until FH
compared to the BID group, but this difference was not significant. For both treatment groups, FH
was significantly higher than the predicted adult height at start {p < 0.001). Sixteen of the 19 girls
have reached a FH > 150 ¢m, while five of them even had a FH > 160 cm.

Table 3. Clinical data at final height, expressed as mean (SD)

Treatment group  n Final height Predicted Months of increase increase  FH gain (cm)
(cmy) adult height  GH therapy HSDS HSDS
(cm) ref. RvW ref. DSD

CD 9 [54.3 146.7 48.0 1.5 1.0 7.6
{5.2) 4.9y (6.7) (0.6) (0.5) 2.3)

BID 14 156.5 1514 384 1.2 g4 5.1
(5.6) 6.3) (8.1) {0.6) (0.7} 3.2)

Total 19 155.5 149.2 42.9 [.3 0.8 6.3
(5.4) (6.0) (8.8) (0.6) (0.7} (3.0)

OD: once daily GH injections; BID: twice daily GH injections; HSDS,,: height standard deviation score for
chronological age; RvW: Roede van Wieringen references for healthy Dutch girls; DSD: Dutch-Swedish-
Danish references for girls with Turner syndrome; FH gain: final height minus predicted adult height,

The duration of GH treatment (from start GHRx till HV < 1 cn/6 mos) was significantly
shorter in the BID group compared to the OD group, even after adjushiment for RUS BA at
baseline (p < £.02). No significant difference in bone maturation from start of GH therapy until
final height was found between the OD and BID group: BA/CA ratio (yr/yr) 0.7 vs 0.8.

At FH, HSDS for healthy Dutch girls (RvW) and for untreated Turner girls (DSD) were
significantly increased compared to baseline in the OD group (p < 0.001), in the BID group the
HSDS for healthy Dutch girls (RvW) as well as for untreated Turner girls {DSD) were increased
compared to baseline, but only the increase in HSDS (RvW) was statistically significant (p <
0.001) . The increase in HSDS,, (RvW and DSD) was higher in the OD group compared to the
BID group, but this difference was not statistically significant. All gitls exceeded their adult
height prediction (FH gain range: 1.6;12.3 ¢cm). Thirteen of the 19 girls had a FH gain > 5.0 cin.

Relations with growth response

Multiple linear regression analyses of the FH gain after adjustment for treatment group,
revealed a significant negative correlation with baseling RUS BA (fi=-1.6, p=0.021) (see Figure [}
and a significant positive correlation with increase in HSDS_,(DSD) in the first year of GH
treatment (B=7.8, p=<0.0001) (sce Figure 2). FH gain was not significantly related to pretreatment
CA, HSDS.,(DSD), TH, ptasma IGF-1, IGFBP3, IGF-I/IGFBP3 ratio, GHBP and maximum GH
levels after provocation, nor to the change after six months of GH treatment in plasma IGF-I,

IGFBP3, IGF-I/IGFBP3 ratio, and GHBP,

Pubertal development
Tanner breast stage development was not significantly different between the OD and BID
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group: at the end of GH treatment the distribution of the nunber of girls with Tanner stages B to
B35 was [-0-3-3-2 and 0-2-2-4-2, respectively. At the end of GH treatiment, six girls had had their

menarche.
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Figure 1. Relation between the final height gain (cm) and the bone age (RUS BA) (yrs) at start of the GH
treatment (=-1.6, p=0.021),
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Figure 2, Relation between the final height gain (cm) and the increase in height SD-score(DSD) in the first
year of GH treatment (B=7.8, p<.0001),

Side effects
No clinically relevant side effects attributable to GH were noted.

Discussion

Division of the total daily GH dose (6 IU GH/m*day) into 2/3 in the evening and 1/3 in the
morning is not advantageouns over the OD GH regimen with respect to FH gain. FH tended
towards a higher mean value with OD Gl compared to BID GH after correction for baseline
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variables, but a significant difference between the two groups was not found. The mean corrected
difference in FH (BID minus OD) was -1.2 cm with a 95% confidence interval bebween -3.8 and
+1.4 cm in favour of the OD group. The absence of a statistically significant difference in FH
between the OD and BID group might be caused by lack of power due to the relatively small
wumibers of girls in both groups. However, we have proved that the effect of GH treatment of more
than 1.4 cm in favour of the BID group can be excluded with 95% confidence.

The present FH data of the OD group compared to the BID group are in line with the two
year results™. The growth response after two years GH on a total daily dose of 6 IU/m? in
combination with 0.05 ug cthinyl estradiol/kg bw/day was not significantly different between the
OD and the BID daily GH injection regimens. However, HV in the second year of the study and
the change in HSDS,., during the sccond vear and after two years of study was higher in the OD
group compared with the BID group. Thus a tendency in favour of OD injections could be
observed already in the first two years of therapy.

Talle 4. Final height in girls with Twrner syndrome treated with growth hormone

Author n GH Ox EE2 , FH gain over
(mean)
age start dose dose age start dose BpP {m)PAH
{ycars) (IU/m?/wk) (mg/kg/day) (years) {ngkeiday)  (cm) {cm)
Massa [1995] 45 <12 24
»12 2 y1s GH: 24 4.7 2.6
>2 yrs GH:36 >12 100
v.d.Broeck[1995] 78 mean ~21-27 mean 14,5 2-5 pg/d 33 3.0
11.7-14.6
Taback{1996] 17 median 12.4 ~20 median 13.0 5-20 ugid - -6.2
14 no GH median 13.3 5-20 ug/d - -33
Nilsson[1996]  44: mean 12.2
la) 6 1 ym: no GH 0.05 mean ~15.3 in 4 y1s from - 7.4
>1yn: ~21 100 to 400
1) 7 1 yr: no GH 0.05
»1 yr: ~21 mean ~13.3 140 - 4.3
2) 16 -21 0.05 mean ~15.1 in 4 yrs from - 8.5
100 to 463
315 -21 0.05 mean 12.3 100 - 30
mean BA 0.7
Rosenfeld 30: 9.3 ~3L3 0.0625 BA=§d - 104
[1992]
- ~3L3 no Ox - 5.6
Haeusler 20 7.3-16.4 0.9-2,5 yrs: Mean BA 13.3 in 18 mos - 9.3
[£996] 12-18 from 30 to 200
thereatter: 0.0625 Ox
18 or 5 myg
teslosteron/
Twkim,

Ox; Oxandrolone; EE2: ethinyl estradiof ; BP: Bayley Pinneau prediction method; (m)PAH: (modified)
projected adult height
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The 24h GH profiles in ten of these girls showed that the mean Area Under the Curve
{(AUC) was 3.1 times higher for the night-time period compared with the day-time period in the
girls receiving BID GH treatment, although the GH dose at bedtime was only 2 fimes higher than
the GH dose in the morning. In addition, the mean AUC values for the night-time period were 1.9
times higher with the OD than with BID GH treatment, while the GH dose at bedtime was only
1.5 times higher in the OD group?. These resulls suggest a difference in GH bioavailability and
are in line with the trend towards a better FH gain in the OD group.

To our knowledge, this study is the onfy one in which girls with Turner syndrome have
received twice daily injections of GH until FH. In a study in girls with TS, comparing an OD
regimen with a BID regimen in which an equal division of a daily GH dose (25 TU/m*wk) was
made, the change in HV in the first year of treatment was somewhat higher in the OD group (3.5
+ 1.3 em/yr) compared to the BID (2.7 & 1.8 ci/yr), but also in this study the difference was not
significant™.

Besides the small and statistically non-significant difterence in FH gain between the OD
and BID group, the duration of the GH treatment in our study was significantly fonger in the OD
group than in the BID group, even after adjustment for bone age at baseline. Apart from the
possibility that these differences are due to a type I error, onte can speculate that the effect of the
BID GH regimen is comparable with the effect of a lower GH dose (for exampie, due to lower GH
bioavailability). As a result, this causes a worse growth response than the OD GH regimen.
Consequently, this may cause an earlier decrease in BV, resulting in an earlier discontinuation of
GH therapy and a lower FH gain. Another explanation might be a more pronounced effect of BID
regimen on bone maturation than on HV compared to the OD regimen. However, nto significant
difference in bone maturation between the two groups was found.

The FH gain was, independent of treatment group, negatively related with baseline RUS
BA. Therefore, the large interindividual differences in FII gain conld partly be explained by the
interindividual difference in RUS BA at baseline. From a statistical point of view, it is important
to mention that baseline RUS BA was only moderately and not significantly correlated (1=0.26;
p=0.278) with the adult height prediction at start. Accordingly, this relationship with FH gain
cannot be explained by regression to the mean. In addition, FH gain was positively related with
the increase in HSDS  (DSD) in the first year of GH treatment. Tn conclusion, a “younger BA™ at
baseline and a higher increase in HSDS..(DSD} in the first year of GH treatment predict a higher
FH gain after GH treatment.

Previous publications on the effect of GH treatment on FH in girls with Turner syndrome
are summarized in table 4. The only other study in which girls with TS used a GH dose
comparable with the dose in our study is described by Massa ef a/. The lower FH gain in that
study'™ compared to our results can be explained by the lower GH injection frequency and/or total
GH dose per week in the first two years of the study. Other studies in which "relatively old” girls
were treated with lower GH doses (without oxandrolone (Ox)) are quite disappointing’ ™. In the
published studies in which girls with TS started GH treatment at a younger age and/or were
treated with GH in combination with Ox, the gain in height was comparable with or better than
that of our study **'%, The effect of a relatively short period of higher dose GH treatment on FH
gain seems to be comparable with the effect of fong-term lower GH dose treatment or GH
combined with Ox treatment. In addition, higher GH doses do not seem to have negative side-
effects” ", These promising data support the use of higher GH doses in girls with Turner
syndrome, However, the higher costs of higher GI doses compared to the lower costs of Ox
should be taken into consideration when the use of higher GH doses is discussed.
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Althongh estrogen therapy in girls with Turner syndrome can result in an acceleration of
bone maturation if initiated too early **, the effect of low dose estrogen starting within the
normal range of age of puberty on final height is not clear. Nilsson et al. found a significant
lower FH gain in the girls who started at a mean CA of 12.3 yr with 100 ng EE2/kg/d compared
to the FH gain of the girls who started EE2 at a mean CA of at least 15.1 yr, However, the
difference in FH gain between these groups seems to be caused by a decreased HV in the second
and subsequent years of the treatment in the “young starting EE2 group” and not by a significant
acceleration of the bone maturation in the first three years of GH treatment®. Other GH (with or
without Ox) studies in which the induction of puberty was delayed until the epiphysial plates were
almost closed™ ", showed no obvious better FH gain than that of our study in which low dose
estrogens were combined with a relatively high GH dose. Despite the low estrogen dose, apart
from one giit who was still prepubertal, all girls had breast development at the end of GH therapy.
Sixteen out of 19 girls had breast stage 3 or more and six girls had experienced their menarche.
We consider it of utmost importance for the psychological well-being of the git]s to have their
pubertal development in conformity with their peers,

Conclusions

(1) Division of the total daily GH dose of 6 TU GH/m*day into 2/3 in the evening and 1/3
in the morning is not advantageous over the once daily GI regimen with respect to FH gain. (2)
Treatment with a GH dose of 6 [U/m*day in combination with low dose estrogens can result in a
significant increase in adult height in Turner girls, even if they start GH therapy at a relatively late

age,
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Abstract

To assess body proportions in girls with Turner syndrome (TS} during long-term growth
hormone {GH) treatment, height, sitting height (SH), hand (Hand) and foot length (Foot), and
biacromial (Biac) and biiliacal diameter (Biil} were measured in 68 girls with TS participating in
a GH dose-response trial. These previously untreated girls with TS, age 2-11 years, were
randomly assigned to one of three GH dosage groups: group A, 4 FJ/m¥day; group B, first year 4,
thereafter 6 TU/m/d; group C, first year 4, second year 6, thereafter 8 TU/m%/d. Seven-year data
were evaluated to assess the effect of GH treatment on body proportions during childhood. In
addition, data of all girls who had reached adult height were evaluated to determine the effect on
the adult body proportions. All results were adjusted for age and sex, and expressed as SD-scores
(SDS) using reference values of healthy Dutch girls, To describe the proportions of SH, Hand,
Foot, Biac, and Biil to height, these values were adjusted for the SDS of height and were
expressed as shape values, using the formula, e.g. for SH: shape SH = (SH SDS - height SDS})/
V(2-2 x correlation coefficient between SH and height in the reference population). Furthermore,
SD-scores using references of untreated girls with TS were calculated for height and SH, Values
being less than -2 or more than +2 were considered ouiside the normal range,

At baseline, the shape values of all measurements were significantly higher than zero, but
most mean shape vakies were still within the normal range. Seven-year data of 64 girls and adult
height data of 32 girls showed that an increase in height was accompanied by an even higher
increase in size of Foot resulting in mean $D-scores above zero and shape values of +2 and
higher. The increase in the shape value of Foot was significantly higher in group B and C
compared to A after 7 years of GH treatment, however, without sigiificant differences between
the GH dosage groups in the girls who had reached adult height, The shape values of SH had
decreased to values closer to zero after reaching adult height, especially in group A. A similar
pattern in proportion of SH to height was seen using references of girls with TS. No significant
changes in the other proportions were found after reaching adulf height,

In conclusion, on average, untreated girls with TS have relatively large trunk, hands and
feet, and broad shoulders and pelvis compared to height. The increase in height after long-term
GH treatment is accompanied by an even higher increase in the size of feet annd a moderate
improvement of the disproportion between height and sitting height. Recently published reference
data of untreated adults with TS and results of a different patient group receiving a comparable
G11 dosage, suggest that the disproportionate growth of feet has to be considered a part of the
natural deveiopment in TS, but might be influenced by higher GH dosages. The development of
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large feet can play a role in the decision of the girl to discontinue GH treatiment in the last phase
of growth,

Introduction

Growth failure and subsequently short adult stature is one of the main features in Turner
syndrome (TS) (1,2). Although these girls are not clearly GH-deficient {3), GH administration
accelerates growth in a dose-dependent way (4-6). In addition, recent papers reported a
considerable increase in adult height in girls who started GH treatment at a relatively young age
(7-9).

The general clinical impression of body proportions of unireated girls with TS is that these
gitls have a more coarse and stocky figure compared to healthy girls, This is confirmed by earlier
studies describing relatively short lower extremities and relatively broad shoutders and pelvis (10-
12). Little is known about the effects of supraphysiological GH dosages given for a long time
during childhood. The most remarkable reported changes in body proportions in TS after two
years of GH treatment were an increase in pelvic width and an increased length and breadth of
hands and feet compared to the increase in height (10,13). Four-year data on height and sitting
height were described by Rongen ef af., demonstrating no change in proportion (14).

To determine the body proportions before, during and after long-term GH ireatment, we
measured height, sifting height, hand length, foot length, biacromial diameter and biiliacal
diameter in 68 girls with TS participating in a randomized dose-response study. The effect on
height was described earlier (15). We now report the results of the body proportions during
childhood comparing 7-year data between 3 GH dosage groups. In addition, data of all girls who
have reached adult height have been evaluated.

Subjects and Methods

Sixty-eight previously untreated girls with TS were enrolled in a multicenter GH dose-
response study. The diagnosis was confirmed by lymphocyte chromosomal analysis, Inclusion
criteria were: a chronological age between 2 and 11 years, height below the 50th percentile for
healthy Dutch girls (16), and a normal thyroid function. Exclusion criteria were: associated
endocrine and / or metabolic disorders, growth failure caused by other disorders or emotional
deprivation, hydrocephalus, previous use of drugs which could interfere with GH treatment, and
spontaneous puberty (17). Written informed consent was obtained from the girls and their parents
or custodians. The study protocol was approved by the ethics committee of each participating
center.

Sixty-eight girls were approached and after the randomization all girls started GH
treatiment. After stratification for chronological age and height standard deviation score for
chronologicat age (HSDS) gitls were randomly assigned to group:

A (n=23) receiving 4 1U/m*body surface/day (equivalent to 0.045 mg/kg),

B (0=23) receiving 4 IU/m’/d in the first year, followed by 6 1U/m¥d, or

C (n=22) receiving 4 I/m*/d i the first year, 6 1U/m¥d in the second year, and thereafter

8 TU/m*/d.
Biosynthetic-hGH (Norditropin®, Novo Nordisk A/S, Denmark) was given subcutaneously once
daily at bedtime using a pen injection system. Every three months the total GH dose was adjusted
to the calculated body surface. According to study protocol, treatment was stopped when subjects
had grown less than | cm over 6 months. After the first 4 years of the study period, girls started
estrogen therapy when they had reached the age of 12 years, In the first 2 years of estrogen
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therapy, the girls received 5 ug 17B-estradiol/kg body weight/day, in the 3rd year 7.5 pg/kg/d and
thereafter 10 pp/kg/d.

Height, sitting height (SII), left hand length (Hand), left foot length (Foot), biacromial
diameter {Biac) and biiliacal diameter (Biil) were measured at baseline and subsequently every six
months by two trained observers. Measurements were taken according to Cameron (18). Height
and SH were obtained using a Harpenden stadiometer and sitting height table. The other
measurements were taken with the Harpenden anthropometer, Two measurements per visit were
made and the mean was used for the analysis. The results of each measurement were adjusted for
age and sex, and expressed as a SD-score. When GIH treatiment was stopped the last available
measurements at discontinuation of GH treatment were considered the definite values assuming
that no change in body proportions will take place after stop of GH treatment. For the evaluation
of body proportions in the girls after reaching adult height, the reference values at the age of 18
years were used for calculating the SD-scores. The data of the Oosterwolde Study were used as
references for healthy Dutch girts (19). This reference population consisted of 1093 Dutch girls,
ranging from birth to 18 years of age. To calculate SD-scores, data of the reference population
were transformed using the LMS method (20,2 1), This method transforms the reference data at
each age to a normal distribution, In addition, the SD-scores of the measurements of SH, Hand,
Foot, Biac and Biil were adjusted for the height SD-score and expressed as the shape value. The
shape value, in this example defined as the SH SD-score adjusted for the height SD-score, was
calculated using the formula (10,22),

shape SH = (SH SDS - height SDS) / V(2-2r)
in which r is the correlation coefficient between height and SH in the reference population. Values
less than -2 or more than +2 were considered outside the normal range.

Unfortunately, no reference values of untreated girls with TS were available, except for
height (Dutch-Swedish-Danish Turner references) (2) and SH (Dutch Turner references) (12).
Because the reference populations for height and SH were not totally identical and the correlation
coefficient between height and SH in girks with TS was not known, only SD-scores of both
measurements were calculated using the reported means and SD’s per year. For the evaluation of
the body proportions in the girls after reaching adult height, the Turner reference values at the
maximum age of 21 and 23 years were used for caleulating the Turner SD-scores of height and
SH, respectively. Seven girls were of non-Caucasian origin (3 in group A, 3 in group B and | in
group C). Although references values of body proportions of non-Caucasian girls might be
somewhat different compared to our Caucasian references, all girls were included in the statistical
analysis, Pubertal stages were assessed according to Tanner (17).

Results were expressed as mean (SD), unless indicated otherwise, At baseline, after 7
years, and afier reaching adult height, SD-scores and shape values were compared with zero using
Student’s one sample t-tests, Differences between SD-scores or shape values after 7 years of GH
treatment compared to baseline were tested by paired Student’s t-tests. Differences in change in
shape values between the GH dosage groups were first tested by a linear trend test to assess a
possible dose-dependent cffect. In case of a significant result, this was followed by comparisons
with Student’s two-sample t-tests. An intention to treat analysis was performed based on all
available data. A p-value < 0.05 was considered significant.

Results
The triat started in 1989. In October of 1997, all girls had been followed for 7 years. At the

end of August 1998, thirty-two patients had discontinued GH treatment. in each group one girl
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dropped out of the study long before reaching adult height for the following reasons : non-

coinpliance, presumed increase in muscle mass and decline in school performance, and desire to
initiate estrogen therapy before the 4th year of GH freatment. In another girl of group B no
measurements of body proportions were available after 4 years of treatment. Therefore, analysis of
body proportions during long-terim GH treatment was not possible in these four girls. Table 1 lists
the baseline clinical data of the remaining 64 girls as well as of the 32 girls who had discontinued
GH treatment after reaching (near) adult height, The three groups of patients had similar initial
characteristics.

TABLE 1. Mcan (SP) bascline data for each treatment group. Karyotype (45,X; other) is expressed in
number {perceniage) of patients.

Group A Group B Group C
Total group of giris
Number of girls 22 21 21
Chronological Age (yr) 6.1(2.1) 6.7 (2.5) 6.5 (2.4)
Height SD-score -2.5(0.9) -2.8 (0.8) -2.7(1.0)
Karyolype
45X 18 (82%) 20 (95%) 16 (76%)
other 4 (18%) 1 {5%) 5 (24%)
32 girls who had reached (near) adult height
Number of girls 10 10 12
Chronological Age (yr} 7.9 (0.9} 8.6 (1.6) 81 (1.4
Height SD-score 2900 30007 -3.0(0.7)

Seven-year evaluation

Figure 1 shows the SD-scores of the measurements at baseline and during 7 years of GH
treatment in group A, B, and C, respectively. At start of GH treatment, all mean SD-scores were
significantly lower than zero, indicating a stunted growth in several body parts. However, the
baseline SD-score of height was tower than the SD-scores of the other measurements. After 7
years of GH treatment all SD-scores had increased significantly compared to baseline. The SD-
scores of height, SH, Biac and Biil showed an increase, especially in the first four years of
treatment, while the SD-scores of Hand and Foot demonstrated a sustained increase throughout
the whole study period up to values higher than zero in the higher GH dosage groups.

The SD-scores of height and SH using the Turner references are presented in figure 2. At
start, height and SH were not different from Turner controls, except SH in group B. After 7 years,
height and SH showed a similar increase, suggesting no obvious change in body proportion
between height and SH,

Figure 3 shows the shape values at baseline and during 7 years of treatment for group A, B,
and C. At start of the treatment afl mean shape values were significantly higher than zero,
indicating a relatively large trunk, relatively large hands and feet, and relatively broad shoulders
and pelvis compared to height. However, most shape values were within the normal range. While
the shape values of SH and Biac had not significantly changed over the 7 years, the shape value
of Biil had significantly decreased. The mean shape values of Hand showed a decrease in the first
years of the study followed by an increase up to values around +2, being, however, only
statistically significant from baseline in group C. The shape values of Foot increased significantly
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Fig. 1. Mean (§D) SD-scores using reference values of healthy Dutch girls at baseline and during 7 years of
GH treatment in group A (black bars), B (grey bars), and C (white bars), respectively. Significant differences
from zero (1) p < 0.001, (2) p < 0.005, and (3) p < 0.05 and significant changes from baseline to 7 years of

GH treatment (a) p < 0.001 are indicated.
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during treatment up to values = +2 in all three GH dosage groups. Only the increase in shape
value of Foot was significantly higher in group B and C compared to A, without a significant
difference between group B and C.

Girls who remained prepubertal throughout the whole study period (n=24) showed similar
patterns in shape values as the whole study group (data not shown),

=
@

1 Height SD-score (Turner ref) SH SD-score (Turner ref)

&
@ e

~

years of (GH treatment years of GH treatment

Fig, 2, Mcan (SD) SD-scores of height and SH using the Turner references at baseline and during 7 years of
GH ftreatment in group A (black bars), B (grey bars), and C (white bars), respectively. Significant differences
from zero (1) p < 0.001 and significant changes from baseline to 7 years of GH treatment (a) p < 0.001[ are
indicated.

Body proportions after reaching adult height

Thirty-two patients (group A, B, and C, n= 10, 10, 12, respectively) have discontinued
GH treatment after a mean duration of treatment of 7.3 (1.1) {range: 5.0 - 8.5) years. Twenty girls
had discontinued GH treatment because of a height velocity less than | cm over 6 months, while
twelve girls stopped GH treatment in the last phase of growth because they were satisfied with
their attained height.

The baseline clinical data of these thirty-two girls were, except for age, comparable with
the baseline data of the total group of sixty-five girls (Table 1). At the last measurements, the
mean (SD) age was 15.6 (0.7) yr in group A, 15.2 (1.3} yr in group B, and 15.2 (0.9} yr in group
C. Although, the duration of the GH treatment (from baseline to the last measurement) seemed to
be shorter in group B (6.7 (1.3)) and C (7.1 (1.2} than in group A (7.6 (0.7)), the linear trend test
showed no significant dose-dependent effect,

Table 2 shows the SD-scores and shape values at start of treatment and at discontinuation of
GH treatment, Baseline values of these 32 girls were similar to those of the total group of 64 girls,
Except the SD-score of SH in group A, all SD-scores had significantly increased compared to
baseline. The largest increase in SD-scores was seen in Hand and Foot, In group C the length of feet
had increased to mean values significantly higher compared to healthy women. The shape valaes of
Biac and Biil showed no change compared to baseline, while the shape value of SH had significantly
decreased. The deerease in the shape value of SH was significant less in group B and C compared to
A. The mean shape values of Hand deviated more towards abnormal high values, however these
changes were not statistically significant. The shape value of Foot had increased significantly to
values outside the normal range, without significant differences between the GH dosage groups.
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Fig, 3. Mean (SD) shape values at baseline and during 7 years of treatment for group A {black bars), B {grey
bars), and C (white bars), respectively. Significantly differences from zero (1) p < 0.001 and (2} p < 0.005, °
and significant changes from baseline to 7 years of GH treatment (a) p < 0.001, (b p < 0.005, and {c)p <
0.05 are indicated. Significant change in shape value from baseline to 7 years of GH treatment in this GH
dosage group compared to group A were indicated by (*) p < 0.05, (**} p < .005.



62 BART “GIRLS FTTH TURNER SINDREOME "

TABLE 2, Mean (SD) SD-scores and shape values at baseline and after reaching adult height in 32 girls who
have reached adult height,

At baseline At stop GH treatment
Group A GroupB  Group C Group A Group B Group C

SD-score

H -2.9 (1.0 -3.0(0.7) -3.0(0.7) 22010 -1.8 (1.0)" -[.6 (0.9
SH -1.9 (137 -Le(0.8) -2.0(1.2Y -23(1.SY -1 (L.2)* -1.2 (Ld)y*
Hand -1L8(0.9) 2.0 (1.1) -1.9(0.8) 0.1(L9)F 0.6 (1.9F 0.3 (2.2
Foot 2.1 (0.8) -2.2 0.7y -1.9(0.7) 0.2(14y 09(14y 14(1.3)
Biac -E341.1) -L0 (1.0 -1.2 (09 0.2 (L1y 0.0(1.3F 0213y
Biil -14 (1.0Y -0.8(0.7) -14(08) 0.4 (05> 0406 0.00.0)0
shape value

SH 1.7(0.6) 24(0.7y Le(1.0) 04 (L1 12012y 0.7(1.4)
Hand I.4¢0.5) 1.2(1.2¢ 1.30.6) 22(L.2y 1.5(1.5¢ 2218y
Foot 1.0 (0.6 1.0(0.3y 1.3(0.5) 2710y 3.2(0.9) 3.o(l.O"
Biac F6(0.5) 2.0(0.8) L83 E8¢0.9) 1.8(1.0) L.8(L2)y
Biil L7(0.9) 2.5(07) 1.7 (0.9) 1909y 2.6(1.0) 1.8¢1.2)

Significantly different from zero: (1} p < 0.001, (2) p < 0.005, and (3) p < 0.05.
Significantly different from baseline: (a) p < 0.001, (b) p < 0.005, and (¢) p < 0.05.
Significant difference in the change in shape value from baseline to adulthood compared to that of group A:

(*yp <0.05.
NGTE: The differences between the GH dosage groups were only tested for the change in shape values.

The SD-scores of height using the Turner references had significantly increased by 1.7
(0.5} in group A, 1.9 (0.6) in group B, and 2.2 (0.7) in group C compared to baseline (p < 0.001).
The increase in SD-score of SH using Turner references increased with 0.6 (0.5) in group A, 0.9
{0.4) in group B, and 1.3 (0.7) in group C compared to baseline (p = 0.004 for group A, p < 0.001
for group B and C). Thus, the increase int Turner SD-scores for height seems to be higher than
those for SH,

Discussion

The present study showed that untreated girls with TS with an age between 2 and 11 years
are short and have smaller hands and feet and narrow shoulders and pelvis compared to healthy
peers. Since height is more affected than other parts of the body, untreated girls have, on average,
a relatively large trunk, relatively large hands and feet, and relatively broad shoulders and pelvis
compared to height. Most shape values, however, were within the normal range. Our data are in
line with the results of Gerver ef al., describing also higher mean shape values in somewhat older
girls {6-19 yrs) with TS (10). Zellner ef al. demonstrated also ligher SD-scores of Hand and Foot
than that of height, indicating relatively large hands and feet (13). Rongen ef al. reported that
especially younger girls with TS have relatively short legs compared to trunk height (12).

During GH treatment all measured parts of the body increased in size to values being more
close to those of healthy peers, or even higher. The seven-year data showed that the increase in SH
and Biac was comparable with that of height, resulting in no change in shape values. Although we

“do not have shape values for SH based on Turner references, our 7-year Turner SD-scores also
suggest no change in the proportion of SH to height. The shape value of the Biil had decreased
during the seven years to values more appropriate for height. Hand and Foot showed a sustained
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increase in size throughout the whole study period resulting in mean SD-scores above zero and
shape values around +2 or higher. Only the increase in shape value of Foot was dose-dependent.
Other studies in girls with TS also reported a higher increase in SD-score of hand and foot than
that of height after 2 years of GH treatment {10,13). Rongen ef al. demonstrated, as we did, no
change in the preexisting disproportion between height and sitting height during childhood after 4
years of GH treatiment (14). However, the biggest change in body proportions in the study of
Gerver ef al. was the increased biiliacal diameter compared to height after 2 years of GH
treatment (10). In our study, the shape Biil decreased during 7 years of GH treatment and was not
changed in the subgroup of girls who had reached adult height. The discrepancy between the
previous published data and our data concerning Biil compared to height, have to be found in the
good catch-up in height and the less increase in Biil. We have to realize that compared to the other
measurements, the measurement of the Biil is higher influenced by the increase in body fat which
is especially seen in adolescents and adults with TS,

Thirty-two girls had reached their adult stature after long-term GH treatment. For the
present study, we made the assumption that no change in body proportions will fake place after
stop of GH treatiment. Our clinical impression is that only some additional millimeters to a
centimeter in height can be achiceved in the years atter discontinuation of treatment after reaching
{(near) final height. However, we assummed that the possible additional millimeters in height will be
accompanied by a similar increase in size of other parts of the body after stop of GI treatment.
Preliminary data of older girls with TS obtained by our group seem to confirm this assumption,
however, follow-up of the girls of the present study is required to substantiate this. The data of the
32 girls showed no change in shape values of Biac and Biil. Although the shape value of Hand
had deviated more from normal compared to baseline, the change was not significant, In contrast,
Foot had increased to mean values equal to or higher than the mean value for healthy women and
shape values outside the normal range. However, no significant differences between the GH
dosages groups were found. The shape value of SH showed a decrease to values more close to
zero, especially in group A. The SD-scores for height and SH using Turner references showed the
same pattern: a higher increase in height than in SH. Thus, in the girls who had reached adult
height after long-term GH treatment, the disproportion between SH and height had improved, but
the proportion of Foot to height had worsened.

The cause and mechanisi of the change in body proportions after long-term GH treatment
in girls with TS are not clear-cut. It our study, girls of group A received the usual GH dose, but
higher GH doses were given in group B and C. The 7-year increase in shape value of Foot was
dose-dependent, suggesting a GH-induced abnormality. In adults excessive GH secretion can lead
to acromegalic features including big hands and feet which is caused by thickening of the bone
and surrounding soft tissue. Less is known about the effects of high GH levels during childhood.
Although, we did not include systematic radiographic measurements of bone length and soft
tissue in our study, we saw no obvious soft tissue thickening on the standardized X-rays of the
hand. This suggests that in girls with TS the increase in the size of the hands are caused by
longitudinal growth of bone and does not seem to be part of acromegalic changes. In addition, it
has been reported that high GH levels in children during the growth phase (gigantism; most
common cause is an autonomonusly functioning pituitary adenoma) result in proportional growth
in length and width of the bones {23). As in most other studies, we did not include a randomized
control group receiving no GH treatment until adult height. Unfortunately, no reference values for
TS were available for Hand, Foot, Biac, and Biil during the growth phase. Therefore, we do not
know the natural development of those body proportions in untreated girls with TS during
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childhood, However, recent reference values were reported of adult women with TS, who had
received no GH therapy in childhood (24). To compare those data with ours, we calculated the
mean shape values from the SD-scores of that study, since the same reference population was
used as in our study. If was shown that untreated adult women with TS have no disproportion
between height and SH, but shape values of Hand were even higher than that of our 32 girls
having reached adult height. The mean shape value of Foot of these women was as high as that of
group A, however, seemed to be lower than that of group B and C in our analysis on adult data.
The shape values for Biac and Biil were considerably higher than our adult shape values. These
reference data suggest that the decrease in shape SH and the increase in shape Hand and Feet
found in our study is partly due to the natural development of these body proportions in girls with
TS. As observed in forms of skeletal dysplasia, body proportions may change during childhood.
One might speculate that GH exaggerates this naturally occurring disproportionate growth in girls
with TS while growing within the normal range of height. Remarkably, our data of a different
patient group receiving 6 IU GH/m*day showed no abnormal growth of hands and feet (25).
Because the increments in shape values of Hand and Foot appeared mainly after the fourth year,
estrogen therapy was thought to be one of the causes of the abnormal development of Hand and
Foot. However, the same patfern was seen in the girls without pubertal signs and estrogen therapy
throughout the study. Therefore, the changes in body proportions could not be attributed to
puberty or estrogen therapy.

As described in previous papers, long-term GH treatment results in a height within the
normal range in most girts with TS {7,15). In the present study, we showed that the increase of
height is accompanied by an abnormal growth of feet, resulting in relatively large feet for height,
but also for age. Especially in the last phase of growth, some girls of our study complained about
big feet, The possibility of a further growth of feet may have influenced their decision fo
discontinue GH treatment before adult height was reached.

In conclusion, girls with TS have on average relatively large trunk, hands and feet, and
broad shoulders and pelvis compared to height. The increase of height after long-term GH
freatment is accompanied by an even higher increase in the size of feet and a moderate
improvement of the disproportion between height and sitting height. Recent published reference
data of adults with TS and results of a different GH-treated patient group, suggest that the
disproportionate growth of feet is part of the natural development in TS, but might be influenced
by higher GH dosages.
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Summary

Objective: To assess the effects of long-term growth hormone (GH) treatment on left ventricular
{LV) dimensions and systemic blood pressure (BP) in girls with Turner’s syandrome (TS) without
clinically relevant cardiac abnormalities and receiving GH for short stature.

Study design: Echocardiographically measured LV dimensions and systemic BP were assessed
before and during 7 years of GH treatment in 68 girls with TS participating in a randomized dose-
response study, These previously untreated girls, age 2-11 years, were randomly assigned to one
of three GH dosage groups: group A, 4 IU/n’/day; group B, first year 4, thereafter 6 IU/mm/d;
group C, first year 4, second year 6, thereafler 8 TU/m?/d, After the first 4 years, girls = 12 years
of age started with 178-estradiol 5 ng/kg bw/d for induction of puberty.

Results: At baseline the LV dimensions of almost every girl were within the normal range and the
mean SD-scores were close to zero. During 7 years of GH treatment the growth of the LV was
comparable with that of healthy giris. No signs of LV hypertrophy were found, Before start of GH
treatment, mean BP was within the normal range but significantly higher than in healthy controls.
Diastolic or systolic blood pressure was above the 90th percentile in 23% and 28% of the girls,
respectively. After 7 years of treatment these percentages were 14% and 36%, respectively, being
not significantly different from baseline, The SD-score of the diastolic BP showed a small
decrease after 7 years of treatment. The growth of the LV and the development of the BP were not
different between the GH dosage groups.

Conclusions: Long-term GH treatment, even at dosages up to 8 IU/m?¥/day, does not result in LYV
hypertrophy or hypertension in girls with TS. Continued observation into adulthood is
reconunended to follow the further development of the relatively high BP and to ensure that GH
treatment has no negative effect on the heart on the very long-term.

Introduction

Growth failure and subsequently short adult stature is one of the main features inn Turner’s
syndrome (TS) ™2, Although these girls are not clearly growth hormone-deficient®, growth
hormone (GH) administration accelerates growth in a dose-dependent way™. In addition, recent
papers reported a considerable increase in adult height in girls with TS who started GH treatment
at a relatively young age and/or were treated with supra-physiological GH dosages®”.

Previous studies suggest that GII treatment has, at least in adults, an anabolic effect on the
myocardium as well™, Moreover, in paticnts with acromegaly GH hypersecretion is associated
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with an increased morbidity and mortality from cardiovascular discase™. An increase in left
ventricular (V) mass and hypertension have been reported in acronegalic patients™ . To
optimize GH treatment in girls with TS, supra-pliysiological GH doses are given for a fong period
during childhood. Although previous {shori-term} studies in small numbers of girls reported no
obvious negative cardiovascular effects'®”, little is known about the consequences of high levels of
GH over a long period during childhood on the morphology of the heart and the blood pressure
(BP).

To determine the possible cardiovascular side-effects of long-term GH treatiment,
echocardiographically measured LV dimensions and systemic BP were evaluated in 68 girls with
TS participating in a randomized dose-response study. The effect on height was described eatlier*.
We now report the results of the cardiovascular evaluation comparing 7-year data between 3 GH
dosage groups.

Methods
Study design

Sixty-eight previously untreated girls with TS were envolled in a multicenter GH dose-
response study in the Netherlands. The diagnosis was confirmed by lymphocyte chromosomat
analysis. Inclusion criteria were: a chronological age between 2 and 11 years, height below the
50th percentile for healthy Dutch girls®, and a normal thyroid function. Exclusion criteria were:
associated endocrine and / or metabolic disorders, growth failure caused by other disorders or
emotional deprivation, hydrocephalus, previous use of drugs which could interfere with GH
treatinent, and spontaneous puberty®. Girls with previous coarctation repair, but without a residual
gradient and without LV hypertrophy or hypertension and girls with a non-stenotic abnormal
aortic valve were included. Written informed consent was obtained from the girls and their
parents or custodians, The study protocol was approved by the ethics committee of each
participating centre,

After stratification for chronological age and height standard deviation score for
chronological age girls were randomfy assigned to group:

A (n=23) receiving 4 IU/my/day (equivalent to 0.045 mg/kg/day),

B (n=23) receiving 4 IU/nv/day in the first year, followed by 6 TU/Mmy/day, or

C (1=22) receiving 4 IU/mr’/day in the first year, 6 TU/m%/day in the second year, and

thereafter 8 IU/m%/day.

Biosynthetic-hGH (Norditropin®, Novo Nordisk A/S, Demmnark) was given subcutaneously once
daily at bedtime using a pen injection system, Every three months the total GH dose was adjusted
to the calculated body surface. According to the study protocol, treatment was stopped when
subjects had grown less than 1 em over 6 months, However, when girls were satisfied with their
height achieved, they elected to stop GH treatment before study criteria for the termination of
treatnient had been reached. Afier the first 4-year study period, girls started estrogen therapy when
they had reached the age of 12 years. In the first 2 years of estrogen therapy, the girls received 5
ug Pi-estradiol/kg body weight/day, in the 3rd year 7.5 ug/kg/d and thereafter 10 pg/kg/d.

Measurentents

Before the start of treatment (baseline) and subsequently every three months all girls were
seen at their local hospital for measurements of height and weight, Height was expressed as SD-
score using Dutch references of healthy Dutch girls”. Every six months blood pressure was
imeasured. BP was determined with the girls in sitting position using a cuff size corresponding to
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the size of their arm, Only the second to fourth readings were used to calculate the mean systolic
and diastolic BE. BP was expressed as SD-score, using age and sex specific reference values®’.
Once a year, the echocardiographic measurements were performed by an experienced technician
or pediatric cardiologist. All echocardiographic tracings were evaluated by a single pediatric
cardiologist {AC). M-mode echocardiography was used to assess end-diastolic interventricular
septal thickness, end-diastolic left ventricular posterior wall thickness, and end-diastolic and end-
systolic left ventricular internal diameter according to Gutgesell”?, Standard deviation scores for
IVSed, LVPWed, LVIDed and EV1Des were calculated using equations based on the LV
dimensions and weight values of healthy Dutch children®. The end-diastolic relative wall
thickness (RWT), an index of the thickness of the left ventricular wall compared to the internal
diameter, was calculated using the formula: 2 (LVPWed} / LVIDed*. The RWT data were
compared with the previously reported values of 62 healthy children™.

Statistical analysis

Results are expressed as mean (SD), unless indicated otherwise. Differences in continuous
variables between baseline values and values after 7 years of GH treatment were tested by paired
Student’s t-tests. Differences between zero and SD-scores at baseline or after 7 years were tested
by one-sample Student’s t-tests. Differences in the change in values between the GH dosage
groups were first tested by a linear trend test fo assess a possible dose-dependent effect. In case of
a significant result, this was followed by comparisons between two groups with Student’s t-tests.
The McNemar’s test was used fo test paired dichotomous variables, A p-value < 0.05 was
considered significant.

Results

The trial started in November 1989 with an inclusion period of one year, Four girls
dropped out of the study long before reaching adult height mainly because of non-compliance, In
all four cases no cardiac problems were involved in the decision to discontinue the treatment, Data
of these four girls were not used for the analysis of long-term GH treatment. Two other gitls of
group B with a congenital abnormal aortic and mitral valve, respectively, developed significant
valve stenosis during the study. Data of both gitls were excluded from the analysis since it became
impossible to separate a GH effect from the hemodynamic effects of valve stenosis on the LV

architecture,

Table 1. Baseline clinical data.

group A group B group C
Number of girls 22 19 21
Chronological age 6.1 (2.1} 6.9(2.4) 6.5 (2.4)
Height SD-score -2.7{0.9) -2.6 (0.8) 2.6 (LG)
Karyotype: 45,X
Karyotype: other 18 (82%) 18 {(95%) 16 (76%)
4 (18%) I (5%) 5 (24%)

Height SD-score: height standard deviation-score, references healthy Dutch girls.

Table 1 lists the baseline clinicai data. The three groups had similar initial characteristics.
During 7 years of GH treatment, in 2 girls in group A, in 6 girls in group B, and in 4 girls in
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Figure 1, Normal Dutch femal percentiles (PS5, P50, and P95) for IVSed, LVIDed, EVIDes, and LVPWed.
The individual values before treatment (filled squares) and after 7 years of GH treatment {open squares) in
group A, B and C, respectively.
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group C, GH treatment was discontinued because of reaching adult height or satisfaction with
height achieved. Only data of the period during GH treatment were available for the 7-year
analysis.

Figure | shows the individual 1VSed, EVIDed, LVIDes, and LVPWed before and after 7
years of GH treatment in group A, B and C, respectively. The values were well distributed around
the P50 and most values were within the normal range {(between P5 and P95).

Table 2 shows the SD-scores for IVSed, LVIDed, LVIDes, and LVPWed before and after 7
years of GH treatment., At baseline, mean SD-scores of the four measurements were close to zero
and well within the normal range. Only the SD-score of 1VSed was significantly fower than zero,
however, the difierence was small, After 7 years of GH treatment, the SD-scores of the [VSed and
the LVPWed had not significantly changed. The SD-scores of LVIDed and L.VIDes showed a
significant decrease to values lower than zero, however, well within the nonmal range. No
differences in changes in SD-scores between the GH dosage groups were found.

Table 2. Mean (8D) SD-scores of the echocardiographic data before and after 7 years of GH treatment

before start of GH treatment after 7 years of GH treatment
group A group B group C group group A group B group C group
A+B+C A+BHC
SD-scorg

1VSed 07(L3) -03(L2)  -0.2{09) -0.4(1.2¥ 02(1L0) 0407 00(L0)  0.0(L0)

LVIDed 0.0(1.1)  06(14) -05(14) 00(L3) 02(L2) -02¢06) -07(.1) -04.0"

LVIDes 02(L1)  05(L3)  -0.8(LD  -02(L3) 08 (14)  -04(12) 0909 -0.7(LY>

LVPWed 02(12) -03(L2)  04(LD)  -0.1(12) 04 (10Y  01(LOY  02(ED) 01 (LO)

Significant ditferences from zero (1) p < 0.05, (2) p < 0.001, and significant changes from baseline, (a) p =
0.005, are indicated.

SD-score: standard deviation-score, references healthy Datch girls; IVSed, interventricular septumn {end-
diastolic); LVIDed, left ventricular internal diameter (end-diastolic); LVIDes, left ventricular internal
diameter {end-diastolic); EVPWed, left ventricular posterior wall (end-diastolic).
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Figure 2, The mean (SD) end-diastalic relative wall thickness (RWT) during 7 years of GH treatmnent in
group A, B, and C, respectively.
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Figure 2 shows the RWT in group A, B, and C, respectively. After 7 years of treatment,
mean (SD) RWT had not significantly changed from 0.29 (0.07) to 0.30 (0.05)), being comparable
with those of healthy controls (0.33 (0.08))*. No significant differences in the change in RWT
between the GH dosage groups were found.

Table 3 shows the blood pressure (BP) and the SD-scores of the BP before and afier 7
years of treatment. At baseline, mean diastolic and systolic BP were within the normal range but
significantly higher than in healthy controls. After 7 years, the SD-scores of diastolic BP had
significantly decreased, being, however, still significantly higher than zero. The SD-score of
systolic BP showed no change after 7 years. No differences in changes in BP were found between
GH dosage groups. At baseline diastolic BP or systolic BP was above the 90th age-specific
percentile in 23 % and in 28 % of the girls, respectively. After 7 years the percentages were 14 %
and 36 %, being not significantly different from baseline values.

Table 3. Mean (SD) blood pressure and SD-scores before and after 7 years of GH treatment

before start of GH treatment after 7 years of GH treatment
group A growp B group C group group A group B group C group
A+B+C A+B+C
Bleood pressure

Diastolic {inm Hg) 68 (8) T0(8) ed(ll)y 67(9 T8y 71 (12)  65(%) 69 (10)

Systolic (mm Hgy  [10(14) 106{11) 1[01{15) 106{14) 116 (15) 117 (22) 11214y 115017

SD-score diastolic 0.9 (0.8) 1.0(0.8) 0.5(1.1) 08(.07 0.500.7) 0581y -0.10.9) 0309

8D-score systolic 1.2(1.3) 0.8(0.9) 04(14) 0813y 0.8(1.3) 09(1.8) 05(l4y 0.7(L5)

Significant differences from zero (1) p < 0.05, (2) p < 0.001, and significant changes from baseline, {(a) p =
0.001, are indicated.

Discussion

In the present study, we showed that untreated girls with TS without clinically relevant
cardiac abnormalities or without a residual gradient after coarctation repair had similar left
ventricular dimensions as healthy girls. In contrast, in many girls diastolic as well as systolic
blood pressure was higher than the mean values of healthy peers and a considerable percentage of
the girls showed values above the 90th percentile. During 7 years of GH treatment, growth of the
left ventricle was comparable with that of healthy girfs, In addition, the thickness of the LV wall
in relation to the internal diameter remained wichanged during GH treatment and no differences
between the GH dosage groups were found. Thus, long-term GH treatment did not result in left
ventricular hypertrophy, even at higher GH dosages up to 8 1U/m/day. The SD-score of systolic
blood pressure did not change during GH treatment, while the SD-score of diastolic BP showed a
decrease. However, after 7 years a considerable percentage of the girls still had a relatively high
diastolic or systolic blood pressure.

To our knowledge, only two papers reported the effect of GH treatment on the heart in TS,
De Schepper ef al. described only a small increase in diastolic LVID, being still in the normal
range, after one year of GH treatment in a dosage of 25 IU/uw'/week'. Saenger ef al. evaluated
niixed cross-sectional and longitudinal data of [2 girls with TS who had received + 1.1 TU GH
/kgfweek for prolonged periods up to 7 years with or without oxandrolone. He found no signs of
left ventricular hypertrophy". Thus, the resuits of both earlier studies are confirmed by our
longitudinal study in a large group of girls receiving GH dosages up to 8 [U/m*day over a long
period of time. In children with idiopathic short stature without GH deficiency using GH doses up
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to 40 HU/m¥Yweek similar resulits were found™*. Thus, treatment with supraphysiological GH
dosages does not seem to result in left ventricular hypertrophy during childhood. In contrast, an
increased left ventricular wall thickness to values higher than healthy controls was found in GH-
deficient adults who were treated with GH", The authors concliuded that this disproportionate
increase might be an effect of an excessive substitution dose. In addition, preliminary results in
adults with dilated cardiomyopathy who were treated with GH for three months showed an
increase in myocardial mass and a decrease in the size of the left ventricular chamber". In
acromegalic patients, the high GH and IGF-1 levels cause a biventricular concentric hypertrophy,
which is reversible by correcting GH hypersecretion”. Thus, it appears that in contrast to the
effects in children, supraphysiological GH dosages seent to have hypertrophic effecis on the heart
in adults,

In TS an elevated blood pressure during childhood as well as in adulthood has been
reported earlier™*, The cause and the mechanism of the elevated BP in girls with TS are not clear,
but do not seein to be related to the congenital renal or cardiac structural malformations, with the
exception of coarctation of the aorta®. Previous shori-term studies reported no effect of GH
treatment in girls with TS on blood pressure'*. Barton ef af. described that in contrast to adult
subjects, treatment with a high dose of GH in short children is not associated with activation of
the renin-angiotensin-aldosterone system. And, as a result, GH therapy in childhood is unlikely to
be associated with the increased risk of hypertension seen in adults with GH hypersecretion®.
These results are in line with our long-term data, showing an elevated blood pressure compared to
age-specific reference values before GH treatment and no important change during treatment,
Follow-up of these gitls is required because data of untreated adults with TS suggest that these
girls have also other risk factors for cardiovascular diseases in later life”,

In our study, left ventricular dimensions and blood pressure were compared with reference
values of healthy girls, because no untreated control group was included in this study and no
reference values were available for untreated girls with TS. It is unlikely that reference data will
become available in the future because in many countries GH treatment is considered the
treatment of choice for short stature in TS. Although our baseline values give some information
about cardiac dimensions and blood pressure in untreated young girls with TS, we do not exactly
know how these values would develop during childhood in untreated girls with TS. Nevertheless,
our study showed that long-term GH treatment has no negative effect on the cardiovascular status.

in conclusion, untreated girls with TS without clinically relevant cardiac abnormalities
have similar left ventricular dimensions as healthy girls, however, diastolic and systolic blood
pressure are moderately elevated, During 7 years of GH treatment growth of the left ventricle is
comparable with that of healthy girls. Long-term GH treatment does not result in left ventricular
hypertrophy or worsening of the pre-existing relatively high blood pressure in TS, even at higher
GH dosages up to 8 IU/m?/day. Continued observation into adulthood is recommended fo follow
the development of the relatively high blood pressure and to ensure that GH treatment has no
negative effect on the heart on the very long-term.

Abbreviations

TS, Turner’s syndrome; GH, growth honuone; LV, left ventricular/ventricle; BP, blood pressure;
SD, standard deviation; ed, end-diastolic; es, end-systolic; IVS, interventricular septal thickness;
LVID, left veatricular internal diameter; LVPW, left ventricular posterior wall thickness; RWT,
relative wall thickness.
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Abstract

To assess possible side-cffects of growth hormone (GH) treatment with supraphysiological
dosages on cathohydrate (CH) metabolism in girls with Turner syndrome (TS} during long-term
GH treatinent and after discontinuation of GH treatment, the results of oral glucose tolerance tests
(OGTTs) and HbA lc measurements were analyzed in 68 girls with TS participating in a
randomized dose-response trial. These previously untreated girls, age 2-11 yr, were randomly
assigned to [ of 3 GH dosage groups: group A, 4 TU/m/day (=0.045 mg/kg/d); group B, first yr 4,
thereafter 6 1U/m?/d (=0.0675 mg/kg/d); group C, first yr 4, second yr 6, thereafter 8 [U/m¥/d
(=0.090 mg/kg/d). After the first 4 yr, girls = 12 yr of age started with 17B-estradiol 5 pgtkg bw/d
for induction of puberty. To assess the effects of long-term high dose GH treatment on CH
metabolism, the 7-yr data of the OGTTs in 9 girls of group C were evaluated (group C1). To
deternrine whether the changes in CH metabolism during GH treatment would persist after
discontinuation of GH treatment, the data of 28 gitls who had reached adult height {group A n=9,
group B n=10, group C n=9} were evaluated at baseline, after 4 yr of GH treatment, and 6 months
after discontinuation of GH.

Seven-year data of group Cl showed that glucose levels did not significantly change
during GH treatment, whereas fasting insulin levels as well as glucose-induced insulin levels
increased significantly. The data of the 28 girls who were treated with GH for a mean (SD) period
of 85.3 (13.3) months demonstrated that the GH-induced higher insulin levels decreased to values
close to or equal to pretreatment values after discontinuation of GH treatment. Changes in CH
variables were not significantly related to the GH dose. HbA l¢ levels never showed an abnormal
value. The prevalence of impaired glucose tolerance was low and none of the girls developed
diabetes mellitus,

In conclusion, long-term GH treatment with dosages up to 8§ 1U/m*d in gitls with TS has
no adverse effects on glucose levels, but induced higher levels of insulin, indicating relative
insulin resistance, The increased insulin levels during long-term GH treatment decreased after
discontinuation of GGH treatment to values close to or equal to pretreatment values, Although the
reversibility of the effects of long-term GH is reassuring, the consequence of long-term
hyperinsulinism is still unknown.

Introduction
Short stature is one of the main features in Turner syndrome (TS} (1,2). Although these
girls are not clearly growth hormone-deficient (3), growth hormone (GH) administration
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accelerates growth in a dose-dependent way (4-6). In addition, recent papers reported a
considerable increase in adult height in girls with TS who started GH treatiment at a relatively
young age and/or who were treated with supra-physiological GH dosages (6-9).

Insulin resistance and carbohiydrate (CH} intolerance have been reported in untreated girts
with Turner syndrome (10-12). In addition, in adults with TS who had not received GH treatment
in childhood, glucose intolerance, non-insulin- and insulin dependent diabetes mellitus are more
conunon than in healthy women (13,14). Since supra-physiological concentrations of GH in
acromegalic patients (15) and in normal adults (16,17) resulted in a decrease in glucose sensitivity
to insulin in Hver and in extra-hepatic tissues, concern has been expressed regarding possible
detrimental effects of long-term treatiment with supra-physiofogical GH dosages in girls with TS,
In our previous paper, the 4-yr results of oral glucose tolerance tests {OGTTs) were analyzed in
68 girls with TS participating in a randomized dose-response multicenter trial receiving 4, 6, or 8
TUAn/day. We showed that 4 yr of GH treatment did not negatively influence glucose levels,
whereas insulin levels increased significantly compared to baseline (18). Since these relatively
young girls are being treated for many years until adult height is reached, the question arose as to
whether the observed Gil-induced insulin-resistance would show a further increase during
profonged GH treatment. In addition, it is unknown know whether the insulin-resistance in girls
with TS during long-term treatment with supra-physiological GH dosages would decrease to a
pretreatment level after discomtinuation of GH treatment,

The results of GH treatment on growth were described earlier by our group (19). In the
present study, we investigated the effects of GH treatment on CH metabolism in a subgroup
receiving GH in a dose up to 8 IU/m¥day during 7 yr of GH treatment. In addition, in girls who
had been treated with 4, 6, or 8 TU GH/mm?/d and had reached adult height, changes in CH
metabolism were evaluated during GH treatinent as well as after discontinuation of GH treatment.

Subjects and Methods
Study group and treatment regimens

Sixty-eight previously untreated girls with TS were enrolled in a multicenter GII dose-
response study in the Netherlands, The diagnosis was confirmed by lymphocyte chromosomal
analysis. Inclusion criteria were: a chronological age between 2 and 11 yr, height below the 50th
percentile for healthy Dutch girls (20), and a normal thyroid function. Exclusion criteria were:
associafed endocrine and / or metabolic disorders, growth failure caused by other disorders or
entotional deprivation, hydrocephalus, previous use of drugs which could interfere with GH
treatment, and spontaneous puberty (21). Written informed consent was obtained from the girls
and their parents or custodians. The study protocol was approved by the ethics committee of each
participating center.

After stratification for chronological age and height SD-score for chronological age girls
were randomly assigned to group:

A (n=23) receiving 4 IU/m’ body surface/day (equivalent to 0.045 mg/kg/d),

B (n=23) receiving 4 IU/m¥d in the first yr, followed by 6 IU/m’/d

(=0.0675 mg/kg/d), or
C (n=22) receiving 4 [U/m¥d in the first yr, 6 IUMmY/d in the second yr,
and thereafter 8§ IU/MmAd =0.090 mg/kg/d).

Biosynthetic human GH (Norditropin®, Novo Nordisk A/S, Denmark)} was given subcutaneously
once daily at bedtime using a pen injection systermn, Every 3 months the total GH dose was
adjusted to the calculated body surface. According fo the study protocal, treatment was stopped
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when subjects had grown less than 1 em over 6 months. However, when girls were satisfied with
their height achieved, they elected to stop GH treatment before study criteria for the termination
of treatment had been reached. In the first 4 yr of GH treatment, no estrogens for pubertal
induction were given to the girls. After 4 yr of GH treatment, estrogen therapy was immediately
started in the girls who were older than 12.0 yr of age. The younger gitls started estrogen therapy
at a yearly visit after reaching the age of 12 yr. In the first 2 yr of estrogen therapy, the girls
received 5 ug 17B-estradiol/kg body weight/day {orally), in the 31d yr 7.5 pg/kg/d and thereafter
10 ug/kg/d, After discontinuation of GH treatment the dosage of estrogens was further increased
depending on the clinical signs of breast development,

Study protocol

Before start of treatment (baseline} and every 3 months after the start of GH treatment, all
children were seen at their local hospital for a physical examination including measurements of
standing height (H) and weight (W). Height was expressed as SD-score, using references for
healthy Dutch girls (HSDS,., (RvW)) {20), as well as references for Dutch-Swedish-Danish
references for girls with TS (HSDS, (DSD)) (2). Body mass index [BMI: weight
{kilogram)/height (meter squared)] was expressed as SD-score for sex and chronological age (20).

Glycosylated hemoglobin (HbA, ) was determined yearly. The girls of all 3 GH dosage
groups who had reached adult height had undergone an oral glucose {olerance test {OGTT} at
baseline, after 4 yr of GH treatment, and ¢ months after discontinuation of GH treatment,
Additional OGTTs were performed in a random sample of 10 girls from group C (group Cl1) at 6,
18, 30, 60, and 84 months after start of GH treatment, A single team performed all OGTTs after 3
days of unrestricted diet supplemented with 100 g of carbohydrate (Fantomalt®)) and after
overnight fasting, Glucose (1.75 g glucose /kg body weight (maxinmum 50 g)) was administered
orally within 5 minutes. Blood samples were collected at 0, 30, 60, 90, 120, 150, and 180 min and
plasma glucose and insulin levels were measured.

To evaluate the overall responses to the oral glucose load, apart from the glucose and
insulin levels at the various time-points, the following variables were described: (1) Impaired
glucose tolerance (IGT) was defined according to The Expert Conunittee on the Diagnosis and
Classification of Diabetes Mellitus (22): the 2-hour level > 7.8 mmol/l (140 mg/dl) and < [ 1.1
mmolA (200 mg/dl). (2) The 3-hour area under the curve for thme-concentration corrected for
fasting levels during the OGTT (AUCab) was calculated using the trapezoidal rule. (3) The ratio
insulin/glucose at 30 minutes and the ratio at 120 minutes were calculated as an index for relative
insulin resistance.

Assays

The plasma ghlucose fevel was measured af the local hospital laboratories with automatic
analyzers using a hexokinase catalyzed-glucose oxidase method. Plasma insulin was determined
in one laboratory by radioinmumoassay (RIA) (Medgenix, Fleurus, Belgium). The intra-assay
coefficient of variation (CV) was 6% to 10% and the inter-assay CV was 6% to 1 1% (fasting
normal range < 20 mU/L). HbA_ levels were measured in one lgboratory using an automatic
HPLC analyzer (DIAMAT, BioRad, Edgemont, CA, USA). The upper-nortuial assay limit is less
than 6.6%.

Statistical analyses
Results are expressed as mean (SD), unless indicated otherwise. Differences in variables
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between time-points were tested by paired Student’s t-tests. Differences in the change in values
between the GH dosage groups were first tested by a linear trend test to assess a possible dose-
dependent effect. In case of a significant result, this was followed by comparisons between two
groups with Student’s t-tests. Correlations between variables were assessed with Pearson’s
correfation coefficient. A p-value < 0.05 was considered significant.

Results

Four girls (group A n=1, group B n=2, and group C n=1) dropped out of the study long
before reaching adult height because of non-compliance. In all four cases no problems with the
CH tolerance were involved in the decision to discontinue the treatment. Data of these four girls
were 1ot used for the analysis of long-term GH treatment. Table 1 lists the baseline clinical data
of the remaining 9 girls of group C1 which have been followed for 7 yr, as well as those of the 28
girls who have reached adult height. None of these 28 girls belonged to the subgroup C1, While it
is obvious that the 9 girls of group C1 were younger than the other 28 girls, just caused by
sampling variability, there were no relevant differences in baseline variables between the groups.

Table 1. Mean {SD} baseline data for each treatment group. Karyotype (45,X; other) is expressed in numbers

of patients.

group C1 group A group B group C
Number of girls 9 9 10 9
Baseline age (yr) 4.4 (1.7 8.0(1.0) 8.6(1.6) 8.5(1.3)
Baseline HSDS_,(RvW) 23011 -2.9(1.2) -2.8(0.7) -2.8 (0.8)
Baseline HSDS,.,(DSD) 0.4 (1.1) 0.0 (1.5) 0.2 (0.8} 0.1 (L.O)
Karyotype: 45,X 8 6 9 7
Karyotype: other 1 3 1 2

HSDS,.,: height standard deviation score for chronological age; RvW: Roede van Wieringen references for
healthy Dutch girls; DSD: Dutch-Swedish-Danish references for girls with Turner syndrome.

OGTTSs during 7 yr of GH treatment in group Cl

At baseline, none of the gitls had an abnormal glucose response during OGTT. After 6 and
after 18 months of treatment, in one girl impaired glucose tolerance (1GT) was found (glicose
levels atter 120 min was 8.4 and 9.8 mmwol/l, respectively). Thereafter, she had normal OGTTs,
None of the girls developed diabetes mellitus. Figure 1 shows the mean glucose and insulin levels
during the OGTTs, respectively, at baseline, after 4 yr, and after 7 yr of GH treatment, Table 2
lists the CH variables at the 3 time-points during the study period. Fasting glucose levels and the
AUCab for glucose did not significantly change during treatment. Fasting insulin levels increased
significantly during the first 4 yr of GI treatment compared to baseline levels (p=0.031), and had
increased further after 7 yr of GH treatment resulting in levels significantly higher than afier 4 yr
of GH treatment (p=0.014}. The AUCab for insulin had increased significantly in the first 4 yr of
GH treatment (p<0.001) without a Turther increase thercafter. The ratio insulin/glucose at 30
minutes and 120 minutes, respectively, increased significantly during the first 4 yr of GH
treatment (p= 0.003 and p= 0.001, respectively), without significant changes thereafter.

One of the girls started estrogen therapy after 6 yr of GII treatment and another girl had
some spontaneous breast development (Tanner breast stage IF) after 57 months of GH treatment.
Excluding these 2 girls from the analysis, similar patterns in the development in CH variables
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during GH treatment were found in this prepubertal group as in the total group of nine girls (data
not shown).

9 group C1 140 up C1
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Figure 1. Mean (SE) glucose levels (left panel) and insulin levels (right panel} during the OGTTs, at
baseline, after 4 yr of GH treatment, and after 7 yr of GH treatment for group Cl1.

Table 2. CH variables of the 9 girls of subgroup C1 during 7 yr of GH treatment (0, 4, and 7 yr).

baseline 4 yr 7yt
fasting glucose (mmol/L) 4.5(1.0) 4,7 (0.3} 4.6 (0.9}
AUCab glucose
(immol/L * min) 207 (185) 266 (161) 253 (107
fasting insulin (mU/L) 6.2 (5.6) [2.3(6.1) 20.7 (7.5y¢2
AlUCab insulin
(mU/L * min} 1617 (1115) 7107 (2849) 6431 (2449)
ratio insulin/glucose 30°
{mU/mmol) 3.2(L.5) 12.5€7.8Y 11.7 (6.0)
ratio insulin/glucose 120’
(mb/anmol) 2.3(1.3) 7.2 (2.8) 8.8(3.7y

Values are give as mean {SD}. AUCab, 3-hour area under the curve above fasting levels; " = significant
different from baseline levels, p < 0.03; ¥ = significantly different from values at 4 yr of GH treatment,
p<0.05.

OGTTs at baseline, after 4 yi; and after discontinuation of GH in 28 girls of group A, B, and C
Figure 2 shows the mean glucose levels during the OGTTs at baseline, after 4 yr of GH

treatment, and 6 months after discontinuation of GH treatment in group A (n=9), B (n=10), and C

(h=9), respectively. These 28 girls have reached adult height after a mean (SD) duration of GH
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Figure 2. Mean (SE) glucose tevels during the OGTTs, at baseline, after 4 yr of GH treatment, and after
discontinuation of GH treatment (post GHRx), for group A, B, and C, respectively.
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treatment of 85.3 (13.3) months. Before start of treatment, in 2 girls of group C IGT was found
(glucose levels after 120 min, 7.9 and 8.0 mmol/l, respectively), Both girls had no IGT during GH
treatment, but after discontinuation of treatment, IGT was found again in one of these girls
(glucose level after 120 min, 8.0 mmol/1). After 4 yr of GH treatment, another girl of group B had
IGT (glucose level after 120 min, 8.4 mmol/l), however, after discontinuation of GH treatment the
values of the OGTT of this girl were normal, None of the girls developed diabetes mellitus.

Figure 3 shows the fasting glucose levels and the AUCab for glucose during the study -
period in group A, B, and C. Fasting glucose levels had significantly increased after 4 yr of GH
treatment (p=0.003) and had significantly decreased after discontinuation of GH treatment to
baseline levels {p=0.002). The AUCab for glucose was significantly decreased compared to
baseline (p=0.013) after 4 yr of GH treatment, without a further significant change after
discontinuation of GH treatment. No significant differences in the change in fasting glucose levels
or AUCab for glucose between the GH dosage groups were found.
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Figure 3. Mean (SD) fasting glucose levels (left panel) and 3-hour area under the curve for glucose (AUCab)
(right panel), at bascline, after 4 yr of GH treatment, and after discontinuation of GH treatment (post GHRX).
Differences between time-points were tested by combining the values of the 3 GH dosage groups, indicated
by ”___™. Significant differences from baseline (¥} p < 0.05, (¥%) p < 0.01, and {**%) p < (.00, and
significant changes compared to the values after 4 yr of GH treatment (##) p < 0.0 are indicated.

Figure 4 demonstrated the mean insulin levels during the OGTTs for group A, B, and C,
respectively, Figure 5 shows that the fasting insulin levels were increased afier 4 yr of GH
treatment (p<0.001) and decreased after discontinuation of GH treatment (p=0.002). However,
fasting insulin levels after discontinuation of GH treatment were still significantly higher than
baseline levels (p<0.001). Although there seems to be a trend towards higher fasting insulin levels
with higher GH dosages after 4 yr of GH treatment, this was not statistically significant. The
AUCab for insulin was significantly increased after 4 yr of treatment (p=0.003) and significantly
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Figure 4, Mcan (SE) insulin levels during the OGTTs, at baseling, after 4 yr of GH treatment, and after
discontinuation of GH treatment {post GHRx), for group A, B, and C, respectively.
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Figure 5. Mean (8D) fasting insulin levels {feft panel) and 3-hour area under the curve for plucose (AUCab)
(right panel}, at baseline, after 4 yr of GH treatment, and afer discontinuation of GH treatment {post GHRx),
Differences between time-points were tested by combining the values of the 3 GH dosage groups, indicated
by ”__ . Significant differences from bascline (**) p < 0.01, and (***) p < 0.001, and significant changes

compared to the values after 4 yr of GH treatment ##) p < 0.01 are indicated.

decreased after discontinuation of GH treatment (p=0.001) to pretreatment levels. No significant
differences in the change in AUCab for insulin between the GH dosage groups were found.

Figure 6 shows the ratio’s of insulin to glucose at 30 and 120 minutes after the start of the
OGTT, respectively. The ratio at 30° had significantly increased during GH treatment (p<0.001)
and was followed by a significant decrease after discontinuation of GH treatment (p=0,009).
However, the ratio at 30” after discontinuation of GH treatment were still significantly higher than
baseline levels (p=0.010). The ratio at 120” was significantly increased after 4 yr of GH treatment
compared to baseline (p<0.001), and was followed by a significant decrease after discontinuation
of GH treatment to baseline levels (p=0.001). None of the changes in the ratio’s were significantly
different between the GH dosage groups.
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Figure 6. Mean (§D) ratio insulin/glucose levels at 30 min (left panel} and at 120 min (right panel) during
the OGTTs, at haseline, after 4 yr of GH treatment, and after discontinuation of GH treatment (post GHRx).
Differences between time-points were tested by combining the values of the 3 GH dosage groups, indicated
by ”___ ", Significant differences from baseline (*) p < 0.05, and (¥*%) p < 0.001, and significant changes
compared to the values after 4 yr of GH treatment (##) p < 0,01 are indicated.

Since obesity is associated with insulin resistance, we analyzed the development of the SD-
scores of the body mass index (BMI SD-score) in the 9 girls of group Cl during 7 yr of GH
treatment and in the 28 girls of group A, B, and C during and after discontinuation of GH
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treatment {Table 3). In the 9 gitls of group Cl, baseline BMI SD-score was not significantly
different from zero. After 4 yr of GH treatment, BMI SD-score had increased significantly
(p=0.003) to values higher than zero (p=0.036), without obvious changes thereafter, However, the
increment in insulin levels during GH treatment were not correlated with the increment in BMI
SD-score. In the 28 girls, at baseline BMI SD-score was significantly higher than zero (p=0.002)
and had increased significantly during GH treatment (p=0.043). After discontinuation of GH
treatizent, the BMI SD-score was significantly higher than after 4 yr of GH treatment {(p=0.002).
Thus, the BMI SD-score showed a different pattern than the insulin levels during GH treatment
and after discontinuation of GH treatment.

Table 3. Mean (SD) BMI-SDS of the 28 girls during and after discontinuation of GH treatment, as well as of
the nine girls of group C during 7 yr of GH treatment (0, 4, and 7 yr).

group Cl group A group B group C
BMI SD-score
baseline -0.5 (0.8) 0.6(1.2) 0.8 (1.0) 0.6 (1.0}
4 yr 0.5 (0.6} 1O (1.0) Lo (1.0) 0.8 (0.8)
Tyr 0.6 (0.7) - - .
6 mos after stop GHRx - 1.4 (1.3) 1.3 (0.8) 1309

BMI, body mass index; GHRx, growth hormone treatment.

HbA,

All individual HbA,, levels of the total group of 65 girls were within the normal range.
HbA , levels showed an overall significant decrease during 7 yr of GH treatment compared fo
baseline levels (mean (8D), from 4.8 (0.5) to 4.6 (0.5), p<0.001), without differences between GH
dosage groups. In the girls who had discontinued GH treatment, the mean (SD) HbA , fevel in the
last yr of GH treatment (4.8 (0.4)) was not significantly different from baseline (5.0 (0.4}).
Compared to values in the last yr of GH treatment, the HbA [evels had decreased significantly
after discontinuation of GH treatment (from 4.8 {0.4) to 4.4 (0.4}, p<0.001),

Discussion

To our knowledge, this is the first paper, describing the CH metabolism during long-term
GH treatment, as well as after discontinuation of GI treatment in girls with TS, treated with
dosages up to 8 IU/m%day. Previous studies reported increased insulin levels with or without
changes in glucose levels after relatively short periods of GH treatment (23,24). To optimize the
GH treatment in girls with TS, in the present study, treatment was started at a younger age and a
pait of the group of girls received a higher GH dosage than described in other studies. In a
previous paper, we demonstrated that in most of these girls, GH treatment resulted in a
normalization of height during childhood, as well as a normalization of adult height. Although the
growth response was higher in the groups receiving higher GH dosages, the difference in growth
response was quite small in proportion to the difference in given GH dose (19). The present study
showed that 7 yr of treatment with a high GH dose in these girls did not negatively influence
glucose levels, but induced higher levels of insulin, While fasting insulin levels showed a
sustained increase during GH treatment, the glucose-induced increase of insulin showed no
further increase after 4 yr of treatment. The increase of insulin levels during GH treatment without
marked changes in glucose levels indicated refative insulin resistance,
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Since our study did not include untreated girls with TS, other factors causing insulin
resistance cannot be entirely rufed out. One may speculate that increment in insulin levels were
due to estrogens, However, similar patterns in insulin levels were seen in gitls who remained
prepubertal during the entire study period. Since increased body mass is related to insulin
resistance, one may suggest that the increase in insulin resistance during the study period could be
explained by the increase in body mass, However, no relationships were found between the
increase in insulin levels during GH treatment and the increment in body mass index SD-score.
Therefore, we can conclude that GH treatment is the main cause of the observed relative insulin
resistance.

In addition, our study demonstrated that the increased insulin levels during long-term GH
treatment with 4, 6, or 8 TU/m¥day in 28 girls with TS decreased after discontinuation of GH
treatment to values close or equal to pretreatment values. These results are in line with reported
preliminary short term data (25,26). In a previous study of our group, GH treatment with 6
TU/m¥day in 18 relatively older girls with TS showed that the increased insulin levels during the
entire GH treatment peried had decreased significantly at six months after discontinuation of GH
treatinent (25). Saenger et al, found similar results in nine girls with TS (26).

Although fasting insulin levels decreased after discontinuation of GH treatment, these
levels were still significantly higher than pretreatment levels. One can speculate that this is due to
a partiai irreversibility of the GH-induced insulin resistance. However, compared to the insulin
levels during OGTTs in healthy girls reported in a previous paper by Potau ef af. {27), the insulin
levels afler discontinuation of GH treatment in the girls in our study are quite comparable.
Therefore, it is more likely that these higher fasting insulin levels after discontinuation of GII
treatment compared to pretreatment levels may be explained by the normal increase in insulin
fevels during childhood, Moreover, estrogen treatment and obesity are associated with insulin-
resistance. In the present study, at the start of GH treatment and after 4 yr of GH treatment, none
of the girls received estrogens, while after discontinuation of GH ireatment, all girls were on
estrogen treatment. Furthermore, the BMI SD-score after discontinuation of GH treatment was
considerably higher than before the start of treatment. Therefore, rather than the GH treatment
itself, estrogen treatment and the increased body mass may explain the higher fasting insulin
levels after discontinuation of GH freatment compared to pretreatment levels,

Although it is reassuring that the effects of long-term1 GH treatiment on CH metabolism are
reversible, the consequences of hyperinsulinism during most of the childhood period on the risk of
CH intolerance in adulthood is unknown, Therefore, long-term follow-up of these women is
required. In addition, more sophisticated methods such as glucose clamp or the more recent
developed minimal model method could [ed to improved insights into the CH metabolisin in these
girls during and after long-term GH treatment.

In conclusion, long-term GH treatment with dosages up to 8 TU/m¥day in girls with TS has
no adverse effects on glucose metabolism, but induced higher tevels of insulin, indicating relative
insulin resistance. The increased insulin fevels during long-term GH treatment decreased after
discontinuation of GH treatment to values close to or equal fo prefreatment values. Although the
reversibility of the effects of long-termt GH treatinent is reassuring, the long-term consequences of
hyperinsulinism during childhood are still unknown,
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Summary

OBJECTIVE To assess possible side-effects of treatment with supraphysiological GH dosages on
carbolydrate (CH) metabolism in girls with Turner syndrome (TS) during GH treatment until
adult height is reached as well as after discontinuation of GH treatment.

DESIGN In a prospective, randomized injection frequency-response study, the effect of GH
treatment in combination with low dose ethinyl cestradiol on CH metabolism was evaluated,
comparing twice daily (BID) with once daily (OD) injections of a total GH dose of 6 1U/m¥day
until adult height was reached.

PATIENTS Nineteen unfreated girls with TS, mean baseline pretreatment age 13.3 (1.7) {range
11.0-17.6) year.

MEASUREMENTS Glucose and insulin concentrations during oral glucose tolerance tests
(OGTT) were measured before and during GH treatment, as well as at 6 months after
discontinnation of GH treatment.

RESULTS GH treatment was discontinued after a mean duration of treatment of 43 (range: 27 -
57) months. Before treatment, during GH treatiment, as well as after discontinuation of GH
freatment, in 1 of the 19 gitls, but in a different girl at each time point, the glucose response to
OGTT after 120 min was above 7.8 mmol/l but below 11.I mmol/l, indicating impaired glucose
tolerance. None of the girls developed diabetes mellitus. Fasting glucose levels did not
significantly change during GH treatment, nor after discontinuation of treatment, The 3-hour area
under the curve for time-concentration adjusted for fasting levels during the OGTT for glucose
showed a significant decrease during GH treatiment, In contrast to the ghicose levels, G
treatment induced considerably higher insulin levels compared to pretreatment values. After
discontinuation of the GH treatment insulin levels decrcased fo values comparable with pre-
treatment levels. None of these observed changes were different between the GH injection
frequency groups. The changes in CH variables during and after discontinuation of GH treatment
were not related to changes in body mass index.

CONCLUSIONS GH treatment with 6 TU/m?/day in combination with low dose ethiny! oestradiol
in girls with TS, age = 11 years, did not negatively influence ghicose levels, but induced higher
levels of insulin, indicating relative insulin resistance. These changes in insulin levels were
independent of the frequency of the administration of the GH injections {once vs twice daily).
After discontinnation of GH treatment, insulin values decreased to baseline levels.

Introduction
Growth fatlure and subsequently short adult stature is one of the main features in Turner
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syndrome (TS) (Ranke ef af., 1983, Karlberg ef al., 1993). Although these girls are not clearly
growth hormone-deficient (Wit ef af., 1992), growth hormone (GH) administration accelerates
growth in a dose-dependent way (Stahnke ef al., 1993; Van Teunenbroek ef al., 1996; Carel ef al.,
19983, In addition, recent papers reported a considerable increase in adult height in girls with TS
who started GH treatment at a relatively young age and/or whe were treated with supra-
physiological GH dosages (Hacusler er al., 1996; Nilsson et al., 1996; Carel ef al., 1998,
Rosenfeld er al., 1998).

GH modulates tissue response to insulin, GH-deficiency increases sensitivity to insulin
{Pearson ef al., 1973). Supra-physiclogical concentrations of GH in acromegalic patients (Hansen
et al., 1986) and in normal (Bratusch-Marrain ef al., 1982, Rizza ef al., 1982) and diabetic (Press
ef al., 1984) adults showed a decrease in ghucose sensitivity to insulin both in liver and in extra-
hepatic tissues. Diabetogenic eftects only occur if compensatory mechanisms fail, ¢.g. when
insulin secrefion is deficient.

Previous papers have reported insulin resistance and CH intolerance in untreated girls with
Turner syndrome (Polychronakoes ef al., 1980; Cicognani er al., 1988; Caprio ef al., 1991). In
addition, in adults with TS who had not received GH treatment in childhood, glucose intolerance,
non-insulin- and insutin dependent diabetes mellitus are more common than in healthy women
(Gravholt ef al., 1998a; Gravholt ef al., [998b). Concern has been expressed regarding possible
detrimental effects of treatment with supra-physioclogical GH dosages on CH metabolism. We
published the results of oral glucose tolerance tests {OGTTs) in 19 girls with TS participating in a
randontized frequency-response trial receiving 6 [U/m¥day, divided over once or twice daily
injections, in combination with low dose ethinyl oestradiol {Van Teunenbroek ef al., 1999). We
showed that two years of GH treatment did not negatively influence glucose levels. Although the
glucose-stimulated increase in insulin levels during the OGTTs above the fasting levels did not
significantly change during two years of GH treatment, GH treatment induced higher fasting
insulin levels (Sas et al., 1997). Four years of GH treatment in a younger patient group showed
increased glucose-stimulated insulin levels as well (Van Teunenbroek ef af., 1999). Little is known
about changes in the GH-induced insulin-resistance after discontinuation of GH treatment.

The results of GH treatment on final height were described earlier by our group (Sas ef al,,
19993). In the present paper, we evaluated possible effects of supraphysiological GH dosages on
CH metabolism in these girls during treatment until final height achieved and after
discontinuation of GH treatment.

Patients and Methods

Nineteen previously untreated girls with TS were enrolled in a GH frequency-response
study in the Netherlands. The diagnosis was confirmed by lymphocyte chromosomal analysis.
Inclusion criteria were: chronological age of 11 years or older, a bone age of less than [3.5 years,
using the Tanner & Whitehouse radius, ulna, short-bones score BA,  (Tanner ef ¢/, 1983), and a
Tanner puberty stage Bl (Tanner & Whitehouse ef al., 1976). Exclusion criferia were: associated
endocrine and/or metabolic disorders, growth failure due to other disorders or emotional
deprivation, hydrocephalus, and previous use of drugs that may interfere with GH therapy.
Immediately prior to this study, ten girls were enrolled in a randomized 10-week (cross-over
design) 24-hour GH-profile study, as described earlier (van Teunenbroek ef af., 1993). After a
second randomisation, which was carried out independently from the first randomisation, all 19
girls entered the present study immediately after completion of the 10-week design. Written
informed consent was obtained from the girls and their parents. The study protocol was approved
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by the Ethics Commiittee of cach participating centre.

After stratification for BA,,, and height standard deviation score (SDS) for chronological
age (HSDS., (RvW)) (Roede & Van Wicringen, 19835), the girls were randomly divided into two
GH injection frequency groups; the OD group (n=9) received 6 ILJ GH/m’ body surface once
daily {OD), in the evening, the BIiD group (n=10) received the same total GH dose divided in one-
third in the morning and two-thirds at bedtime (BID}. GH (r-hGH Norditropin®) was injected by a
pen injection system (Nordiject®24 Novo Nordisk A/S, Denmark). Compliance was carefully
monitored. GH treatment was stopped when height velecity (HV) had decreased to less than | cm
/ 6 months. All girls received, from the start of the [0-week cross-over study .05 ug cthinyl
oestradiol/kg body weight/day, once daily. After the first 2.25 years of GH treatment, the dose of
ethinyl oestradiol was increased to 0.10 gg/kg/d and cyclic progestagen therapy was added. After
discontinuation of GH treatment, the dosage of oestrogens was further increased depending on the
clinical signs of breast development.

Before start of treatment (baseline) and every three months after the start of GH treatment,
all children were seen at their local hospital for a physical examination including measurements of
standing height (H) and weight (W). Height was expressed as SDS, using references for healthy
Dutch girls (HSDS,, (RvW)) (Roede & Van Wieringen, 1985), as well as references for Dutch-
Swedish-Danish references for girls with Turner syndrome (HSDS, (DSD)) (Karlberg ef al.,
1993). Body mass index [BMI: weight (kilogram)/height (meter squared)] was expressed in
standard deviation score (BMI-SDS) for sex and chronological age (Roede & Van Wieringen,
1985).

At baseline (before start of GH and EE2 treatment), all girls underwent an OGTT. During
GH treatment, OGTTs were performed once a year. In addition, before discontinuation of GH
treatment, an OGTT was performed if the yearly OGTT was more than 6 months ago. Six months
after discontinuation of the GH treatment, the girls underwent an OGTT again. A single team
petformed all OGTTs afier three days of unrestricted diet supplemented with 100 g of
carbohydrate (Fantomalt®)) and after overnight fasting. Glucose (1.75 g glucose /kg body weight
(maximum 50 g}) was administered orally within 5 minutes. Blood samples were collected at 0,
30, 60, 90, 120, 150, and 180 min and plasma glucose and insulin levels were measured,

To evaluate the overall responses to the oral glucose toad, apart from the glucose and
insulin levels at the various time-points, the foltowing variables were described: (1) Impaired
glucose tolerance (IGT) was defined according to The Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus (1997): the 2-hour plasma glucose level > 7.8 mmol/l (140
mig/dl) and < 11.1 mmol/l (200 mg/dl). (2) The 3-hour area under the curve for time-concentration
corrected for fasting levels during the OGTT (AUCab) was calculated using the trapezoidal rule.
(3) the ratio insulin/glucose at 30 minutes and the ratio at 120 minutes were calculated as an index
for relative insulin resistance.

The plasma glucose level was measured at the focal hospital laboratories with automatic
analyzers using a hexokinase catalysed-glucose oxidase method. Plasma insulin was determined in
one laboratory by radioimmunoassay (RIA) (Medgenix, Fleurus, Belgium). The intra-assay
coefficient of variation (CV) was 6% to 10% and the inter-assay CV was 6% to 11% (fasting '
normal range < 20 mU/L).

Results are expressed as mean (SD), unless indicated otherwise. Differences in variables
between time-points (pretreatment, in the last year of GH treatment, and 6 months after
discontinuation of GH treatment) were tested by paired Student’s t-tests. Differences in the change
in values between the GH frequency groups were tested by Student’s two-sample t-tests. A p-value
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< 0.05 was considered significant.

Results
Table 1 tists the baseline clinical data of the 19 girls, There were no relevant differences

between the two groups for any of the variabtes, GH was discontinued after a mean {(SD) duration
of GH treatment of 42.9 (8.8) {range: 27-57) months.

Table 1. Pretreatmient clinical data, expressed as mean (SD).

OD Group BID group
Number of girls 9 10
CA {yr) [3.1 (1.7) 13.6 (1.8}
HSDS., (RvW) -3.7 (1.3) 3.0 (1L.2)
HSDS., (DSD) 02 (1.1 L1 (1.3)
Karyotype:
45X 6 8
other 3 2

OD, once daily GH injections; BID, twice daily GH injections; CA, chronological age; HSDS,.,, height
standard deviation scere for chronological age; RvW, Roede van Wieringen references for healthy Dutch
girls; DSD, Dutch-Swedish-Danish references for girls with Turner syndrome.

Figure 1 shows the mean glucose levels during the OGTTs, at baseline, in the last year of
GH freatment, and after discontinuation of GH treatment for the OD group and for the BID
group, respectively. In one girl of the BID group, at baseline, as well as afler discontinuation of
GH treatment, but not during GH treatment, the glucose response to OGTT afier 120 min was
above 7.8 mmol/l but below 11,1 munol/l, indicating impaired glucose tolerance (IGT), Three gitls
(one of the OD group, two of the BID group), at each time-point another girl, showed IGT dwring
GH treatment, whereas after discontinuation of GH treatment no IGT was found in these girls.
None of the gitls developed diabetes mellitus. Figure 2 shows the fasting ghicose levels and the
AUCab for ghucose during the study period. Fasting glucose levels did not change significantly
during and after discontinuation of GH {reatment compared to baseline values, During GH
treatment, the AUCab for glucose had significantly decreased compared to baseline (p = 0.020},
without a further change aiter discontinuation of GIH treatment. No significant differences in the
change in fasting glucose levels or AUCab for glucose between the GH frequency groups were
found.

Figure 3 demonstrates the mean insutin levels during the OGTTs, before, in the last year of
GH treatment and after discontinuation of GH treatment for the OD group and for the BIP) group,
respectively. Figure 4 shows the fasting insulin levels and the AUCab for insulin. The fasting
insulin levels increased significantly during GH treatment compared to baseline (p = 0.016}. After
discontinuation of GH treatment fasting insulin levels decreased significantly (p = 0.019) to
values being not significantly different from baseline. The AUCab for insulin showed a
statistically non-significant increase during GH treatment, followed by a significant decrease after
discontinnation of GH treatment {p = 8.021). The increase in AUCab for insulin during GH
treatment was due to the increase in the BID group and not in the OD group. All changes in
fasting insulin levels and the AUCab for insulin were, however, not significantly different between
the GH frequency groups.
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Figure 1, Mcan (£SE) glucose levels during the OGTTs, at baseline, in the last year of GH freatment, and
after discontinuation of GH treatirent {post GHRx}, for the OD group and for the BID group, respectively.
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Figuve 2. Mean (+8D) fasting glucose levels (feft panel) and 3-hour area under the curve for glucose
(AUCab) (right panel), at baseline, during GH freatment, and after discontinuation of GH treatment (post
GHRx), for the OD group and for the BID group, respectively.
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Figure 3, Mean insulin (£SE) levels during the OGTTs, at baseline, in the last year of GH treatment, and
after discontinuation of GH treatment (post GHRx), for the OD group and for the BID group, respectively.
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Figare 4. Mean (+SD) fasting insulin levels (left panel) and 3-hour area under the curve for insulin (AUCab)
(right panel), at baseline, during GH treatment, and after discontinuation of GH treatiment (post GHRx), for
the OD group and for the BID group, respectively.

Figure 5 shows the ratio’s of insulin to glucose at 30 and 120 minutes after the start of the
OGTT, respectively. The ratio at 30” had significantly increased during GH treatment (p = 0.010).
After discontinnation of GH treatiment the ratio at 30" decreased significantly (p = 0.048) to
values being not significantly different from baseline. The ratio at 120 showed a statistically non-
significant increase during GH treatment, and was foltowed by a significant decrease after
discontinuation of GIH treatment (p = 0.006). None of the changes in the ratio’s were significant
different between the GH frequency groups.
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Figure 5, Mean (+8D) ratio’s of insulin to glucose at 30 (left panel} and 120 minutes (right panel) after the
start of the OGTT, respectively during the study period, for the OD group and for the BID group,
respectively.

Since obesity is related to insulin resistance, we analysed the development of the BMI-SDS
during the study period (Table 2). At baseline, BMI-SDS was significantly higher than zero.
During the first year of GH treatment, BMI-SDS decreased significantly (p=0.002). However,
thereafter, the BMI-SDS increased significantly (p< 0.001) to values in the last year of GH
treatment being not significantly different from bascline. After discontinuation of GH treatment,
the BMI-SDS showed a significant further increase (p=0.007). Thus, the BMI-SDS showed a
different pattern than the fevels of the CH variables during GH treatment and after discontinuation
of GH treatment.
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Table 2. Mean (SD} values of the body mass index (BMI) standard deviation-score.

OD Group BID group
BMI SD-score
baseline 1.2 (0.9} 1.1 (L.4)
1 yr GHRx 0.4 (0.9 0.8 (1.2)
2 yrs GHRx 0.7 (1.0} 0.9(1.5
last yr GHRx 1.3(1.2) 1.1(1.5)
post GHRx L5(LD 1.2 (1.6)

Discussion

Our study showed that GH treatment with 6 [U/m¥day in combination with low dose
ethinyl oestradiol in girls with TS, age = 11 vears, did not negatively influence glucose levels, but
induced higher levels of insulin, indicating relative insulin resistance. Afier discontinuation of GHi
treatment, insufin values decreased to baseline levels. The changes in insulin levels were
independent of the frequency of the administration of the GH injections (once vs twice daily).

To our knowledge, this is the first paper, describing the CH metabolism before and duwring
treatment with supra-physiological GH dosages, as well as afier discontinuation of GH treatment
in girls with TS. Some previous papers have reported insulin resistance and CH intolerance in
untreated girls with TS (Polychronakos er al., 1980; Cicognani ef al., 1988; Caprio ef al., 1991),
whereas another group did not find abnormalities in CH metabolism in girls with TS (Monti ef
al., 1997). Due to the absence of a control group of healthy girls, we could not assess the
magnitude of the possible insulin resistance in the Turner girls prior to GH treatment and after
discontinuation of treatment. The insulin levels in the girls of our study were, however, quite
comparable with those of healthy children reported by Potau ef «l (Potaun ef al, 1997), In
addition, at baseline as well as afier discontinuation of treatment, the prevalence of IGT was low,
and none of the girls developed diabetes mellitus. Previous studies reported increased insulin
levels with or without changes in glucose levels during GH treatment, indicating relative insulin
resistance (van Teunenbrock ef al., 1999; Wilson ef /., 1988), Our present study shows that the
increased insulin levels after a mean duration of treatment of 3'/: years with a supraphysiological
GH dose, decreased to baseline levels after discontinuation of the treatment. Only preliminary
data of 9 girls with TS were reported by Saenger ef @/, He found similar results as it our study
(Saenger, ef al., 1996).

In the present study, all girls started low-dose oestrogens to induce pubertal development.
It is known that cestrogen replacement can aggravate preexistent CH intolerance in TS
(Polychronakos e ., 1980). Although the low dose of oestrogens resulted in breast development,
the dose of oestrogens was far below the adult replacement dose {Sas ef al., 1999). Thus, all the
OGTTs were performed during low dose oestrogen treatment. Therefore, it is unlikely that the
increase in insulin levels during GH treatment and the decrease after discontinuation of GH
treatment are caused by the introduction or increase in oestrogen dosage. Besides the effects of
oestrogens on CH metabolism, obesity is associated with insulin resistance as well. At baseline, in
the last year of GH treatment, as well as after discontinuation of GH treatiment, the girls in the
present study had a mean BMI-SDS which was significantly higher than zero. However, during
GH treatinent, no overall increase in BMI-SDS was found. In addition, after discontinumation of
GH treatment, the BMI-SDS was significantly higher than during GH treatment. Thus, the BMI-
SDS showed a different pattern than the levels of the CH variables during GH treatment and after
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discontinuation of GH treatment. Therefore, we can conclude that the changes in CH variables are
not related to changes in BMI-SDS.

To optimise the GH treatment in girls with TS, treatment is often started at a younger age
than the girls in the present siudy, A recent paper of owr group showed that GIH treatment started
at an age between 2 and 11 years resulted in a considerable increase in adult height to values
within the range for healthy Dutch girls (Sas ef al., [999b). Four years of GH treatment in those
girls resulted in a sustained increase in insulin levels during the treatment {Van Teunenbroek et
al., 1999). These girls will receive GH treatment until adult height is reached. The question arises
as to whether the effects of GH treatment on CH metabolism after such a long period will be
reversible as well, In addition, the consequences of long-terin hyperinsulinism in younger girls
with TS, who will be treated with GH for most of their childhood period, are not known. Although
it is reassuring that GH treatment does not negatively influence glucose levels and that the effect
on insulin sensitivity is reversible, follow-up of those younger girls are required. More
sophisticated methods such as glucose clamp or the more recent developed minimal model
method could led to improve insights into the CH metabolism in these girls during and after fong-
term GH treatment.

In conclusion, GH treatment with 6 ITU/m%day in combination with low dose ethinyl
oestradiol in girls with TS, age = 11 years, did not negatively influence glucose metabolism.
However, higher [evels of insulin were found, indicating relative insulin resistance. After
discontinnation of GH treatiment, insulin values decreased to baseline levels. The changes in
insulin levels were independent of the frequency of the administration of the GH injections (once
vs twice daily) or changes in body mass index.
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CHAPTER 6

BONE MINERAL DENSITY AND GROWTH HORMONE TREATMENT IN GIRLS
WITH TURNER SYNDROME
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CHAPTER 6.1
BONE MINERAL DENSITY BEFORE AND DURING LONG-TERM GROWTH
HORMONE TREATMENT IN GIRLS WITH TURNER’S SYNDROME PARTICIPATING
IN A RANDOMIZED DOSE-RESPONSE STUDY
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HORMONE TREATMENT IN GIRLS WITH TURNER’S SYNDROME PARTICIPATING
IN A RANDOMIZED DOSE-RESPONSE STUDY,
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Sophia Children’s Hospital, Rotterdam; Department of Epidemiology and Biostatistics (T.5.),
Department of Experimental Radiology (W.L., R.R.R.) Erasmus University, Rotterdam, The
Netherlands.

Abstract

To assess bone mineral density (BMD) in girls with Turner’s syndrome (TS) before and
during long-term treatment with growth hormone (GH), longitudinal measurements using
phalangeal radiographic absorptiometry were performed in 68 girls with TS, participating in a
randomized, dose-response trial. These previously unfreated girls, age 2-11 yr, were randomly
assigned to 1 of 3 GH dosage groups: group A, 4 [U/m¥day (=0.045 mg/kg/d); group B, first yr 4,
thereafter 6 IU/m¥/d (=0.0675 mg/kg/d); group C, first yr 4, second yr 6, thereafter 8 TU/m#/d
(=0.090 mg/kg/d). In the first 4 yr of GI treatment, no estrogens for pubertal induction were
prescribed to the girls, Thereafier, girls started with [78-estradiol (5 pg/kg bw/d, orally) when they
had reached the age of 12 yr. BMD results were adjusted for bone age and sex, aud expressed as
SD-scores using reference values of healthy Dutch girls.

At baseline, almost every individual BMD value of cortical bone, as well as of trabecular
bone was withinn the normal range of healthy girls. During 7 yr of GH treatment, BMD SD-score
showed a significantly increase to values significantly higher than zero. The increment in BMD
SD-score of the cortical bone was significantly higher in group C compared to that of the other
two GH dosage groups, whereas no differences between the groups were found for the increment
in BMD SD-score of the trabecular bone. The pretreatment bone age was signiticantly negatively
related to the increment in BMD SD-score: the younger the child at baseline, the higher the 7-yr
increase in BMD SD-score. We found no significant influence of spontaneous puberty or the use
of low dose estrogens in the last 3 yr of the study period on the increment in BMD SD-score
during 7 yr of GH treatinent.

In conclusion, most untreated young girls with TS have a normal volumetric BMD of the
cortical as well as of the trabecular bone compared to healthy girls. During 7 yr of GH freatment
with 4, 6, or 8 IU/m?¥day, the BMD SD-score increases significantly. Only for the cortical bone
was the 7-yr increment in BMD significantly higher in the girls receiving GH doses up to 8
TUim*/day. Spontaneous puberty or low dose estrogen therapy in the [ast 3 yr of the 7-yr study
period in girls 2 12 yr of age does not contribute to the increase in BMD.

Introduction

Short adult stature and ovarian failure are the main features in Turner’s syndrome (TS)
(1,2). Although girls with TS are not growth hormone-deficient (3), many patients now receive
growth hormone (GI) treatiment in order o increase adulf height, As most girls fail to initiate or
progress through puberty, estrogen replacement is required. Our previous paper showed that
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starting GH treatment at a relatively young age and beginning low dose estrogen therapy from the
age of 12 yr, result in & normalization of height in most girls and pubertal development in
conformity with their healthy peers (4).

Despite limited reports of a greater number of fractures during childhood {5) or adulthood
{6,7), osteoporosis historically has been described as a feature in TS, because of the frequent
observation of radiographic ostcopenia and the coarse trabecular pattern of the carpal bones on
radiographs (8). An intrinsic bone defect as well as estrogen deficiency may explain these
findings. Although more refined methods, such as single- and dual photon absorptiometry and
dual energy x-ray absorptiometry (DEXA) has led to improved insights into bone mineral density
{BMD) status in T'S, these projections methods report areal and not true volumetric BMD,
resulting in an underestimation of the true BMD in subjects with short stature. Thus, it would be
preferable to measure the actual BMD c.g. by means of quantitative computed fomography
{QCT). However, this is an irradiating method and difficult to use in pediatric practice. In
conirast, phalangeal radiographic absorptiomeiry (RA) determines the BMD from a radiograph of
the hand, which is already often made for the assessment of bone age (9,10). Several studies in
adults have shown that the RA method, using an alumininm wedge in the field of view to correct
for differences in exposure and processing variables, is as good in predicting fracture risk as
DEXA (11-13).

To assess the volumetric BMD in young girls with TS before and during long-term
treatiment with recombinant human GH, longitudinal measurements using phalangeal radiographic
absorptiometry were performed in 68 girls with TS, participating in a randomized, dose-response
trial. The effect on height was described eardier (4). We now report the results of the BMD data
over 7 years among 3 GH dosage groups.

Methods
Patients and study design

Sixty-eight previously unireated girls with TS were enrolled in a nmlticenter GH dose-
response study in the Netherlands, The diagnosis was confirmed by lymphocyte chromosomal
analysis. Inclusion criteria were: a chronological age between 2 and 11 yr, height below the 50th
percentile for healthy Dutch girls (14), and a normal thyroid function, Exclusion criteria were:
associated endocrine and / or metabolic disorders, growth failure caused by other disorders or
emotional deprivation, hydrocephalus, previous use of drugs which could interfere with GH
treatment, and spontaneous puberty {15). Written informed consent was obtained from the girls
and their parents or custodians. The study protocol was approved by the ethics committee of each
participating center.

After stratification for chronological age and height standard deviation score for
chronologicat age girls were randomly assigned to group;

A (n=23) receiving 4 [U/m’/day (equivalent to 0.045 mg/kg/day),
B (n=23) receiving 4 IU/m*/d in the first yr, followed by 6 TU/m*/d (=0.0675 mg/kg/d), or
C (n=22) receiving 4 W/m/d in the first yr, 6 iU/m%day in the second yr, and

thereafter 8 1U/m%d (=0.090 mg/kg/d).
Recombinant human GH (Norditropin®, Novo Nordisk A/S, Denmark} was given subcutaneously
once daily at bedtime using a pen injection systemi. Every 3 months the total GH dose was
adjusted to the calculated body surface. According to the study protocol, treatment was stopped
when subjects had grown less than 1 em over 6 months. However, when girls were satisfied with
their height achieved, they elected to stop GH treatment before study criteria for the termination
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of treatment had been reached. In the first 4 yr of GH treatment, no estrogens for pubettal
induction were prescribed to the girls. After 4 yr of GH treatment, estrogen therapy was started in
the girls who were older than 12.0 yr of age; the younger girls started estrogen therapy at a yearly
visit after reaching the age of 12 yr. Five ug 176-estradiol/’kg body weight/day, orally, were given
in the first 2 yr, 7.5 pe/kg/d in the third yr and 10 ugfkg/d thereafter. Cyclic progestagen therapy
{Duphaston 5 mg/d in the first [4 d of the month) was added afier 2 yr of estrogen therapy. If
puberty had developed spontancously (Tanner breast stage > 2} during the study period and before
start of estrogens, 1o estrogens were given.

Before the start of freatment (baseline) and subsequently every three months all girls were
scen at their local hospital for measurements of height. Height was expressed as SD-score using
references of healthy Dutch girls (14). Pubertal stages were assessed according to the method of
Tanner (15). Before the start of the GH treatment (baseline}, and subsequently once a year,
standardized radiographs of the left hand were taken. Bone age was determined by two trained
observers according to the Greulich and Pyle method (16).

Radiographic absorptiomelry

The standardized radiographs of the left hand (postero-anteriorly, PA} and the left index
finger (lateral, LAT) were taken, on a single film using a dedicated cassette (Imation GTU film,
o-1F Trimax intensifying screens, small 0.6 mm focus, film-focus distance 1.5 m, 45 kV, 16 mAs).
Using these two projections it is possible to adjust for soft tissie surrounding the middle phalanx
and to assess the volume of this phalanx. Consequently, the BVD as & ‘true’ volumetric density
can be determined. With this technique two measurement sites (region of interest; ROI) are used,
the first ROI is at the mid-point of the line between the distal and proximal edge of the phalanx
{BMD...,} consisting mainly of cortical bone (approximately 8094}, the second ROI is focated at
the proximal quarter-peint of this line (BMD,,..}, consisting mainly of trabecular bone
{approximately 60%) (17). This technique has a short-term in-vivo coefficient of variance of less
than 1%, being slightly better than precision figures for the other RA techniques {11,18).

For the application of this technique, two identical linear aluminium wedges were placed
within the field of view of each exposure, i.c. one for the hand (PA) and one for the index finger
(LAT), alt X-rays were obtained in a strict standardized fashion, In-house developed interactive
software was used to analyze all films, using a PC equipped with a modular frame grabber
{Imaging Technology) in combination with a CCD camera (SWK-31, DIFA, pixel size 37.5 pam x
37.5 qam). Analysis, performed by onc operator (AA), consisted of several steps: first the system
was calibrated on a daily basis, by scanning a standard radiograph containing an image of the
aluminium wedge, to correet for influences of variances in the transmitted light intensity. The
second step involved scanning of the aluminium wedges (thickness 0-12 mm), in order to
calibrate the intensity-values in the image. Then, the predefined ROIs were semi-automatically
scanned in order to determine the distal and proximal edge of the second phalanx on the digitised
X-ray image. The software then automatically determined the fength and the outer contours of the
phalanx and defined the two ROIs being 3mm wide areas. These ROIs were placed on both the
PA and LAT films. The software combined a volumetric BMD relative to the aluminium wedge.

Sinece chronological age may not be indicative of biological development, especially in
children whose disorder affects bone maturation, all measured values of BMD,,,, and of BMD,.,,
were adjusted for bone age {16), and expressed as SD-scores (SDS) using reference values of
healthy Dufch girls. These reference values were previously described using a piece-wise linear
regression analysis (‘broken stick’ technique). Reference values were only available for girls with
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a bone age equal or higher than 5.5 years (10).

Statistical analysis

Resulis are expressed as mean and standard deviation {SD) or standard error {SE), unless
indicated otherwise. Differences between zero and the mean SB-scores at baseline or after 7 yi
were tested by one-sample Student’s t-tests. Since reference data were only available for girls with
a bone age = 5.5 yr, it was not possible to calculate SD-scores of the youngest girls at baseline
and in the first years of GH treatment, resulting in missing data. In addition, a number of girls
discontinued GH treatment within the 7-yr study period because of reaching adult height causing
missing values. Moreover, during the 7-yr study period, for practical and technical reasons we
could not obtain standardized x-rays in a few centers anymore. To estimate and test the effect of
time, GH dose and other variables on the changes of BMD,,,, SD-score and BMD,,,, SD-score
during the 7-yr study period, we employed repeated measurement analysis of variance
(RMANOVA) methods that used all available data (SAS Proc Mixed). In these models, the yearly
increase in BMD,,,, SD-score and BMD,,,, SD-score was the dependent variable. To investigate the
differences between the 3 treatment groups, the GI dose was entered as a time-dependent
categorical independent variable. To test the effect of pretreatment bone age on the changes in
BMD,,, SD-score and BMD,;,, SD-score, pretreatiment bone age was added to the model. To
assess the influence of spontaneous puberty and the influence of the use of estrogens on the
changes in BMD,,,, SD-score and BMD, .., SD-score, these factors were entered as time-dependent
covariates in the RMANOVA model. To investigate the association between the yearly increase in
BMD,,., SD-score and BMD,,,, SD-score with the yearly increase in height SD-score, the latter
was entered as a time-dependent covariate in the model as well. A p-value < (.05 was considered
significant.

Results

Three girls, one in each GH dosage group, dropped out of the study long before reaching
adult height mainly because of non-compliance. In all three cases no problems with BMD were
involved i the decision to discontinue the treatment. Data of these three girls were not used for
the analysis of long-term GH treatment,

Table 1. Mean (SD) baseline data for each treatiment group. Karyotype (45,X; other) is expressed in number
(percentage) of patients.

group A group B group C
Number of girls 22 22 21
Chronological age 6.1 2.1) 6.7 (2.4) 6.5 (2.4)
Bone age (GP) 5.02.1) 5.5(2.2) 5.5{2.3)
Height SD-score -2.7(0.9) 2.4 (1.0) -2.6 (1.0}
Karyotype: 45,X 18 (82%) 21 (96%) 16 (76%)
Karyotype: other 4 (18%) [ (4%} ) 5 (24%)

Height SD-score, height standard deviation-score, references healthy Duich girls; Bone age {GP): bone age
according to the Greulich and Pyle method.

Table 1 lists the baseline clinical data of the remaining 65 girls, The three groups had
similar inifial characteristics, After 7 yr of GH treatment, 2 girls in group A, 6 girls in group B,
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and 4 girls in group C, had discontinued GH treatment because of reaching adult height or
satisfaction with height achieved. For these girls, only data of the period during GH treatment
were available for the 7-yr analysis. In addition, in 14 girls (n=4 in group A, n=>5 in group B, and
n=5 in group C) there were missing values in the 7-yr longitudinal data, because of the inability to
obtain standardized x-rays in a few centers, Thus, BMD data of 39 girls were available after 7 yr
of GH treatment.

After the first 4 yr of GH treatment, 35 of the 65 girls started with estrogen therapy during
the subsequent 3 yr, whereas 5 girls did not receive estrogens because of spontaneous puberty.
Twenty-five girls were prepubertal during the entire study period and had not started estrogen
therapy because they were younger than [2 yr of age.

Figure | shows the individual values of BMD,,, and BMD,,,,, respectively, before and after
7 yr of GH freatment. At baseline, in 30 of the 65 gitls, bone age was too low to compare with
reference values. Most baseline BMD,,,, and BMD,,,, values of the remaining 35 girls were within
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Figure 1. The individual BMD,,, values (upper panel) and the BMD,,,, values (lower patel) before (filled
squares) and after 7 years of GH treatment (open squares}. The mean and range (-28D to +28D) of the
reference data for healthy girls are indicated.
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the normal range and rather well distributed around the mean of healthy girls. Mean (SE} BMDy,,
and BMD,,., SD-score were (.38 (0.22) and -0.04 {0.13), respectively, being not significantly
different from zero, After 7 yr of GH treatment, all 39 girls with a BMD assessment had a bone
age higher than the required minimal value to compare with the reference data. None of the
BMD.,,. and BMD25% values after 7 yr were below -2 SD, and most values were higher than the
mean of healthy girls, The mean SD-score of the BMD,,,, as well as that of the BMD,;,, was
significantly higler than zero (0.87 (0.15) and (.95 (0.14), respectively, p<0.001}.

The 7-yr change in BMD SD-score of the total group of 65 girls was calculated using the
repeated measurements analysis. During 7 yr of GI treatment, the mean (SE) SD-score of the
BMD,,., as well as that of the BMD,,,, had increased significantly compared to baseline values
(0.53 (0.16} (p=0.001) and 1.08 (0.15) (p < 0,001), respectively}. The increment in BMD,,., SD-
score was significantly higher in group C {0.82) compared to group A (0.45) and group B (0.04)
{p=0.025), without significant differences beiween group A and B, No significant differences in
the 7-yr increment in BMD,., SD-score were found between the GH dosage groups (1.04 in group
A, 0.99 in group B, and .30 in group C, p=0.46). Pretrcatment bone age was significantly
ncgatively related to the 7-yr increase in BMDy,;, SD-score and BMD,,,, SD-score (=-0.200,
p<0.001 and B=-0.238, p=0.001, respectively}. Neither the presence of spontancous puberty or the
use of estrogens, nor the 7-yr increase in height SD-score were significantly related with the
yearly increase in BMD,,, SD-score and BMD,,,, SD-score during 7 yr of GH treatment,

A total of 11 of 65 girls (3 in group A, 6 in group B, and 2 in group C) had experienced a
fracture during the study period : humerus (n=1}, wrist (n=6), hand (n=1), leg (n=1), and foot
{n=2)., The annual incidence rate for fractures of girls with TS was comparable with the published
anmual incidence of a reference population of healthy girls less than 20 yr of age (25 in 1000 vs.
19 in 1000} (19). The mean (SE) SD-score of BMD,,, and BMD,,,, obtained on the visit close to
the moment of fracture was 0.44 (0.23) and 0.74 (0.23), respectively. None of the values were
below -2 SD.

Discussion

In this longitudinal study, volumetric BMD was assessed in relatively young girls with TS
before and during long-ferm treatment with supraphysiological GH dosages. We show that most
untreated young girls with TS have a normal volumetric BMI) of the cortical, as well as of the
trabecular bone compared to healthy girls, Gur preirecatment data are in line with the data of Ross
ef al. She found normal BMD values of the wrist (mainly cortical bone) and the spine (mainly
irabecular bone) assessed by single photon absorptiometry and dual photon absorptiometry,
respectively, after adjustment for height age in girls with TS with an age between 4 and 13 years
{5). Thus, atthough skeletal abnormalities suggest an intrinsic bone defect in girls with TS, this
defect does not negatively influence BMD during childhood. In addition, the estrogen deficiency
during childhood being present in most of the girls, does not result in a low BMD during
childhood.

During 7 yr of GH treatment, BMD SD-score showed a significantly increment to values
significantly higher than zero. The pretreatiment bone age was significantly negatively related to
the increment in BMD SD-score: the younger the child at baseline, the better the 7-yr increase in
BMD SD-score. We found no significant influence of spontaneous puberty or the use of low dose
estrogens, nor the increase in height SD-score on the increment in BMD SD-score during 7 yr of
GH treatment. As in most GH trials in TS, in our study no control group of untreated girls with
TS was included, Consequently, it is unknown whether the girls would have attained comparable
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BMD values after 7 yr if they had not received GH treatment. GH has both direct and indirect
actions on bone. In animal models, GH stimulates osteoblast number and function and the
production of various bone matrix factors (20)). Paracrine activity of osteoblasts stimutates
osteoclasts. Bone formation is enhanced preferentially to bone resorption during GH
administration (20}. In GH-deficient children, an increment in volumetric bone mineral density
was found after long-tertmt GH treatment (21,22). Lanes ef al. asscssed the BMD by DEXA in
prepubertal girls with TS while on GH treatment. The BMD of the lumbar spine (predominantly
trabecular bone), was significant greater than in the control group of healthy children paired for
bone age and height, whereas no differences in the BMD of the total body or femoral neck
(predominantly cortical bone) were found (23). Neely er al. reported BMD in prepubertal and
pubertal girls with TS receiving GH treatment. Both lumbar and total body BMD and bone
mineral apparent density were greater in the group with TS than in the control subjects matched
for height (24). Shaw er al. described the BMD of the lumbar spine measured by DEXA in 14
girls with TS who had received GH and/or estradiol or no treatient. These girls had a normal
baseline BMD, but a reduction in their BMD SD-score after 2.5 yr. No advantage was found for
any form of treatment in optimizing bone mineralization (25). In the present study, we showed
that the BMD of the cortical as well as that of the trabecular bone increased significantly during
GH treatment. Since we do not know the development of the BMD in untreated girls with TS, we
cannot prove that the increment in BMD during treatment is due to GH administration. However,
the higher increment in BMD SD-score of the cortical bone in the girls receiving the highest GH
dose compared to the other two GH dosage groups suggests that GH treatment may have a
positive ettect on BMD,

Most girls with TS are estrogen-deficient during both their pre- and postpubertal years. It
is well known that estrogens are required to attain a normal peak bone mass which is a major
determinant of osteoporosis later in life, Davies ef ql. deseribed the BMD in women with TS and
in women with other causes of primary amenorrhoea, using estrogen replacement therapy in most
of the cases. Both groups had severe ostcopenia compared with healthy controls, after correction
for weight and height. Since in most of these women estrogen therapy was not started until young
adulthood, it was concluded that estrogen therapy should be instituted from an early age in
patients with TS (7). In the present paper we show that low dose estrogens in the 5th, 6th, and/or
7th yr of GH treatment in 35 of the 64 girls did not significantly attribute to the increment in
BMD SD-score. A previous study on the effects of increasing estrogen dosages up to adult levels
after discontinuation of GH treatment showed, however, that prolonged treatment with higher
estrogen dosages than used in the present study does have a beneficial effect on BMD in gitls
with TS resulting in a normal adult BMD (206).

Only Ross er al. did report a higher incidence of wrist fractures compared to healthy girls
in & group of untreated prepubertal girls with TS with normal BMD (Ross ef af., 1991}, In the
present study, we showed that the annual incidence rate for fractures in the girls with TS was
comparable with that for a reference population of healthy girls, More data are available about the
incidence of osteoporotic fractures in adult with TS, Davies ef al. showed a significantly higher
frequency of fractures in women with TS than in a control group. Half of the fractures occurred at
typical osteoporotic sites (wrist, spine, femoral neck) {7). In addition, on the basis of data from a
large database of Turner women, Gravholt ef af. reported an increased incidence of osteoporosis
and fractures (6). Although insufficient estrogen therapy has a role in osteopenia, other factors,
suclh as an indrinsic bone defect, may contribute to the increased risk of fractures in later life.

In conclusion, most untreated young girls with TS have a normal volumetric BMD of the
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cortical, as well as of the trabecular bone compared to healthy girls. During 7 yr of GH {reatment
with 4, 6, or 8 IU/m%day, the BMD SD-score increases significantly. Only for the cortical bone
was the 7-yr increment in BMD significantly higher in the girls receiving GH doses up to 8
[UAn*/day. Spontaneous puberty or low dose estrogen therapy in the last 3 yr of the 7-yr study
period in girls 2 12 yr of age did not significantly contribute fo the increase in BMD. Since these
girls have not attained their peak bone mass yet, follow-up of these girls into adulthood is
required.
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Summary

OBJECTIVE The aim of this study was to assess the volumetric bone mineral density (BMD) in
girls with Turner’s syndrome (TS) before and during growth hormone (GH) treatment in
combination with low dose ocstrogens as well as three years after discontinuation of GH
treatment,

DESIGN In a prospective, randomized injection frequency-response study, the effect of GH
treatment in combination with low dose ethinyl cestradiol (starting with 0.05 ug /kg/day), on
BMD was evaluated, comparing twice daily (BID) with once daily (0D} injections of a totat GH
dose of 6 Hl/m*day until adult height was reached. After discontinuation of GH treatment, the
dosage of oestrogens was further increased to adult supplementation levels.

PATIENTS Nineteen untreated girls with TS, mean {SD} baseline pretreatment age 13.3 (1.7)
{range 11.0-17.6) year.

MEASUREMENTS Before and during GH treatment, measurements of volumetric BMD were
performed using phalangeal radiographic absorptiometry. In addition, the BMD measurements
were repeated three years afier discontinuation of GH treatment. BMD results were adjusted for
bone age and sex, and expressed as SD-scores (SDS) using reference values of healthy Dutch
gitls.

RESULTS At baseline, most individual BMD values of cortical bone as well as those of
trabecular bone were within the normal range of healthy gitls. However, the mean BMD SDS of
the trabecular bone was significantly lower than zero. During treatment, the BMD SDS showed a
significantly increment to values equal or higher than zero after mean (SD) GH treatment period
of 36,6 (7.5) months. The increase in BMD of the cortical bone was significantly higher in the
OD group than in the BID group. The BMD SDS in the last year of GH treatment was not
significant different between the two injection frequency groups. Three years after discontinuation
of GH treatment, the BMD values had increased further similar as in healthy girls, resulting in
BMD values all within normal range or even higher.

CONCLUSIONS Most untreated girls with TS, age = 11 years, have a normal volumetric BMD
of the cortical, as well as of the trabecular bone compared to healthy girls. During GH treatment
with 6 TU/m/day in combination with low dose oestrogens, the BMD SDS increases significantly.
After discontinuation of GH treatment and the use of oestrogens in an adult dosage, the BMD was
as high as in young healthy women.

Introduction
Short adult stature and ovarian failure are the main features in Turner’s syndrome (TS}



124 PURT "GIRLS WHH TURNER SENDROME ™

(Ranke et al, 1983; Karlberg ef al., 1993). Although girls with TS are not clearly growth hormone-
deficient (Wit ef af,, 1992}, many patients now receive growth hormone (GH) treatnient in order
to increase adult height, As most girls fail fo initiate or progress through puberty, oestrogen
replacement for induction of puberty is usually started between 12 and 16 years of age.

Despite only limited reports of a greater number of fractures during childhood (Ross ef af.,
1991) or adulthood (Davies et al., 1995; Gravholt ef al., 1998), osteoporosis historically Iras been
described as a feature in TS, because of the frequent observation of radiographic osteopenia and
the coarse trabecular pattern of the carpal bones on radiographs (Bercu ef ¢f., 1976). An intrinsic
bone defect, as well as oestrogen deficiency may explain these findings.

Although more refined methods, such as single- and dual photon absorptiometry and dual
energy x-ray absorptiometry (DEXAY} has led to improved insights into bone mineral density
{BMD) status in TS, these projections methods report areal and not true volumetric BMD,
resulting in an underestimation of the true BMI) in subjects with short stature. Thus, it would be
preferable to measure the actual BMD e.g. by means of guantitative computed tomeography
(QCT). However, this is an irradiating method and difficult to use in paediatric practice. In
contrast, phalangeal radiographic absorptiometry (RA} determines the BMD from a radiograph of
the hand, which is already often made for the assessment of bone age (Trouerbach et al., 1987,
van Rijn ef al., 1999). Several studies in adults have shown that the RA method, using an
aluminium wedge in the field of view to correct for differences in exposure and processing
variables, is as good in predicting fracture risk as DEXA. (Ravn ef al., 1996; Grampp ef al., 1997;
Takada et al., 1997),

We earlier described the results of GH treatiment on final height in 19 girls with TS,
receiving 6 [U recombinant human GH/m¥day, divided over once (OD) or twice daily (BID)
injections, in combination with low dose cthinyl oestradiol (Sas ef al., [999), In the present paper,
we evaluated the fongitudinal measurements of the volumetric BMD in these girls before and
during freatment using phalangeal RA, In addition, the BMD measurements were repeated three
years after discontinuation of GH treatment, while these girls receive an adult oestrogen
supplementation dose.

Methods
Patients and study design

Nineteen previously untreated girls with TS were enrolled in a GH frequency-response
study in the Netherlands. The diagnosis was confirmed by lymphocyte cliromoesomal analysis,
Inclusion criteria were: chronological age of [} years or older, a bone age of less than 13.5 years,
using the Tanner & Whitchouse RUS bone age (BA,s) (Tanner ef af., 1983), and a Tanner puberty
stage B1 (Tanner & Whitehouse, 1976). Exclusion criteria were: associated endocrine and/or
metabolic disorders, growth failure due to other disorders or emotional deprivation,
hydrocephalus, and previous use of drugs that may interfere with GH therapy. Immediately prior
to this study, ten gitls were enrotled in a randomized 10-week (cross-over design) 24-hour GH-
profile study, as described earlier (van Teunenbroek ef af., 1993). After a second randomisation,
which was carried out independently from the first randomisation, all 19 girls entered the present
study immediately after completion of the 10-week design. Written informed consent was
obtained from the girls and their parents. The study protocol was approved by the Ethics
Commniittee of each participating centre,

After stratification for BA,,, and height standard deviation score (SDS) for clwonological
age (Roede & Van Wieringen, [985), the girls were randomly divided into two GH injection
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frequency groups: the OD group (n=9) received 6 IU GH/m’ body surface once daily (OD), in the
evening, the BID group (n=10) received the same total GH dose divided in one-third in the
morning and two-thirds at bedtime {BID), GH (recombinant-fyman GH, Norditropin®) was
injected by a pen injection system (Nordiject™24 Novo Nordisk A/S, Denmark). Compliance was
carcfully monitored. GH treatment was stopped when height velocity had decreased to less than |
ci / 6 months, All girls received, from the start of the 10-week cross-over study 0.05 ug othiny!
oestradiol/kg body weight/day, once daily. Afler the first 2.25 years of GH treatiment, the dose of
ethinyl oestradiol was increased to 0.10 ygrkg/d and cyclic progestagen therapy was added. After
discontinuation of GH treatiment the dosage of oestrogens was further increased to adult levels.

Before the start of treatment (baseline) and subsequently every three months all girls were
seen at their focal hospital for measurements of height and weight. Teight was expressed as SDS
using references of healthy Dutch girls (Roede & Van Wicringen, 1985). Pubertal stages were
assessed according to Tanner (Tanner & Whitehouse, 1976). Bone age was determined by two
trained observers according to the Greulich and Pyle method {{Greulich & Pyle, 1959) as well as
to the Tanner & Whitehouse RUS bone age method (Tanner ef al., 1983). Before start of cestrogen
or GH treatment {*baseline’), and subsequently once a year, standardized radiographs of the left
hand were taken, until GH treatment was discontinued. After discontinuation of GH treatment, the
most recent obtained yearly radiograph during GH treatment was considered the BMD
measurement in the last year of GH treatment (‘last year of GHRx’), Between two and three years
after discontinuation of GH treatment a standardized radiograph of the left hand was taken again
(“3 years post GHRX").

Radiographic absorptiomelry

The standardized radiographs of the left hand (postero-anteriorly, PA) and the left index
finger (lateral, LAT) were taken, on a single filim using a dedicated cassette (Imation GTU filin,
o1l Trimax intensifying screens, small 0.6 mm focus, film-focus distance 1.5 m, 45 kV, 16 mAs).
Using these two projections it is possible to adjust for soft tissue surrounding the middle phalanx
and to assess the volume of this phalanx. Consequently, the BMD as a ‘true’ volumetric density

“can be determined. With this technique two measurement sites (region of interest; ROI) are used,
the first ROI is at the mid-point of the line between the distal and proximal edge of the phalanx
(BMD,,.,) consisting mainly of cortical bone (approximately 80%), the second ROT is located at
the proximal quarter-point of this line (BMD,.), consisting mainly of trabecular bone
{approximately 60%)(Trouerbach ef al., 1991). This technique has a short-term in-vive coefficient
of variance of less than 1%, being stightly better than precision figures for the other RA
techniques (Yates ef al., 1995; Ravn et af., 1996) .

For the application of this technique, two identical linear aluminium wedges were placed
within the field of view of each exposure, i.e. one for the hand {(PA) and one for the index finger
{LAT), all X-rays were obtained in a strict standardized fashion. In-house developed interactive
sofiware was used to analyse all films, using a PC equipped with a modular frame grabber
(Imaging Technology) in combination with a CCD camera (SWK-31, DIFA, pixel size 37.5 gm x
37.5 pmy), Analysis, performed by one operator (AA), consisted of several steps: first the system
was calibrated on a daily basis, by scanning a standard radiograph containing an image of the
aluminium wedge, to correct for influences of variances in the transmitted light intensity, The
second step involved scanning of the aluminium wedges (thickness {12 mm), in order to
calibrate the intensity-values in the image. Then, the predefined RQIs were semi-automatically
scanned in order to determine the distal and proximal edge of the second phalanx on the digitised



126 Pirr "GIRLS #TTH TURNER SYNDROME ™

X-ray image. The software then automatically determined the length and the outer contours of the
phalanx and defined the two ROIs being 3nun wide areas. These ROIs were placed on both the
PA and LAT films. The software combined a volumetric BMD relative to the aluminium wedge.

Since chronological age may not be indicative of biological development, especially in
children whose disorder affects bone maturation, all measured values of BMD,,, and of BMD,,,,
were adjusted for bone age (Greulich & Pyle, 1959), and expressed as SDS using reference values
of healthy Dutch girls. These reference values were previously described using a piece-wise lincar
regression analysis (*broken stick’ technique) (Van Rijn f al., 1999),

Statistical analysis

Results are expressed as mean (SD), unless indicated otherwise. Differences in variables
between baseline values and last year of GHRx values or 3 years post GHRx values were tested
by paired Student’s t-tests. SD-scores were compared with zero by one-sample Student’s t-tests,
Differences in the change in values between the GH frequency groups were tested by Student’s t-
tests. Correlations between variables were assessed with Pearson’s correlation coefficient. A p-
value < 0.05 was considered significant,

Results

Tabie 1 lists the baseline clinical data of the 19 girls. There were no relevant differences
between the two groups for any of the variables. GI was discontinued after a mean (SD) duration
of GH treatment of 42.9 (8.8) (range: 27-57) months, but the last yearly BMD measurement
during GH treatment was done after a mean (SD) duration of GH treatment of 36.6 (7.5) {range:
24-48) months, At 3 years post GHRx, the standardized radiographs of 15 (n=7 in the OD group,
n=8 in the BID group) of the 19 girls were available for the determination of the BMD.

Table I Pretreatment clinical data, expressed as mean (8D}

OD Group BID group
Number of girls 9 10
Chronological age 13,1 (1.7 13.6 {1.8)
Bone age (GP) 11.4 (0.6) [1.7 (1.0}
Height SD-score -3.7(1.3) 3.1(1.2)
Karyotype:
45X 6 8
other 3 2

OD: once daily GH injections; BID: twice daily GH injections; Bone age {GP): bone age according to the
Greulich and Pyle method; Height SD-score, height standard deviation-score, references healthy Dutch girls.

Figure 1 shows all individual values of BMD,,,, and BMD,,,., respectively, before GH and
ocstrogen treatment {baseline), in the fast year of GTIRx, and at 3 years post GHRx (OD and BID
group combined). Most baseline BMD,,,, values were within the normal range and rather well
distributed around the mean values of healthy girls. Although most bascline BMD,,,, values were
within the normal range as well, 13 of the 19 girls had a BMD,,,, below the mean of the reference
values of healthy girls. In the last year of GH treatinent, the BMD,,,, and BMD,,,, values had
increased and at 3 years post GHRx, all values were above -2 SD.
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Figure 1. The individual BMD,,,, values (upper panel) and the BMD,,,, values {lower panel) for bone age,
before {filled squares), in the last year of GH treatment {grey squares), and 3 years afler discontinuation of
GH treatment {open squares), The mean and range (-28D to +28D) of the reference data for healthy girls are

indicated,

Tabte 2 shows the SD-scores {SDS) for BMD,,,, and BMD,,,, at bascline (n=19}, in the last
year of GHRx (n=19}, and 3 years post GHRx (n=15}. At baseline, only the BMD,,,, SDS was
significantly lower than zero. In the last year of GHRx, the BMD,,,, SDS, as well as the BMD,,,,
SDS had increased significantly compared with baseline values (p= 0.001 and p < 0.061,
respectively). The increment in BMD.,, SDS during GH treatment was significantly higher in the
OD group than in the BID group (p = 0.021), whereas the BMDg;,, SDS in the last year of GHRx
was not significant different between the two injection frequency groups. In the last year of
GHRx, BMD,,,, SDS was significantly higher than zero (p = 0.018), whereas the BMD,,,, SDS
was not significantly different from zero. At 3 years post GHRx, the BMD,,,, SDS had
significantly increased (p=0.007), whereas the BMD,;,, SDS had not significantly changed
compared to the values in last year of GHRx. The BMD,,,, SDS, as well as BMD,,,, SDS were
both not significant different from zero, but significantly higher than baseline values (p < 0.001
and p = 0.04, respectively). No differences in BMD SDS were found between the OD and BID
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group at 3 years post GHRx. The increase in BMD SDS during GH treatment was not
significantly correlated with baseline bone age nor with the duration of GH treatment,

Table 2. Mean (SD) SD-scores of the BMD,,,, and BMD,..,

before start of GH and £2 Rx last year of GHRx 3 years post GHRx
0D group BID group  group OD group BID group  group QD group BID group  group
OD+BID OD+BID OD+BID
No. of girls 9 10 19 9 10 19 7 8 15
SD-score
BMD,., 0 (LD 02(1d) 0Ly 0.7(L) 06(1.2) 0.7 (1. 0S5(L.1) 04(1.6) 05(L3y
BMD,.., -LO0.7) <04 (1.2) 07 (1.0 0.2(13) 04(1.6) 0314y 0409 04(L4) 04(LD”

Significant differences from zero: (1) p = 0,007, (2} p = 0.018; significant changes from baseline: (a) p < 0.001,
(b) p = 0.04; significant changes compared to the last year of GH treatment: °) p = 0.007; significant difference
in the change from baseline between the OD and BID group: (&) p = 0.021. Rx, treatment; SD-score: standard
deviation-score, references healthy Dutch girls; BMD, bone mineral density; BMD,,,, bone mineral density at the
measurenient site at the mid-point of the line between the distal and proximal edge of the phalanx consisting
mainly of cortical bone (approx. 80%); BMD,,.; bone mineral density at the measnrement site at the proximal
quarter-point of this line, consisting maindy of trabecular bone (approx. 60%).

Discusston

In this study, we assessed volumetric BMD in girls with TS before and during GH
treatiment with 6 IU/m¥day in combination with low dose oestrogens, as well as in young
adulthood receiving estrogen supplementation only, We show that most untreated girls with TS
have a normal volumetric BMD of the cortical, as well as of the frabecular bone compared to
healthy girls. However, the mean BMD SDS of the trabecular bone was significantly lower than
zero, Ross ef ¢f. found normal BMD values of the wrist {mainly cortical bone) and the spine
(mainly trabecular bone} assessed by single photon absorptiometry and duval photon
absorptiometry, respectively, atter adjustment for height age in girls with TS with an age between
4 and 13 years (Ross ef al., 1991), Compared to those girls, the girls of our study were older at
the start of treatment, age [1.0-17.6 year, Bone turnover is higher in trabecular bone than in
cortical bone {(Dempster & Lindsay, 1993). In addition, in postmenopausal women the change in
BMD is faster in trabecular bone than in cortical bone (Riggs et «l., 1931). Therefore, the lower
prefreatment BMD of the trabecular bone of the girls in our study might be explained by
oestrogen deficiency at a pubertal age,

During GH treatment in combination with low dose oestrogens, the BMD SDS increased
significantly. The increase in BMD of the cortical bone during the treatment was higher in the OD
group than in the BID group, whereas no differences between the two GH injection frequency
groups were found in the last BMD measurement during GH treatment, After 3 years post GHRx,
in which the dose of oestrogens was increased to adult levels, BMD had increased markedly and
was not significantly different compared to heaithy controls and still higher compared to the
values before the start of GH and oestrogens.

Since a control group of girls with TS without GH treatment was not included in our study,
it is unknown whether the girls would have attained comparable BMD values if they had not
received GH treatment. GH has both direct and indirect actions on bone. In animal models, GH
stimulates osteoblast number and function and the production of various bone matrix factors
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(Inzucchi & Robbins, 1994). Paracrine activity of osteoblasts stimulates osteoclasts. Bone
formation is enhanced preferentially to bone resorption during GH administration (Inzucchi &
Robbins, 1994), In GH-deficient children, an increment in volumetric BMD was found after long-
terin GH treatment (Saggese, ef al. 1996, Boot ef o/, 1997). Lanes ef af. assessed the BMD by
DEXA in prepubertal girls with TS while on GII treatment, The BMD of the lumbar spine
(predominantly trabecular bone), was significant greater than in the control group of healthy
children paired for bone age and height, whercas no differences in the BMD of the total body or
femoral neck (predominantiy cortical bone) were found (Lanes ef al., 1995). Neely ef al.
measutred BMD in prepubertal and pubertal girls with TS receiving GH treatment. Both lumbar
and total body BMD and bone mineral apparent density were greater in the group with TS than in
the control subjects matched for height (Neely ef «f., 1993). Shaw et al. described the BMD of the
humbar spine measured by DEXA in 14 girls with TS who had received GH and/or oestradiol or
no treatment, These girls had a normal baseline BMD, but a reduction in their BMD SDS after 2.5
years, No advantage was found for any form of treatment in optimizing bone mineralisation
(Shaw ef al. 1997),

Most gitls with TS are oestrogen-deficient during both their pre- and postpubertal years. It
is well known that oestrogens are required to atiain a normal peak bone mass which is a major
determinant of osteoporosis later in life. Davies ef al. described the BMD in women with TS and
in women with other causes of primary amenorrhoea, using oestrogen replacement therapy in
most of the cases. Both groups had severe osteopenia compared with healthy controls, after
correction for weight and height. Since in most of these women oestrogen therapy was not started
until young adulthood, it was concluded that oestrogen therapy should be instituted from an carly
age on (Davies et al,, 1995). In the present study with relatively older girts with TS, low dose
oestrogens was starfed at the beginning of the study period to induce pubertal development. Since
oestrogen therapy was accompanied by GH treatment, the effect of low-dose oestrogens on BMD
could not be distinguished from the effect of GH treatment. However, a farge part of the
increment in BMD from childhood to adulthood tock place after discontinuation of GH treatment
in the period in which the oestrogen dose was increased to adult levels. Thus, it appears that
oestrogens do have a beneficial effect on BMD in girls with TS resulting in a normal adult BMD.

Only Ross er af. did report a higher incidence of wrist fractures compared to healthy girls
in a group of untreated prepubertal girls with TS with normal BMD (Ross ef al,, 1991). More data
are available about the incidence of osteoporotic fractures in adults with TS. Davies ef ¢/. showed
a significantly higher frequency of fractures in women with TS than in a control group. Half of
the fractures occurred at typical osteoporotic sites (wrist, spine, femoral neck) (Davies ef al.,
1995). In addition, fron: a large database of Turner women, Gravholt e /. reported an increased
incidence of osteoporosis and fractures (Gravholt ef al., 1998). Although insufficient oestrogen
therapy have a role in osteopenia, other factors, such as an intrinsic bone defect, may contribute to
the increased risk of fractures in later [ife,

In conclusion, most untreated girls with TS, age = 11 years, have a normal volumetric
BMD of the cortical, as well as of the trabecular bone compared to healthy girls. During GH
treatment with 6 1U/m¥day in combination with low dose oestrogens, the BMD SDS increased
significantly. After discontinnation of GH treatment and the use of oestrogens in an adult dosage,
the BMD had increased further to values as high as in young healthy women.
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GENERAL DISCUSSION AND CONCLUSIONS
part "Girls with Turner syndrome”

This part of the doctoral dissertation gives the results of two multicenter studies on growth
hormone (GH) treatment in girls with Turner syndrome (TS): a dose-response study in 68 young
girls, using 4, 6, or 8 IU GH/m¥day, and an injection frequency-response study in 19 refatively
older girls nsing 6 1U/m?day. The study population consisted of patients from 12 pediatric centers
in the Netherlands, Four-year resulis of the dose-response study and two-year results of the
frequency-response study were reported in the thesis of A, van Teunenbroek entitted *Growth
hormone treatment modalities in girls with Turner syndrome” , Rotterdam 1996, The following
discussion describes the findings as such and in in refation to current literature data. In addition,
considerations and queries at the start of the study as listed in the Introduction (Chapter 1) are
addressed, followed by recommendations for the treatinent of these girts and ideas about future
research.

The effects of GH treatment on growth during childhood and on final height

Growth during childhood

Our dose-response study showed that 7 years of GH treatiment starting in refatively young
girls with TS results in normalization of height during childhood. Afier 7 years of GIH treatment
55/65 girls had a height within the normal range for healthy Putch girls, while only 10 girls had a
height just below the 3rd percentile. The increase in height was accompanied with an acceleration
of bone maturation, without significant differences between the GIH dosages groups.
GH freatment, even using the *standard’ GH dose of 4 TU/m*day, started in relatively young
girls with TS results in a normalization of height.

Final height

Our dose-response study showed that long-term GH treatiment (7.3 (5 - 8.5) years) in 28
girls with TS (mean pretreatment age 8.2 y1) results in a normalization of adult height in most of
the girls, even using the ‘standard’ growth hormone dose of 4 IU/m%day. The mean adult height
over the 3 GH dosage groups was approximately 160 cm. Baseline predicted adult height was
exceeded in all subjects and the mean gain in adult height was well above 10 cm (12.5-16.0 cm).
Moreover, in more than half of the 32 girls, adult height was within the target range.

Our frequency-response study showed that treatment with a GII dose of 6 IU/m%day in
combination with low dose estrogens for mean duration of 3.5 years in relatively older girls with
TS {mean baseline age 13.6 yr) results in an increase in adult height of 6.3 cmn above the predicted
adult height,

To assess the effects of GH treatment on final height, the ideal study design is a
randomized controlled trial with an untreated study group until adult height. Since at the start of
our studies, GH treatment in girls with TS was an accepted indication in the Netherfands, such a
trial was not possible. To determine the effect of GH on adult stature, in our both studies the
attained adult height was compared to the individually predicted adult height using the prediction
methods based on own references for untreated Dutch girls with TS. We realize that, in such a
growth analysis, errors in adult height prediction have to be taken into account. Van Teunenbroek
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el al. showed that the Turner-specific prediction method and the simpler modified projected adult
height method gave the smallest mean prediction errors and were remarkably good at most ages'.
Although, individual values of predicted adult height may have, particularly in young girls, big
uncerlainties, the mean errors of the prediction methods which we have used ranged just from -2.1
to 2.6 em. In both studies, however, particularly in the dose-response study, the gain in adult
height exceeds the effects of prediction errors and secular trend,

The results of the dose-response study contrast with reports stating that GH treatment in
girls with TS results only in modest increments or have no positive effect at all**. The study of
Rosenfeld ef al., however, in which GH treatment was started at a younger age (9.1 years), showed
a mean gain in adult height of 8.4 cm being more comparable with the results of our study?, in
which the girls started GH treatment at an even younger age (8.2 years), Therefore, in our
opinion, the most important reason of our better results is the fact that GH treatment was started
at a younger age compared to earlier studies.

Long-term1 GH treatment (+ 7 years) starting at a young age results in a normalization of
aduit height and a gain in adult height of more than 10 cm in most of the girls with TS, even
using the ‘standard’ GH dose of 4 1U/m*/day. GH treatment in relatively older givls with TS
increases adult height as well, however, far less than in younger girls,

GH dose and injection frequency

Seven-year data demonstrated a higher increment in height in the GH dosage groups
receiving up to 6 or § 1U/m%d compared to 4 1U/m¥/d, without significant differences between 6
and 8 TU/m?/d. The gain in adult height was significantly higher in group C compared to group A
(16.0 vs 12.5 c¢my), but without significant differences between group A and B and group B and C,
respectively. This difference in gain in adult height is quite small in proportion to the difference in
given GH dose between group A and C. This suggests that near-maximal GH effects in girls with
TS are reached in this dose-range. In contrast, Carel ef ¢/. found an increment in adult height
which was twice as high in a study group who received an increasing GH dose (dependent on the
height velocity, up to 9 TU/m1*/d) compared to a fixed GH dose (approximately 3.9 IU/m*d) group
(10.6 vs 5.2 cm)*. However, these increments in adult height in both study groups were even lower
compared to the results of our dosage group receiving 4 TU/m¥d, probably due to the higher
baseline age of the girls in that study compared to our study. One may speculate that a higher GH
dose should be used when the duration of GH treatment will be shorter. These ideas are in line
with the resulis of continuous vs discontinuous treatment with GH in children with short stature
born SGA, suggesting that cumulative GIH dose received determines the growth response™,

The frequency-response study showed that division of the total daily GH dose of 6 TU
GH/m?/day into 2/3 in the evening and 1/3 in the morning is not advantageous over the once daily
GH regimen with respect to FH gain. Thus, although twice daily GH injections mimics more the
natural pulsatile GH secretion, this does not result in better growth response.

Long-term GH treatment resulted in a dose-dependent increase in height during childhood,
as well as an increase in adulf height, however the differences are small in proportion to the
difference in given GH dose, The effect of GH on adult height does not seem fo be better
with more frequent injections than one per day.

Predictive factors of growth response
The growth response on GH treatment is quite different between individuals. Therefore, it
is important to find pretreatment factors which can predict the response on GH. In the most
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optimal situation, one can predict how much a girl will benefit from the GH treatment and
consequently, one can for example, decide to treat or not to treat a girl with GH, or to wait for a
few years, ete.

In the frequency-response study, in which all girls had reached adult height, the gain in
adult height was significantly negatively related with the pretreatment bone age (range: 11.1-13.9
yr). Preliminary resuits of the dose-response study, showed a similar relationship between the
pretreatitent bone age (range: 4.1 - 10.5) and the gain in adult height. Thus, the younger the bone
age before the start of GH treatment, the better the effect of GH treatment on adult height.
However, we do not know whether the gain in adult height will be even higher in the girls who are
younger than the girls who have yet reached adult height. One may suggest that this refationship is
not linear and/or that starting G treatment under a certain minimal age will not result in relevant
additional gain in adult height. Therefore, adult height data of all girls of the dose-response study
are required fo obtain this relationship over an even wider range of pretreatment bone age.
Although the relationship between chronological age and gain in adult height is negative as well,
this relationship was not statisticaily significant. In our opinion, this is caused by the fact that
chronological age is less indicative of biological development and thereby of the duration of the
rest of the growth phase than bone age.

Due to a better growth response in the girls who have started GH treatment at a younger
{bone) age, it is not unlikely that more younger girls will discontinue GII treatment because of
satisfaction with height achieved compared to the older girls of which most of them have been
treated until the height velocity had decreased to [ ¢m per 6 months. Although there may be a
strong lincar relation between pretreatment (bone) age and the possible gain in adult height, one
may speculate that due to the good growth response on GH more younger girls *do not have to
use’ their entire growth phase to reach a normal height. They will decide to discontinue their GH
treatment before the height velocity have decreased to | cm per 6 months and they will attain a
‘submaximum’ adult height, Consequently, the predictive factor “pretreatiment (bone) age” may
become less important,

Although final height is highly related with target height, no significant relationship was
found between gain in adult height and target height. Thus, the parental height does not
significantly influence the growth response on GH treatment. In addition, the frequency response
study showed that pretreatment GIH and IGF-I levels were not related to the gain in adult height,

It is very interesting and of clinical importance to know whether extremely small girls
would benefit more from GH treatiment than girls who are not that smalk. In order to answer that
question, the pretreatinent height SD-score (or the target height minus the pretreatment height SD-
score) is often correlated with the increase in height SD-score during the study period”. Very
often a negative correlation is found: The smaller the girl before the start of treatment, the better
the growth response. We have to realize, however, that the relationship has to be interpreted very
cautiously since it is a statistical phenomenon that an initial measurement will be correlated to the
change in that measurement over time even if treatment is ineffective, This phenomenon is called
‘regression to the mean’"'? and can {partly) explain this negative relationship, Therefore, in our
analysis we decided not to evaluate the relationship between the pretreatment height and the
height gain. There are complex approaches for handling this phenomenon, but they may have
errors as well, and therefore, the magnitude of the ‘real” influence of the pretreatment height SD-
score on the growth response can only be determined in a controtled trial.

Our data show a negative relationship between the gain in adult height and the pretreatment
bone age,
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Induction of puberty

Because most girls fail to initiate or progress through puberty, estrogen replacement for the
purpose of secondary sexual development is usually begun at 12-16 yr of age. It has been
suggested to postpone estrogen therapy to delay closure of the epiphysial growth plates and,
consequently, to prolong the growth phase. However, delay of pubertal development may have
serious psychosociat consequences. Therefore, in both of our studies estrogen therapy was started
at a more or less normal pubertal age.

Our dosc-response study showed that starting GH treatment at a relatively young age and
beginning low dose estrogen therapy from the age of 12 yr, result in a normalization of height in
most girls and pubertal development in conformity with their healthy peers. We were only able to
evaluate preliminary data on the short-term effect of pubertal induction with estradiol on skeletal
maturation, by assessing the ratio Abone age (year) / Achronological age {year) over the year
before the start of estradiol compared with the ratio over the year after start of estradiol. We found
no significant change in bone maturation. In addition, our frequency-response study demonstrated
that receiving GH treatment simultaneously with low dose estrogens for mean duration of 3.5
years in relatively older gitls with TS results in pubertal development and an increment in adult
height. Fo avoid the influence of estrogen therapy on the assessment of differences in the growth
promoting eftect of GH treatment between dosage or injection frequency groups, the start age and
dose (per kg) of estrogens were similar for all girls between treatment groups per study. Therefore,
we cannot obtain the effect of estrogens on final height and we do not know whether the gain in
adult height would be even betier if estrogen therapy was started at a later age. We can only state
that there are no short-term effects of low-dose estrogens on bone maturation, and that, “despite”
estrogen therapy at a normal pubertal age, GH treatiment has a great positive effect on adult
height,

We conclude that low dose estrogens at a normal pubertal age does not interfere with the
capability of GH freatment to normalize adult height in givls with TS,

Levels of insulin-like grovih factor [

Before start of GH treatment, in the girls of the dose-response study, aged 2-11 years, the
mean IGF-1 SD-score was significantly lower than zero. During GH treatment the mean IGF-1
SD-score was significantly higher than zero and higher than baseline levels at each point in time.
The increase in IGF-1 SD-score was particularly seen in the first years of GH treatment without a
further increase thereafter. After 7 years of GH treatment, the IGF-1 SD-score was significantly
higher in group B and C than in group A, without a significant difference between group B and C.
The mean IGF-I levels were within the upper part of the normal range in group A (1.8) and higher
than the normal range in group B and C (2.5 and 2.7, respectively).

GH freanhment at a dose of 4 IU/m*d induces mean IGF-I levels on the upper area of the
normal range, whereas treatment with 6 or 8 IU/m*/d results in mean levels being even
higher than the normal range. Since the consequences of high IGF-I levels during childhood
are not yet known, follow-up of the girls into aduithood is required.

Safefy of long-term GH treatment

The development of body proportions during GH treatment
To determine the body proportions before, during and after long-term GH treatment, we
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measured height, sitting height, hand length, foot length, biacromial diameter and biiliacal
diameter in the girls of the dose-response study. We evahuated the 7-year results of the body
proportions during childhood and the data of all girls who have reached adult height. Our study
showed that untreated girls with TS with an age between 2 and 1| years are short and have
smaller hands and feet and narrow shoulders and pelvis compared to healthy peers. Since height is
more affected than other parts of the body, untreated girls have, on average, a relatively large
trunk, refatively large hands and feet, and relatively broad shoulders and pelvis compared to
height. However, the body proportions of most girls were still within the normal range.

One has to realize, however, that our prefreatment results of the body proportions have to
be interpreted with caution, since the normal range for body proportions particularly in extremely
small children appears to be dependent on the chosen mathematical approach to combine two
measurements e.g. hand length with height. One’s perception of a body being disproportionate is
dependent on what one is used to sec and not on a chosen method to describe body proportions.
Further research is, therefore, required to assess which method describes best the body
proportions in very small children. After long-term GH treatment, most girls of our study had
reached a normal height and as a result, the normal range for body proportions is far less
dependent on the chosen method than before treatment,

The most important findings of the evalnation of 7-year data of 64 gitls and adult height
data of 32 girls was that the increase in height was accompanied by an even higher increase in
size of feet, resulting in abnormal proportions of feet compared to height. The increase in the size
of feet in proportion to the increase in height was significantly higher in group B and C compared
to A after 7 years of GH treatment, however, without significant differences between the GIT
dosage groups in the girls who had reached adult height. In addition, a moderate improvement of
the disproportion between height and siiting height was found. Reference data of aduits with TS
who were not treated with GH sugpest that the increase in the dispropoition of feet to height
found in our study is partly due to the natural development of these body proportions in girls with
TS, since this disproportion was found in the ‘untreated’ adult women with TS as well®, As
observed in forms of skeletal dysplasia, body proportions may change during childhood. One
might speculate that G exaggerates this naturally eccwrring disproportionate growth in girls with
TS while growing within the normal height range. Remarkably, our data of children with short
stature born SGA group receiving 6 1U GH/m’/day showed no abnormal growth of feet at all*,
Untreated giris with TS have relatively large trunk, hands and feet, and broad shoulders and
pelvis compared to height. The inciease in height after long-ferm GH treatment is
accompanied by an even higher increase in the size of feet and a moderate improvement of
the disproportion between height and sitting height, Recently published reference data of
unfreated adults with TS and resulfs of a short children born SGA receiving a comparable
GH dosage, suggest that the disproportionate growth of feet has to he considered a part of
the natural development in TS, but might be influenced by higher GH dosages. The
development of large feef ean play a role in the decision of the girl to disconfinue GH
treatment in the last phase of growth.

Cardiac left ventricular dimensions and blood pressuve during GH treatment

Since previous studies suggest that GH has, at least in adulis, an anabolic effect on the
myocardium and that high levels of GH in adults with acromegpaly are associated with
hypertension'™", we evaluated the consequences of high levels of GH over a long period during
childhood on the morphology of the heart and the blood pressure (BP) in the dose-response study.
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We found that untreated girls with TS without clinically relevant cardiac abnormatlities (which
could influence the analysis on the effect of GH) have similar left ventricular dimensions as
healthy girls, however, diastolic and systolic BP are moderately elevated. During 7 years of GH
treatment growth of the [eft ventricle is comparable with that of healthy gisls. Long-term GH
treatment does not result in left ventricular hypertrophy or worsening of the pre-existing relatively
high BP in TS, even at higher GH dosages up to 8 IU/m/day.

Seven years of GH treatment using dosages up to 8 IU/m*/day has no unwanted
cardiovascular side-effects.

Carbohydrate metabolism during GH freatment and after discontinuation of GH treatment

Insulin resistance and carbohydrate (CH) intolerance have been reported in untreated girts
with TS, In addition, in adults with TS who had not received GH treatment in childhood,
glucose intolerance, non-insulin- and insulin dependent diabetes mellitus are more common than
in healthy women®?, Since supra-physiclogical concentrations of GH in acromegalic patients™
and in normal”™* adults showed a decrease in glucose sensifivity to insulin in liver and in extra-
hepatic tissues, concern has been expressed regarding possible detrimental effects of long-term
treatment with supra-physiological GH dosages in girls with TS,

Our dose-response study and frequency-response study show that fong-term GH treatment
with dosages up to 8 IU/m¥day in girls with TS has no adverse effects on glucose metabolism, but
induced higher levels of insulin, indicating relative insulin resistance. This insulin resistance
cannot be explained by changes in body mass index or estrogens. The increased insulin levels
during long-term GH treatment decreased after discontinuation of GH treatment to values close to
or equal to pretreatment values.

Long-term treatment with supraphysiological GH dosages has no adverse effects on glucose
metabolism, but induces hyperinsulinism, indicating relative insulin resistance. After
discontinuation of GH treatment insulin levels decrease fo values close to or equal fo
pretreatment values,

Bone mineral density befove and after GH treatment

Despite only limited reports of a greater number of fractures during childhood” or
aduithood””, osteoporosis historically has been described as a feature in TS, because of the
frequent observation of radiographic osteopenia and the coarse trabecular pattern of the carpal
bones on radiographs™. An intrinsic bone defect, as well as the estrogen deficiency may explain
these findings.

In the dose-response study as well as in the frequency-response study, the measurements of
volumetric BMD were performed using phatangeal radiographic absorptiometry, The volumetric
BMD measurement is preferable to an arcal BMD measurement, since no adjustinents for height
are required in children with short stature.

The dose-response study showed that most untreated young girls with TS have a normal
volmmnetric BME of the cortical, as well as of the trabecular bone compared to healthy girls.
During 7 years of GH treatment with 4, 4->6, or 4->6->8 TU/m¥/day, the BMD SD-score increased
significantly. Only for the cortical bone was the 7-year increment in BMD significantly higher in
the girls receiving GH doses up to § 1U/m*day. Spontancous puberty or low dose estrogen therapy
in the last three years of the 7-year study period in girl > 12 years of age did not contribute to the
increase in BMD,

The frequency-response study demonstrated that most untreated girls with TS, age = 11
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years, had a normal volumetric BMD of the cortical bone, as well as of the trabecular bone
compared to healthy girls, as well. However, the mean BMD SD-score of the trabecular bone was
significantly tower than zero. During GH treatment with 6 IU/m¥day in combination with low
dose estrogens, the BMD SD-score increased significantly. After discontinuation of GH treatiment
and the use of estrogens in an adult dosage, the BMD was as high as in young healthy women.

In the frequency-response study, the effect of low dose estrogens cannot be distinguished
from the effect of GH treatment, buf it is likely that the further increasc it BMD after
discontinuation of GH treatment is due to the increased dosages of estrogens. In the dose-response
study, we found that low dose estrogens does not contribute to the increase in BMD, Therefore,
we can conclude that GH treatment is associated with an increase in BMD and that low dose
estrogens does not seem to influence BMD. In contrast, adult estrogen dosages can increase the
BMD to normal adult values after discontinuation of GH treatment.

In conclusion, most girls with TS have a normal volumetric BMD during childhood, During
GH treatment BMD increases significantly, without obvious effects of low dose estrogens,
After discontinuation of GH freatment and the increase of estrogen dosages to adult Ievels,
the BMD reaches adult values.

Recommendations and future reseavch.

The results of owr studies showed that if GH treatment is started at approximately 8 years
of age, a normalization of height during childhood and an adult height within the normal range
can be achieved in most girls with TS, When girls with TS are older, GH treatment is still able to
increase adult height, however, to a lesser extent, We showed, in addition, that the normalization
of adult height can be reached with a dosage of 4 RJ/m/day. However, a higher GH dosage might
be required in very short girls or if GH treatment is started at a later age. Furthermore, our studies
showed that the induction of puberty does not have to be delayed until the end of the growth
phase to optimize the effect of GH if GH treatment is started at a relatively young age. Follow-up
of all girls participating in the dose-response is required to assess whether an even carlier start of
GH and/or the use of higher GH dosages will result in a clinically significantly higher adult
height. Furthermore, when all girls will have reached adult height, an extended analysis on other
predictive factors for gain in aduit height should be performed. When the most important factors
influencing the growth promoting effect of GH treatment are more clear, an individual approach
in the treatment of short stature and pubertal induction should be followed.

It is important to know that during GIT treatment girls with TS will develop, on average,
big feet in proportion to height. Although GH treatment does not seem to be the main cause of the
increase in this disproportion, the absolute size of the feet as well as height is, dependent on the
growth promoting effect of GH treatment, In contrast, sitting height in proportion to standing
height will show, on average, a moderate improvement after reaching adult height.

It is reassuring that fong-term GH treatment does not have adverse effects on left
ventricular dimensions of the heart, blood pressure, and glucose metabolism in girls with TS. In
addition, it is reassuring that the GH-induced relative insulin resistance decreased afler
discontinuation of GH treatment. However, follow-up of these gitls into adulthood is required to
assess possible side-effects on the very long-term.

Our clinical impression is that girls with TS benefit from the normalization of height.
However, psychosocial research on guality of life, self-perception, and social functioning is
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required to confirm this improvement.

GH treatment is an expensive therapy, particularly when GH treatment is started at an
earlier age and higher GH dosages are given. When a girl with TS started GH treatment at 6 years
of age and is treated until adult height is reached using the ‘standard’ GH dose of 4 TU/m*/day, the
costs of GH are approximately DII. 500,000,=. To reduce the costs of the treatment, it has been
proposed to discontinue the GH treatment when a certain height is reached. In our study, some
girls, particularly with tall parents, had attained an adult height above 170 cm. One may suggest
to stop GIH treatment when the lower limit of the normal height range has been reached (3th or
10th perceatile). However, these girls will, consequently, still end up as one of the smallest people
of a society. One can, therefore, propose to discontinue the GH freatment when for example the
25th height percentile and/or target range has been reached. Another possibility to shorten the GH
treatment is to start GH treatment at later age. The disadvantage of starting later is that most girls
will be very short during childhood and that the magnitude of the growth response is yet
unpredictable in an individual givl. Consequently, one runs the risk of starting too late with GH
treatment to attain a normal adult height. The use of the cheaper anabolic steroid oxandrolone at a
tow dose in combination with GH is still under investigation in another multicenter study in the
Netherlands. When an additional efiect of oxandrolone has proven to be effective and safe, further
research on use of a lower GH dosage in combination with oxandrolone can be started,

It has been suggested that psychological support to tearn coping with the psychosocial
problems concerning their short stature would be a cheaper and less invasive alternative for GH
treatiment. One has to realize, however, that very short individuals have also to deal with many
practical problems in society. The adaptation of houses, cars, furniture, etc. to very short
individuals is very costly as well. In addition, to date, no structural psychological programs are
available that have proven to be effective and of practical use. To assess whether a ‘psychological
program’ is an alternative for growth proimoting therapy, a randomized frial has to be performed
evaluating the long-term physical and psychosocial effects and the cost-benefit analyses of both
therapies.

Whereas the scope of this thesis is the treatment of short stature and the induction of
puberty in TS, it should be realized that gitls with TS and their parents often have to face various
other psychosocial and medical problems. Therefore, effective management of girls with TS is
requived: a timely diagnosis, awareness of the potential physical disorders and the psychosocial
burden of the syndrome, as well as counselling and support.
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SUMMARY
part "Girls with Turner syndrome””

Growth failure and subsequently short adult stature is one of the main features in Turner
syndrome (TS). The median adult height of North European gitls with TS is [46.9 ¢, being on
average approximately 20 cm less than their healthy peers. The cause of the stunted growth in TS
is poorty understood. Although these girls are not growth hormone (GIH) deficient, GH
administration accelerates growth in a dose-dependent way. This part of the doctoral dissertation
presents the results of two prospective randomized, multicenter clinical trials in previously
untreated girls with TS. In the first trial, we studied 68 girls with TS, age 2-11 years, who were
randomly assigned to one of three GH dosage groups: group A, 4 IU/m¥day; group B, first year 4,
thereafier 6 IUNW/d; group C, first year 4, second year 6, thereafter 8 TU/m*/d. Girls = 12 years of
age started with 176-oestradiol 5 pg/kg bw/d for induction of puberty (dose-response study). In
the second trial with 19 girls, aged 11 years or older, the relationship between the injection
frequency and the effect on adult height was studied comparing fractionated twice daily (BID)
injections with once daily (OD) in a total GH dose of 6 I/m’/day, concurrently receiving low
dose ethinyt estradiol (frequency-response study).

Chapter 1 gives an overview of literature data regarding the characteristic features, the
incidence, and the genetics in TS. Subsequently, the ovarian dysgenesis, the natural growth
pattern, and the pathophysiology of the stunted growth are described. Furthermore, the results of
short-term GH treatment on growth and considerations concerning possible side-effects of GH
treatment in TS are discussed.

Chapter 2 describes the results of the dose-response study on growth during 7 years of
treatment in childhood, as well as on adult height in those girls who have reached final height, GH
treatment starting in relatively young girls with TS results in normalization of height during
childhood and normalization of aduit height in most of the girls, even using the ‘standard’” GH
dose of 4 1U/mY/day, and without unwanted side-effects. Higher GH doses may be more effective,
but the efficacy on aduit height and safety in the very long-term have still to be proven. Induction
of puberty with a low dose of natural estrogens at a normal pubertal age does not interfere with
the capability of GH treatment to normalize adult height in girls with TS,

Chapter 2 also describes the final height results of the frequency-response study. Treatment
with a GH dose of 6 IU/m*day in combination with fow dose estrogens can result in a significant
increase in adult height in relatively older girls with TS. However, the gain in adult height is far
fess than in younger girls, Division of the total daily GH dose (6 TU GH/m*day) into 2/3 in the
evening and 1/3 in the morning is not advantageous over the once daily GH regimen with respect
to FH gain,

Chapter 3 describes the body proportions before, during and after long-term GH treatment
in the dose-response study. Untreated girls with TS have, on average, relatively large trunk, hands
and feet, and broad shoulders and pelvis compared to height. The increase in height after long-
term GH treatment is accompanied by an even higher increase in the size of feet and a moderate
improvement of the disproportion between height and sitting height. Recently published reference
data of unfreated adults with TS and results of children with short stature born SGA receiving a
comparable GH dosage, suggest that the disproportionate growth of feet has to be considered a
part of the natural development in TS, but might be influenced by higher GH dosages. The
development of large feet can play a role in the decision of the girl to discontinue GH treatment in
the last phase of growth.
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Chapter 4 preseats the 7-year data on the effects of GH treatment on cardiac left
ventricular dimensions and blood pressure (BP) in the dose-response study. Untreated girls with
TS without clinically relevant cardiac abnormalities have similar left ventricular dimensions as
healthy girls, however, diastolic and systolic BI are moderately elevated. During 7 years of GH
treatment growth of the left ventricle is comparable with that of healthy girls. Long-term GH
treatment does not result in left ventricular hypertrophy or worsening of the pre-existing relatively
high BP in TS, even at higher GH dosages up to 8 1U/m%day.

Chapter 5 demonstrated the effects of GH treatment on carbohydrate metabolism during
GH treatment and after discontinuation of GH treatment in the girls of the dose-response study, as
well as in those of the frequency-response study, Both studies show that long-term GH freatment
with dosages up to 8 [U/m*/day in girls with TS has no adverse effects on glucose metabolism, but
induced higher levels of insulin, indicating relative insulin resistance, The increased insulin levels
during long-term GH freatment decreased after discontinuation of GH freatment to values close to
or equal to pretreatment values,

Chapter 6 describes the volumetric bone mineral density (BMD) before and during 7
years of GH treatinent in the dose-response study. In addition, the volumetric BMD data of the
frequency-response study before and during GH treatment, as well as three years after
discontinuation of treatinent are described in this chapter. The BMD measurements were
performed using phalangeal radiographic absorptiometry. The dose-response stady showed that
most untreated young girls with TS have a normal volumetric BMD of the cortical, as well as of
the trabecular bone compared to healthy girls. During 7 years of GH treatment, the BMD SD-
score increased significantly. Only for the cortical bone was the 7-year increment in BMD
sighificantly higher in the giils receiving GH doses up to 8 IU/in%/day. Spontancous puberty or
low dose estrogen therapy in the last three years of the 7-year study period in girls = 12 years of
age does not contribute significantly to the increase in BMD. The frequency-response study
demonstrated that most untreated girls with TS, age = 11 years, have a normal BMD of the
cortical and trabecular bone compared to healthy girls, as well. However, the mean BMD SD-
score of the trabecular bone was significantly lower than zero. During GH treatiment with 6
IU/m’/day in combination with low dose estrogens, the BMD SD-score increases significantly.
After discontinuation of GH treatiment and the use of estrogens in an adult dosage, the BMD was
as high as in young healthy women.

Chapter 7 discusses the results of our studies in the context of the most recent literature
data. Our final conclusions and recommendations for the treatment of girls with TS are listed. In
addition, suggestions for future research are given.
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SAMENVATTING
deel "Meisjes mef het syndroom van Turner”

Eén van de meest voorkomende kentnerken van het syndroom van Turner (TS) is een
groeistoornis die resulteert in een kleine volwassen lengte. De mediane volwassen lengte van
Noord-Eurcpese vrouwen met TS is 146.9 cm; dat is ongeveer 20 ¢ minder dan de gemiddelde
lengte van gezonde volwassen vrouwen, De oorzaak van de groeistoornis bij meisjes met TS is
nog niet goed bekend. Hoewel deze meigjes nict groethormoon (GH) deficiént zijn, versnelt
toediening van recombinant huntaan GH de groei op een dosis-athankelijke manier.

In dit deel van het proefschrift worden de resultaten gepresentecrd van twee prospectieve
gerandomiseerde onderzoeken naar de effecten van GII behandeling bij meisjes met T8, In de
cerste studie, de dosis-respons studie, werden 68 meisjes met TS met een leeftijd tussen de 2 en
It jaar verdeeld over drie GH dosis groepen: groep A werd behandeld met 4 IU/m? lichaams
oppervlakte/dag; groep B in het eerste jaar met 4 en daarna met 6 IU/m%/d; groep C in het eerste
jaar met 4, het tweede jaar met 6 en daarna met 8 1U/m?d. Bij meisjes met een leeftijd = 12 jaar
werd gestart met [7B-oestradiol (5 pg/kg/d) om de puberteit te induceren. Op dit moment hebben
nog niet alle meisjes die deelnemen aan deze studie hun volwassenlengte bereikt. In de tweede
studie, de frequentie-respons studie, werd de refatie tussen de frequentie van de GH injecties en
het effect op volwassen lengte bestudeerd bij 19 meisjes met TS met een leeftiid van 11 jaar of
ouder. De helft van de meisjes diende zich éémmaal daags 6 [U/m?/d toe en de andere helft van de
meisjes verdeelde de 6 FU/m¥/d over 2 dagelijkse injecties. Tijdens de GH behandeling werd
tegelijkertijd cen lage dosis ethinyl oestradiol gegeven om de puberteit e induceren. Deze studie
is afgerond.

Hoofdstuk 1 geeft een overzicht van de literatur betreffende de klinische verschijnselen
en de incidentie van TS en de genetische aspecten betreffende dit syndroom. Vervolgens worden
de ovaridele dysgenesie, het natuurlijke groeipatroon en de pathofysiologie van de groeistoornis
beschreven. In dit hoofdstuk worden bovendien zowel de grociresultaten van korte-termijn GH
behandeling besproken als de overwegingen betreffende mogelijke neveneffecten van de GH
behandeling bij meisjes met TS.

Hoofdstuk 2 beschrijit de effecten van de behandeling met 3 verschillende GH doses op
zowel de groet tijdens de jeugd in de totale groep als op vohwassen lengte in de helft van de
meisjes binnen de dosis-respons studie. Wij toonden aan dat GH behandeling bij relatief jonge
meisjes met TS leidde tot een normalisatie van de lengte tijdens de jeugd cn een normalisatie van
de volwassen lengte bij de meeste meisjes, zelfs als de ‘standaard’ GH dosis van 4 IU/m?/d werd
gebruikt. Er traden geen ongewenste neveneffecten op, Hogere GH doses zouden effectiever
kunnen zijn, maar de effectiviteit en de veiligheid op de nog langere termijn moeten nog bewezen
worden. De inductie vai de puberteit met een lage dosis oestrogenen op een normale pubertaire
leeftijd interfereert niet met het vermogen van de GH behandeling de volwassen lengte te
normaliseren bij meisjes met TS.

Hoofdstuk 2 presenteert ook de resultaten van GH behandeling op de volwassen lengte bij
de meisjes die deelnamen aan de frequentie-respons studie. GH behandeling met 6 1U/m¥d in
combinatie met een lage dosis oestrogenen leidde tot een toename in volwassen lengte bij deze
relatief oudere meisjes met TS, De lengtewinst was echter wel veel lager dan bij de jongere
meisjes van de dosis-respons studie. Het verdelen van de dagelijkse totale GH dosis (6 TU/m¥d)
over 2/3 in de avond en 1/3 in de ochtend resulteerde niet in een betere lengtewinst vergeleken
met het éénmaal daags toedienen van 6 1U/m¥d,
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Hoofdstuk 3 beschrijft de lichaamsverhoudingen voor, gedurende en na lange termijn GH
behandeling in de dosis-response studie. Onbehandelde meisjes met TS hadden gemiddeld een
relatief lang bovenlichaam, grotere handen en voeten, en bredere schouders en een breder bekken
in verhouding tot de lengte. De toename in lengte na langdurige GH behandeling ging gepaard
met een sterkere toename in de grootte van de voeten en een matige verbetering van de
disproportic van de zithoogte ten opzichte van de lengte. Recent gepubliceerde referentie data van
onbehandelde volwassen vrouwen met TS en resultaten van kleine kinderen na een te kleine
geboortlengte die met een vergelijkbare GH dosis werden behandeld, suggereren dat de
gedisproportioneerde groei van de voeten beschouwd moeten worden als een onderdeel van de
natuurlijke ontwikkeling bij TS, maar dat dit misschien door hogere GH doses befuvloed zou
kunnen worden. De ontwikkeling van grote voeten kunnen cen rol spelen bij de beslissing van het
meisje om in de laatste fase van de groei te stoppen met de GH behandeling.

Hoofdstuk 4 presenteert de 7 jaars gegevens van de dosis-respons studie betreffende de
effecten van GIH behandeling op de afinetingen van het linker ventrikel van het hart en de
bloeddruk. Onbehandelde meisjes met TS zonder klinisch relevante hartafwijkingen hadden
vergelijkbare afinetingen van het linker ventrikel als gezonde meisjes, maar de diastolische en
systolische bloeddruk waren matig verhoogd. Gedurende de 7 jaar GH behandeling was de groei
van het linker ventrikel vergelijkbaar met dic van gezonde meisjes. Langdurige GH behandeling
leidde niet tot linker ventrikel hypertrofie of verslechtering van de pre-existente relatict hoge
bloeddruk bij meisjes met TS, zelfs bij hogere GH doses tot 8 FU/m¥d.

Hoofdstuk 5 beschrijft de effecten van GH behandeting op het koolhydraatmetabolisme
gedurende de GIT behandeling en na het staken van de GH behandeling bij zowel de meisies van
de dosis-respons studie als de meisjes van de frequentie-respons studie. Beide studies laten zien
dat langdurige GH behandeling met doses tot § [U/m*/d geen negatieve effecten heeft op het
glucose metabolisme, maar dat GH hogere insuline waarden induceert wat wijst op relatieve
insuline resistentie. De toegenoimen insuline waarden gedurende de GH behandeling namen na het
staken van de GH behandeling af tot waarden vergelijkbaar met die van voor de start van de GH
behandeling.

Hoofdstuk 6 toont de resultaten van de metingen van de volumetrische botdichtheid
(BMD) middels falangeale microdensitometrie voér en tijdens 7 jaar GH behandeling bij de
meisjes van de dosis-response studie. Bovendien bespreekt dit hoofdstuk de resultaten van de
frequentie-respons sindie betreffende de BMD metingen védr en gedurende GH behandeling, en
drie jaar na het staken van de GH behandeling. De BMD werd gemeten door middel van
radiografische absorptiometrie van de falanx. De dosis-respons studie liet zien dat de meeste
onbehandelde jonge meisjes met TS een normale volumetrische BMD van zowel het corticale als
het trabeculaire bot hebben vergeleken met gezonde meisjes. Gedurende 7 jaar GIH behandeling
nam de BMD SD-score significant toe. Alleen voor het corticale bot was de 7 jaars toename in
BMD significant hoger bij de meisjes die behandeld waren met een GH dosis tot § TUAn/d
vergeleken met de lapgere doses. Spontane puberteit of een lage dosis oestrogenen in de laatste
drie jaar van de 7 jaar studie periode bij meisjes = 12 jaar droeg niet significant bij aan de
toename in BMD. De frequentie-respons siudie Het zien dat ook de meesie onbehandelde meisjes
met TS = 11 jaar een normale botdichtheid hadden van zowel het corticale als het trabeculaire bot
vergeleken met gezonde meisjes, Echter de gemiddelde BMD SD-score van het trabeculaire bot
was significant lager dan nul. Gedurende de GH behandeling met 6 ITU/m?/d in combinatic met
een lage dosis oestrogenen nam de BMD SD-score significant toe. Na het staken van de GH
behandeling en tijdens het gebruik van oestrogenen in een volwassen dosering was de BMD even
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hoog als bij jonge gezonde vrouwen.

Hoofdstuk 7 bespreekt de resultaten van onze studies in samenhang met de meest recente
literatuurgegevens. Onze uiteindelijke conclusies en aanbevelingen voor de behandeling van
meisjes met TS worden gepresenteerd. Bovendien geven we ideeén voor toekomstig onderzoek.
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