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Introduction

For almost 30 years, our research group and others have investigated the efficacy and
safety of biosynthetic growth hormone (GH) and gonadotropin-releasing hormone agonist
(GnRHa) in children born small for gestational age (SGA) with persistent short stature. The
children who started treatment back then are now adults, and the knowledge about the
long-term effects of these treatments has markedly increased.

Because being born with a lower birth weight leads to an increased risk for age-associated
diseases in later life, there have been concerns about the health of adults born SGA. The
main aims of the studies described in this thesis were, therefore, to investigate various
parameters associated with health in later life in subjects born SGA and the long-term safety
of growth hormone treatment of SGA born subjects during 12 years after GH-cessation, in
comparison with appropriate, age-matched controls.

We also investigated insulin sensitivity, body composition, serum lipid levels, kidney
function, health-related quality of life and psychosocial functioning in adults born SGA,
and the effects of GH and GnRHa treatment on these parameters. In a subgroup of young
adults born SGA with persistent short stature caused by the Silver-Russell syndrome (SRS),
investigated gonadal function and pubertal development.

Small for gestational age

SGA refers to the size of an infant at birth and is defined as birth weight or birth length of
at least two standard deviation scores (SDS) below the mean for gestational age 2. SGA
infants may be born either full-term or preterm. By definition, 2.3% of all infants are born
SGA. Accurate measurement of birth weight and length along with gestational dating are
essential for determining SGA birth in children.

Intrauterine growth retardation (IUGR) refers to inappropriate growth during a certain period
of gestation, based on two ultrasound measurements. Therefore, IUGR does not mean that
a child is born SGA (for example a child with IUGR in late gestation can have a normal size
at birth), and SGA birth does not necessarily mean that IUGR occurred (for example when
a short length was present from the beginning of gestation) (Figure 1: SGA & IUGR). IUGR
usually results from a pathological process (e.g., disease of the mother, placental defects),
while some mild cases of SGA can be constitutionally small infants without any pathology.
IUGR is the condition in which there is an adjustment to a poor environment. This is of great
influence as this causes an adaptive process to the child, with long-term consequences on
metabolic and cardiovascular health.
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The etiologies of SGA birth are heterogeneous as it can be caused by maternal, fetal or

demographicfactors (Table 1: factors causing SGA) 3. SGA might be caused by constitutionally

small children, which has similar characteristics of a child born AGA. In a significant

proportion of cases, however, the reason for SGA birth remains unclear.
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Figure 1: Fetal growth chart showing different
intrauterine growth patterns.

Table 1: Factors associated with reduced fetal growth 3

Maternal factors

Medical conditions

Social conditions

Placental factors

Pre-eclampsia

Acute or chronic hypertension
Abnormality of the uterus
Severe chronic disease
Therapeutic drugs

Maternal nutrition
Age at delivery <16 or >35 years
Drug use (smoking, alcohol, illicit drugs)

Single umbilical artery

Fetal factors

Chromosomal disorders

(Epi)genetic disorders

Intrauterine infections

Inborn errors of metabolism

Congenital defects

Down syndrome
Turner syndrome

Silver-Russell syndrome
3M-syndrome

Toxoplasmosis
Rubella
Cytomegalovirus

Demographic factors

Ethnicity
Maternal and paternal short stature

Previous delivery of SGA infant
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Normal growth, puberty and gonadal function

Postnatal growth

Several factors influence postnatal growth, including hormones, genetics, and the physical,
emotional and social environment. The growth hormone axis (GH-axis) is the primary
hormonal axis involved in human growth (Figure 2: GH axis) *. The anterior pituitary gland
produces GH in a pulsatile pattern. Secretion of GH is under the control of the hypothalamic
hormones GH-releasing hormone (GHRH) and somatostatin. GHRH binds to its receptor and
stimulates GH secretion, whereas somatostatin inhibits GH release. Most of the effects of
GH are mediated by insulin-like growth factors (IGFs). GH influences the production of IGF-I,
which is synthesized in the liver and secreted into the blood under the control of GH, insulin
and nutritional status. Next to growth, IGFs together with insulin and GH, regulate glucose
metabolism, lipid metabolism and body composition.

Figure 2: Physiology of the GH-IGF-I axis.
(adapted from Kumar et al. *) GHRH =

GH-releasing hormone; GH = Growth
hormone; IGF-I = insulin-like growth factor I.
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Pubertal development and pubertal growth

Pubertyisthe period of transition from childhood to adolescence, marked by the development
of secondary sexual characteristics, the pubertal growth spurt, epiphyseal maturation and
behavioral changes . The median age of pubertal onset in the Dutch population is 10.7
years for girls and 11.5 years for boys ’. In girls, the pubertal growth spurt starts during the
first year of breast development. In boys, the pubertal growth spurt occurs later, during the
second year of puberty, when the testicular size has increased to >10mL. Height and age at
onset of puberty and the magnitude and duration of pubertal growth, explain 15-20% of
adult height 2.



14 | Chapter1

Although reported study results are difficult to compare due to various definitions of
puberty milestones, most authors seem to agree that short children born SGA have a normal
pubertal onset and development, but relatively early for their short stature . Moreover,
subjects born SGA have a shorter pubertal growth duration, resulting in a smaller pubertal
growth spurt than appropriate gestational age (AGA) born subjects.

Gonadal function

During puberty, the hypothalamic-pituitary-gonadal axis is reactivated, which results
in the development of secondary sexual characteristics, the pubertal growth spurt and
epiphyseal maturation (Figure 3: HPG-axis). Due to an increase in frequency and amplitude
of gonadotropin-releasing hormone (GnRH) pulses in the hypothalamus, the secretion of
gonadotropins (i.e., follicle-stimulating hormone (FSH) and luteinizing hormone (LH)) by the
pituitary rises.

In males, FSH stimulates the Sertoli cells to produce inhibin B, a marker of spermatogenesis.
LH stimulates the Leydig cells to produce testosterone, necessary for the development
of male characteristics and to continue the process of spermatogenesis. In females, FSH
and LH are secreted in a cyclic manner and stimulate the ovaries to produce estrogen and
progesterone. Ovarian function can be difficult to evaluate because menstrual cycles do
not always indicate ovulation. Since Anti-Miillerian Hormone (AMH) is exclusively produced
by the ovaries, independent of the gonadotropic status and menstrual cycle, AMH is an
excellent marker of the ovarian follicle pool *>¢, Previous studies have shown no negative
effect of SGA birth on male and female gonadal function -2,

Female HPG Axis Male HPG Axis

@ el

, 4 ¢ Hypothalamus v 24 Hypothalamus

H ®_— N {8 bt o

8 C_GnRH D / ( “GnRH D
/ — ; GnRH

[Fé /
/ > \! Anterior «/ Anterior
/ g ~ pituitary ,,-’ B‘ pituitary
f / \_ "» /‘*

CI® j ® c ®
j{ ; = ’/-\ ”) " :

| G FE ) (
\ | |\E~I/, |\FEH/ ) LH ) e FSH -
Y @ \ [
LT [ e
L —— Ovaries .\ ry
N o\ 7 \ “>Testes

N\ \ A N 4
\\\ R S g \ i N
(Estrogen/\, Q’rogesteror9 (Jestosterone )

Figure 3: Male and female hypothalamic-pituitary-gonadal axis. (adapted from Kong et al. %)
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Short stature in children born SGA

Most children born SGA show catch-up growth in the first two years of life, but 10% of SGA
children fail to show sufficient catch-up growth and remain short, with a height <-2 SDS 222,
Short stature is one of the most common medical concerns in childhood, and SGA birth is
a significant risk factor for short stature, accounting for approximately 20% of all cases .

The causes of insufficient catch-up growth after SGA birth are not well understood. Several
factors influence postnatal growth, such as (epi)genetics and physical, emotional, and social
environmental factors. Disturbances in the GH/insulin-like growth factor (IGF)-axis (Figure
2: GH-axis) have also been suggested to play an essential role in the insufficient catch-up
growth after SGA birth 2%,

Despite adult height being one of the most heritable human traits %, the (epi)genetic nature
of short stature in SGA children is still largely unknown. Genome-wide association studies
have identified genes contributing to the variation in height, but variations in these genes
only have a small effect in the general population ?°. Mutations in one gene can also cause
short stature, for example IGF1-receptor mutations, 3M syndrome and SHOX deficiency.
Furthermore, epigenetic changes (i.e., aberrations in regions that control the imprinting of
genes) can lead to short stature, which is the case in Silver-Russell syndrome (SRS).

Silver-Russell syndrome

SRS is a rare disorder, with an estimated incidence of 1 in 30,000 to 1 in 100,000 live-born
infants per year 3°. Children with SRS are short and almost always born SGA. They show
various dysmorphic features, such as a relative macrocephaly, a triangular-shaped head
with frontal bossing, clinodactyly, and asymmetry of the face or body 3!*. Severe feeding
difficulties can be present, especially during infancy and early childhood. SRS is primarily
a clinical diagnosis. The clinical scoring system with the highest sensitivity (98%) and best
negative predictive value (89%) is the Netchine-Harbison clinical scoring system (Table 2) 3.
SRS is diagnosed when 4 or more of the clinical criteria are present.

When remaining untreated, mean adult height is around -4 SDS (i.e. 155 cm for men and
145 cm for women), which causes a significant handicap in adulthood 2. Our study group
has shown that SRS children respond similarly to GH treatment as non-SRS children born
SGA %3¢ Therefore, children with SRS are nowadays treated with GH.

There is very little information in the literature regarding pubertal progression and potential
reproductive issues in SRS patients. Previous studies have shown that boys with SRS are
at an increased risk of genital abnormalities such as cryptorchidism and hypospadias 3%,
In girls with SRS, an association has been described with Mayer-Rokitansky-Kuster-Hauser
syndrome, a disorder characterized by hypoplasia or aplasia of the uterus and upper part
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of the vagina 3°%°, Pubertal development and gonadal function, however, have never been
evaluated in SRS patients.

Table 2: Netchine-Harbison clinical scoring system 3.

Clinical criteria Definition

SGA Birth weight and/or birth length <-2 SDS for gestational age

Postnatal growth failure Height at 24+1 months <-2 SDS or height >2 SDS below mid-parental target
height

Relative macrocephaly at Head circumference at birth >1.5 SDS above birth weight and/or length SDS

birth

Protruding/prominent Forehead projecting beyond the facial plane on a side view as a toddler (1-3

forehead years)

Body asymmetry Leg length discrepancy (LLD) of 20.5 cm or arm asymmetry or LLD<0.5 cm with
at least two other asymmetrical body parts (one non-face)

Feeding difficulties and/or BMI <-2 SDS at 24 months or current use of a feeding tube or cyproheptadine

low BMI for appetite stimulation

Management of short stature

Growth assessmentrequires accurate measurements of height and weight over time, parental
height measurement, pubertal staging, and selection of appropriate growth references.
Normal growth has periods of spurts and plateaus, and being familiar with normal patterns
of growth allows practitioners to recognize and manage abnormal variations.

GH treatment in short children born SGA

Recombinant GH has been used in short children born SGA (including those with SRS) since
1989. Since 2005, GH treatment is licensed and reimbursed for short SGA children. GH
treatment aims to achieve an adult height within the normal range or target height range of
the child. Various clinical trials have shown that GH treatment with a dose of 1 mg/m?/day
(~0.33 mg/kg/day) improves growth rate, and leads to a significant improvement of adult
height in children born SGA 4,

The GH-induced growth response, however, is highly variable #4. Several studies have been
conducted to determine clinical predictors for growth response to GH treatment *,
Patient characteristics found to be related with adult height were: age and height SDS at
start of GH treatment, target height SDS, GH dose, bone age delay at the start of treatment
and baseline insulin-like growth factor binding protein-3 (IGFBP-3) SDS, together explaining
approximately 40% of the variability in adult height.

GnRHa treatment in short children born SGA
Nowadays, GnRHa treatment is used for postponement of puberty in children with precocious
puberty and nowadays also in short children born SGA with a relatively early onset of puberty,
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thereby extending the prepubertal period of growth. Additional GnRHa treatment for 2 years
at the start of puberty improves adult height in GH-treated children born SGA with a relatively
early puberty with an expected adult height of less than -2.5 SDS *°.

Long-term metabolic and cardiovascular health in subjects born SGA

Several epidemiological studies showed associations between small size at birth and
subsequent catch-up in weight, and the risk for cardiovascular diseases (CVD) and diabetes
mellitus type 2 (DM2) in later life >, Both preterm birth and poor fetal growth can lead to
small birth size. The exact mechanisms underlying the associations between fetal and early
life growth and health later in life are mostly unknown. One of the hypotheses is the fetal
origin hypothesis by Barker et al., postulating that events during pregnancy leading to fetal
malnutrition could result in permanent metabolic changes in the fetus (i.e. reprogramming)
%, These metabolic changes are beneficial during fetal life, but this reprogramming might
result in diseases in adulthood.

In previous studies, our research group showed that accelerated weight gain during infancy
is associated with determinants of adult diseases in early adulthood, such as insulin
resistance, unfavorable body composition, higher adverse serum lipids and higher blood
pressure 3%, These unfavorable metabolic and cardiovascular health parameters could lead
to adult disease, and longitudinal changes in adulthood should, therefore, be investigated.
Studies investigating detailed longitudinal metabolic and cardiovascular health in adults
born SGA compared to adults born AGA at an age beyond 30 years, either with or without
short stature, were lacking.

Long-term safety of GH treatment in subjects born SGA

Besides the positive effects on linear growth, GH has well-documented lipolytic and anabolic
effects. Long-term GH treatment, therefore results in lower fat mass and higher lean body
mass ¢1%. GH treatment has, however, also insulin-antagonistic effects which leads to a
decrease in insulin sensitivity and a compensatory increase in insulin secretion %6 |nsulin
resistance plays an important role in the pathogenesis of metabolic and cardiovascular
disease %', During long-term GH treatment in SGA children, blood pressure SDS and
cholesterol levels decreased and became lower than in untreated short SGA children 2637%
74, After cessation of GH treatment, insulin sensitivity, body composition and blood pressure
returned to similar levels at age 21 years in previously GH-treated adults compared to
untreated age-matched short adults born SGA and normal statured AGA, whereas LBM and
serum lipid levels remained lowest in GH-treated adults born SGA 7>, Follow-up beyond
early adulthood was, however, lacking 727877,

The Safety and Appropriateness of Growth Hormone treatments in Europe (SAGhE) study,
a large European population study investigating long-term GH safety, reported increased
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cardiovascular mortality in GH-treated adults born SGA 787, Although this increase was
mostly explained by higher mortality in the French cohort, authors advised to closely
monitor metabolic and cardiovascular health following GH treatment. The SAGhE study,
however, was limited by the absence of an untreated control group of age-matched adults
born SGA to adjust for the adverse effects of SGA birth.

As insulin resistance, metabolic and cardiovascular disease might develop over a more
extended period, it is important to investigate the long-term changes after GH-cessation
in insulin sensitivity, body composition, central adiposity, serum lipid levels and blood
pressure in adulthood. Therefore, it is essential that longitudinal studies are continued into
adulthood and that metabolic and cardiovascular health parameters in GH-treated adults
are compared with untreated age-matched adults born SGA or AGA.

Long-term safety of additional 2 years of GnRHa treatment

In patients with central precocious puberty (CPP), gonadotropin-releasing hormone agonist
(GnRHa) treatment led to a decrease in insulin sensitivity, an increase in weight and fat mass and
a decrease in bone mineral density (BMD) 841, However, studies were performed retrospectively
in children with CPP, and most studies evaluated only the changes during GnRHa treatment. In
our study of SGA children, no adverse effects were found during and after 2 years of GnRHa
treatment in addition to GH treatment until adult height attainment %2>,

Studies on GnRHa treatment in children with different diagnoses showed potential cognitive
and psychosocial effects. Firstly, cognitive functioning at the cessation of GnRHa treatment
in CPP patients tended to be lower in the group receiving 2 years of GnRHa treatment
997 Secondly, GnRHa treatment has been linked to a suppressed reward system, causing
subsequent depressive emotions when used for endometriosis and during fertility treatment
in adult women °&, Lastly, the postponement of puberty might negatively affect problem
behavior and school skills .

Studies on the long-term safety of postponing puberty with GnRHa treatment regarding
metabolic health, bone mineralization, cognition, health-related quality of life (HRQoL) and
psychosocial functioning in young adults born SGA following GH-cessation at adult height
attainment were, however, lacking.
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Aims of the thesis

This thesis presents a detailed description of the studies performed to improve the
knowledge about the long-term effects of SGA birth, GH treatment alone and with the
addition of 2 years of GnRH analogue treatment and consequently the care for children
born SGA. The study populations consisted of young adults born SGA treated with either
GH only (Appendix A, B and D) or with combined GH/GnRHa treatment (Appendix B), and
age-matched untreated adults born SGA or AGA (Appendix C and D). The aims of the studies
described in this thesis are presented below.

Gonadal function and pubertal development in children with Silver-Russell syndrome
Very little information existed on gonadal function and pubertal development in patients
with SRS. We, therefore, analyzed progression of puberty and gonadal function in children
and adolescents with SRS until early adulthood.

Kidney function and blood pressure at 5 years after cessation of GH treatment
Glomerular filtration rate, blood pressure and microalbuminuria were investigated during 5
years after cessation of GH treatment to assess the long-term effects of GH treatment kidney
function. The data at 5 years after cessation of GH-treated young adults were compared to
untreated young adults born SGA and AGA.

Cognition, psychosocial functioning and health-related quality of life of SGA born
adolescents at the cessation of GH treatment, either with or without 2 years of GnRHa
treatment

Cognition, psychosocial functioning and health-related quality of life were investigated at
the cessation of GH treatment with or without additional 2 years of GnRHa treatment to
assess the long-term effects of GnRHa treatment. To determine the effect of additional
GnRHa treatment, the data at cessation of GnRHa/GH-treated young adults were compared
to young adults treated with GH only and to age-matched untreated young adults born AGA.

Metabolic and cardiovascular health at 5 years after cessation of GH treatment, either
with or without 2 years of GnRHa treatment

Body composition, insulin sensitivity, beta-cell function, blood pressure, lipid profile and
bone mineral density were investigated during 5 years after cessation of GH treatment with
or without additional 2 years of GnRHa treatment to assess the long-term effects of GnRHa
treatment on metabolic and cardiovascular health. To determine the effect of additional
GnRHa treatment, the data at 5 years after cessation of GnRHa/GH-treated young adults
were compared to young adults treated with GH only and age-matched untreated young
adults born AGA.
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Metabolic health and body composition during 11 years of follow-up in untreated adults
born SGA, either with or without short stature, and AGA

Body composition, insulin sensitivity, beta-cell function, blood pressure and lipid profile
were investigated in untreated adults born SGA and AGA during 11 years in adulthood,
either with or without short stature, and compared with age-matched adults born AGA.

To determine the effect of SGA birth and catch-up growth on adult metabolic and
cardiovascular health, the data at age 32 years were compared between the three groups.

Metabolic health and body composition during 12 years of follow-up after GH-cessation
in previously GH-treated versus untreated adults born SGA and AGA until age 30 years
Body composition, insulin sensitivity, beta-cell function, kidney function, blood pressure and
lipid profile were investigated during 12 years follow-up after cessation of GH treatment to
assess the long-term effects of GH treatment on metabolic and cardiovascular health. To
determine the effect of GH treatment during childhood on adult metabolic and cardiovascular
health, the data at 12 years after cessation of GH treatment were compared with untreated
adults born SGA, either with or without short stature, and with adults born AGA.
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Appendix A: IUGR-1, IUGR-2 and IUGR-3 studies

The first, second and third Dutch GH trials (IUGR-1, IUGR-2 and -3 studies 7%1%01%) jncluded
children born SGA with persistent short stature.

Design

The IUGR-1 study started in 1991, the IUGR-2 study in 1996 and the IUGR-3 study in 2003.
Except of a randomized, GH-controlled study during the first 3 years of the IUGR-2 study, all
studies were open-labelled, multicenter studies. Children were treated with a biosynthetic
GH with a dose of 1 mg/m?/day. Three-monthly, the GH dose was adjusted to the calculated
body surface area.

Inclusion criteria

1. Birth length or birth weight SDS for gestational age <-2 SDS %;

2. Uncomplicated neonatal period without signs of severe asphyxia (defined as Apgar score
<3 after 5 minutes), sepsis or long-term complications of respiratory ventilation such as
bronchopulmonary dysplasia;

Chronological age between 3 and 8 years at start of the study;

Height SDS for age less than -2.5 SDS, according to Dutch references 1%;

Height velocity SDS below 0 to exclude children with spontaneous catch-up growth;
Prepubertal, defined as Tanner stage | or testicular volume <4 ml in boys;

Normal liver, kidney and thyroid functions;

Well-documented growth data from birth to start of GH treatment;

W e NU AW

Informed consent.

Exclusion criteria

1. Endocrine metabolic disorders (i.e., diabetes mellitus, diabetes insipidus, hypothyroidism,
inborn errors of metabolism or growth hormone deficiency);

2. Celiac disease or other chronic diseases of the major organs;

3. Chromosomal abnormalities or dysmorphic features suggestive of a syndrome, except
SRS);

4. Chondrodysplasia;

5. Serious suspicion of psychosocial dwarfism (emotional deprivation);

6. Active malignancy or increased risk of leukemia;

7. Use of medication that might interfere with growth, such as corticosteroids and sex

steroids;
8. Expected non-compliance.
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Appendix B: Dutch SGA study

Design

The Dutch SGA study was a longitudinal, randomized, dose-response GH-trial involving short
SGA children of at least 8 years of age. All children received somatropin sc daily (Genotropin).
Prepubertal children received 1 mg/m?/day *°. When children entered puberty or when
children were in early puberty at the start of treatment, they were randomly assigned to
treatment with either GH 1 or 2 mg/m?/day after stratification for sex, pubertal stage and
parental height (one or two parents with a height below -2 SDS vs both parents with a
height of at least -2 SDS). Because no model is known to predict adult height accurately at
the start of puberty, we used a practical, arbitrary cutoff level. A height of less than 140 cm
at the start of puberty was used to identify children with an adult height expectation below
-2.5 SDS, based on Dutch reference values %; these children received GnRHa (leuprolide
acetate depots, 3.75 mg sc every 4 weeks) for 2 years in addition to GH treatment.

Inclusion criteria

1. Birth length or birth weight SDS for gestational age <-2 SDS %;

2. Uncomplicated neonatal period without signs of severe asphyxia (defined as Apgar
score <3 after 5 minutes), sepsis or long-term complications of respiratory ventilation
such as bronchopulmonary dysplasia;

3. Chronological age of 8 years and older;

Prepubertal stage (Tanner stage I) or early pubertal stage (breast stage II-Ill in girls or
testicular volume less than 10 mL in boys 1%;

5. Height SDS for age less than -2.5 SDS or a predicted adult height less than -2.5 SDS,
according to Dutch references 1%;

6. Well-documented growth data from birth to start of GH treatment;

7. Informed consent.

Exclusion criteria

1. Endocrine metabolic disorders (i.e., diabetes mellitus, diabetes insipidus, hypothyroidism,
inborn errors of metabolism or growth hormone deficiency);

2. Celiac disease or other chronic diseases of the major organs;

w

Chondrodysplasia or chromosomal abnormalities or dysmorphic features suggestive of
a syndrome, except SRS;

Serious suspicion of psychosocial dwarfism (emotional deprivation);

Active or treated malignancy or increased risk of leukemia;

Use of medication during the previous 6 months that might interfere with growth;
Expected non-compliance.

No v s
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Appendix C: PROGRAM/PROGRAM32 study

The PROgramming factors for Growth and Metabolism study cohort consisted of healthy
adults born either SGA or appropriate for gestational age (AGA), followed from age 21 years
(PROGRAM) to age 30 years (PROGRAM32). ¥, In these participants, we performed several
tests to investigate determinants of metabolic health and cardiovascular diseases (Appendix E).

Design

Cohort study to longitudinally investigate determinants of metabolic health and cardiovascular
diseases in adults born SGA either with or without postnatal catch-up growth, in comparison
with adults born AGA.

Inclusion criteria

1. PROGRAM: Chronological age at inclusion 18-24 years;

2. PROGRAM32: Chronological age at inclusion 25-35 years;

3. Neonatal period without signs of severe asphyxia (defined as Apgar score <3 after 5
minutes), no serious diseases such as long-term artificial ventilation and oxygen supply,
bronchopulmonary dysplasia or other chronic lung diseases;

Well-documented growth data;

Caucasian;

Born singleton;

Signed informed consent;

© N U A

Gestational age 236 weeks.

Exclusion criteria

1. Chromosomal abnormalities or dysmorphic features suggestive of a syndrome, except
Silver-Russell syndrome;

2. Any disease, endocrine or metabolic disorder that could have interfered with growth
(such as diabetes, GH deficiency, malignancies, severe chronic disease);

3. Treatment that could have interfered with growth (such as radiotherapy or GH
treatment);

4. Serious suspicion of psychosocial dwarfism (emotional deprivation) during childhood.
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Appendix D: 12-year follow-up SGA study

The 12-year follow-up SGA study included former participants of the IUGR1 and IUGR2
study, with more than 10 years of follow-up after GH-cessation, compared to appropriate,
age-matched controls of the PROGRAM/PROGRAM32 study. We performed several tests
to investigate determinants of metabolic health and cardiovascular diseases (Appendix E).

Design

To investigate the influence of childhood GH treatment on adult health parameters, GH-
treated adults born SGA were longitudinally investigated at GH-cessation, and at 5 and 12
years after GH-cessation. In addition, previously GH-treated adults born SGA were compared
at around 30 years of age to age-matched untreated adults born SGA, either with or without
spontaneous catch-up growth, and untreated adults born AGA.

Inclusion criteria

1. Previously GH-treated adults with a follow-up of at least 12 years after GH-cessation;
2. Former participants of the IUGR-1 or IUGR-2 study (Appendix A)

3. Signed informed consent.

Exclusion criteria
1. Pregnancy and first 6 months after delivery
2. Childhood GH treatment for less than 4 years.
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Appendix E: Determinants of metabolic and cardiovascular
disease

Body composition by Dual Energy X-ray Absorptiometry (DXA)

DXA was used to measure body composition and bone mineral density (i.e. fat mass and
lean body mass) 1%, The participant needs to lie still for approximately 15 minutes while
a scanner slides over the participant. DXA uses X-ray to assess these measures, but the
radiation dose is low (about 1/10th of a chest X-ray).

Frequently Sampled Intravenous Glucose Tolerance (FSIGT) test

Glucose homeostasis can be assessed by means of an FSIGT test with Tolbutamide 1°71%, The
FSIGT test provides the following values regarding glucose homeostasis: Insulin sensitivity:
The ability of insulin to increase glucose disposal; Glucose effectiveness: The capacity of
glucose to mediate its own disposal; Acute insulin response: An estimate of insulin secretory
capacity; Disposition index: A measure of R-cell function.

The Bergman’s minimal model was used to calculate these indicators of glucose regulation,
using paired glucose and insulin data obtained by frequent measurements during an FSIGT
test with Tolbutamide. This way, early glucose metabolism changes can be assessed, many
years before the first symptoms of diabetes mellitus type Il occur.

Blood pressure, kidney function and lipid profile

Blood pressure, total cholesterol, low-density lipoprotein, high-density lipoprotein,
microalbuminuria and glomerular filtration rate were determined to assess the effects of
SGA birth and GH treatment on cardiovascular and metabolic disease.

To determine blood pressure, we used resting blood pressure during 30 minutes in supine
position. Fasting blood samples were used to evaluate kidney function and serum lipid
levels. We used serum creatinine levels to determine glomerular filtration rate. To determine
total cholesterol and triglyceride, we used an automated enzymatic method with the CHOD-
PAP reagent kit and GPO-PAP reagent kit, respectively and high-density lipoprotein was
measured using a homogeneous enzymatic colorimetric assay (Roche Diagnostics)

Visceral and subcutaneous adipose tissue and liver fat fraction by MRI

Visceral and subcutaneous adipose tissue and liver fat fraction were measured by a magnetic
resonance imaging (MRI) scan. Adipose tissue measurements were performed by fast-spoiled
gradient echo technique to acquire fat-only images in 20-second breath-hold scans on a 3T
GE Discovery MR750system (GE Healthcare, Milwaukee, WI, US). The cross-sectional area at
the level of L3 was used, using a threshold-based region technique for slight adjustments.
Measurements of liver fat fraction were performed using the IDEAL-IQ technique.
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Outline of this thesis

Chapter 1 Gives an introduction to SGA, metabolic risks of SGA birth and the topics
described in this thesis.

Chapter 2 Describes the pubertal development and gonadal function in subjects with
Silver-Russell Syndrome.

Chapter 3 Presents kidney function and blood pressure in young adults born SGA treated
with GH during childhood.

Chapter 4 Shows the cognition, psychosocial functioning and health-related quality of
life after cessation of GH/GnRHa treatment compared to treatment with GH
only in young adults born SGA.

Chapter 5 Describes long-term metabolic and cardiovascular safety of additional 2 years
of GnRHa treatment during GH treatment in young adults born SGA.

Chapter 6  Shows metabolic health and body composition during 11 years of follow-up in
untreated adults born SGA and AGA until age 30 years (PROGRAM32 study).

Chapter 7  Shows the cardiovascular and metabolic safety of childhood GH treatment
during follow-up of 12 years after GH-cessation in adult born SGA, also
compared to untreated age-matched adults born SGA or AGA at age 30 years.

Chapter 8 Provides a general discussion about the results of the studies described in this
thesis in view of the literature, the clinical implications and suggestions for
further research.

Chapter9  Summarizes the findings described in this thesis in English and Dutch.

Chapter 10 Contains a list of abbreviations, a list of publications, PhD portfolio,
acknowledgements and curriculum vitae.
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Abstract

Background: Males with SRS have an increased risk for genital abnormalities such as
cryptorchidism and hypospadias, which could be associated with reproductive problems in
later life. In SRS females, an association has been described with Mayer-Rokitansky-Kister-
Hauser syndrome, which might compromise their reproductive function.

Methods: Longitudinal follow-up study, in thirty-one SRS patients (14 males) and 123 non-
SRS patients born at same gestational age (SGA; 65 males). All received growth hormone and
27.3% received additional gonadotropin-releasing hormone analogue treatment (GnRHa).

Results: Mean age at onset of puberty was 11.5yrs in SRS males versus 11.6yrs in non-SRS
males (p=0.51), and 10.5yrs in SRS females versus 10.7yrs in non-SRS females (p=0.50). Four
of the 14 SRS males had a postpubertal inhibin-B level below the 5th percentile compared
to healthy controls, and two of them an FSH above the 95th percentile, indicating Sertoli cell
dysfunction. One of them had a history of bilateral cryptorchidism and orchiopexy. All SRS
females had AMH, LH and FSH levels within the reference range. Pubertal duration to Tanner
stage 5 was similar in SRS and non-SRS. Pubertal height gain was better in SRS patients who
additionally received GnRHa (p<0.01). Mean age at menarche was 13.1yrs in SRS versus
13.3yrs in non-SRS (p=0.62). One SRS female had primary amenorrhea due to Millerian
agenesis.

Conclusion: As gonadal function is not affected in females with SRS, it is likely that

reproductive function is also not affected. Sertoli cell dysfunction in males with SRS could

cause impaired reproductive function and should be assessed during pubertal development.
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Introduction

Silver-Russell syndrome (SRS) is characterized by intrauterine growth retardation, leading to
small for gestational age (SGA) birth, postnatal growth failure, feeding difficulties, and several
dysmorphic features (i.e., body asymmetry, a triangular face with a prominent forehead and
several other minor anomalies) 3. Without treatment, mean adult height (AH) is around
-4.2 standard deviation score (SDS), causing a significant handicap in adulthood. Incidence
is estimated as 1in 30 000 to 100 000 life-born infants per year. Overall, SRS is probably more
common than some estimates have suggested, but the exact incidence remains unknown 4.
Of all SRS cases, 60% are caused by a loss of methylation in the ICR1 region of 11p15 (11p15
LOM) 5, and 5-10% by a maternal uniparental disomy of chromosome 7 (UPD(7)mat) ®. In
30-40%, the genetic cause is unknown, which is referred to as clinical SRS *. Nowadays,
most SRS patients are treated with growth hormone (GH), which is an effective treatment
to improve adult height 7.

It is unknown whether SRS patients have reproductive difficulties. Males with SRS have an
increased risk for genital abnormalities such as cryptorchidism and hypospadias °*!, which
could be associated with reproductive problems in later life. In SRS females, an association
has been described with Mayer-Rokitansky-Kister-Hauser syndrome (MRKH), a disorder
characterized by hypoplasia or aplasia of the uterus and upper part of the vagina *%3,
However, data on gonadal function in SRS are lacking. Since the majority of adults with SRS
are not routinely followed up, there is very little information in the literature regarding the
natural history of SRS #!4, Previous studies have found that onset of puberty is usually within
the normal range, but at the younger end of the spectrum, and that adrenarche can be early
and aggressive in comparison with children born SGA without SRS *. However, there are not
many data on pubertal progression in SRS.

In this longitudinal study, we analyzed gonadal function (i.e., serum levels of inhibin B, FSH,
LH, anti-Miillerian hormone (AMH) and testosterone) and progression of puberty in SRS
patients from childhood until early adulthood. AMH is a marker of immature Sertoli cells in
males, and of the follicle pool size in females **7, and inhibin B is a marker of the Sertoli cell
function in males 8. We compared these data to those of subjects born small for gestational
age (SGA) without SRS, and to age-appropriate reference data. We hypothesized that SRS
patients would be younger at onset of puberty and have a faster pubertal progression than
their non-SRS SGA counterparts and the healthy reference population. We also hypothesized
that gonadal function would not be altered in SRS patients without congenital genital
anomalies.
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Methods

Subjects

For the present study, we included 31 SRS and 123 non-SRS subjects who participated in a
large, multicenter GH trial %, All subjects were born SGA (birth length and/or birth weight
standard deviation score (SDS) <-2.0 for gestational age ?*), received treatment 1 mg GH/m?/
day (0.035 mg/kg/day) because of persistent short stature (height <-2.5 SDS #?), and were
prepubertal at onset of GH treatment. Subjects were excluded from analysis of pubertal
development when they had not completed puberty by the end of the study, when blood
samples were not available, or when they had chromosomal abnormalities or signs of a
syndrome except SRS.

The diagnosis SRS was based on the Netchine-Harbison clinical scoring system %, which
comprises the following six factors: 1) prenatal growth retardation (birth length and/or
birth weight <-2 SDS for gestational age); 2) postnatal growth retardation (height <-2.0 SDS
according to national reference %; 3) relative macrocephaly at birth (head circumference at
birth 21.5 SDS above birth length and/or birth weight SDS according to Usher and McLean %; 4)
prominent forehead; 5) body asymmetry (leg length discrepancy of 0.5 cm or arm asymmetry
or leg length discrepancy <0.5 cm with >2 other asymmetrical body parts (one being a non-
face part)); and 6) feeding difficulties during early childhood. Patients were classified as SRS if
at least four factors were present. SRS patients were tested for 11p15 LOM and UPD(7)mat,
and when negative, also for CDKN1C and IGF2 mutations as previously described 7. Patients
with 4 or more positive criteria of the Netchine-Harbison clinical scoring system but without a
known genetic aberration were classified as clinical SRS.

This study was performed according to the Helsinki Declaration and approved by the Medical
Ethics Committee of all participating centers. Written informed consent was obtained from
all participants and their parents.

Design

From onset of GH treatment until AH attainment, all subjects visited the hospital every three
months. At each visit, pubertal stage was examined. Blood samples were obtained yearly,
always between 8.30 and 9.30 am.

Serum levels of inhibin B (males) and AMH (males and females) were measured in the SRS
subjects at three time-points: 1) Prepubertal stage; 2) the first blood sample after onset of
puberty and 3) postpubertal stage (i.e., a testicular volume (TV) 215 ml in males and >one
year post menarche in females). At time-point two and three, we also measured serum levels
of LH, FSH (males and females) and testosterone (males). For the postpubertal blood sample
in females, we only used samples that were drawn before start of oral contraceptives. All
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results were compared to those of healthy children and adolescents of the same pubertal
stage collected at similar time points 17182425 Postpubertal results were compared with GH-
treated age-matched non-SRS subjects born SGA.

Measurements

Pubertal stage was assessed by an experienced investigator (C.C.J.S and J.S.R) according to
the method of Tanner %, at each three-monthly visit. This allowed adequate determination
of pubertal onset, which was defined as persistent breast development stage Il according to
Tanner for females (M2), and a TV 24 ml for males as determined by means of the Prader
orchidometer. Precocious puberty was defined as pubertal signs before age of 8 years in
females and 9 years in males %'.

SRS and non-SRS subjects with an AH expectation of less than -2.5 SDS at onset of puberty
received 2 years of gonadotropin-releasing hormone agonist treatment (GnRHa, leuprolide
acetate depots, 3.75 mg sc every four weeks) in addition to GH to postpone puberty 2. To be
certain of central puberty, a GnRHa test was performed before commencement of GnRHa
treatment.

AH was defined as the condition when height had not increased more than 0.5 cm during
the previous six months and a bone age 215 years for females and 216.5 years for males.
Details regarding genital malformations and surgery before the start of GH treatment were
retrieved from medical records.

Laboratory measurements

After centrifugation, all samples were kept frozen (-80 °C) until assayed. All hormone
concentrations were determined in one endocrine laboratory, Erasmus University Medical
Center. Both serum AMH and inhibin B levels were measured by the Gen Il ELISA (Beckman
Coulter, Inc. Brea, CA, USA). Serum LH and FSH levels were measured by immunometric
assays (Immulite 2000XPi, Siemens, Los Angeles, CA, USA). Total serum testosterone was
measured using the liquid chromatography-tandem mass spectrometry (LC-MS-MS)
method with the CHS™ MSMS Steroids Kit (Perkin Elmer, Turku, Finland). Chromatographic
separation and quantification were performed using a Waters® XEVO-TQ-S system equipped
with an electrospray ionization (ESI) source. Inter-assay coefficients of variation were
15.1% for AMH, 11.4% for inhibin B, 6.4% for LH, 5.2% for FSH and 6.8% for testosterone,
respectively.

Statistics

Analyses were performed with SPSS version 21.0. Shapiro Wilk tests and Normal Q-Q-plots
were used to determine distribution of variables. Differences between SRS and non-SRS were
analyzed by independent-sample t tests (continuous data) or chi-squared tests (categorical
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data). Subjects who had also received GnRHa treatment were analyzed separately. One-
sided t tests were used to compare data with those of healthy references. P-values <0.05
were considered statistically significant.

Results

Clinical characteristics

Table 1 shows the clinical characteristics of the 31 SRS and 123 non-SRS subjects. Fifteen
SRS patients had 11p15 LOM, seven patients an UPD(7)mat and no patients had an IGF2 or
CDKN1C mutation. Nine patients had clinical SRS, and these subjects fulfilled the Netchine-
Harbison criteria for SRS, including relative macrocephaly. Four SRS males had cryptorchidism
during infancy, for which two males underwent orchiopexy. In the other two males, the
testes descended spontaneously during early childhood.

In SRS males, mean (SD) age at first blood sampling was 5.7 (2.0) years. Age at onset of
puberty was 11.5 (1.0) years in SRS versus 11.6 (0.8) years in non-SRS males (p=0.51). In
28.6% of the SRS males, puberty was postponed by means of two years of GnRHa treatment,
versus in 12.5% of the non-SRS males (p=0.13). In SRS females, mean (SD) age at first blood
sampling was 6.8 (2.8) years. Age at onset of puberty was 10.5 years in SRS and 10.7 years in
non-SRS females (p=0.50). In 52.9% of the SRS females, puberty was postponed by means of
two years of GnRHa treatment, versus in 36.2% of the non-SRS females (p=0.22).

Table 1: Clinical characteristics.

SRS Non-SRS p-value
(n=31) (n=123)
Males (n) 14 65
Age at first blood sampling (yrs) 5.7 (2.0)
Molecular diagnosis (n, %)
11p15 LOM 8(57.1)
mUPD7 4 (28.6)
Clinical 2 (14.3)
Age at onset of puberty 11.5(0.8) 11.6 (0.8) 0.51
GnRHa (n, %) 4 (28.6) 8(12.5) 0.13
Females (n) 17 58
Age at first blood sampling (yrs) 6.8 (2.8)
Molecular diagnosis (n, %)
11p15 LOM 7(41.2)
mUPD7 3(17.6)
Clinical 7 (41.2)
Age at onset of puberty 10.5(1.2) 10.7 (1.1) 0.50
GnRHa (n, %) 9 (52.9) 21(36.2) 0.22

Data expressed as mean (SD) or number (%) Abbreviations: 11p15 LOM, loss of methylation in 11p15 region;
mUPD7, maternal uniparental disomy of chromosome 7.
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Longitudinal serum levels of reproductive hormones

Longitudinal serum levels of reproductive hormones in SRS males and females are depicted
in Figure 1 and 2, respectively. Postpubertal mean levels were similar in SRS and non-SRS,
except for LH levels of females, which were lower in SRS (Table 2). Four of the 14 SRS males
(28.6%), all with 11p15 LOM, had an inhibin B level below the 5% percentile (patients 1-4 in
Figure 2), indicating Sertoli cell dysfunction. This was a significantly higher proportion than
in the non-SRS males (7.1%, p=0.02). Two of the SRS males with a low inhibin B had also an
FSH level above the 95™ percentile (patient 1 and 3). One of them, with an 11p15 LOM, had
a history of cryptorchidism, hypospadias and orchiopexy, and had AMH levels below the 5
percentile, already from a prepubertal age (patient 3). There was also one SRS patient with
a low inhibin B level who had a testosterone level below the 5% percentile (patient 4), but
FSH and LH levels were within the normal range. All SRS females had AMH, LH and FSH levels
within the reference range, with the exception of one SRS female, who had a postpubertal
AMH level below the 2.5" percentile (patient 1, Figure 2).

Table 2: Postpubertal gonadal function in SRS and non-SRS.

SRS Non-SRS p-value Normal postpubertal
(n=31) (n=123) range
Males
Age at blood sampling 16.5 (2.5) 16.8 (1.3) 0.74
Inhibin B (ng/L) 193.5(140)  218.0(101.5) 0.25 95-323
FSH (U/L) 4.1(3.2) 4.9(3.9) 0.25 1.4-7.5
LH (U/L) 3.6(1.3) 4.1(2.1) 0.18 1.5-6.3
Testosterone (nmol/L) 14.4 (14.7) 16.1 (4.4) 0.35 11.3-32.3
AMH (ug/L) 8.5 (6.5) 9.0(6.3) 0.47 3.2-17.9
Females
Age at blood sampling 15.1(1.3) 15.4 (1.4) 0.36
AMH (ug/L) 3.4 (3.5) 3.2(3.5) 0.64 0.7-8.4
FSH (U/L) 4.4(4.1) 5.0 (3.0) 0.15 0.2-9.2
LH (U/L) 2.6 (2.2) 3.9(3.5) <0.001 0.0-20

Data expressed as median (interquartile range). P<0.05 in bold.
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Figure 1: Serum levels of inhibin B, FSH, LH, testosterone and AMH in SRS and non-SRS males. Each black line
represents the longitudinal measurements of each SRS male, based on Tanner stage (G1-5) at the moment of the
measurement. The shaded area with the blue line indicates the median and 5-95* percentile per Tanner stage of
the healthy population. The red lines indicate the patients with suspected Sertoli cell dysfunction. The vertical bar
represents the median and 5-95' percentile of the postpubertal non-SRS subjects born SGA.
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Figure 2: Serum levels of AMH, FSH and LH
in SRS and non-SRS females. Each black line
represents the longitudinal measurements
of each SRS female, based on Tanner stage
(M1-5) at the moment of the measurement.
The shaded area with the pink line indicates
the median and 2.5-97.5" percentile per
Tanner stage of the healthy population. The
red line indicates the patient with AMH levels
<2.5" percentile. The vertical bar represents
the median and 5-95" percentile of the
postpubertal non-SRS subjects born SGA.
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Puberty in SRS versus non-SRS, treated with GH only

Figure 3 depicts onset and progression of puberty in SRS and non-SRS males and females. In
males treated with GH only, mean (SD) age at onset of puberty was 11.8 (0.8) years in both
SRS and non-SRS. None of the males had precocious puberty. Progression of puberty from
TV 4 ml to TV 15 ml lasted 2.5 (0.7) years in SRS, versus 2.1 (0.8) years in non-SRS (p=0.66).
The period from TV 15 to AH attainment lasted 2.2 (1.1) years in SRS, versus 2.9 (0.9) years
in non-SRS (p=0.07). Total duration of puberty until AH attainment was 4.6 (1.0) years in SRS
versus 4.9 (0.8) years in non-SRS (p=0.35).
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In females treated with GH only, mean age at onset of puberty was 11.2 (1.0) years in both
SRS and non-SRS. Mean age at menarche was 13.1 (1.1) years in SRS, versus 13.3 (1.1) years
in non-SRS (p=0.62). There was one SRS female with primary amenorrhea due to MRKH.
The period from menarche to AH lasted 1.8 (1.1) years in SRS versus 2.0 (0.8) in non-SRS
(p=0.61). Total duration of puberty until AH attainment was 3.9 (0.9) years in SRS versus 4.1
(0.8) years in non-SRS (p=0.49).

Males
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Figure 3: Duration of puberty in SRS and non-SRS. Abbreviations: GH, growth hormone; GnRHa, gonadotropin-
releasing hormone analogue; M2, breast development stage Il according to Tanner; TV, testicular volume in mL.

Puberty in SRS versus non-SRS, treated with GH and two years of GnRHa

In males who additionally received two years of GnRHa, mean age at onset of puberty was
10.6 (0.6) years in both SRS and non-SRS (Figure 3). The period from restart of puberty after
two years of GnRHa to TV 15 ml lasted 2.3 (0.9) years in SRS versus 1.5 (0.4) years in non-SRS
(p=0.19). The period from TV 15 to AH attainment lasted 2.6 (1.0) years in SRS versus 2.1
(0.2) years in non-SRS (p=0.53). Total duration of puberty until AH attainment was 5.2 (0.8)
years in SRS versus 3.2 (0.6) years in non-SRS (p<0.01).

In females who were additionally treated with two years of GnRHa, mean (SD) age at onset
of puberty was 9.8 (0.9) years in SRS, versus 9.9 (1.0) years in non-SRS (p=0.85). There were
two of 17 SRS females with Tanner stage M2 before the age of eight years. Underlying
pathology was not found. The period from cessation of GnRHa to menarche lasted 1.3 (0.6)
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years in SRS, versus 1.5 (0.4) years in non-SRS (p=0.29). Mean age at menarche was 13.2
(1.1) years in SRS, versus 13.7 (1.1) years in non-SRS (p=0.33). The period from menarche to
AH attainment lasted 2.1 (0.9) years in SRS, versus 1.8 (0.6) years in non-SRS (p=0.29). Total
duration of puberty until AH attainment was 3.3 (1.0) years in SRS versus 3.3 (0.8) years in
non-SRS (p=0.97).

Table 3: Pubertal growth in SRS and non-SRS.

Height at onset AH (cm) Pubertal height p-value
puberty (cm) gain (cm)*
Males
SRS GH 146.6 (5.1) 169.0 (7.3) 22.4(5.3) 0.12
non-SRS GH 147.8 (5.1) 172.9 (5.5) 25.2 (5.0)
SRS GH/GnRHa 135.8 (1.2) 169.5(3.1) 33.0(2.0) 0.48
non-SRS GH/GnRHa 139.7 (3.5) 171.6 (6.1) 31.4(3.4)
Females
SRS GH 140.4 (7.8) 156.8 (4.6) 16.4 (5.6) 0.89
non-SRS GH 143.2 (5.1) 159.6 (5.2) 16.6 (4.5)
SRS GH/GnRHa 129.0 (4.7) 156.9 (1.8) 27.8 (5.3) 0.44
non-SRS GH/GnRHa 132.4 (4.7) 158.2 (3.5) 26.1(4.3)

Data expressed as mean (SD), p-values represent pubertal height gain in SRS vs. non-SRS. * Pubertal height gain
in GH/GnRHa subjects is including two years of GnRHa treatment. Abbreviations: GH, growth hormone; GnRHa,
gonadotropin-releasing hormone analogue.

Pubertal growth in SRS versus non-SRS, with and without additional GnRHa

In males and females who were treated with GH only, pubertal height gain was similar in
SRS and non-SRS (p=0.12 and p=0.89, respectively (Table 3)). In males and females who
additionally received two years of GnRHa, total pubertal height gain was similar in SRS and
non-SRS (p=0.48 and p=0.44 resp.).

In SRS males who were treated with GH only, pubertal height gain was 22.4 cm versus 33.0
cm in SRS males who additionally received two years of GnRHa (p=0.008). In SRS females
who were treated with GH only, pubertal height gain was 16.4 cm, versus 27.8 cm in SRS
females who additionally received two years of GnRHa (p=0.004).

Discussion

This study shows longitudinal data on pubertal progression and gonadal function in SRS
patients, compared to a large group of non-SRS patients born SGA and to healthy controls.
We found that onset and progression of puberty are similar in SRS and non-SRS subjects
born SGA. Sertoli cell dysfunction is more common in males with SRS than non-SRS. Gonadal
function does not seem to be impaired in females with SRS.
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We longitudinally assessed gonadal function from childhood to early adulthood in SRS
patients and compared these data to those of non-SRS subjects born SGA and to those of
healthy controls. To our knowledge, this is the first study assessing gonadal function in SRS
patients. More than a quarter of the SRS males had a postpubertal inhibin B level below the
5t percentile for healthy references, and two males also had an FSH level above the 95%
percentile. Our results imply that Sertoli cell dysfunction is more common in SRS males. One
of the SRS males in our cohort had both Sertoli- and Leydig cell dysfunction. He was born
with hypospadias and bilateral cryptorchidism, for which he underwent orchiopexy. Both
cryptorchidism and orchiopexy are associated with decreased gonadal function 2%, In our
cohort, four of the 14 SRS males had cryptorchidism, for which two underwent orchiopexy.
All of these patients had 11p15 LOM, which suggests increased risk of Sertoli cell dysfunction
in this genetic subtype. Although the exact incidence of genital anomalies in SRS males is
unknown, our results are in concordance with previous studies, reporting an incidence of
cryptorchidism in 19-59% of the SRS males . Interestingly, there were SRS males with a
normal gonadal function who had a history of cryptorchidism, and on the other hand, three
males with Sertoli cell dysfunction without a history of cryptorchidism. Thus, more research
is warranted to investigate the etiology of Sertoli cell dysfunction in SRS males, especially
those with 11p15 /CR1 LOM. Moreover, our data show that Sertoli cell dysfunction should
also be evaluated in absence of genital anomalies. Larger cohorts with a long follow-up
period are needed to confirm our findings.

To study gonadal function in females, we only used blood samples that were drawn before
the start of oral contraceptives. In SRS females, we found that LH levels were lower in SRS
than in non-SRS. This could be due to the fact that not all blood samples were drawn at the
same moment during the menstrual cycle. Unfortunately, data on menstrual cycle length
and possible irregularities were lacking. However, all females with SRS had LH, FSH and AMH
levels within the reference range. Thus, the follicle pool and gonadal function do not seem
to be impaired in SRS females, although there was one female with clinical SRS with primary
amenorrhea due to Miillerian agenesis. Previous casereports have shown an association
between SRS and MRKH 1330 |n three of these casereports, the patients had SRS based
on 11p15 LOM. In one study, describing two SRS patients with MRKH, an association was
found between MRKH and the severity of 11p15 LOM 1. However, our patient with MRKH
had clinical SRS, similar as the patient in the case-report of Abraham et al 2. More research
is thus warranted to establish the etiology of the association between SRS and MRKH,
and to investigate whether it is more common in certain SRS subtypes. Since the ovaries
are unaffected in MRKH, pubertal development and gonadal function are normal in these
females, and the diagnosis is usually not made before the age of 16 years, after work-up for
primary amenorrhea. Awareness of the association between SRS and MRKH can facilitate
timely diagnosis. One female in our study had a postpubertal AMH level below the 2.5"
percentile indicating a low follicle reserve. All other SRS females had an AMH level within
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the normal range. Apart from the association with MRKH and this low AMH level in our
patient, our results are reassuring regarding gonadal function in females with SRS. However,
to draw definite conclusions, larger cohorts are needed.

The age at onset of puberty was similar in SRS compared to non-SRS subjects born SGA. The
proportion of patients treated with GnRHa to postpone puberty was larger in SRS than in
non-SRS, due to the fact that SRS patients were shorter at onset of puberty. We found that
SRS patients have the same benefit from additional two years of GnRHa treatment as non-
SRS patients, with improved height gain from onset of puberty until AH 31. We, therefore,
suggest to consider additional treatment with two years of GnRHa when SRS children have
an expected AH below -2.5 SDS at onset of puberty.

Overall, puberty progressed similarly in SRS and non-SRS. There were two SRS females with
Tanner stage M2 before the age of eight years. Underlying pathology was not found, and
after two years of GnRHa treatment, their puberty progressed normally. All SRS patients
attained an adult Tanner stage. Duration from cessation of GnRHa treatment to AH was
significantly longer in SRS males compared to non-SRS males. However, this was based on
a small number of SRS patients, and the analysis should be conducted in larger groups to
confirm this result. To our knowledge, progression of puberty had never been investigated
in SRS patients. Our study shows that SRS patients have a normal pubertal progression.
However, we emphasize that more research is warranted.

In conclusion, we show that SRS patients have a similar age at onset of puberty and pubertal
progression as non-SRS subjects born SGA. Although gonadal function is on average similar
in SRS and non-SRS subjects born SGA and within the normal range, disturbances in Sertoli
cell function are more common in SRS males. Gonadal function does not seem to be impaired
in SRS females with normal puberty. There is an association with Mdllerian agenesis, but
larger cohorts are needed to assess the incidence of Miillerian agenesis in SRS. Based on
our results, we advise clinicians to assess gonadal function in SRS patients, also when Tanner
stage 5 is achieved, particularly in males.
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Abstract

Background: GH treatment increases glomerular filtration rate (GFR), as serum IGF-I
stimulates the renin-angiotensin system. Infants born with a low birth weight have
a smaller number of nephrons, which causes a lower GFR, a higher blood pressure
and a higher albumin-to-creatinine ratio in early adulthood.

Methods: 261 young adults born SGA, previously treated with growth hormone
(SGA-GH) were longitudinally followed. GFR, based on serum creatinine levels, was
determined at cessation of GH treatment and at 6 months, 2 and 5 years thereafter.
GFR, blood pressure and urinary albumin-to-creatinine ratio at 5 years after
cessation of GH were compared with untreated age-matched controls (56 untreated
short subjects born SGA (SGA-S), 118 subjects born SGA with spontaneous catch-up
growth (SGA-CU), 135 subjects born appropriate for gestational age (AGA)).

Results: GFR decreased significantly only during the first 6 months after cessation
of GH treatment, while remaining well within the normal range (124.6 vs.
120.2 mL/min/1.73m?, p<0.001). SGA-GH adults had a similar GFR, blood pressure
and urinary albumin-to-creatinine ratio as the healthy controls born SGA and AGA.

Conclusion: In conclusion, our 5 years longitudinal follow-up study shows a
decrease in GFR during 6 months after GH-cessation, but thereafter GFR remained
stable and within the normal range. GFR, blood pressure and urinary albumin-to-
creatinine ratio at 21 years of age was similar in GH-treated young adults born
SGA and untreated controls born SGA or AGA. We conclude that long-term GH
treatment in children born SGA has no unfavourable effects on kidney function in
early adulthood.
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Introduction

Growth hormone (GH) treatment effectively induces catch-up growth and increases adult
height (AH) in children born small for gestational age (SGA) 3. GH treatment increases
glomerular filtration rate (GFR), as higher levels of serum insulin-like growth factor 1 (IGF-1)
affect renal hemodynamics by stimulating the renin-angiotensin system “°. Also, in GH
deficient children, GH treatment has been shown to increase kidney length and total kidney
volume 7%, It is essential to ascertain longitudinal data after cessation of GH treatment
to investigate the possible effects of higher serum IGF-I levels during childhood on GFR in
adulthood.

Alower GFR and an increased urinary albumin-to-creatinine ratio are independent predictors
of cardiovascular and all-cause mortality risk in the general population and patients with
diabetes ¥4, Infants born with a low birth weight have a smaller number of nephrons,
which causes a lower GFR, a higher albumin-to-creatinine ratio and a higher blood pressure
in early adulthood **%, A study in young adults, with low birth weight after a gestation of
less than 32 weeks, showed a lower GFR and more frequent microalbuminuria compared
with those being born appropriate for gestational age (AGA) 2. A low birth weight can be
explained by both prematurity and SGA birth, but the independent effects of gestational age
and birth weight on renal function are unknown.

The primary aim of our study was to investigate the longitudinal changes in GFR after
cessation of GH treatment. We, therefore, evaluated serum creatinine levels during 5 years
after cessation of GH treatment in young adults born SGA (SGA-GH). We hypothesized that
after cessation of GH treatment, GFR would decrease in line with the decrease in IGF-I levels,
but would remain within the normal range. Our secondary aim was to investigate GFR,
blood pressure and urinary albumin-to-creatinine ratio in GH-treated adults born SGA at 21
years of age in comparison with data of age-matched young adults born SGA with persistent
short stature (SGA-S), young adults born SGA with spontaneous catch-up growth (SGA-CU)
and with healthy controls born appropriate for gestational age (AGA). We hypothesized that
GFR, blood pressure and urinary albumin-to-creatinine ratio of SGA-GH young adults would
be similar to levels of the untreated SGA-S, SGA-CU and AGA young adults.
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Methods

Subjects

The total study group comprised 570 young adults (315 females, 55.3%), of which 261
young adults born SGA (birth weight or birth length < -2 standard deviation scores (SDS)
for gestational age) had participated in a Dutch SGA trial (139 females, 53.2%). Participants
were recruited between 2002 and 2010. These young adults had no other known cause of
short stature than SGA birth, and started GH treatment when prepubertal, with a height at
start below -2.5 SDS. Before start of the study, GH status was evaluated using GH stimulation
tests. GH deficiency (GHD) was defined as a maximum serum GH level <20 mU/L (<7.7 ng/ml)
during two stimulation tests. Patients with GHD were excluded. Treatment with GH 1 mg/
m?2/day (=0.033 mg/kg/day) was given daily subcutaneously at bedtime (r-hGH Norditropin;
Novo Nordisk A/S, Bagsvaerd, Denmark). Every three months, the GH dose was adjusted to
the calculated body surface area. GH treatment was discontinued at attainment of AH. At
GH-cessation, the young adults were invited to participate in the current follow-up study
evaluating GFR at AH while still on GH, and at 6 months, 2 and 5 years after GH-cessation.

Data at 5 years after GH-cessation were compared with those of 309 participants of a
healthy young adult cohort (PROGRAM study), aged 18 to 24 years *%. The control group
comprised 56 untreated young adults born SGA (birth weight and/or birth length <-2 SDS)
with persistent short stature (<-2 SDS) (SGA-S), because they had persistent short stature
at the same age as the SGA-GH group, when GH treatment was started, 118 young adults
born SGA (birth weight and/or birth length <-2 SDS) with a normal stature (>-1 SDS) (SGA-
CU), to investigate difference in effects of GH-induced and spontaneous catch-up growth,
and 135 young adults born AGA (birth length >-1 SDS) with a normal stature (>-1 SDS) (AGA)
as representatives of the general healthy population. SGA-S and SGA-CU were randomly
selected from hospitals in the Netherlands, where they had been registered because of
small birth size (birth length < -2SDS) with or without short stature (< -2SDS). Healthy young
adults from schools of different educational levels were randomly asked to participate as
controls born appropriate for gestational age kan weg, vervangen door AGA %,

Urine samples were collected in 56 SGA-GH young adults and were compared to 181
healthy young adults (37 SGA-S, 62 SGA-CU and 82 AGA), to investigate urinary albumin and
creatinine excretion. The SGA-GH subjects had ceased GH treatment due to AH attainment
and visited the hospital for their 2- or 5-years follow-up visit.

The Medical Ethics Committee of the Erasmus University Medical Center approved the
studies, and we obtained written informed consent from all participants.
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Measurements

Standing height was measured to the nearest 0.1 cm using a Harpenden stadiometer (Holtain,
Ltd, Crymmyth, UK). Birth weight, birth length and height were expressed as SDS adjusted
for age and sex, using Growth Analyser Research Calculation Tools (https://growthanalyser.
org) **. AH SDS at 5 years after cessation of GH treatment was calculated using references
for Dutch adults (21 years). We defined catch-up growth in SDS during childhood as the gain
in height SDS from birth to adult height attainment.

Assays

Blood and urine samples for measurement of albumin and creatinine were frozen and
subsequently stored at -80°C. All measurements were determined in the Same trial
laboratory in Erasmus Medical Center. Serum and urine creatinine was measured with a
2-point end assay (Cobas c701 module; Roche), the urine albumin levels were determined
with a immunoturbimetric assay (Cobas c501 module; Roche). Before 2013, insulin-like
growth factor-1 (IGF-1) was measured using an immunometric technique on Immulite 2000
(Siemens Health-care Solutions Diagnostics) with an interassay variation <6.5%. After 2013,
IGF-I was measured using the IDS-iSYS (Immunodiagnostic Systems) with an interassay
variation <7.5%, with an intra-assay variation <2.1%. Serum levels of total IGF-I were
expressed as SDS adjusting for age and sex, using reference values for healthy children with
normal stature determined with these assays in the same laboratory.

Blood pressure

Diastolic blood pressure (DBP) and systolic blood pressure (SBP) were measured repeatedly
during one hour in the supine position after 10 minutes of rest using the non-dominant arm
with an automated device (Accutorr Plus, Datascope Corp., Montvale NJ, USA). The mean of
13 measurements was taken for analysis, to reflect resting blood pressure. Blood pressure
was expressed in SDS using sex- and age-matched reference values 2.

Statistics

Serum creatinine, patient’s age and sex were used to calculate the estimated GFR, according
to the CKD-EPI formula ?. We followed NICE guidelines in the assessment of risk for
developing chronic kidney disease %, using GFR and the calculated albumin-to-creatinine
ratio in urine. A moderate risk for developing chronic kidney disease was defined as a GFR
value below 60 mL/min/1.73m? or an albumin-to-creatinine ratio above 3mg/mmol %.

SPSS version 24.0 was used to perform all analyses. Clinical characteristics are presented as
mean (SD). Shapiro Wilk tests and Normal Q-Q-plots were used to determine the distribution
of variables. To assess longitudinal changes in GFR, we used repeated measurements
analysis with an unstructured covariance type, which takes into account any missing data.
As age in years correlated to all GFR scores, we used this as a covariate in all analyses.
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Participants were only included in the longitudinal analysis if they had completed at least 3
out of 4 study moments (GH-cessation, 6 months, 2 years and 5 years after). ANCOVA was
used for adjusted comparisons between groups at age 21 years. GFR values are corrected
for age and sex, blood pressure values are corrected for height and sex. To test differences
in the continuous variables between previously GH-treated and control subjects, we used
the Mann-Whitney-U test or Kruskal-Wallis test. Correlations between variables were
determined by Spearman correlation. P-values <0.05 were considered statistically significant.

Table 1: Clinical characteristics.

SGA-GH SGA-S SGA-CU AGA
Total group (n) 261 56 118 135
Sex (male/female) 122/139 23/33 47/71 63/72
Age (years) 20.9 (1.9) 20.7 (1.7) 20.9 (1.7) 20.9 (1.7)
Gestational age (weeks) 36.6 (3.7) 38.4(3.0) * 36.5(3.3) 36.4 (4.1)
Birth length SDS -3.0(1.4) -2.9(0.9) 2.6 (1.1) 0.2(0.9)"
Birth weight SDS 2.2 (1.1) -2.1(0.9) -2.3(0.8) 0.5(1.1)"
GH duration (years) 8.6 (4.3) N/A N/A N/A
AH SDS (21 years) -1.6 (0.8) -2.5(0.5) ¢ -0.2(0.7) " 0.2(0.8)"
Urine samples (n) 56 37 62 82
Sex (male/female) 31/25 15/22 28 /34 39/43
Age (years) 20.7 (2.1) 20.9 (1.8) 21.2 (1.7) 21.0(1.6)
Gestational age (weeks) 37.9(3.4) 38.1(3.3) 36.3(3.2) 36.8(3.2)
Birth length SDS -2.7 (1.5) -3.0(1.0) -2.8(0.9) 0.2(0.8)"
Birth weight SDS -1.8(1.2) -2.0(0.9) -2.3(0.9) 0.4(1.1)"
GH duration (years) 9.1(3.0) N/A N/A N/A
AH SDS (21 years) -1.5(1.1) -2.4(0.7) ¢ -0.3(1.2)" 0.3(1.2)°

Data are expressed as means (SD). Comparison between SGA-GH and young adults without history of growth
hormone treatment (SGA-S, SGA-CU and AGA): tp<0.001 compared with SGA-GH; #p<0.01 compared with SGA-GH
Abbreviations: SGA-GH, previously GH-treated adults born SGA; SGA-S, untreated adults born SGA with persistent
short stature; SGA-CU, adults born SGA with spontaneous catch-up growth; AGA, adults born appropriate for

gestational age; N/A, not applicable SDS, standard deviation scores.
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Results

Clinical characteristics

Table 1 shows the clinical characteristics of the SGA-GH adults at 5 years after cessation of
GH treatment, and the participants of the age-matched healthy adult cohort (SGA-S, SGA-
CU and AGA). At 5 years after cessation of GH treatment, mean (SD) age was 20.9 (1.9) years
which was similar in the healthy young adult cohort. Mean duration of GH treatment was
8.6 (4.3) years in the SGA-GH group. AH SDS was -1.6 (0.8) SDS in SGA-GH young adults,
which was significantly higher than in SGA-S young adults (p<0.001), but significantly lower
than in SGA-CU (p<0.001) and AGA young adults (p<0.001). Urine samples were collected
after a mean of 3.9 (1.6) years after GH-cessation, at a mean age of 20.7 (2.1) years. The
baseline characteristics of the group with urine samples were similar as the total group, only
GH duration was significantly longer in the patients who provided urine samples (p=0.023).

Glomerular Filtration Rate (GFR)

Longitudinal changes in GFR after cessation of GH treatment in SGA-GH adults

Figure 1 shows the longitudinal changes in GFR after GH-cessation in the SGA-GH adults,
expressed as estimated marginal means. There was an inverse correlation between age and
GFR (r = -0.380, p<0.001). GFR, decreased during the first 6 months after cessation of GH
treatment, while remaining well within the normal range (124.6 vs. 120.2 mL/ min/1.73m?,
p<0.001). From 6 months to 2 years, GFR decreased from 120.2 to 117.7 mL/min/1.73m?
(p=0.027) and GFR did not significantly change in the 3 years thereafter. GFR did not correlate
to serum IGF-I levels.

GFR of SGA-GH compared with untreated SGA-S, SGA-CU and AGA adults

Table 2 and Figure 2 show GFR values in all groups. SGA-GH adults had a similar GFR as the
SGA-S, SGA-CU and AGA young adults. No significant correlation was found between GFR
and gestational age, birth weight or degree of postnatal catch-up growth. The percentage
of participants with a GFR below 90 mL/min/1.73 m? was similar in all groups (SGA-GH:
4%, SGA-S: 2%, SGA-CU: 4%, AGA: 4%). None of the participants had a GFR below 60 mL/
min/1.73m>.

Blood pressure

Results on systolic and diastolic blood pressure are shown in Table 2. Systolic and diastolic
blood pressure were similar in SGA-GH compared with SGA-S, SGA-CU and AGA. None of
the participants had a blood pressure outside the normal range of -2 SDS and +2 SDS. GFR
and urinary albumin excretion did not correlate with systolic and diastolic blood pressure.
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Microalbuminuria

Urinary albumin excretion in SGA-GH compared with untreated SGA-S, SGA-CU and AGA adults
Urine albumin and urine creatinine were similar in all groups (Table 2 and Figure 2). The
calculated albumin-to-creatinine ratio was also similar in all groups (0.03mg/mmol). No
significant correlation was found between urinary albumin excretion and gestational age,
birth weight or degree of postnatal catch-up growth.

One of the participants of the AGA group had microalbuminuria, defined as an albumin-to-
creatinine ratio > 3mg/mmol. This participant had a normal GFR (135.7 mL/min/1.73m?2).
According to the NICE guidelines, this participant is at higher risk for developing kidney
disease, because of microalbuminuria 8.

Glomerular filtration rate (CKD-EPI) Figure 1: Longitudinal changes in GFR during 5 years
Corrected for age after GH-cessation.

Bars represent the estimated marginal mean and
the upper limit of the 95% confidence interval.
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Table 2: Results in all groups at the age of 21 years.

SGA-GH SGA-S SGA-CU AGA p-value

GFR (mL/min/1.73m?) 112 (106-117) 119 (107-131) 113 (106-120) 113 (106-120)  0.760
Systolic blood pressure (mmHg) 116 (114-118) 113(110-116) 114(112-117) 113(110-115) 0.069
Diastolic blood pressure (mmHg) 67 (66-69) 66 (63-69) 68 (66-70) 67 (65-68) 0.498
Urine

Albumin (mg/dL) 0.6 (0.0-2.0) 0.7 (0.0-2.1) 1.0(0.6-2.2) 1.4 (0.6-2.2) 0.697
Creatinine (mmol/L) 14.0(12-16)  15.7(14-18)  16.1(15-18)  16.9(16-18)  0.142
ACR (mg/mmol) 0.07 (0.0-0.1)  0.05(0.0-0.1) 0.06 (0.0-0.1) 0.09 (0.0-0.1)  0.781
Urine ACR >1mg/mmol 1(1%) 0 0 2 (2%) 0.551

GFR and blood pressure data are expressed as estimated marginal means (95% Cl). GFR values are corrected
for age and sex, blood pressure values are corrected for height and sex. P-value represents the between group
differences, p<0.05 was considered significant. Abbreviations: SGA-GH, previously GH-treated adults born SGA;
SGA-S, untreated adults born SGA with persistent short stature; SGA-CU, adults born SGA with spontaneous catch-
up growth; AGA, adults born appropriate for gestational age; ACR, albumin-to-creatinine ratio; GFR, glomerular
filtration rate estimated with the CKD-EPI formula; SDS, standard deviation scores.



Glomerular filtration rate after GH-cessation | 63

Glomerular filtration rate (CKD-EPI) Urine Albumin to Creatinine ratio
Corrected for age

«(3.47)

*(1.03) o (1.43)
120+ == - 0.10
5 1004 . =
< 804 5
S oo £ 0.05-
E o
® 40 & T
[T <<
]
20
o . . 0.00- . .
SGA-GH SGA-S SGA-CU AGA SGA-GH SGA-S SGA-CU AGA

Figure 2: Distribution of kidney function levels between groups.

Data are expressed as means with the upper limit of the 95% confidence interval. Abbreviations: GFR, Glomerular
filtration rate; ACR, Albumin-to-creatinine ratio; SGA-GH, previously GH-treated adults born SGA; SGA-S,
untreated adults born SGA with persistent short stature; SGA-CU, adults born SGA with spontaneous catch-up
growth; AGA, adults born appropriate for gestational age. ¢(...) Albumin-to-creatinine ratio above 1mg/mmol,
with absolute value between parentheses.

Discussion

To the best of our knowledge, our longitudinal study is the first to report GFR after cessation
of GH treatment in previously GH-treated adults born SGA. It has been reported that GH
treatment increases GFR, which has raised concerns about the long-term effects of GH
treatment on kidney function. We now show that GFR remains well within the normal range
after cessation of GH treatment and that GFR decreases during the first 6 months after GH-
cessation. At 5 years after GH-cessation, previously GH-treated SGA young adults have a
similar GFR, blood pressure and urinary albumin excretion as age-matched untreated young
adults born either SGA or AGA. At young adult age, birth weight and birth length corrected
for gestational age did not correlate with risk factors for developing kidney disease, such as
a lower GFR, higher blood pressure or a higher albumin-to-creatinine ratio.

GFR remained well within the normal range, on average 115.2 mL/min/1.73m? at 5 years
after GH-cessation. The higher GFR at cessation, while still on GH treatment, was probably
caused by a stimulation of the renin-angiotensin system due to the higher serum IGF-I levels,
which has also been described in an earlier study in patients with GH deficiency °. However,
we did not find a correlation between serum IGF-I levels and GFR in the GH-treated young
adults born SGA, which might be explained by the lack of variability in serum IGF-I levels
and GFR in this population. Also, in patients with a renal graft, studies have shown that GH
treatment did not lead to hyperfiltration or a decline in renal function 2. Most importantly,
our findings show that long-term GH treatment has no long-lasting unfavourable effects on
GFR in early adulthood.
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Urinary albumin-to-creatinine ratio was similar in previously GH-treated young adults
born SGA and untreated short SGA young adults. During follow-up after cessation of GH
treatment, none of the GH-treated subjects had microalbuminuria. Only one young adult
born AGA had mild microalbuminuria, with a GFR well within normal range (135.7 mL/
min/1.73m?). We did not find a correlation between birth weight corrected for gestational
age and urinary albumin excretion, which is in line with the findings of another study 3. In
a population of young adults born before 32 weeks of gestational age, however, low birth
weight was correlated with an increased risk of microalbuminuria at the age of 19 years %,
but this might be explained by the increased risk of the premature birth per se, due to their
lower nephron number 1732, The fact that we did not find this correlation is likely due to the
low number of children below 32 weeks of gestation in our study.

Lower estimated GFR values (<60 mL/min/1.73m?) and a higher albumin-to-creatinine ratio
(>10mg/mmol) are associated with an increased risk of cardiovascular mortality 4. None
of the SGA-GH participants in our study fulfilled these criteria. Longer follow-up studies on
renal function in GH-treated adults should be conducted before a definite conclusion can
be drawn. Also systolic and diastolic blood pressure were similar in the SGA-GH subjects
compared with the healthy young adults born SGA or AGA. These results are reassuring and
support the cardiovascular safety of GH treatment 3334,

In conclusion, our 5 years longitudinal follow-up study shows a decrease in GFR during 6
months after GH-cessation, but thereafter GFR remained stable and within the normal
range. IGF-1 levels were not associated with the decrease in GFR values in the first 6 months.
The comparison at 5 years after GH-cessation of GH-treated young adults born SGA to a
control group of young adults born either SGA or AGA shows similar values in GFR, blood
pressure and urinary albumin excretion. Our results show that long-term GH treatment in
children born SGA has no unfavourable effects on kidney function in early adulthood.
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Abstract

Background: Childrenbornsmallforgestationalage (SGA) witha pooradult height expectation
benefit from treatment with growth hormone (GH) and additional gonadotropin-releasing
hormone analogue (GnRHa). As both SGA birth and GnRHa-treatment might negatively
influence cognition, health-related quality of life (HRQoL) and psychosocial functioning, we
assessed these outcomes at adult height (AH).

Methods: A randomized, dose-response GH study until AH involving 99 adolescents born
SGA, of whom 61 children received additional 2 years of GnRHa-treatment. At AH, the
Wechsler Adult Intelligence Scale and TNO-AZL Adults Quality of Life questionnaire were
administered to the study group. Additionally, the study group and 67 adolescents born SGA
(19 GnRHa) from a second study group completed the Self-Perception Profile of Adolescents
and Child/Adolescent Behaviour Checklist at AH. Scores in GH-treated young adults with
GnRHa-treatment (GH/GnRHa-group) were compared with GH-treated adolescents without
GnRHa treatment (GH-group) and a reference population.

Results: Mean age (SD) at AH was 17.5 (1.2) and 17.4 (1.4) years in the GH/GnRHa and GH-
group, respectively. Intelligence quotient scores were similar in GH/GnRHa and GH-group
(96.33 vs. 92.47). HRQoL was similar between both groups, and also when compared to
reference population, but GH/GnRHa-group had a significantly lower perception of cognitive

functioning. Self-perception and problem behaviour was similar in the GH/GnRHa and GH-

group. AH did not correlate with HRQoL, self-perception and problem behaviour.

Conclusion: Combined GH/GnRHa treatment has no long-term negative effects on
cognition, HRQoL, self-perception and problem behaviour in early adulthood, compared to
GH treatment only.
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Introduction

Being born small for gestational age (SGA) has been associated with problems in health-
related quality of life (HRQoL), behaviour and cognitive development *®. In short SGA children
without sufficient catch-up growth, long-term continuous recombinant growth hormone
(GH) treatment leads to an improvement in adult height (AH) 7°. Additional gonadotropin-
releasing hormone analogue (GnRHa) treatment for 2 years at start of puberty improves
AH in both boys and girls who start GH treatment at onset of or in early puberty with an
expected AH of less than -2.5 standard deviation score (SDS) *°.

Gonadotropin-releasing hormone influences structures outside of the pituitary region, in
the hippocampus and other limbic structures '3, GnRHa treatment may therefore have
cognitive effects, as has been shown during 2 years of GnRHa treatment in precocious
puberty. Cognitive functioning at cessation of GnRHa treatment tended to be lower in the
group receiving 2 years of GnRHa treatment *%°, It is, however, unknown whether GnRHa
treatment affects long-term cognitive functioning.

Short stature has a negative effect on HRQoL and GH treatment improves HRQolL ¢,
We have shown that 2 years of GnRHa in addition to GH treatment did not have adverse
effects on HRQoL in children born SGA, during 2 years of treatment ?°. The postponement
of puberty might, however, negatively affect problem behaviour and school skills later on
in life 2. Furthermore, GnRHa treatment has been linked to a suppressed reward system,
causing subsequent depressive emotions when used for endometriosis and during fertility
treatment. However, these populations differed greatly from children who receive GnRHa
treatment for the purpose of postponement of puberty 2?2, The long-term effects of
pubertal suppression by means of 2 years of GnRHa in addition to GH treatment on HRQol,
self-perception and problem behaviour in early adulthood, are lacking.

The primary objective of this study was to assess cognitive functioning and HRQolL after
attainment of AH in subjects who participated in Dutch GH trials involving children born
SGA treated with GH, either with or without additional 2 years of GnRHa treatment after
onset of puberty. In addition, we tested self-perception and problem behaviour in these
subjects, to evaluate psychosocial functioning at AH. We hypothesized that postponement
of puberty by 2 years of GnRHa treatment in GH-treated young adults born SGA does not
negatively influence cognitive functioning, HRQoL, self-perception and problem behaviour
in early adulthood compared to GH treatment only. Additionally, we hypothesized that
adult height would positively correlate with HRQoL, self-perception, and negatively with
problem behaviour, and that a double GH-dose of 2mg/m?/day (~ 0.067 mg/kg/d) would
not influence these outcomes.
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Methods

Subjects

The study group consisted of young adults born SGA, who had participated in the Dutch
SGA trial (ISRCTN18062389) (study group 1). SGA was defined as birth weight and/or birth
length below —2 SDS for gestational age, with a height at start of GH treatment below -2.5
SDS and no endocrine, metabolic or chronic disorders. GH treatment was started at 8 years
or above, and continued until attainment of AH. Study group 1 consisted of 99 GH-treated
young adults, who either additionally received GnRHa treatment for 2 years (n=61; GH/
GnRHa) or had only received GH treatment (n=38; GH). The 2 years of GnRHa treatment was
prescribed, when height at start of puberty would result in an expected AH less than -2.5
SDS, based on Dutch references 2. At start of puberty, subjects were randomly assigned to
treatment with either GH 1 or 2 mg/m?/day (~ 0.033 or 0.067 mg/kg/d) after stratification
for sex, pubertal stage, and parental height.

For the evaluation of self-perception and problem behaviour only, we added 67 young adults
born SGA from the IUGR-3 study (ISRCTN65230311) (study group 2). These subjects started
GH treatment at the age of 5-8 years, and 19 subjects received 2 years of GnRHa treatment
in addition to GH treatment, if they met the same inclusion criteria used in study group 1.
Supplemental figure 1 shows the treatment regimen of both studies %*. Number of subjects
per completed test by the study groups is shown in supplemental Table 1 %.

The Medical Ethics Committee of the Erasmus University Medical Centre approved both
studies. We obtained written informed consent from all subjects and, if they were younger
than 18 years, from their parents or guardians. Due to ethical considerations, the medical
ethics committee did not allow a randomized untreated short SGA group.

Measurements

At start, every three months during GH treatment and at AH, height was measured to
the nearest 0.1 cm using a Harpenden stadiometer (Holtain, Ltd. Crymmyth, UK). Height
was transformed into SDS for sex and chronological age according to Dutch references,
using Growth Analyser Research Calculation Tools (Growth Analyser B.V., Rotterdam, The
Netherlands). AH SDS was calculated using references for Dutch adults, aged 18 years 2.

Socioeconomic status

Parents provided information regarding the socioeconomic status (SES), by means of a
questionnaire at start of GH treatment. The highest of two education levels (father and
mother) was used as socioeconomic indicator to determine SES (categorized as 1 = lowest,
2 = low, 3 = medium and 4 = high) %.
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Cognitive functioning

To assess cognitive functioning, the Wechsler Adult Intelligent Scales (WAIS-1II) was
performed in 86 subjects to obtain the intelligence quotient (1Q). A Wechsler Intelligence
Scales for Children (WISC-1II) was administered in thirteen subjects who attained AH below
16 years of age %8, All tests were performed by an experienced psychologist in adherence
to the standardization instructions of the WAIS-IIl and WISC-IIl manual, within a quiet area
to minimize distraction during testing.

Both tests consist of 11 subtests (Picture completion, Vocabulary, Digit symbol coding,
Comprehension, Symbol search, Similarities, Information, Digit span, Letter-number
sequencing, Block design, Matrix reasoning) of which we created the total 1Q, performance
IQ and verbal 1Q, as described by the WAIS-IIl and WISC-IlIl manuals. % There is a good
correlation between the WAIS-1Il and WISC-III IQ scores (r=0.88, r=0.78, and r=0.88 for total
IQ, performance 1Q and verbal IQ, resp.) %°.

Health-related quality of life

When subjects had attained AH at 16 years or above, the validated TNO-AZL Adults Quality
of Life (TAAQOL) was completed to assess HRQoL %3, The TAAQOL consists of 45 items and
contains twelve scales (gross motor function, fine motor function, cognitive functioning,
sleep, pain, social functioning, daily activities, sexuality, vitality, positive emotions,
depressive emotions and aggressive emotions). Most items consist of two questions: the
first question assesses whether a participant has experienced a health status limitation in
the last couple of weeks. If present, the second question evaluates the emotional feeling
about this limitation. The scale scores are obtained by combining both responses into one
HRQoL score per item, adding item scores within scales and transforming crude scale scores
to a 0-100 scale. Higher scores indicate a better HRQoL. This questionnaire specifically offers
the subjects the possibility to differentiate between their functioning and the way they feel
about it.

We excluded the questions about sexuality in our analysis, as most subjects replied they
were not able to answer these questions. Thirteen subjects could not complete the TAAQOL
guestionnaire, because they were not yet 16 years of age.

Based on the data of the Dutch population, Cronbach alphas values ranging from 0.65 to
0.84, indicated that comparisons on group level were justified ¥, and the psychometric
properties, reliability and validity of this questionnaire were satisfactory *.

As recommended in the TAAQOL manual, 103 healthy respondents in the same age range
of 16-22 years of study group 1 were selected from the total reference group (n=4410) and
included in the analyses *.
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Self-perception

Subjects of both study groups 1 and 2 completed the validated Dutch version of the Self
Perception Profile of Adolescents (CBSA) at attainment of AH 3334 This questionnaire
comprises seven domains (School skills (SS); Social acceptation (SA); Sports Skills (SP);
Physical appearance (PA); Behavioural attitude (BA); Feeling of self-esteem (SE); Friendship
(FR)). Each domain consists of five items, which consist of two propositions, to which
subjects can indicate which proposition suits them the most. The questionnaire uses a
4-point Likert scale. Results are presented as rank percentiles, compared to a reference
population, corrected for level of education and sex. Cronbach alphas values were mostly
around 0.80, for each domain. The test-retest reliability correlations of this questionnaire
were highly significant (r=0.72-0.76; P < 0.01) *.

Problem behaviour

Parents of both study groups 1 and 2 completed the Child/Adolescent Behaviour Check List
(CBCL/ABCL) at attainment of AH. The questionnaire consists of 113 questions on specific
problem behaviour, scored on a 3-point Likert scale (0 indicating absent behaviour; 2
indicating behaviour is frequently present). This questionnaire is one of the most widely
used dimensional rating scales of psychopathology, as it rates behaviour on three main
scales (total problems, externalizing problems and internalizing problems) and eight
subscales (withdrawn behaviour, somatic complaints, anxious/depressed behaviour, social
problems, thought problems, attention problems, delinquent behaviour, and aggressive
behaviour) 3*. Raw scores are continuous and can be transformed into standardized T-scores,
with a mean of 50 and a standard deviation of 10, compared to a reference population. This
questionnaire has been studied extensively in clinical and community populations 363,

Data analysis

All tests were performed using the statistical package SPSS (version 24.0; SPSS Inc., Chicago,
Ill., USA) for Windows. Clinical characteristics are presented as mean (SD) unless stated
otherwise. Distribution of variables was determined by Kolmogorov-Smirnov test and normal
Q-Q plots. Differences in characteristics between the groups were tested with students
T-test for continuous variables and x>-test for proportions. Non-parametric variables of the
TAAQOL questionnaire were tested by means of the Mann-Whitney U test and the Kruskal-
Wallis test.

We used the Pearson’s correlation and Spearman’s Rank Order Correlation (rho) to calculate
the strength of the relationship between the outcomes of the questionnaires and adult
height. Differences between the 1 and 2 mg/m?/day GH-dose groups in all questionnaires
were evaluated using an independent-sample t-test. Results were regarded as statistically
significant at a p-value of <0.05.
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Clinical characteristics
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Table 1 shows the clinical characteristics of study group 1 at start and cessation of GH
treatment. In total 99 (61 GH/GnRHa, 38 GH) subjects completed the questionnaires at AH,
on average 3.48 years after cessation of GnRHa treatment. In the GH/GnRHa and GH groups,
mean (SD) age at start of GH treatment was 11.98 (1.72) vs. 11.19 (2.26) years in males
and 11.63 (1.05) vs. 10.27 (1.15) years in females (p<0.001), respectively. At cessation of
GH treatment, mean (SD) age was 18.35 (0.79) vs. 18.28 (1.19) years in males and 16.88
(1.02) vs. 16.24 (0.93) in females (p=0.009), in the GH/GnRHa and GH groups, respectively.
Mean SES was significantly higher in subjects who additionally received GnRHa treatment

(p=0.016).

Table 1: Clinical characteristics.

GH/GnRHa GH
Means (SD) Means (SD) p-value
Male/Female 24/37 22/16 0.072
Gestational age (weeks) 37.76 (3.27) 37.64 (2.82) 0.847
Birth weight (SDS) -1.99 (0.89) -1.83 (0.99) 0.410
Birth length (SDS) -2.72 (1.04) -2.47 (0.95) 0.289
Height at start GH-treatment (SDS) -3.07 (0.65) -3.06 (0.55) 0.930
Age at start GH-treatment in years male 11.98 (1.72) 11.19 (2.26) 0.229
female 11.63 (1.05) 10.27 (1.15) 0.000
Age at stop GH-treatment in years male 18.35(0.79) 18.28 (1.19) 0.825
female 16.88 (1.02) 16.24 (0.93) 0.009
Age at start GnRHa-treatment in years male 12.52 (0.34)
female 11.74 (0.95)
Adult height SDS -1.70 (0.79) -1.45 (0.86) 0.184
Dutch Caucasian ethnicity (%) 79.1 93.9 0.068
Socioeconomic status (%) 0.016
Lowest 0 0
Low 24.6 39.5
Medium 28.1 42.1
High 47.4 18.4

P-values<0.05 are considered significant differences between groups. GH=growth hormone, GnRHa=gonadotropin

releasing hormone agonist.
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Cognitive functioning

Table 2 shows the mean (SD) scores in the GH/GnRHa and GH group on total, performance
and verbal IQ scores in the 99 subjects of study group 1 only. Total 1Q scores were not
significantly different between the GH/GnRHa group and GH group (96.33 vs. 92.47, resp.
(p=0.135)). Also the performance and verbal 1Q scores were not significantly different
(p=0.280 and p=0.198, resp.). The total 1Q, performance IQ and verbal IQ scores were
similar between GH-dose groups.

Cognitive functioning correlated significantly with SES (r=0.495, p=0.001), but within each
category of SES, cognitive functioning was similar in the GH/GnRHa and GH group.

The GH/GnRHa and GH groups had significantly lower cognitive functioning, when compared
to the reference population (94.85 vs. 100.00, resp. (p=0.001)). However, their cognition
was still within the normal ranges. Although not significant, total IQ scores were higher in
the GH/GnRHa group. This difference disappeared after correction for socioeconomic status
(p=0.554).

Table 2: Cognitive functioning at adult height.

GH/GnRHa (n=61) GH (n=38)
Means (SD) SD-scores Means (SD) SD-scores p-value
Verbal 96.31 (14.09) -0.25 (0.94) 92.87 (10.52) -0.48 (0.70) 0.198
Performance 97.15 (13.63) -0.19 (0.91) 94.21 (12.12) -0.39 (0.81) 0.280
Total 96.33 (13.47) -0.24 (0.90) 92.47 (10.38) -0.51 (0.69) 0.135

Wechsler Adult Intelligence Scores (WAIS) and Wechsler Intelligence Scores for Children (WISC) was administered
to all subjects of the SGA study. Higher scores indicate higher cognitive functioning. GH=growth hormone,
GnRHa=gonadotropin releasing hormone agonist.

Health-related quality of life
Table 3 shows the mean (SD) TAAQOL scores at GH-cessation in the GH/GnRHa and GH
groups of study group 1 and of an age-matched reference population.

Subjects who additionally received GnRHa treatment had a significantly higher quality of
life regarding positive emotions, when compared to the GH group (76.63 vs. 66.39, resp.
(p=0.039)), also after correction for socioeconomic status (p=0.028).

Depressive emotions were similar in both groups, and none of the subjects received
antidepressant therapy. No significant correlations with AH were found in all HRQoL
categories, in the GH/GnRHa and GH groups. HRQoL scores were similar in both GH-dose
groups.
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Cognitive functioning, however, was perceived significantly different between the GH/
GnRHa group, GH group and reference population (p=0.002). The GH/GnRHa group had a
lower perceived cognitive functioning than the reference population (78.42 vs. 87.86, resp.
(p=0.002)), while the GH group had a trend towards lower perceived cognitive functioning
compared to the reference population (82.76 vs. 87.86, resp. (p=0.176)). There was no
significant difference in perception of cognitive functioning between the GH/GnRHa and GH
groups (p=0.422).

Table 3: Health-related quality of life at adult height.

GH/GnRHa GH GH/GnRHa Refs. All groups
(n=56) (n=30) vs. GH (n=103)

Means (SD) Means (SD) p-value Means (SD) p-value
Gross motor function 95.23 (12.43) 95.42 (9.28) 0.660 96.46 (9.54) 0.735
Fine motor function 99.19 (2.72) 98.33 (6.34) 0.755 98.60 (6.78) 0.771
Cognitive function 78.42 (21.29) 82.76 (18.04) 0.422 87.86 (18.46) 0.002
Sleep 74.42 (27.10) 74.78 (22.99) 0.904 82.95 (17.88) 0.159
Pain 81.25 (18.69) 79.53 (21.96) 0.989 86.95 (14.75) 0.129
Social function 93.06 (11.24) 92.86 (11.12) 0.592 91.66 (13.52) 0.876
Daily activities 90.45 (12.05) 88.61(17.09) 0.784 85.23 (19.34) 0.566
Vitality 71.13 (18.21) 69.54 (15.55) 0.418 69.34 (19.57) 0.763
Positive emotion 76.63 (19.00) 66.39 (25.47) 0.039 74.34 (18.42) 0.093
Depressive emotion 85.89 (16.27) 83.15 (19.64) 0.539 82.61(15.22) 0.237
Aggressive emotion 92.00 (10.54) 83.91 (19.15) 0.066 89.32 (14.23) 0.176

The TNO-AZL quality of life (TAAQOL) questionnaire was completed by subjects at adult height. Scores are expressed
as means (SD). Higher scores indicate better quality of life. Bold p-values are considered significant differences
between groups. GH=growth hormone, GnRHa=Gonadotropin releasing hormone agonist, Refs=reference
population.

Self-perception

The self-perception questionnaire was completed by 142 young adults of both study
groups 1 and 2. The results are presented in Table 4, with higher scores indicating better
self-perception. No significant differences were found between the GH/GnRHa and GH
groups. Compared to the reference population, both groups scored significantly better for
behavioural attitude, +0.57 SDS for GH/GnRHa and +0.68 SDS for GH (p<0.001). No significant
correlations were found between AH and self-perception scores in the GH/GnRHa and GH
groups. Self-perception was similar in both GH-dose groups.
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Table 4: Self-perception at adult height.

GH/GnRHa (n=70) GH (n=72)
Means (SD) SD-scores Means (SD) SD-scores p-value
School skills 57.07 (32.85) +0.18 (1.25) 57.64 (32.82) +0.19 (1.09) 0.921
Social acceptation 50.55 (33.40) +0.01 (1.18) 50.69 (31.82) +0.03 (1.12) 0.980
Sports skills 55.75 (31.21) +0.14 (1.09) 47.13 (31.25) -0.07 (1.09) 0.111
Physical appearance 60.06 (27.66) +0.25 (0.92) 62.71 (28.02) +0.32 (0.93) 0.590
Behavioural attitude 71.39 (27.15)t +0.57 (0.95) 75.06 (26.08)t +0.68 (1.01) 0.422
Feeling of self-esteem 55.39 (28.59) +0.13 (0.94) 60.97 (28.53) +0.28 (0.93) 0.256
Friendship 51.36 (27.00) +0.03 (0.85) 54.85 (28.59) +0.12 (0.92) 0.461

Self-perception questionnaire (CBSA) was filled in by subjects, and compared to the reference population provided
by the questionnaire. No significant differences were found between groups. TSignificantly higher than in reference
population used in the questionnaire. GH=growth hormone, GnRHa=Gonadotropin releasing hormone agonist.

Problem behaviour

The ABCL- and CBCL questionnaires, completed by 136 parents of both study groups 1 and
2, did not show any significant differences between the GH/GnRHa and GH groups and the
reference population. Results are presented in Table 5, with lower scores representing less
problem behaviour. Total problem scores were similar, being 49.36 and 49.62 in the GH/
GnRHa and GH groups, respectively. Externalizing problems and internalizing problems were
also similar in both groups. AH did neither significantly correlate with total problem scores
(r=-0.33; p=0.714), nor with any other problem behaviour score in the GH/GnRHa and GH
groups. At AH, problem behaviour was similar in both GH-dose groups.

Table 5: Problem behaviour at adult height.

GH/GnRHa (n=69) GH (n=67)
Means (SD) SD-scores Means (SD) SD-scores p-value

Withdrawn behaviour 55.24 (8.28) +0.52 (0.83) 56.29 (6.93) +0.62 (0.69) 0.126
Somatic complaints 56.17 (8.19) +0.62 (0.82) 57.21(8.27) +0.72 (0.83) 0.794
Depressed behaviour 53.86 (7.42) +0.39 (0.74) 53.89 (5.63) +0.39 (0.56) 0.671
Thought problems 55.26 (7.31) +0.53 (0.73) 55.06 (6.78) +0.51 (0.68) 0.917
Attention problems 56.21 (7.99) +0.62 (0.80) 55.61 (6.61) +0.56 (0.66) 0.556
Rule breaking behaviour 54.02 (5.10) +0.40 (0.51) 53.79(5.12) +0.38 (0.51) 0.309
Aggressive behaviour 52.91 (6.75) +0.29 (0.68) 52.44 (8.21) +0.24 (0.82) 0.544
Total scores

Externalizing problems 49.83 (12.66) -0.02 (1.27) 51.86 (11.40) +0.19 (1.14) 0.348
Internalizing problems 47.90 (9.92) -0.21 (0.99) 47.79 (10.07) -0.22 (1.01) 0.952
Total problems 49.36 (12.27) -0.06 (1.23) 49.62 (11.79) -0.04 (1.18) 0.905

Adult/Child behaviour checklist (ABCL/CBCL) was completed by the parents of the subject and compared to the
reference population provided by the questionnaires. Higher scores indicating more problematic behaviour.
No significant differences were found between groups. GH=growth hormone, GnRHa=Gonadotropin releasing
hormone agonist.
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Discussion

This is the first study reporting cognitive functioning, HRQoL, self-perception and problem
behaviour in young adults born SGA who received GH treatment and in addition 2 years
of GnRHa treatment, compared to GH treatment only. At AH, full scale IQ, verbal IQ and
performance |Q scores were similar in the GH/GnRHa and GH groups. Compared with the
reference population, the GH/GnRHa and GH group scored themselves significantly lower
in their perception of cognitive functioning. All other categories, however, showed similar
results in both groups. At AH, self-perception and problem behaviour were similar in both
groups and compared to the reference population. AH did not correlate with HRQoL, self-
perception and problem behaviour scores, and all scores were similar between GH-dosage
groups.

Cognitive functioning, as measured by the WAIS-IIl and WISC-IIl tests, was similar in the
GH/GnRHa and GH group. This is a reassuring result, as cognitive function following GnRHa
treatment has been subject of concern. Two earlier studies showed a lower cognitive
functioning at cessation of GnRHa treatment, when compared to the start of treatment,
based on the results of the WAIS-test %>, Our results show that this effect is not present at
adult height. The lower scores found in the other studies are most likely due to the delay
in psychosocial maturation at time of testing, as GnRHa-treated patients entered puberty
later than their peers. Cognitive functioning in the GH/GnRHa and GH groups was below
the mean of the reference population, but still within the normal ranges. This is in line with
other studies describing lower cognitive functioning in SGA children 3°#2, Socioeconomic
status, as defined by parental education levels, had a strong correlation with cognitive
functioning. Total IQ scores tended to be higher in the GH/GnRHa group, but when corrected
for socioeconomic status, GnRHa treatment did not show a long-term effect on cognitive
functioning.

HRQol is important as a ‘patient-reported outcome’ as it reflects the subjective perception
of health. Young adults of the GH/GnRHa group perceived a lower HRQoL in cognitive
functioning compared to the GH group and the reference population, with the GH/GnRHa
group scoring lowest, followed by the GH group. This is in contrast to the slightly higher
cognitive function in the GH/GnRHa group. As the GH/GnRHa group had a higher SES, it
might be that the young adults have underrated their cognitive functioning, because they
compared themselves with their better performing parents.

Some studies suggested an increase in depressive emotions following GnRHa treatment for
pubertal suppression or other indications >?2. Our long-term results are reassuring, as they
show that 2 years of GnRHa treatment does not increase depressive emotions in young
adults born SGA.
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The CBSA questionnaire was created to specifically measure feelings of self-perception in
specific domains, as well as global self-perception. These domains of self-perception are
of great importance, as they reflect the concerns of young adults about job competence,
dating, and close friendships 3%, In our study, self-perception scores were similar in the
GH/GnRHa and GH-treated groups and also compared with the reference population. Our
results are in line with two studies describing no decrease of CBSA scores, during three years
of GnRHa treatment **3, To our knowledge, no long-term studies were performed on self-
perception in young adults many years after GnRHa treatment.

Internalizing, externalizing and total problem behaviour were not significantly different
between young adults in the GH/GnRHa and GH groups and compared with the reference
population. Normal behaviour after three years of GH and GnRHa treatment in children with
precocious puberty following adoption has been reported #. Studies found no difference in
problem behaviour in untreated children with short stature after SGA birth or due to ISS,
when compared with the reference population #1543, The comparison with the reference
population is likely to overestimate the problem scores in our population, as subjects who
visited a mental health professional in the last 12 months or had received extra educational
support, were excluded from the reference population . Mean problem scores of our
study group were, however, not significantly higher than those of the healthy reference
population, which underlines the normal problem behaviour in our study groups.

Subjects who received a double GH-dose of 2mg/m?/day had similar outcomes in cognitive
function, HRQolL, self-perception and problem behaviour at AH. We did not find a correlation
between AH and HRQol, self-perception or problem behaviour, which suggests that there
is no causal relation between AH and these psychosocial functioning scores. This has also
been described in children with untreated short stature %>*¢, However, the lack of correlation
in this study might also be explained by the limited variation in adult height in our study
groups, as Bannink et al. did report an increase in HRQolL in GH-treated subjects born SGA,
in parallel to the increase in height /.

The growth characteristics were similar in both study groups 1 and 2 >4748, Qur study did not
have a randomized placebo group, as it is impossible to give placebo to postpone puberty,
as pubertal development will continue during placebo treatment, which will be visible for
the patient and the physician. The aim of the present study was to compare GnRHa/GH
and GH effects on cognitive functioning and HRQoL and not on growth. The effectiveness
and safety of the combined GH/GnRHa treatment on growth have been described in earlier
reports about the Dutch SGA study, based on a slightly smaller study population. GnRHa
treatment in addition to GH treatment resulted in significantly greater height gain and adult
height in early pubertal children with a poor AH. 1°. Results on bone mineral density, body
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composition, cardiovascular and metabolic health have been published, and showed that
that additional 2 years of GnRHa treatment is effective and safe 452,

In conclusion, our study shows that 2 years of GnRHa treatment in addition to GH treatment,
results in similar cognitive functioning, health-related quality of life, self-perception and
problem behaviour, compared to GH treatment only in young adults born SGA. In contrast to
our hypothesis, no significant correlations were found between AH and problem behaviour
and self-perception scores. Based on our results, additional GnRHa treatment could be
considered at the start of puberty for GH-treated children born SGA with an AH prediction
below -2.5 SDS.
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Abstract

Background: In children born small for gestational age (SGA) with persistent short stature,
2 years of gonadotropin-releasing hormone analogue (GnRHa), in addition to long-term
growth hormone (GH) treatment, can improve adult height. We assessed safety on metabolic
and bone health of GnRHa/GH treatment during 5 years after cessation of GH.

Methods: 363 young adults born SGA, previously treated with combined GnRHa/GH or GH-
only, were followed for 5 years after attainment of adult height: at GH-cessation, 2 and 5
years thereafter. Data at 5 years after GH-cessation, at age 21 years, were also compared
to 145 age-matched adults born appropriate for gestational age (AGA). Frequently sampled
intravenous glucose tolerance (FSIGT) tests were used to assess insulin-sensitivity, acute
insulin response and beta-cell function. Body composition and bone mineral density (BMD)
was determined by DXA scans.

Results: In the GnRHa/GH and GH-only group, fat mass increased during the 5 years after

GH-cessation, but the changes in FSIGT results, body composition, blood pressure, serum
lipid levels and BMD were similar in both groups. At age 21 years, the GnRHa/GH group
had similar fat mass, FSIGT results, blood pressure, serum lipid levels and BMD-total body
as the GH-only group and AGA controls, a higher BMD-lumbar spine and lower lean body
mass than AGA controls.

Conclusion: This study during 5 years after GH-cessation shows that addition of 2 years of
GnRHa treatment to long-term GH treatment of short children born SGA has no unfavorable
effects on metabolic and bone health in early adulthood.
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Introduction

In children born small for gestational age (SGA) with persistent short stature, treatment with
growth hormone (GH) leads to adult height (AH) improvement 3. The Dutch SGA study has
shown that postponement of puberty with a gonadotropin-releasing hormone analogue
(GnRHa) for 2 years at start of puberty because of an expected AH < -2.5 SDS, can improve
AH in children born SGA who start growth hormone (GH) treatment in early puberty “.

In patients with central precocious puberty (CPP), a decrease in insulin sensitivity, expressed
in HOMA-IR, was described during GnRHa treatment >2. Gain in weight and fat mass during
treatment with GnRHa was reported, potentially causing obesity in adulthood °*3, In studies
with central precocious puberty (CPP) patients, a decrease in bone turnover and bone
mineral density (BMD) was observed during GnRHa treatment 241, However, studies were
performed retrospectively in children with CPP and most studies evaluated the changes
only during GnRHa treatment. Our study group has shown no negative effects of 2 years of
GnRHa treatment in addition to GH treatment until AH attainment *7*°. Studies on long-term
safety of postponing puberty with GnRHa treatment regarding metabolic health and bone
mineralization in young adults born SGA following GH-cessation at adult height attainment
are lacking.

We performed a longitudinal study during the 5 years after GH-cessation in young adults
who were treated with GH until AH, either with or without an additional 2 years of GnRHa
after onset of puberty. The primary objective of the study was to assess insulin sensitivity,
beta-cell function, body composition, blood pressure, serum lipid levels and BMD during the
5 years after GH-cessation. We hypothesized that postponement of puberty by 2 years of
GnRHa treatment in GH-treated young adults born SGA would not negatively influence these
outcome measures in early adulthood compared to GH treatment only and would resultin a
similar metabolic and cardiovascular health profile and BMD in both treatment groups. Our
secondary objective was to compare both treatment groups at 5 years after GH-cessation
with a healthy young adult cohort. We hypothesized that treatment with either GnRHa/GH
or GH-only would result in a similar metabolic and cardiovascular health and similar BMD
compared with healthy young adults born appropriate for gestational age (AGA).

Methods

Subjects

The study group consisted of 363 young adults born SGA, who had participated in one of
three Dutch SGA trials (ISRCTN96883876, ISRCTN65230311 and ISRCTN18062389). SGA was
defined as birth weight or birth length below —2 SDS for gestational age, with a height at the
start of GH treatment below -2.5 SDS and no endocrine, metabolic or chronic disorders. GH
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treatment was started before puberty or in early puberty and continued until attainment
of AH. Subjects received GnRHa treatment for 2 years in addition to GH treatment (n=112;
GnRHa/GH group) or only GH treatment (n=251; GH group). Two years of GnRHa treatment
was prescribed when the expected AH was less than -2.5 SDS at start of puberty, based on
Dutch references 2°. A subgroup (n=95) was randomly assigned to treatment with either GH
1 or 2 mg/m?/day (~ 0.033 or 0.067 mg/kg/d) after stratification for sex, pubertal stage and
parental height.

Data at 5 years after GH-cessation were compared with those of 145 young adults born AGA
(birth length >-1 SDS) with a normal stature (>-1 SDS), aged 18 to 24 years 22, These healthy
young adults were recruited from different schools to participate as AGA controls.

The Medical Ethics Committee of the Erasmus University Medical Centre approved the studies.
Due to ethical considerations, the Medical Ethics Committee did not allow a randomized
untreated short SGA group until adult height. We obtained written informed consent from all
subjects and, if they were younger than 18 years, from their parents or guardians.

Measurements

At start, every three months during GH treatment and at AH, height was measured to
the nearest 0.1 cm using a Harpenden stadiometer (Holtain, Ltd. Crymmyth, UK). Height
was transformed into SDS for sex and chronological age according to Dutch references,
using Growth Analyser Research Calculation Tools (Growth Analyser B.V., Rotterdam, The
Netherlands). AH SDS was calculated using references for Dutch adults, aged 18 years 2°.
Weight was measured to the nearest 0.1kg (Servo Balance KA-20-150S). BMI was expressed
as SDS adjusted for sex and chronological age, according to Dutch references 2°.

Insulin sensitivity and beta-cell function

Glucose homeostasis was assessed by a frequently sampled intravenous glucose tolerance
test (FSIGT) with Tolbutamide after an overnight fast (Cutfield WS et al. 1990). Insulin
sensitivity (Si), glucose effectiveness (Sg), acute insulin response (AIR), and disposition index
(DI) were calculated using Bergman’s MINMOD Millennium software (Boston RC et al. 2003).
Si quantifies the capacity of insulin to stimulate glucose disposal, and Sg reflects the capacity
of glucose to mediate its disposal. AIR is an estimate of insulin secretory capacity, measured
as the area under the curve from 0 to 10 minutes corrected for baseline insulin levels. The
DI equals AIR x Si and indicates the beta-cell function.

Body composition and bone mineral density

Total fat mass (FM), lean body mass (LBM), trunk fat (TF), limb fat (LF), bone mineral density
of the total body (BMD_,) and the lumbar spine (BMD ) was measured by a dual-energy x-ray
absorptiometry (DXA) scan, on the same machine (Lunar Prodigy, GE Healthcare, Chalfont



Metabolic health after GnRHa/GH treatment in SGA | 91

St Giles, UK). Daily quality assurance was performed. The intra-assay coefficient of variation
was 0.41-0.88% for fat tissue, 1.57-4.49% for LBM, 0.64% for BMD_ and 1.04% for the bone
mineral density of the lumbar spine BMD >

In all subjects with short stature, true BMD  is underestimated by the areal presentation
and should be corrected for bone size by calculating the bone mineral apparent density
(BMAD,,) ®. BMAD was calculated as follows: BMAD . = BMD  * [4/(r * width)], with the
width as the mean width of the second to fourth lumbar vertebral body. Because BMD_, and
BMAD  are dependent on age and gender, SDS were calculated, based on age- and gender-
matched reference values from the Dutch population 2677,

Blood pressure

After 10 minutes of rest, diastolic blood pressure (DBP) and systolic blood pressure (SBP)
were measured repeatedly during half an hour in supine position, using the non-dominant
arm with an automated device (Accutorr Plus, Datascope Corp., Montvale NJ, USA). The
mean of 7 measurements was taken for analysis, to reflect resting blood pressure. Blood
pressure values were adjusted for sex and height. Systolic and diastolic blood pressure
values were expressed in SDS according to sex- and age-matched reference values 2.

Assays

Fasting glucose levels were determined on an Architect ci8200 system (Abbott). Fasting
insulin levels were measured by IRMA (Medgenix, Biosource Europe) with an intra-assay
coefficient of variation of 2.1% to 1.5% (6.6-53.3 milligram equivalents [mE]/L) and
interassay coefficient of variation 6.5% to 6.1% (14.4-100.4 mE/L).

Total cholesterol (TC) and triglyceride (TG) were measured using an automated enzymatic
method with the CHOD-PAP reagent kit and with the GPO-PAP reagent kit, respectively
(Roche Diagnostics, Mannheim, Germany). High-density lipoprotein cholesterol (HDLc) was
measured using a homogeneous enzymatic colorimetric assay (Roche Diagnostics). Low-
density lipoprotein (LDLc) was calculated using the Friedewald formula: LDLc (mmol/l) =
TC—HDLc-0.45 * TG.

Data analysis

Statistical analyses were performed using SPSS version 25. Distribution of variables was
determined by Kolmogorov-Smirnov test and normal Q-Q-plots. Clinical characteristics are
presented as means (SD); the Student’s t-test was used to determine differences between
subgroups. Because of a skewed distribution, Si, Sg, AIR and DI were log-transformed.
Longitudinal changes in FSIGT results, body composition, blood pressure, serum lipid
levels and BMD results were analyzed using repeated measurements analysis, with an
unstructured covariance matrix. We used sex as a covariate, for the initial analysis of
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longitudinal changes in FSIGT test results, body composition, lipid levels and BMD results.
For longitudinal analyses on blood pressure, we adjusted for sex and age. ANCOVA was used
for comparisons between the groups at the age twenty-one years, with sex as covariate
for all variables. Body composition, blood pressure, BMD,, and BMAD  were additionally
adjusted for height. Results were regarded as statistically significant at p<0.05.

Results

Baseline characteristics

Table 1 shows the clinical characteristics of all participants at start of GH treatment, at adult
height (AH) and 21 years of age (5 years after GH-cessation). In total, 363 subjects (112
GnRHa/GH, 251 GH) participated in the study. Mean (SD) age at start of GnRHa treatment
was 12.1 (1.0) years in boys and 11.2 (1.1) years in girls. In the GnRHa/GH and GH groups,
mean age at start of GH treatment was 9.7 (3.1) vs 7.4 (2.8) years (p<0.001), respectively. At
the attainment of AH, mean age in boys was 18.1 (0.9) vs 17.4 (1.2) years (p=0.004) and 16.4
(1.2) vs 15.7 (0.9) years (p<0.001) in girls, in the GnRHa/GH and GH groups, respectively.

At 5 years after GH-cessation, mean age was similar in the GnRHa/GH and GH group (22.4 (2.1)
vs 21.9 (1.6) years, resp.). The GnRHa/GH group was significantly older than the AGA group
(20.8 (2.7) years). The GnRHa/GH group had a different sex distribution (males 33%) when
compared with the GH group (males 56%) and AGA group (males 46%) (p=0.03, p=0.05, resp.).

GnRHa/GH versus GH only group during 5 years after cessation of GH

Insulin sensitivity and beta-cell function

Table 2 and Figure 1a show the longitudinal changes in Si, Sg, AIR and DI after GH-cessation
in the GnRHa/GH and GH group. Changes in Si, Sg, AIR and DI were similar in the GhRHa/GH
and GH groups during the 5 years after GH-cessation (p=0.39, p=0.07, p=0.79, p=0.92, resp.).
Additional adjustment for age did not change these results.

In the GnRHa/GH group, Si increased significantly during the first 2 years after GH-cessation,
while the Sg and AIR decreased significantly (all p<0.001). In the following 3 years, Si, Sg and
AIR remained similar. DI remained similar during the 5 years after GH-cessation. Similarly, in
the GH group, during the first 2 years after GH-cessation Si increased, and both Sg and AIR
decreased (all p<0.001). In the following 3 years, Si, Sg, and AIR remained similar. DI also
remained similar during the 5-year follow-up period.

At 5 years after GH-cessation, the GnRHa/GH group had a similar Si, AIR and DI and a
significantly lower Sg (p=0.049) than the GH group (Table 3). None of the participants in the
GnRHa/GH group and GH group had glucose intolerance or developed type 2 diabetes, up
to 5 years after GH-cessation.
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Study group Comparison groups
GnRHa/GH GH AGA
Means (SD) Means (SD) Means (SD)
N 112 251 145
Male/Female 37/75t* 140/111 67/78
Gestational age, weeks 36.8(3.8) 36.4 (3.7) 36.6 (4.1)
Birth length SDS -2.8 (1.3)* -3.1(1.5) 0.2 (0.8)
Birth weight SDS -2.2 (1.4)* -2.2(1.1) 0.3(1.2)
Age at start GnRHa, years 11.5(1.2) N/A N/A
Age at start GH, years 9.7 (3.1)t 7.4 (2.8) N/A
BMI at start puberty, SDS -1.0(1.0) -0.8 (1.0) N/A
At adult height
Age, years 17.0 (1.3) 16.7 (1.4) N/A
Height SDS -1.7 (0.8) -1.5(0.8) N/A
BMI SDS 0.2 (1.1) -0.1(1.0) N/A
SBP SDS 0.2 (0.9)t 0.0 (0.8) N/A
DBP SDS 0.6 (0.7)t 0.1(0.7) N/A
GH duration, years 7.1(2.3)t 9.3(2.6) N/A
BMD,, SDS -0.7 (0.9) -0.5 (1.0) N/A
BMAD SDS -0.2(1.2) 0.2 (1.0) N/A
At adult height
Male/Female 16/35t* 70/72 67/78
Age, years 22.4 (2.1)* 21.9 (1.6) 20.8 (2.7)
Height SDS -1.5 (0.8)* -1.4(0.8) 0.3(0.8)
BMI SDS -0.3(1.2) -0.3(1.4) 0.0(1.1)
BMD_, SDS -0.3 (0.9)t -0.6 (1.0) -0.3(0.8)
BMAD , SDS -0.2 (1.1)t -0.4 (0.8) -0.5(1.0)

Values are presented as means (SD). GH, growth hormone; GnRHa, gonadotropin-releasing hormone agonist;

SDS, standard deviation score; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

*p<0.05 compared to GH;
*p<0.05 compared to AGA
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Figure 1: Longitudinal changes during 5 years after GH-cessation in FSIGT results (Figure 1a) and body composition
(Figure 1b). Data are expressed as estimated marginal means with the upper limit of the 95% confidence interval,
adjusted for sex. P-values for the comparison between groups at 5 years after GH-cessation were depicted if p-values
<0.05. Abbreviations: AH, Adult Height; SI, Insulin Sensitivity; DI, Disposition Index; AIR, Acute Insulin Response;
GH, Growth Hormone; GnRHa, Gonadotropin-releasing Hormone Agonist; AGA, Appropriate for Gestational Age.

*P-value <0.05 compared to previous visit in GnRHa/GH-treated young adults

# P-value <0.05 compared to previous visit in GH-treated young adults

Body composition

Table 2 and Figure 1b show the longitudinal changes in body composition after GH-cessation
in the GnRHa/GH and GH group, measured by DXA-scan. Changes in FM, LBM, TF and LF were
similar in the GnRHa/GH group and GH group during the 5-year follow-up period (p=0.26,
p=0.08, p=0.24, p=0.10, resp.). Additional adjustment for age did not change the results.
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In the GnRHa/GH group, FM, LF and TF increased consistently and significantly during the 5
years after GH-cessation (all p<0.001), whereas LBM remained similar during this follow-up
period. Also, in the GH group, FM, LF and TF increased consistently and significantly, while
LBM remained similar during this 5-year follow-up period.

At 5 years after GH-cessation, FM, LBM, TF and LF were similar in the GnRHa/GH and GH
group (Table 3). Mean (SD) BMI SDS was -0.3 (1.2) in the GnRHa/GH group, which was similar
in the GH group (-0.3 (1.4), p=0.90).

Blood pressure

Table 2 and Figure 2a show the longitudinal changes in SBP and DBP in the GnRHa/GH
and GH groups. The GnRHa/GH group had higher SBP and DBP values at GH-cessation, but
changes in SBP and DBP during the 5 years after GH-cessation were similar in both groups
(p=0.84, p=0.43, resp.).

In the GnRHa/GH group, SBP and DBP remained similar and within normal range (from
115.6 to 116.4 mmHg, p=0.06 and from 68.9 to 70.0 mmHg, p=0.27, resp.) during 5 years
after GH-cessation. In the GH group, both SBP and DBP remained well within the normal
range but increased significantly during the 5-year follow-up period (from 112.6 to 116.0
mmHg and from 64.0 to 66.3 mmHg, resp., both p<0.001).

At 5 years after GH-cessation, SBP and DBP were still well within the normal range in both
groups. The GnRHa/GH group had similar SBP (119.5 mmHg) and higher DBP (71.0 mmHg) when
compared with the GH group (117.6 and 67.7 mmHg; p=0.40 and p=0.01, resp.) (Table 3).

Serum lipid levels

Table 2 and Figure 2b show the longitudinal changes in serum lipid levels in the GnRHa/
GH and GH groups. Changes in TC, HDLc, LDLc and TG during the 5 years after GH-cessation
were similar in both groups (p=0.39, p=0.71, p=0.40, p=0.18, resp.). Additional adjustment
for age and FM did not change these results.

In the GnRHa/GH group, TC, HDLc and LDLc increased significantly (p<0.001, p=0.008,
p<0.001, resp.), while TG remained similar during the 5 years after GH-cessation (p=0.50). In
the GH group, TC and LDLc also increased significantly (p<0.001), but HDLc and TG remained
similar during this 5-year follow-up period (p=0.26, p=0.98, resp.).

At 5 years after GH-cessation, the GnRHa/GH and GH group had similar serum lipid levels
(TC: p=0.46; HDLc: p=0.38; LDLc: p=0.36; TG: p=0.10).
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Figure 2: Longitudinal changes during 5 years after GH-cessation in blood pressure (Figure 2a) and serum lipid
levels (Figure 1b). Data are expressed as estimated marginal means with the upper limit of the 95% confidence
interval, adjusted for sex. P-values for the comparison between groups at 5 years after GH-cessation were depicted
if p-values <0.05. Abbreviations: AH, Adult Height; HDL, High-Density Lipoprotein; LDL, Low-Density Lipoprotein;
GH, Growth Hormone; GnRHa, Gonadotropin-releasing Hormone Agonist; AGA, Appropriate for Gestational Age.

Bone mineral density

Table 2 shows the longitudinal changes in BMD_ SDS and BMAD  SDS in the GnRHa/GH and
GH groups. Changes in BMD_, SDS and BMAD , SDS during the 5 years after GH-cessation
were similar in both groups (p=0.182 and p=0.081, resp.).

In the GnRHa/GH group, BMD_, SDS increased significantly (p=0.009) and BMAD  remained
similar (p=0.89). In the GH group, both the BMD_, and BMAD , remained similar (p=0.33 and
p=0.85, resp.) during the 5 years after GH-cessation.

At 5 years after GH-cessation, the GnRHa/GH group had a similar BMD,, and BMAD ,
compared to the GH group (-0.29 vs -0.60 SDS, p=0.170 and -0.26 vs -0.44, p=0.053, resp.).
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GnRHa/GH GH Repeated MM
Outcome Study moment EMM 95% ClI EMM 95% ClI p-value
Insulin sensitivity AH 4.963 4.20-5.72 5.008 4.49 -5.52 0.391
(mU/L) 2 yrs after AH 7.222 5.53-8.91 8.721 7.37-10.07
5 yrs after AH 7.471 5.88-9.06 7.902 6.90-8.90
Glucose effectiveness AH 0.019 0.018-0.021 0.018 0.017-0.019 0.072
(mg/dL) 2 yrs after AH 0.021 0.019-0.022 0.021  0.020-0.023
5 yrs after AH 0.019 0.016 —0.022 0.021 0.020-0.023
Acute insulin response AH 765.1 659.0-871.1 679.7 608.3-751.1 0.794
(muU/L) 2 yrs after AH 639.0 537.9-740.1 570.1 495.3-644.9
5 yrs after AH 587.7 473.4-702.1 555.3 480.3-630.2
Disposition index AH 2815.1 2404 - 3227 2880.6 2604 - 3157 0.921
2yrsafterAH 31313  2589-3673 3574.6 3146 -4002
Syrsafter AH 32483  2516-3980 3159.4 2694 -3625
Fat mass AH 12.80 11.7-13.9 10.44 9.7-11.2 0.256
(inkg) 2yrsafter AH 1535 14.1-16.6 13.29 12.4-14.2
5 yrs after AH 17.11 15.5-18.7 15.94 14.9-17.0
Lean body mass AH 40.18 38.4-42.0 43.44 42.2-44.7 0.075
(inkg) 2yrsafter AH  38.80 37.2-404 4230  41.2-434
5 yrs after AH 39.66 38.0-41.3 42.38 41.3-435
Trunk fat AH 6.32 5.8-6.9 5.16 4.8-55 0.235
(in kg) 2 yrs after AH 7.46 6.8-8.1 6.43 6.0-6.9
5 yrs after AH 8.33 7.4-9.2 7.90 7.3-8.5
Limb fat AH 6.02 55-6.6 4.77 44-5.1 0.096
(in kg) 2 yrs after AH 7.49 6.9-8.1 6.25 5.8-6.7
5 yrs after AH 8.00 7.2-8.8 7.32 6.8-7.8
SBP AH 11494 112.9-116.9 112.85 111.5-114.2 0.837
(mmHg) 2yrsafter AH  116.01 114.0-118.1 113.90 112.5-115.3
SyrsafterAH 117.39 114.8-1199 116.09 114.5-117.7
DBP (mmHg) AH 68.87 67.4-70.4 64.03 63.0-65.1 0.426
2 yrs after AH 69.87 68.4-71.4 65.07 64.1-66.1
5 yrs after AH 69.77 67.9-71.6 66.30 65.1-67.5
TC (mmol/L) AH 4.00 39-41 3.95 39-4.0 0.391
2 yrs after AH 4.29 4.1-45 4.13 40-43
5 yrs after AH 4.46 43-4.7 4.30 42-4.4
HDLc (mmol/L) AH 1.45 14-15 1.42 14-15 0.724
2 yrs after AH 1.47 14-15 1.44 14-1.5
5 yrs after AH 1.55 1.4-17 1.46 1.4-15
LDLc (mmol/L) AH 2.28 22-24 2.25 22-23 0.395
2 yrs after AH 2.58 24-27 2.45 23-26
5 yrs after AH 2.74 26-29 2.61 25-27
TG (mmol/L) AH 1.02 09-1.1 1.02 1.0-11 0.184
2 yrs after AH 1.01 09-1.1 0.91 0.8-1.0
5 yrs after AH 0.99 09-11 1.02 1.0-1.1

Results of repeated measurements analysis, presented as estimated marginal means with 95% Cl, and p-values
for repeated measurements in the 0 — 5-year follow-up. All variables were corrected for sex; blood pressure was
additionally adjusted for age. Abbreviations: EMM, estimated marginal mean; Cl, confidence interval; GH, growth
hormone; GnRHa, gonadotropin-releasing hormone agonist.
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GnRHa/GH versus AGA group at 21 years of age

Insulin sensitivity and beta-cell function measured by FSIGT

The GnRHa/GH group had a similar Si, Sg, AIR and DI as the AGA group (Table 3, Figure 1a).
None of the participants of the GnRHa/GH, GH or AGA group had diabetes mellitus at 21
years of age.

Body composition

FM, TF and LF were similar in the GnRHa/GH and AGA group, but LBM was lower in the
GnRHa/GH group (p=0.002) (Table 3, Figure 1b). The GnRHa/GH group had a similar mean
BMI SDS as the AGA group (-0.3 (1.2) vs 0.0 (1.1), p=0.08). Only 1 participant of the GnRHa/
GH group (0.8%) had a BMI above 2 SDS, which did not significantly differ from the GH group
(7 participants, 2.5%) and AGA group (4 participants, 2.8%).

Blood pressure

The GH/GnRHa group had similar SBP and DBP compared with the AGA group (p=0.17,
p=0.23, resp.) (Table 3, Figure 2a). The number of participants with a high SBP (above 140
mmHg) or high DBP (above 90 mmHg) at age 21 years of age, did not differ between the
GnRHa/GH, GH, and AGA group. High SBP: GnRHa/GH: 2 (3.9%); GH: 5 (3.5%); AGA: 4 (2.8%),
and high DBP: GnRHa/GH: 2 (3.9%); GH: 1 (0.7%); AGA: 0 (0%).

Serum lipid levels
The GnRHa/GH group had similar serum lipid levels as the AGA group (Table 3, Figure 2b).
Additional adjustment for body fat did not change the results.

Bone mineral density
The GnRHa/GH group had a similar BMD_ SDS (p=0.60) and a higher BMAD , compared to
the AGA group (-0.26 vs -0.58 SDS, p=0.009) (Table 3).

Effect of treatment with 2 versus 1 mg GH/m?/day at 21 years of age

A subgroup of participants (n=95) was randomly assigned to receive either 2 or 1 mg
GH/m2/day from start of puberty until GH-cessation (data not shown). At 5 years after
GH-cessation, those treated with 2 mg GH/m?/day had a significantly higher LBM (p=0.04)
than those treated with GH 1 mg GH/m?/day. In the participants who had received 2 mg GH/
m?/day, FM and TF were lower, and LBM was higher compared to those who were treated
with 1 mg GH/m?/day (p=0.06, p=0.09, p=0.07, resp.). FSIGT results, limb fat, blood pressure,
serum lipid levels and BMD were similar in both GH-dose groups.
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Table 3: Comparison between the groups at age 21 years.

GnRHa/GH GH AGA

EMM (95%Cl) EMM (95%Cl) p-value* EMM (95%Cl) p-value#

Glucose metabolism

0.019(0.017-0.022) 0.021(0.020-0.023) 0.049
Insulin sensitivity 8.03 (5.9-10.1) 8.01(6.7-9.3) 0.228
Acute insulin response  509.6 (386.3 - 633.1) 572.0(497.1-646.6) 0.373
Disposition index T 3171.7 (2428 —3915) 3217.8 (2768 — 3667) 0.791

0.018 (0.016 —0.020) 0.888
8.585(7.1-10.1) 0.766
441.3(350.4-532.1) 0.885
2935 (2388 —3483) 0.887

Glucose effectiveness

Body composition

16.36 (14.0 - 18.7)
44.89 (43.7-46.1)

16.76 (15.3-18.3) 0.756
44.18 (43.42-44.94)  0.283

15.61 (14.0 - 17.3) 0.649
47.05 (46.2 - 47.9) 0.008

Fat mass (kg)
Lean body mass (kg)

Trunk fat (kg) 8.19(6.9-9.5) 8.33(7.5-9.2) 0.851 7.59 (6.5-9.2) 0.494
Limb fat (kg) 7.60 (6.5—8.7) 7.70 (7.0-8.4) 0.860 7.38 (6.6 —8.1) 0.771
Blood pressure

Systolic (mmHg) 119.5 (116 - 122) 117.6 (116 - 120) 0.259 116.6 (114 - 119) 0.167

Diastolic (mmHg) 71.0 (69 — 73) 67.7 (66— 71) 0.012 69.0 (67 - 71) 0.226
Serum lipid levels

TC (mmol/L) 4.40(4.2-4.6) 4.30(4.2-4.6) 0.460 4.39 (4.3-4.5) 0.977
HDLc (mmol/L) 1.53(1.4-1.6) 1.46 (1.4-1.6) 0.382 1.43(1.4-1.5) 0.117
LDLc (mmol/L) 2.70 (2.5-2.9) 2.59(2.5-2.7) 0.357 2.56(2.4-2.7) 0.257
TG (mmol/L) 0.91 (0.8 -1.0) 1.03(1.0-1.2) 0.101 0.98 (0.9-1.1) 0.356

Results of the ANCOVA analysis between GnRHa/GH, GH and AGA at 21 years of age. All variables were corrected
for sex; body composition was additionally adjusted for height, blood pressure was additionally adjusted for
height. Abbreviations: EMM, estimated marginal mean; Cl, confidence interval; GH, growth hormone; GnRHa,
gonadotropin-releasing hormone agonist; AGA, appropriate for gestational age.

*P-value for the comparison between GnRHa/GH-treated and GH-treated young adults born SGA;

# P-value for the comparison between GnRHa/GH-treated young adults born SGA and young adults born AGA.

TA measure of B-cell function, calculated as insulin sensitivity x acute insulin response.

Discussion

This longitudinal study during the 5 years after discontinuation of GH treatment is currently
the longest follow-up study in a large group of young adults born SGA who were treated
during childhood with 2 years of GnRHa in addition to GH treatment. We show that 2 years
of GnRHa treatment in addition to GH treatment does not change the metabolic health
profile, in terms of insulin sensitivity, beta-cell function, body composition, blood pressure,
serum lipid levels and BMD. At 21 years of age, the GnRHa/GH group had a similar metabolic
health profile and bone mineral density of the total body as the GH-only and AGA group and
a higher bone mineral density of the lumbar spine compared to the AGA group.

Our study shows that insulin sensitivity and beta-cell function increased similarly during
the first 2 years after GH-cessation in both GnRHa-treated young adults and those treated
with GH only. We also found that the GnRHa/GH group had similar FSIGT results as healthy
young adults born AGA. A cross-sectional retrospective study by Lazar et al. also showed no
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metabolic derangements in GnRHa-treated female adults with central precocious puberty
(CPP) aged 30-50 years *°. Several studies during GnRHa treatment in children with CPP
showed lower insulin sensitivity, expressed as HOMA-IR >2. This might be explained by the
difference in population, as early puberty also increases the risk of diabetes *’. Our study
shows that the addition of 2 years of GnRHa treatment during childhood does not influence
insulin sensitivity and beta-cell function in young adults born SGA.

We found no higher prevalence of obesity and a similar fat mass in the GnRHa/GH-treated
young adults, compared with GH-only and healthy young adults born AGA. Several studies in
CPP children described an increase in weight and BMI during GnRHa treatment, which could
negatively influence metabolic health and cause a higher prevalence of obesity in adulthood
>13 However, studies in SGA and CPP children have also shown that an increase in BMI
during GnRHa treatment did not lead to a higher rate of obesity at AH 1*'72°_ Furthermore,
earlier pubertal timing has been associated with higher BMI and a higher prevalence of
diabetes and metabolic disease, thus it is questionable whether the described alterations in
metabolic health are due to CPP rather than GnRHa treatment. Earlier pubertal timing has
been associated with higher BMI and a higher prevalence of diabetes and metabolic disease
3, Qur results show that 2 years of GnRHa treatment in addition to GH treatment during
childhood does not have an adverse effect on body composition at the age of 21 years. This
strengthens the hypothesis that the previously reported adverse effect on body composition
in patients with CPP could be rather due the natural course of body composition after CPP
than due to GnRHa treatment.

Our findings show that changes in SBP and DBP during 5 years after cessation of GH were
similar in the GnRHa/GH and GH groups. Also, the GnRHa/GH-treated young adults had
a similar SBP and DBP as healthy young adults born AGA. High blood pressure was only
present in 3 participants of the GnRHa/GH group, which was similar in the GH-only and
AGA group. Two case reports have described transient arterial hypertension during GnRHa
treatment 3132, Both cases showed that blood pressure returned to normal values after
cessation of GnRHa treatment. In our study, none of the participants had to cease their
GnRHa treatment because of high arterial blood pressure. Our results show that in the
GnRHa/GH group, both SBP and DBP remain well within the normal range and are similar to
the GH group and young adults born AGA.

Serum lipid levels changed similarly in the GnRHa/GH and GH groups during 5 years after
GH-cessation. At 21 years of age, the GnRHa/GH-treated young adults had similar serum TC,
HDLc, LDLc and TG levels as GH-treated young adults born SGA and healthy young adults
born AGA. This is in line with other studies performed during GnRHa treatment in CPP
children, reporting no changes in lipid levels &3, Our results in young adults show that serum
lipid levels are not different due to 2 years of GnRHa treatment during childhood.
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We have previously reported that the control group of young adults born SGA treated with
GH-only, had a similar metabolic health profile as untreated young adults born SGA 3435, As
the results in the present study are similar between the GnRHa/GH and GH groups, it is likely
that metabolic health after 2 additional years of GnRHa treatment to GH treatment is also
similar to untreated young adults born SGA.

During 5 years after GH-cessation, BMD_, and BMAD , changed similarly in the GnRHa/
GH and GH group and both groups had a similar BMD_ and BMAD at 5 years after GH-
cessation. This is in line with studies in subjects with central precocious puberty, describing
a similar BMD at adult height in GnRHa-treated subjects and controls 337  Qur findings
show that 2 years of GnRHa treatment in addition to GH treatment has no negative effects
on BMD in young adults born SGA.

In conclusion, our longitudinal follow-up study in young adults born SGA during the 5 years
after GH-cessation shows that the changes in insulin sensitivity, beta-cell function, body
composition, blood pressure, serum lipid levels and BMD were unaffected by the addition
of 2 years of GnRHa treatment for postponement of puberty. At 21 years of age, insulin
sensitivity, beta-cell function, body composition, blood pressure, serum lipid levels and
BMD were similar in GnRHa/GH-treated compared to GH-treated young adults born SGA
and untreated young adults born AGA. These results show that the addition of 2 years of
GnRHa treatment to long-term GH treatment of short children born SGA does not have an
unfavorable effect on metabolic health and bone mineralization at the age of 21 years.
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Abstract

Background: Twenty-one-year-old adults born small for gestational age (SGA) with catch-
up growth during the first year of life had insulin resistance, adverse lipid profile and
significantly higher fat mass (FM) than those born appropriate for gestational age (AGA).
Would this worsen over the years and further increase their risk of cardiovascular and
metabolic diseases in later life?

Methods: We longitudinally investigated 287 adults, 170 SGA with catch-up growth (SGA-CU)
or persistent short stature (SGA-S) and 117 AGA, at age 21 and 32 years. Insulin sensitivity
(Si) and B-cell function was measured by frequently-sampled intravenous glucose tolerance
test, body composition by DXA-scan, and abdominal adipose tissue and liver fat fraction by
MRI-scan. Also, fasting serum lipid levels and blood pressure were measured.

Results: At age 32 years, SGA-CU had lower Si than AGA (p=0.030), while SGA-S had similar Si
as AGA. FM and trunk fat were higher in SGA-CU than AGA (p=0.033, p=0.024, resp.), while
SGA-S had lower lean body mass than SGA-CU and AGA (p=0.001 and p<0.001, resp.). SGA-
CU had significantly higher levels of adverse lipids than AGA. Beta-cell function, visceral fat,
liver fat fraction and blood pressure were similar in all groups. Metabolic health parameters
in SGA-CU and SGA-S did not worsen more compared to AGA during 11 years of follow-up.
Gain in weight SDS from birth to age 32 years was associated with a higher risk of developing
metabolic syndrome at age 32 years.

Conclusion: At age 32 years, SGA-CU adults had insulin resistance, higher FM with central
adiposity and an adverse lipid profile. Postnatal catch-up growth increases the risk of

developing cardiovascular disease and diabetes mellitus type I, therefore accelerated

weight gain should be prevented in SGA-born children.
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Introduction

Low birth weight has been associated with adult diseases like diabetes mellitus type I
and cardiovascular diseases . The PROgramming factors for GRowth And Metabolism
(PROGRAM) study showed that 21-year-old adults born small for gestational age (SGA) with
postnatal catch-up had insulin resistance, higher fat mass (FM) and adverse lipid profile, but
similar blood pressure compared to those born appropriate for gestational age (AGA) %°. As
90-95% of children born SGA demonstrate catch-up in weight and length &7, subjects born
SGA might have an increased risk for developing obesity and cardiometabolic diseases in
later life. In contrast, young adults born SGA with persistent short stature had similar insulin
sensitivity, FM, lipid levels and blood pressure than AGA adults, but lower lean body mass
(LBM) 3. Insulin resistance and reduced B-cell function precede type Il diabetes mellitus,
and unfavorable body composition, central adiposity, high adverse serum lipid levels, blood
pressure and liver fat fraction are components of the metabolic syndrome (MetS) 8°. Data on
longitudinal metabolic and cardiovascular health in adults born SGA beyond age 30 years,
either with or without postnatal catch-up, compared to age-matched adults born AGA did
not exist.

For that reason, the PROGRAM32 study was initiated, investigating longitudinal metabolic
and cardiovascular health in a large group of adults at age 21 and 32 years. The study
population consisted of 32-year-old adults born SGA, with either spontaneous catch-up
growth (SGA-CU) or persistent short stature (SGA-S), and adults born AGA with normal
adult stature (AGA). Firstly, we investigated differences in metabolic health parameters
between groups at age 32 years. We hypothesized that SGA-CU would have lower insulin
sensitivity and B-cell function, adverse lipid profile and less favorable body composition,
higher abdominal adipose tissue and liver fat fraction than SGA-S and AGA adults. Secondly,
we hypothesized that these parameters would worsen from age 21 to 32 years in the SGA
groups, and particularly in SGA-CU compared to AGA adults. Lastly, we investigated the
associations of birth size, weight gain in standard deviation scores (SDS) from birth to 32
years and lifestyle factors with insulin sensitivity, body composition, central adiposity and
components of MetS at age 32 years.

Methods

Subjects

The PROGRAMS32 study investigated a cohort of 287 adults at age of 21 and 32 years. In
order to increase the statistical power of the comparison between the SGA-CU, SGA-S and
AGA group, the cut-off values for small birth size and short adult height were set at <-2 SDS
and the cut-off values for normal birth size and normal adult height were set at >-1 SDS. This
resulted in a study population consisting of three groups: 1) Adults born SGA (birth length
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or birth weight <-25SDS) with spontaneous catch-up growth (adult height (AH) >-1SDS) (SGA-
CU), 2) Adults born SGA (birth length or birth weight <-2SDS) with persistent short stature
(AH <-2SDS) (SGA-S), and 3) Adults born AGA (birth length >-1 SDS) with normal stature
(AH>-1SDS) (AGA). Included subjects were Caucasian, born term (gestational age (GA) >
36 weeks) and singleton, with an uncomplicated neonatal period without severe asphyxia,
sepsis or long-term complications of respiratory ventilation or oxygen supply. Birth data
were obtained from hospital records and primary health care records.

The Medical Ethics Committee of Erasmus University Medical Center approved the
PROGRAM32 study, and all participants gave written informed consent.

Anthropometric measurements

Height was measured to nearest 0.1 cm using Harpenden stadiometer (Holtain, Ltd.
Crymmyth, UK) and weight to nearest 0.1kg (Servo Balance KA-20-150S). Standard deviation
(SD)-scores for birth length and birth weight were corrected for gestational age and sex °.
SD-scores for AH and BMI were corrected for sex and chronological age *, using Growth
Analyser Research Calculation Tools (https://growthanalyser.org).

Insulin sensitivity and beta-cell function

Glucose homeostasis was assessed by frequently sampled intravenous glucose tolerance
test (FSIGT) with Tolbutamide after an overnight fast 2. Insulin sensitivity (Si), glucose
effectiveness (Sg), acute insulin response (AIR), and disposition index (DI) were calculated
using Bergman’s MINMOD Millennium software 2. Si stands for insulin sensitivity, and Sg
reflects the capacity of glucose to mediate its disposal. AIR estimates insulin secretory
capacity and DI equals AIR x Si, indicating beta-cell function .

Assays

Fasting glucose levels were determined with Architect ci8200 system (Abbott) and fasting
insulin by IRMA (Medgenix, Biosource Europe), intra-assay and interassay coefficient of
variation being 2.1% and 6.5%, respectively.

Total cholesterol (TC) and triglyceride (TG) were measured by automated enzymatic method
with the CHOD-PAP reagent kit and GPO-PAP reagent kit, respectively (Roche Diagnostics,
Mannheim, Germany). High-density lipoprotein cholesterol (HDLc) was measured using
a homogeneous enzymatic colourimetric assay (Roche Diagnostics) and low-density
lipoprotein (LDLc) calculated by the Friedewald formula.

Body composition
Body composition was measured by DXA scan. All measurements were made with same
machine (Lunar Prodigy, GE Healthcare, Chalfont St Giles, UK) and software (enCORE
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software version 14.1), with daily quality assurance. Intra-assay coefficient of variation was
0.41-0.88% for FM and 1.57-4.49% for LBM 4. LBM was determined as fat-free mass minus
bone mineral content.

Abdominal visceral and subcutaneous adiposity and liver fat fraction

Subjects underwent a magnetic resonance imaging (MRI) scan to measure visceral adipose
tissue (VAT), subcutaneous adipose tissue (SAT) and liver fat fraction at age 32 years. Scanning
was performed on two 3T GE Discovery MR750systems (GE Healthcare, Milwaukee, US) with
identical protocols. VAT and SAT measurements were performed by fast-spoiled gradient
echo technique to acquire fat-only images in 20-second breath-hold scans. Cross-sectional
area at the level of L3 was used, which correlated with total VAT and SAT volumes (r>0.95,
p<0.01), using threshold-based region technique for slight adjustments **. Measurements
of liver fat fraction were performed using the IDEAL-IQ technique. The intra-assay and
interassay coefficients of variation were calculated for VAT (4.8%, 6.7%, resp.), SAT (0.9%,
4.2%, resp.) and liver fat fraction (9.5%, 16.8%, resp.). All measurements were performed
in triplicate by one investigator (WG), and mean of measurements was used for analysis.

Blood pressure

After 10 minutes of rest, systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured repeatedly during half an hour in supine position, using the non-dominant
arm with an automated device (Accutorr Plus, Datascope, Montvale, USA). Mean of 7
measurements was taken for analysis, to reflect resting blood pressure.

Socioeconomic status and lifestyle factors

Adults provided information regarding lifestyle factors at age 32 years, by questionnaire. Total
yearly income and highest completed education were used to determine socioeconomic
status (SES) (1 = low, 2 = medium and 3 = high). The questionnaire assessed smoking (current
smoking: light < 6 cigarettes/day, heavy > 6 cigarettes/day, and history of smoking), alcohol
consumption (1 = less than 1 unit/week, 2 = less than 1 unit/day, 3 = more than 1 unit/day),
illicit drug use (frequency, amount and type of drugs), exercise level (frequency: 1 = less
than 1 hour/month, 2 = 1 hour/ 2 weeks, 3 = 1-2 hours/week, 4 = 3-5 hours/week, 5 = more
than 5 hours/week), pregnancies, number of deliveries and perception of general health (1
= poor, 2 = good, 3 = very good).

Metabolic syndrome

Revised criteria of National Cholesterol Educational Program (NCEP, Adult Treatment Panel
IIl) were used to determine components of MetS ¢'7. MetS was defined as having three
or more of following risk factors: Abdominal obesity (waist circumference): Men > 102cm,
women > 88cm; Serum triglyceride levels: > 1.7 mmol/L; HDLc: Men < 1.03 mmol/L, women
< 1.3 mmol/L; Blood pressure: >130 / 85 mmHg; Fasting glucose: = 5.6 mmol/L.
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Data analysis

Statistical analyses were performed using SPSS version 25. Distribution of variables was
determined by Kolmogorov-Smirnov test and normal Q-Q-plots. Clinical characteristics are
presented as means (SD), differences between the groups were determined by ANOVA and
Student’s t-test.

We did a power calculation to calculate the sample size. In a previous study *2, the insulin
sensitivity for adults born SGA with catch-up growth was mean 4.9 mU/L (4.0-5.8) and for
healthy controls born AGA it was 6.8 mU/L (5.8-7.8), suggesting that healthy controls have
an insulin sensitivity that is roughly 35% higher than in individuals born small for gestational
age. Assuming equal means and an SD of 3.0, with a non-inferiority test (one-sided, a=0.025,
t test), a sample size of 47 participants in each group would have a power of 80%.

We used repeated measurement analysis, with an unstructured covariance matrix, to
analyze each outcome measured at age 21 and 32, with group, time of measurement and
their interaction as determinants. Using these models, we determined differences between
the groups at age 32 years and analyze longitudinal changes from age 21 to 32 years.
All models were adjusted for sex. Body composition, VAT, SAT, and blood pressure were
additionally adjusted for AH SDS. Because of skewed distribution, Si, Sg, AIRg and DI were
log-transformed, we transformed mean data used in the figures and tables back to original
units.

Multiple regression analyses were performed to determine the association of birth size,
catch-up in weight from birth to age 32 years and lifestyle factors with insulin sensitivity,
body composition, VAT and SAT at age 32 years. In the first model, we investigated the
association of birth size with Si, FM, LBM, VAT and SAT, corrected for age, sex and AH SDS. In
the second model, we added adult weight and lifestyle factors (SES, smoking, alcohol, illicit
drug use and exercise level). In the third model, we replaced adult weight SDS with adult FM
and LBM, to investigate the association between body composition and Si at age 32 years.

Ordinal regression analyses were performed to determine associations of birth weight SDS,
birth length SDS, gain in weight SDS from birth to age 32 years, and FM and lifestyle factors
at age 32 years with number of MetS components per individual. All regression analyses
were adjusted for age and sex. gain in weight SDS from birth to age 32 years and FM SDS
were additionally adjusted for AH SDS. Results were regarded as statistically significant at
p<0.05.
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SGA-S SGA-CU AGA
Means (SD) Means (SD) Means (SD) p-value
Number (Female) 65 (39) 105 (62) 117 (69) 0.990
At birth
Gestational age, weeks 39.2(1.7) 38.4(1.6) 39.6 (1.6) <0.001
Birth length, SDS -2.8(1.0) * 2.4 (1.1) * 0.0 (0.8) <0.001
Birth weight, SDS -2.1(0.8) * -2.4(0.7) * 0.2 (1.0) <0.001
At 21 years
Age, years 20.7 (1.7) 21.0(1.6) 20.7 (1.7) 0.433
Height, SDS -2.4(0.6) * -0.1(0.7) 0.4 (0.8) <0.001
BMI, SDS 0.1(1.4) 0.2 (1.4) -0.1(0.9) 0.210
At 32 years
Age, years 31.9(3.2) 32.6 (2.5) 33.0(2.8) 0.136
Gain in weight SDS (birth to age 32 years) 1.0 (1.8) 3.1(1.3)* 0.4 (1.2) <0.001
BMI, SDS 0.3(1.7) 0.8 (1.1) 0.4 (1.2) 0.168
SES (Income) (%)
Low 31.6% * 8.2% 6.5% 0.002
Middle 44.7% 34.7% 27.4%
High 23.7% 57.1% 66.1%
SES (Education) (%)
Low 7.9% 13.5% * 4.7% 0.001
Middle 52.6% * 30.8% 21.9%
High 39.5% 55.8% 73.4%
Smoking (%) 0.057
Light 2.8% 13.0% 10.0%
Heavy 16.7% 19.6% 3.3%
History 5.2% 7.5% 18.4%
Alcohol consumption (%)
<1/week 47.3% 43.4% 32.3% 0.499
1-6/week 50% 47.1% 53.8%
>1/day 2.6% 9.4% 13.8%
lllicit drug use (%)
Total 13.2% 22.6% 12.3% 0.269
Marihuana 11.1% 13.0% 3.3%
Ecstasy 0% 15.2% 10.0%
Cocaine 0% 8.7% 10.0%
Exercise (%)
<lhr/month 36.8% 26.4% 25.0% 0.709
1hr/2 weeks 5.3% 5.7% 9.4%
1-2hrs/week 34.2% 24.5% 31.3%
3-5hrs/week 10.5% 30.2% 21.9%
>5hrs/week 5.3% 13.2% 12.5%
Pregnancies (% female)
Deliveries (n) 46.2% 50% 60.5% 0.482
1 2 6 7
2 6 6 10
>2 2 1 4
Health perception
Poor 13.2% * 1.9% 3.1% <0.001
Good 39.5% 60.4% * 25.0%
Very good 47.4% 37.7% 71.9%

Values are presented as means (SD). Abbreviations: SGA-S, Adults born small for gestational age with persistent short stature; SGA-
CU, Adults born small for gestational age with spontaneous catch-up growth; AGA, Adults born appropriate for gestational age with
a normal adult stature; SDS, standard deviation score; BMI, body mass index; SES, Socioeconomic status. *p<0.05 compared to AGA



114 |Chapter 6

Results

Baseline characteristics

Table 1 shows the clinical characteristics of 287 participants. Mean age at follow-up visit was
32.6(2.5) years in SGA-CU, 31.9 (3.2) years in SGA-S and 33.0 (2.8) years in AGA. Gestational
age was lower in SGA-CU adults than AGA adults (p=0.043), but similar to SGA-S adults. BMI
SDS was similar in all groups.

SGA-CU adults tended to have a lower educational level (p=0.07), but a similar SES based
on total yearly income compared to AGA adults. SGA-S adults had a lower educational level
(p=0.002) and total annual income (p<0.001) than AGA adults. Tobacco use was higher in
SGA-CU adults than AGA adults (p=0.03), but not different between SGA-S and AGA adults.
Alcohol consumption, illicit drug use and exercise were similar in SGA-CU, SGA-S and AGA
adults. SGA-CU and SGA-S adults had a lower perception of general health than AGA adults
at age 32 years (p=0.014, p=0.003, resp.).

Weight gain in SDS from birth to 32 years was significantly higher in SGA-CU adults compared
to SGA-S and AGA adults (+ 3.1 SDS vs + 1.0 SDS and + 0.4 SDS, both p<0.001, resp.), and it
was also significantly different between SGA-S and AGA adults (p<0.001).

Metabolic health at age 32 years
Figure 1 and 2 and Table 2 present metabolic health data at age 21 and 32 years, we describe
the differences at age 32 years.

Insulin sensitivity and beta-cell function

SGA-CU adults had lower Si, after correction for sex, than AGA adults (p=0.016), whereas
SGA-S adults had similar Si as AGA adults. AIRg, B-cell function (DI) and Sg were similar
between all groups. Additional correction for FM, AH SDS, SES or lifestyle factors did not
change results.

Body composition

SGA-CU adults had higher FM and trunk fat than AGA adults, after correction for AH SDS
and sex (p=0.033, p=0.024, resp.), while SGA-S and AGA adults had similar FM and trunk fat.
Limb fat was similar in all groups.

LBM was similar in SGA-CU and AGA adults, after correction for sex and AH SDS, while SGA-S
adults had lower LBM than SGA-CU and AGA adults (p=0.001 and p<0.001, resp.). Additional
correction for birth length SDS, SES or lifestyle factors did not change results.



Metabolic and cardiovascular health following SGA birth | 115

Abdominal visceral and subcutaneous adiposity and liver fat fraction

VAT and SAT were similar, after correction for sex, in SGA-CU, SGA-S and AGA adults. Liver
fat fraction was similar in SGA-CU, SGA-S and AGA adults. Additional correction for AH SDS,
SES or lifestyle factors did not change results.

Serum lipid levels

SGA-CU and SGA-S adults had higher total cholesterol, after correction for sex, than AGA
adults (p=0.013 and p=0.041, resp.) and LDLc was higher in SGA-CU than AGA adults (p=0.029).
Triglycerides were higher in SGA-CU and SGA-S than AGA adults (p=0.027 and p=0.025, resp.).
Serum HDLc levels were lower in both SGA-CU and SGA-S than AGA adults (p=0.014 and
p=0.016, resp.). Additional correction for FM, SES or lifestyle factors did not change results.

Blood pressure

SGA-CU and SGA-S adults had similar SBP as AGA adults, after correction for sex and AH SDS,
but there was a trend towards higher SBP in SGA-CU than SGA-S adults (p=0.06). DBP was
similar between SGA-CU, SGA-S and AGA adults. Additional correction for SES or lifestyle
factors did not change results.

Metabolic syndrome
MetS (according to the NECP Il criteria) was present in 7.4% of SGA-CU, 7.5% of SGA-S and
4.2% of AGA adults, which was significantly different between groups (p=0.027).

Longitudinal changes in metabolic health from age 21 to 32 years
Figure 1 and 2 and Table 2 present metabolic health data in all groups, at age 21 and 32
years.

Longitudinal changes within the group during 11 years of follow-up

Si, AIRg and DI did not change significantly in SGA-CU, SGA-S and AGA adults. Sg increased
only in SGA-CU adults (p=0.019). FM increased in all groups (SGA-CU: p<0.001, SGA-S:
p=0.001 and AGA: p<0.001). Trunk and limb fat increased in all groups (all p<0.001), while
LBM remained similar. Total cholesterol increased in SGA-CU adults (p=0.032), tended
to increase in SGA-S adults (p=0.06) and remained similar in AGA adults. LDLc tended
to increase in SGA-CU adults (p=0.07), but remained similar in SGA-S and AGA adults.
Triglycerides increased significantly in SGA-CU and SGA-S adults (p=0.023 and p=0.001), but
not significantly in AGA adults, while HDLc remained similar in all groups. SBP increased in
SGA-CU, SGA-S and AGA adults (p=0.001, p=0.007 and p=0.001, resp.), as did DBP (p=0.026,
p=0.003 and p=0.018, resp.).

Longitudinal changes between the groups during 11 years of follow-up
The change in FSIGT results, body composition, serum lipid levels and blood pressure during
11 years of follow-up was similar between SGA-CU, SGA-S and AGA adults.
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Longitudinal changes in insulin sensitivity, beta-cell function
and body composition from age 21 to 32 years
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Figure 1: Longitudinal changes
in glucose metabolism and body
composition during 11 years.

Data are expressed as estimated
marginal means with the upper

limit of the 95% confidence interval,
adjusted for sex. P-values for change
within groups during 11 years
follow-up were depicted if p<0.05.
Abbreviations: Si, Insulin Sensitivity;
DI, Disposition index; TC, Total
cholesterol; FM, Fat mass; LBM, Lean
body mass; TF, Trunk fat; LF, Limb
fat; SGA-S, Adults born small for
gestational age with persistent short
stature; SGA-CU, Adults born small
for gestational age with spontaneous
catch-up growth; AGA, Adults born
appropriate for gestational age with a
normal adult stature.

*p<0.05 compared to AGA

Figure 2: Longitudinal changes in
lipid levels and blood pressure during
11 years.

Data are expressed as estimated
marginal means with the upper

limit of the 95% confidence interval,
adjusted for sex. P-values for change
within groups during 11 years
follow-up were depicted if p<0.05.
Abbreviations: LDLc, Low-density
lipoprotein cholesterol; HDLc, High-
density lipoprotein cholesterol;

SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; SGA-S,
Adults born small for gestational age
with persistent short stature; SGA-CU,
Adults born small for gestational age
with spontaneous catch-up growth;
AGA, Adults born appropriate for
gestational age with a normal adult
stature/

*p<0.05 compared to AGA
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Associations of birth size and adult size with insulin sensitivity, body composition and
central adiposity at age 32 years

The associations between birth size, adult size and lifestyle factors with Si, FM, VAT, SAT and
LBM, at age 32 years are shown in Table 3.

Insulin sensitivity: Model A shows that birth length SDS and birth weight SDS did not associate
with Si at age 32 years. Model B demonstrates that adult weight associated inversely with
Si (B: -2.81, p=0.001). As adult weight SDS was adjusted for birth weight SDS, this indirectly
demonstrates the association of the change in weight SDS from birth to age 32 years with Si
at age 32 years. Subjects with the highest gain in weight SDS from birth to age 32 years had
a lower Si. Exercise level, SES and other lifestyle factors were not associated with Si. Model
C shows that FM associated with Si (B: -0.28, p<0.0005), whereas LBM did not.

Fat mass: Model A shows that birth weight SDS and birth length SDS did not associate with
FM at age 32 years. Model B demonstrates that adult weight associated with FM (B: 7.81,
p<0.0005). Subjects with the highest gain in weight SDS from birth to age 32 years had
higher FM, while female sex was associated with higher FM (B: 4.80, p<0.0005). Higher AH
SDS and higher exercise level were associated with lower FM (B: -1.96, p=0.001 and B: -0.73,
p=0.002, resp.). SES and other lifestyle factors were not associated with FM.

VAT and SAT: Model A shows that birth weight SDS and birth length SDS did not associate
with VAT and SAT at age 32 years. Model B demonstrates that adult weight SDS associated
with both VAT and SAT (B: 38.20 and 83.82, resp., both p<0.0005). Subjects with higher gain
in weight SDS from birth to age 32 years had higher VAT. Both VAT and SAT were associated
with sex, with females having lower VAT (B: -37.17, p<0.0005) and higher SAT (B: 63.67,
p<0.0005). Higher exercise level associated with a lower VAT at age 32 years (B: -5.14,
p=0.030), but was not associated with SAT. Higher AH SDS was associated with lower VAT
and SAT, after correction for adult weight SDS (B: -14.00, p=0.010 and B: -32.69, p<0.0005,
resp.). SES and other lifestyle factors were not associated with VAT and SAT.

Lean body mass: Model A shows that birth weight SDS and birth length SDS did not associate
with LBM at age 32 years. Model B demonstrates that adult weight associated with LBM (B:
3.14, p<0.0005). Subjects with the highest gain in weight SDS from birth to age 32 years had
higher LBM, while female sex was associated with lower LBM (B: -14.18, p<0.0005). Higher
AH SDS and higher exercise level were associated with higher LBM (B: 1.31, p=0.001 and B:
0.56, p<0.0005). Other lifestyle factors were not associated with LBM.
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Association of birth size and adult size with metabolic syndrome at age 32 years
The association between birth size, adult size and lifestyle factors with components of MetS
at age 32 years are shown in Table 4.

Higher birth weight and birth length SDS were both associated with a lower number of MetS
components at ag 32 years (odds ratio (OR): 0.69, 95% confidence interval (Cl): 0.55 — 0.85)
and (OR: 0.74, 95% Cl: 0.61 — 0.90), adjusted for age and sex. Thus, per one SDS decrease
in birth weight, the odds of having a higher number of MetS components increased with
31%. Higher increase in weight SDS from birth to age 32 years and a higher adult FM were
also associated with a higher number of MetS components (OR: 1.75, 95% CI: 1.43 — 2.13
and OR: 1.14, 95% Cl: 1.10 — 1.18, resp.). Lower SES based on the educational level was
associated with a higher number of MetS components (OR: 0.67, 95% Cl: 0.52 — 0.86), but
total yearly income, smoking and exercise level were not associated with number of MetS

components. i i . . . .
Table 4: Associations of birth size, gain in weight SDS and adult body composition and lifestyle

factors, with the number of MetS components per individual at age 32 years.

Number of components MetS

Odds ratio 95% ClI p-value
Birth weight (SDS) * 0.69 0.55-0.85 0.001
Birth length (SDS) * 0.74 0.61-0.90 0.003
Gain in weight SDS from birth to 32 years (SDS) 2 1.75 1.43-2.13 <0.001
Fat mass (kg) 2 1.14 1.10-1.18 <0.001
SES (income) * 0.83 0.62-1.10 0.197
SES (education) * 0.67 0.52-0.86 0.002
Smoking 3 1.14 0.69-1.71 0.724
Exercise 3 0.86 0.71-1.04 0.109
Alcohol consumption 3 0.62 0.43-0.89 0.010
lllicit drug use 3 0.72 0.30-1.66 0.471

Results of the ordinal regression analysis. Abbreviations: Cl, confidence interval; SDS, standard deviation scores;
SES, socioeconomic status.

1 Adjusted for age and sex

2 Adjusted for age, sex and adult height SDS

3 Adjusted for age, sex and SES (education)
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Discussion

This longitudinal study during 11 years in adulthood is currently the longest follow-up
study investigating metabolic health in a large group of adults born SGA compared to age-
matched adults born AGA, using high-quality research tools such as FSIGT, DXA and MRI.
This PROGRAM32 study investigated 170 adults born SGA, either with or without postnatal
catch-up, compared to age-matched 117 healthy adults born AGA, at age 21 and 32 years.
At age 32 years, SGA-CU adults had higher insulin resistance, higher FM and trunk fat and
higher adverse serum lipid levels than AGA adults. SGA-S adults had also higher adverse
serum lipid levels and a lower LBM than AGA adults, but all other parameters were similar.
Thus, the adverse metabolic health profile in SGA-CU adults at age 21 years persisted up to
age 32 years, but did not worsen during the 11 years of follow-up.

Insulin sensitivity at age 32 years was lower in SGA-CU adults than in AGA controls while
B-cell function was similar, like the results at age 21 years 2. In the total group of adults,
more gain in weight SDS from birth to age 32 years was associated with a lower Si at age 32
years. Other studies, using HOMA-IR instead of the FSIGT test, showed also lower insulin
sensitivity in adults born SGA aged 22 to 30 years *#°, Reassuringly, none of the adults born
SGA developed diabetes mellitus type 2, and the B-cell function was similar at age 32 years
in all groups, suggesting an appropriate B-cell response to higher insulin resistance in SGA-
CU adults.

At age 32 years, SGA-CU adults had a less favourable body composition with higher central
fat deposition, similar to findings at 21 years #*°. In contrast to our hypothesis, the metabolic
health parameters did not worsen in the SGA groups during the 11 years of follow-up, but
in SGA-CU adults the adverse metabolic health parameters persisted to age 32 years. Our
multiple regression analyses in the total cohort also showed that weight gain SDS from birth
to age 32 years was associated with higher FM, VAT and SAT at age 32 years. Studies in
children reported higher FM and more central fat distribution following SGA birth, especially
after postnatal catch-up 223, This tendency of attaining more FM and central fat distribution
in adults born SGA is less healthy, as it is strongly associated with glucose intolerance, insulin
resistance and hypertension in later life 242,

SGA-S adults had lower LBM at age 32 years compared to SGA-CU and AGA adults, after
correction for AH SDS and sex. At age 21 years, LBM was also lower in SGA-S adults than
SGA-CU and AGA adults 3. Lower LBM might be caused by poor fetal nutrition or lower fetal
IGF-I levels, leading to less muscle mass development 26?7, As SGA-S adults have lower LBM,
but similar FM as AGA adults, the ratio between FM and LBM is less healthy. SGA-S subjects
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would, therefore, benefit from maintaining their weight and thus FM at the lower end of the
normal range compared to AGA subjects.

Serum lipid levels at age 32 years in SGA-CU and SGA-S adults were less favorable than in
AGA adults, with significantly higher cholesterol and LDLc and lower HDLc, similar to findings
at age 21 years 2. These results show that adults born SGA have an adverse lipid profile,
independent of postnatal catch-up, which is related to a higher risk for cardiovascular
disease .

SGA-CU adults tended towards higher SBP than SGA-S adults at age 32 years, comparable to
the results found at age 21 years 3. SGA-S had a similar SBP and DBP as AGA adults and SGA
birth seems not associated with an increased risk of high blood pressure at age 32 years.

Birth weight, birth length and adult height were different between groups, as these were
part of the inclusion criteria for the three groups. The difference in gestational age was
clinically not relevant, as all adults were born at term. SGA-S adults had a lower SES, and
SGA-CU adults had more tobacco use compared to AGA adults. We, therefore, additionally
corrected analyses for SES and lifestyle factors, which did not change the results. Our total
study cohort shows that a higher frequency of physical exercise associates with a lower
FM, lower VAT and higher LBM. We, therefore, advise an active lifestyle for all adults
and especially for those born SGA, as this would decrease the risk of unfavorable body
composition and central adiposity at age 32 years.

Our findings now show that postnatal catch-up growth negatively affects metabolic
health and is associated with an increased risk of developing MetS, at age 32 years. Most
postnatal catch-up occurs within the first 2 years of life & This postnatal catch-up in height is
accompanied by an accelerated gain in weight. Studies have shown that an accelerated gain
in weight, especially during the first year of life, is associated with an increaed metabolic
risk 25, Based on these findings, children born SGA should be monitored to prevent the
development of negative metabolic consequences of catch-up growth during infancy.

Until now, this is the longest follow-up study in a unique and large cohort of adults born
SGA either with or without postnatal catch-up and compared to age-matched AGA controls.
Although our total study population was relatively large, the proportion of SGA-S adults
was smaller due to the low prevalence of SGA-born subjects with persistent short stature
(~0.1% of all live-born children ¢7). This was complicated further, because most children with
postnatal growth failure were treated with growth hormone for adult height improvement
during the last 25 years. As our study population consisted of 32-year old adults, endpoints
such as cardiovascular diseases and type 2 diabetes might not be present at this moment.
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We, therefore, used high-quality research tools, such as FSIGT, DXA and MRI, providing a
detailed health profile at age 32 years.

In conclusion, our study shows that dults born SGA with postnatal catch-up had higher
insulin resistance, an unfavorable body composition and higher adverse serum lipid levels
at age 32 years compared to age-matched AGA adults, similar to results at age 21 years.
However, metabolic health parameters in adults born SGA did not worsen from age 21 to
32 years. Based on these findings, children born SGA should be monitored to prevent the
development of negative metabolic consequences of catch-up growth during childhood.
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Abstract

Background: Childhood GH treatment has been associated with increased cardiovascular

mortality and morbidity in adults born small for gestational age (SGA) compared to the

general population, but risks were not compared with untreated control groups.

Methods: We longitudinally investigated the metabolic health profile in 167 previously
GH-treated adults born SGA (SGA-GH) during 12 years after GH-cessation, using frequently-
sampled intravenous glucose tolerance test, DXA-scan and MRI-scan. At age 30 years, we
compared metabolic health profile of SGA-GH adults to 219 untreated adults: 127 born SGA
with either short stature (SGA-S) or spontaneous catch-up to normal stature (SGA-CU) and
92 born appropriate for gestational age (AGA).

Results: During 12 years of follow-up, SGA-GH adults maintained a normal beta-cell function
and showed an increase in insulin sensitivity, fat mass (FM), total cholesterol and blood
pressure to similar levels as SGA-S adults. SGA-GH adults had also similar metabolic and
cardiovascular health parameters as AGA adults, except of lower lean body mass and higher
adverse serum lipid levels, which were present in all SGA groups. Abdominal adiposity, liver
fat fraction and blood pressure were similar between SGA-GH and control groups. At age 30
years, SGA-GH, SGA-S, SGA-CU, and AGA adults had similar metabolic syndrome components
(MetS), as described by the National Cholesterol Educational Program (NCEP).

Conclusions: At age 30 years, previously GH-treated adults born SGA had a similar metabolic
and cardiovascular health profile as untreated adults born SGA or AGA, indicating long-term
metabolic and cardiovascular safety of GH treatment for short children born SGA.
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Introduction

In children born small for gestational age (SGA) with persistent short stature, treatment
with growth hormone (GH) improves adult height (AH) 3. GH treatment is associated with
a decrease in insulin sensitivity *°, fat mass (FM), serum lipid levels and blood pressure, and
anincrease in lean body mass (LBM) ¢2, Insulin resistance precedes type |l diabetes mellitus,
and unfavorable body composition, central adiposity, high adverse serum lipid levels, high
blood pressure, and liver fat fraction increase the risk of developing metabolic syndrome *1°,
Since children born SGA have an increased risk of developing metabolic and cardiovascular
disease and these diseases develop over a longer time, it is important to investigate the
long-term changes in metabolic and cardiovascular profile after GH-cessation compared
with appropriate untreated control groups.

Large population studies investigating GH safety, including the Safety and Appropriateness
of Growth hormone treatments in Europe (SAGhE) study, reported increased cardiovascular
mortality in GH-treated adults born SGA compared to the general population at age 30 years
1113 These studies, however, were limited by the absence of an untreated control group of
adults born SGA to correct for the inverse association between low birth weight with adult
diseases like diabetes mellitus type Il and cardiovascular diseases .

We, therefore, performed this 12-year follow-up study after cessation of GH treatment
in adults born SGA who were treated with GH during childhood (SGA-GH), investigating
longitudinal metabolic and cardiovascular health. In addition, we assessed metabolic
health parameters in SGA-GH adults at around age 30 years compared to two untreated
control groups: untreated adults born SGA with persistent short stature (SGA-S) and adults
born AGA with normal adult stature (AGA). We hypothesized that beta-cell function would
remain the same during follow-up in SGA-GH adults and that insulin sensitivity, FM, serum
lipid levels and blood pressure would increase in SGA-GH adults to a similar level of SGA-S
and AGA adults at around age 30 years. Secondly, to evaluate whether GH-induced catch-
up growth has a different long-term effect on metabolic health parameters as spontaneous
catch-up, we additionally compared results of SGA-GH adults with those of untreated adults
born SGA with spontaneous postnatal catch-up growth to a normal adult stature (SGA-CU).

Methods

Subjects

The total study group consisted of 386 adults, of which 167 adults born SGA (birth weight or
birth length below —2 SDS for gestational age) had been treated with GH during childhood
(IUGR-1 or IUGR-2 study). At the start of GH treatment, children were prepubertal, aged
5-8 years, with a height below -2.5 SDS and no endocrine, metabolic or chronic disorders.
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GH treatment was continued until the attainment of adult height (AH), defined as height
reached when growth velocity had decreased to <0.5 cm during the last 6 months. GH-
treated adults were invited to participate in the current follow-up study evaluating metabolic
and cardiovascular risk factors at GH-cessation at AH attainment and at 5 and 12 years after
that.

Atthe end of the 12-year follow-up period, SGA-GH adults were compared to three untreated
control groups with a similar age (Ref PROGRAM32): 1) Adults born SGA (birth length or birth
weight <-2SDS) with persistent short stature ((AH <-2SDS) <-2SDS) (SGA-S), 2) Adults born
SGA (birth length or birth weight <-2SDS) with spontaneous catch-up growth to a normal
AH (>-1SDS) (SGA-CU) and 3) Adults born AGA (birth length >-1 SDS) with normal AH (>-
1SDS) (AGA). Included subjects were Caucasian and had an uncomplicated neonatal period
without severe asphyxia (defined as an Apgar score below 3 after 5 minutes), sepsis or long-
term complications of respiratory ventilation or oxygen supply. Females were excluded from
participation if they were pregnant or until 6 months after delivery.

The Medical Ethics Committee of Erasmus University Medical Center approved the 12-year
follow-up study and the PROGRAM32 study, and all participants gave written informed
consent.

Measurements

Height was measured to nearest 0-1 cm using Harpenden stadiometer (Holtain, Ltd.
Crymmyth, UK) and weight to nearest 0-1kg (Servo Balance KA-20-150S). Standard deviation
(SD)-scores for birth length and birth weight were corrected for gestational age, and sex **
and SD-scores for AH and BMI were corrected for sex and chronological age ¢, using Growth
Analyser Research Calculation Tools (https://growthanalyser.org).

Insulin sensitivity and beta-cell function

Glucose homeostasis was assessed by frequently sampled intravenous glucose tolerance
test (FSIGT) with Tolbutamide after an overnight fast '’. Insulin sensitivity (Si), glucose
effectiveness (Sg), acute insulin response (AIR), and disposition index (DI) were calculated
using Bergman’s MINMOD Millennium software 8. Si stands for insulin sensitivity, and Sg
reflects the capacity of glucose to mediate its disposal. AIR estimates insulin secretory
capacity, and DI equals AIR x Si, indicating beta-cell function &,

Assays

Fasting glucose levels were determined with Architect ci8200 system (Abbott) and
fasting insulin by IRMA (Medgenix, Biosource Europe), intra-assay and interassay
coefficient of variation being 2:1% and 6-5%, respectively.
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Total cholesterol (TC) and triglyceride (TG) were measured by an automated enzymatic
method with the CHOD-PAP reagent kit and GPO-PAP reagent kit, respectively (Roche
Diagnostics, Mannheim, Germany). High-density lipoprotein cholesterol (HDLc) was
measured using a homogeneous enzymatic colourimetric assay (Roche Diagnostics) and
low-density lipoprotein (LDLc) calculated by the Friedewald formula.

Body composition

Body composition was measured by a DXA scan. All measurements were made with the
same machine (Lunar Prodigy, GE Healthcare, Chalfont St Giles, UK) and software (enCORE
software version 14-1), with daily quality assurance. The intra-assay coefficient of variation
was 0-41-0-88% for FM and 1:57-4-49% for LBM °. LBM was determined as fat-free mass
minus bone mineral content.

Abdominal visceral and subcutaneous adiposity

Subjects underwent a magnetic resonance imaging (MRI) scan to measure visceral adipose
tissue (VAT), subcutaneous adipose tissue (SAT) and liver fat fraction at age 30 years. Scanning
was performed on two 3T GE Discovery MR750systems (GE Healthcare, Milwaukee, US) with
identical protocols. VAT and SAT measurements were performed by fast-spoiled gradient
echo technique to acquire fat-only images in 20-second breath-hold scans. Cross-sectional
area at the level of L3 was used, which correlated with total VAT and SAT volumes (r>0-95,
p<0-01), using threshold-based region technique for slight adjustments 2°. Measurements
of liver fat fraction were performed using the IDEAL-IQ technique. The intra-assay and
interassay coefficients of variation were calculated for VAT (4-8%, 6-7%, resp.), SAT (0-9%,
4-2%, resp.) and liver fat fraction (9:5%, 16:8%, resp.). All measurements were performed in
triplicate by one investigator (WG), and the mean of measurements was used for analysis.

Blood pressure

After 10 minutes of rest, systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured repeatedly for 30 minutes in supine position, using the non-dominant
arm with an automated device (Accutorr Plus, Datascope, Montvale, USA). Mean of 7
measurements was taken for analysis to reflect resting blood pressure.

Socioeconomic status and lifestyle factors

Adults provided information regarding lifestyle factors at age 30 years, by questionnaire. Total
yearly income and highest completed education were used to determine socioeconomic
status (SES) (1 = low, 2 = medium and 3 = high). The questionnaire assessed smoking (current
smoking: light < 6 cigarettes/day, heavy > 6 cigarettes/day, and history of smoking), alcohol
consumption (1 = less than 1 alcoholic drink/week, 2 = less than 1 alcoholic drink/day, 3 =
more than 1 alcoholic drink/day), illicit drug use (frequency, amount and type of drugs),
exercise level (frequency: 1 = less than 1 hour/month, 2 = 1 hour/ 2 weeks, 3 = 1-2 hours/
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week, 4 = 3-5 hours/week, 5 = more than 5 hours/week), pregnancies, number of deliveries
and perception of general health (1 = poor, 2 = good, 3 = very good).

Metabolic syndrome

Revised criteria of the National Cholesterol Educational Program (NCEP, Adult Treatment
Panel Ill) were used to determine components of metabolic syndrome (MetS) %22, MetS was
defined as having three or more of the following risk factors: Abdominal obesity with a waist
circumference in men = 102cm, women = 88cm; Serum triglyceride levels: > 1-7 mmol/L;
HDLc: men £ 1-03 mmol/L, women < 1-3 mmol/L; Blood pressure: >130 / 85 mmHg; Fasting
glucose: > 5:6 mmol/L.

Data analysis

Statistical analyses were performed using SPSS version 25. The Kolmogorov-Smirnov test
and normal Q-Q-plots determined the distribution of variables. Clinical characteristics are
presented as means (SD); Student’s t-test was used to determine differences between
subgroups.

Longitudinal changes during the 12 years of follow-up were analyzed using repeated
measurements analysis, with an unstructured covariance matrix, with sex as a covariate. We
used ANCOVA to compare the groups at around age 30 years, with sex and age as a covariate
for all variables. Body composition, VAT, SAT, and blood pressure were additionally adjusted
for AH SDS. Because of skewed distribution, Si, Sg, AIRg and DI were log-transformed. Results
were regarded as statistically significant at p<0.05.
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Table 1: Clinical characteristics of 386 participants.

SGA-GH SGA-S SGA-CU AGA
Means (SD) Means (SD) Means (SD) Means (SD) p-value
At birth
Number (Female) 167 (90) 50 (31) 77 (43) 92 (48) 0.708
Gestational age, weeks 36.8 (3.8) *¢ 38.0(2.9) 36.6 (3.1) 38.5(2.8) <0.001
Birth length, SDS -3.33(1.6) *¢ -3.09 (1.2) -2.63 (1.0) 0.15 (0.8) <0.001
Birth weight, SDS -2.40(1.2)¢ -2.24(0.9) -2.30(0.8) 0.28 (1.0) <0.001
At GH-cessation
Number (Female) 167 (90) * N/A N/A N/A
Age, years 16.2 (1.3) N/A N/A N/A
GH duration 8.9(2.5) N/A N/A N/A
At 12 years after cessation or at around age 30 years
Number (Female) 105 (59) 50 (31) 77 (43) 92 (48) 0.735
Age, years 28.6 (3.3) *b¢ 31.8(3.3) 32.6 (2.5) 32.8(2.7) <0.001
Height, SDS -1.39(1.0)2bc  -2.15(0.6) 0.00 (0.7) 0.52 (0.8) <0.001
Lifestyle factors
SES (income) (%) <0.001
Low 29.0% "¢ 24.3% 5.1% 6.5%
Middle 49.3% 43.2% 32.2% 25.9%
High 21.7% 32.4% 62.7% 67.5%
Education (%) <0.001
Low 21.5%2b¢ 10.4% 12.2% 4.8%
Middle 44.1% 50.0% 32.4% 21.4%
High 34.4% 39.5% 55.4% 73.8%
Smoking (%) 0.671
Light 12.2% 10.0% 16.9% 8.8%
Heavy 11.2% 10.0% 10.3% 4.4%
History 13.3% 6.0% 9.1% 14.2%
Alcohol use (%) 0.151
<1/wk 36.3% 32.5% 42.6% 29.4%
1-6/wk 58.8% 65.0% 47.0% 56.4%
>1/day 5.0% 2.5% 10.3% 14.1%
lllicit drug use (%) 0.207
Total 14.7% 10.0% 21.3% 11.9%
Marihuana 9.5% 8.0% 10.4% 3.3%
Ecstasy 2.9% 0% 10.4% 7.6%
Cocaine 4.8% 0% 6.5% 4.3%
Exercise (%) 0.482
<1h/month 40.9% 36.8% 26.4% 26.2%
1h/2wks 7.5% 5.3% 5.7% 9.2%
1-2hrs/wk 23.7% 34.2% 24.5% 32.3%
3-5hrs/wk 18.3% 10.5% 30.2% 20%
>5hrs/wk 9.7% 5.3% 13.2% 10.8%
Pregnancies (% female) 31.5% 40.0% 51.2% 56.5% 0.060
Deliveries (n) 0.789
1 4 2 9 7
2 9 6 9 12
>2 1 2 1 5

Values are presented as means (SD). Abbreviations: SGA-GH, small for gestational age treated with growth
hormone; SGA-S, small for gestational age with persistent short stature; SGA-CU, small for gestational age with
spontaneous catch-up to a normal adult height; AGA, appropriate for gestational age; SDS, standard deviation
score; BMI, body mass index; SES, socioeconomic status based on income. * in 38 adults no FSIGT and DEXA-scan
was performed at AH attainment
2 p<0.05 compared to SGA-S; ° p<0.05 compared to SGA-CU; ¢ p<0.05 compared to AGA
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Table 2: Longitudinal metabolic and cardiovascular health in SGA-GH adults during follow-up.

Outcome EMM (95% Cl) p-value (0-12 years)
FSIGT results *
Insulin sensitivity GH-stop 4.57 (4.12 -5.03)
*10-4/min-1 (mU/I) 12-year 8.27 (6.82-9.72) 0.002
Acute insulin response GH-stop 744.5 (666.5 — 822.5)
(mu/1) 12-year 520.8 (420.8 - 620.7) <0.001
Beta-cell function GH-stop 3061.0 (2701 —3421)
(Si *AIRg) 12-year 3137.6 (2659 — 3616) 0.157
Glucose effectiveness GH-stop 0.019 (0.017 - 0.021)
*10-2/min-1 (mg/d) 12-year 0.021 (0.020 - 0.022) 0.003
Body composition ?
FM (kg) GH-stop 10.32(9.52-11.12)

12-year 19.42 (18.09 — 20.74) <0.001
TF (kg) GH-stop 5.19 (4.77 -5.61)

12-year 10.14 (9.33 - 10.94) <0.001
LF (kg) GH-stop 4.89 (4.37-5.42)

12-year 8.36 (7.80 — 8.92) <0.001
LBM (kg) GH-stop 43.37 (2.46 — 44.28)

12-year 42.23 (41.27 - 43.19) 0.001
Serum lipid levels *
Total cholesterol (mmol/L) GH-stop 3.95 (3.82 - 4.08)

12-year 4.56 (4.34-4.77) <0.001
LDLc (mmol/L) GH-stop 2.24 (2.13-2.35)

12-year 2.65 (2.49-2.81) <0.001
Triglycerides (mmol/L) GH-stop 0.99 (0.91-1.07)

12-year 1.21(1.07 - 1.34) 0.006
HDLc (mmol/L) GH-stop 1.42 (1.36-1.49)

12-year 1.33 (1.26 — 1.40) 0.025
Blood pressure *
SBP (mmHg) GH-stop 110.7 (107.8 - 113.7)

12-year 118.6 (116.8 — 120.5) <0.001
DBP (mmHg) GH-stop 61.9 (59.9 - 63.8)

12-year 71.5(70.0-73.1) <0.001

Results of repeated measurement analysis, presented as estimated marginal means with 95% Cl; Abbreviations:
EMM, estimated marginal mean; Cl, confidence interval; SGA-GH, Adults born small for gestational age treated with
growth hormone; FM, Fat mass; LBM, Lean Body Mass; TF, Trunk fat; LF, Limb fat; HDLc, High-density lipoprotein
cholesterol; LDLc, Low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.
! Adjusted for sex and age

2 Adjusted for sex, height SDS and age
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Results

Baseline characteristics

Table 1 shows the clinical characteristics of all 386 adults at birth, at adult height and at
around age 30 years. In the 167 SGA-GH adults, mean GH treatment duration had been
8.9 years, mean age at cessation of GH treatment was 16.2 years and follow-up after GH-
cessation was 12 years. Mean age at the last follow-up visit was 28.6 years in SGA-GH, 31.8
years in SGA-S, 32.6 years in SGA-CU and 32.8 years in AGA adults (p<0.001). Birth length
and birth weight were different in all groups, as this was part of the inclusion criteria (all
p<0.001). AH SDS in SGA-GH (-1.39 SDS) was significantly higher compared to SGA-S adults
but significantly lower than in SGA-CU and AGA adults (all p<0.001).

SGA-GH had a similar total yearly income and educational level as SGA-S adults but
significantly lower than AGA adults (both p<0.001).

Longitudinal changes in previously GH-treated adults (SGA-GH) and comparison with the
untreated control groups (SGA-S, SGA-CU and AGA) at age 30 years

Figure 1 and 2 and Tables 2 and 3 present the change in metabolic health parameters in
SGA-GH adults during 12 years after GH-cessation and the comparison to SGA-S, SGA-CU
and AGA adults at around age 30 years.

Insulin sensitivity and beta-cell function

During the 12 years of follow-up, insulin sensitivity (Si) increased significantly in SGA-GH
adults (p=0.002), also after adjustment for FM. Correspondingly, AIRg decreased (p<0.001),
while beta-cell function (DI) remained similar. Sg, the glucose uptake without insulin,
increased during follow-up (p=0.005). At age 30 years, SGA-GH adults had similar Si, AIRg, DI
and Sg as SGA-S, SGA-CU and AGA adults. Diabetes mellitus type Il (repeated fasting glucose
>7.0mmol/L) was present in 2 SGA-GH adults and 1 AGA adult.

Body composition

During 12 years of follow-up, FM, trunk fat, and limb fat increased in SGA-GH adults (all
p<0.001), while LBM decreased (p=0.001). The decrease in LBM was due to a decrease
during the first 5 years of follow-up (p<0.001) and remained stable thereafter (p=0.67).

At age 30 years, SGA-GH adults had a similar FM, corrected for height, age and sex, as SGA-S
and AGA adults. SGA-GH had a trend towards lower FM than SGA-CU adults (p=0.11). Trunk
fat was similar between SGA-GH and SGA-S, SGA-CU and AGA adults. SGA-GH adults had
similar limb fat as SGA-S and AGA adults but significantly lower limb fat than SGA-CU adults
(p=0.023). LBM, corrected for height, age and sex, was similar in SGA-GH and SGA-S adults,
but SGA-GH adults had lower LBM than SGA-CU and AGA adults (p=0.008 and p=0.003,
resp.). Additional adjustment for birth length did not change results.
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Serum lipid levels

During the 12 years of follow-up, there was an increase in total cholesterol (p<0.001), LDLc
(p<0.001) and triglycerides (p=0.006), and a decrease in HDLc (p=0.025) in SGA-GH adults.
Mean serum lipid levels remained within the normal range.

At age 30 years, SGA-GH had similar total cholesterol and LDLc, corrected for age and sex,
as SGA-S and SGA-CU adults, and significantly higher cholesterol and LDLc than AGA adults
(p=0.005 and p=0.023, resp.). SGA-GH had a trend towards lower triglycerides than SGA-S
adults (p=0.09) and towards higher triglycerides than AGA adults (p=0.09). Triglycerides in
SGA-GH and SGA-CU adults were similar.

SGA-GH adults had similar HDLc as SGA-S and SGA-CU adults but, like the other SGA groups,
lower HDLc than AGA adults (p=0.005).

Blood pressure
During 12 years of follow-up, SGA-GH adults had an increase in SBP and DBP (both p<0.001)
while remaining within the normal range.

At age 30 years, SBP and DBP, corrected for age, sex and AH SDS, were similar in SGA-GH,
SGA-S, SGA-CU and AGA adults.

Abdominal adiposity and liver fat fraction by MRI
At age 30 years, SGA-GH had similar VAT, SAT and liver fat fraction, after correction for age
and sex, as SGA-S, SGA-CU and AGA adults.

Metabolic syndrome

At age 30 years, MetS (according to the NECP Il criteria) was present in 5.8% of SGA-
GH, 10.2% of SGA-S, 8.3% of SGA-CU and 4.4% of AGA adults, which was not significantly
different between groups.

Regarding the MetS components (Table 3), high waist circumference was less present in
SGA-GH than in SGA-S and SGA-CU adults (p=0.04 and p=0.007, resp.). SGA-GH tended
towards a lower presence of high triglycerides than SGA-S and AGA adults (both p=0.06) and
had a significantly lower presence of high triglycerides than SGA-CU adults (p=0.011). High
HDLc was significantly more present in SGA-GH than in AGA adults (p=0.018) and similarly
present in SGA-GH, SGA-S and SGA-CU adults. High blood pressure and high fasting glucose
levels were similarly present in all groups.
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Figure 1: Longitudinal changes in FSIGT results
and body composition during 12 years after
cessation of growth hormone treatment.

Data are expressed as estimated marginal means
with the upper limit of the 95% confidence
interval. P-values for change within groups during
12 years follow-up were depicted if p<0.05. FSIGT
results were corrected for sex and age; body
composition results were corrected for sex, age
and height. Abbreviations: FSIGT, frequently-
sampled intravenous glucose tolerance test; Si,
Insulin Sensitivity; Sg, Glucose Effectiveness; AIR,
Acute Insulin Response; DI, Disposition Index; FM,
Fat Mass; LBM, Lean Body Mass; TF, Trunk Fat; LF,
Limb Fat.

*p<0.05 compared to AGA

Figure 2: Longitudinal changes in serum lipid
levels and blood pressure during 12 years after
cessation of growth hormone treatment.

Data are expressed as estimated marginal means
with the upper limit of the 95% confidence
interval. P-values for change within groups during
12 years follow-up were depicted if p<0.05. Serum
lipid levels were corrected for sex and age; blood
pressure results were corrected for sex, age and
height. Abbreviations: SBP, Systolic Blood Pressure;
DBP, Diastolic Blood Pressure; HDLc, High-density
Lipoprotein; LDLc, Low-density Lipoprotein.
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Figure 3: FSIGT results, body composition and
central adiposity at around age 30 years.

Data are expressed as estimated marginal means
with the upper limit of the 95% confidence
interval. Abbreviations: VAT, Visceral Adipose
Tissue; SAT, Subcutaneous Adipose Tissue; SGA-
GH, SGA-GH, Adults born small for gestational age
treated with growth hormone; SGA-S, Adults born
small for gestational age with persistent short
stature; SGA-CU, Adults born small for gestational
age with spontaneous catch-up growth; AGA,
Adults born appropriate for gestational age with a
normal adult stature.

* p<0.05 compared to AGA
1 Adjusted for sex and age
2 Adjusted for sex, height and age

Figure 4: Serum lipid levels, blood pressure and
liver fat fraction at around age 30 years.

Data are expressed as estimated marginal means
with the upper limit of the 95% confidence
interval. Abbreviations: HDLc, High-density
Lipoprotein Cholesterol; LDLc, Low-density
Lipoprotein Cholesterol; SBP, Systolic Blood
Pressure; DBP, Diastolic Blood Pressure; FFL,
Liver Fat Fraction; SGA-GH, Adults born small for
gestational age treated with growth hormone;
SGA-S, Adults born small for gestational age with
persistent short stature; SGA-CU, Adults born
small for gestational age with spontaneous catch-
up growth; AGA, Adults born appropriate for
gestational age with a normal adult stature.

* p<0.05 compared to AGA
1 Adjusted for sex and age
2 Adjusted for sex, height and age
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Discussion

Our study is the first 12-year follow-up study after cessation of GH treatment with detailed
longitudinal measurements of metabolic and cardiovascular health parameters in previously
GH-treated adults born SGA (SGA-GH) and compared with appropriate control groups
consisting of untreated short adults born SGA (SGA-S) and adults born AGA with normal
stature at age around 30 years. During 12 years after GH-cessation, SGA-GH adults had an
increase in insulin sensitivity, fat mass parameters, total cholesterol and blood pressure
to similar levels as SGA-S adults at around age 30 years. At that age, SGA-GH had similar
insulin sensitivity, beta-cell function, FM, central fat mass, liver fat fraction, serum lipid
levels and blood pressure as SGA-S adults. SGA-GH adults had also similar metabolic and
cardiovascular health parameters as AGA adults, except of a lower LBM and higher adverse
serum lipid levels which were present in all SGA groups.

Large population studies, including the SAGhE, presented higher cardiovascular mortality in
previously GH-treated SGA adults at an average age of 30 years *13%, A Swedish population
study also demonstrated increased cardiovascular death in GH-treated adults but showed
that this difference disappeared after correction for birth characteristics 2. These studies,
however, did not include untreated adults born SGA as controls and compared cardiovascular
events in GH-treated adults to the general population. Our study investigated determinants
of cardiovascular and metabolic diseases in previously GH-treated adults born SGA at a
similar age as in the SAGhE study in comparison with adequate untreated control groups of
adults born SGA and AGA. Our results show that SGA-GH adults had similar metabolic and
cardiovascular health determinants as SGA-S and AGA adults at around age 30 years, thus
contradicting the previously reported higher metabolic and cardiovascular morbidity risk
following childhood GH treatment in subjects born SGA.

There has been concern that the increased insulin resistance resulting from the insulin-
antagonistic effects of GH treatment could increase diabetes mellitus type Il risk in adulthood
45, Our study shows that Si in SGA-GH adults during 12 years of follow-up increased and had
similar values as in the SGA-S, SGA-CU and AGA adults. SGA-GH adults also had similar beta-
cell function as SGA-S and SGA-CU adults. Remarkably, both SGA-S and SGA-CU groups had
lower Si than AGA adults, indicating a negative influence of SGA birth on Si. In contrast,
previously GH-treated SGA adults did not have a lower Si and beta-cell function at around
age 30 years.

Body composition changes significantly during GH treatment in children born SGA, with a
decrease in FM and an increase in LBM 8. Our study shows that during the 12 years after
GH-cessation, FM, trunk fat, and limb fat increased in SGA-GH adults but to similar values
as SGA-S and AGA adults at around age 30 years. The SGA-S and AGA adults also showed an
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increase in FM during 11 years in adulthood (Ref PROGRAM32). Because the various groups
differed in height, age and sex distribution, we adjusted all group comparisons for these
variables. LBM decreased during 12 years of follow-up after GH-cessation, but only during
the first 5 years, probably due to the loss of GH-properties '’. At around age 30 years, LBM
in SGA-GH was similar to SGA-S adults, and both were lower than SGA-CU and AGA adults.

Our study is the first to present MRI data on abdominal visceral and subcutaneous adipose
tissue and the liver fat fraction in GH-treated adults born SGA. At around age 30 years, SGA-
GH adults had a similar VAT, SAT, and liver fat fraction as SGA-S, SGA-CU and AGA adults.
In untreated SGA-S and SGA-CU adults, however, there was a tendency of more visceral
adiposity compared to AGA adults, with a significantly higher VAT in SGA-CU adults and a
trend towards higher liver fat fraction in SGA-S and SGA-CU adults. Higher VAT and higher
liver fat fraction are strongly associated with glucose intolerance, insulin insensitivity and
hypertension in later life 2%, Our results indicate a positive long-term effect of GH treatment
resulting in less central fat deposition.

At around age 30 years, SGA-GH adults had similar serum lipid levels as SGA-S and SGA-
CU adults. However, SGA-GH, SGA-S, and SGA-CU adults had higher total cholesterol, LDLc
and triglycerides, and lower HDLc than AGA adults, indicating higher adverse serum lipid
levels in adults born SGA. Higher adverse serum lipid levels are associated with a higher
risk for cardiovascular disease 8. Our study shows that serum lipid levels were higher in all
adults born SGA during adulthood, albeit within the normal range and independent of GH
treatment. It is important to further investigate the cause of this unfavorable lipid profile
in subjects born SGA. One explanation might be that fetal growth restriction leads to fetal
and early postnatal re-programming of the lipid metabolism, leading to dyslipidemia when
the fetal growth-restricted infant receives high-caloric feeding in an attempt to normalize
the size of the SGA infant 4. It is already known that rapid postnatal weight gain should be
avoided in children who are born SGA to prevent an unhealthy metabolic and cardiovascular
profile in early adulthood %.

The SGA-GH adults showed a similar risk for metabolic syndrome as untreated adults born
SGA and AGA, according to the NECP lll criteria. This is reassuring as these criteria comprise
an important clustering of risk factors for cardiovascular and metabolic disease 2.

Birth weight, birth length and adult height were different between groups, as these were
part of the inclusion criteria for the three groups. Age was also different between groups, but
we corrected all comparisons for age. SGA-GH adults had a lower SES based on income and
educational level than SGA-S, SGA-CU and AGA adults, which might be due to the younger
age in SGA-GH adults. We, therefore, additionally corrected for SES, but this did not change
the results between the SGA-GH adults and control groups.
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The PROGRAM32 study reported higher insulin resistance, unfavorable body composition
and higher adverse serum lipid levels in SGA-CU adults, showing that SGA-birth and
spontaneous catch-up in weight and length negatively influence adult health (Ref
PROGRAM32). Our results show that SGA-GH adults are more healthy than SGA-CU adults,
indicating that GH-induced catch-up in height is associated with better long-term metabolic
health than spontaneous catch-up in weight and height.

Although our study had smaller numbers than published population studies, our study
presents a large cohort of previously GH-treated adults born SGA compared to appropriate
untreated control groups, with extensive and longitudinal measurements to assess
determinants of metabolic and cardiovascular risks. Such detailed measurements during
many years of follow-up are not achievable in population studies. The proportion of SGA-S
adults was smaller due to the low prevalence of SGA-born subjects with persistent short
stature (~0-1% of all live-born children ) and the fact that most children with postnatal
growth failure during the last 25 years were treated with growth hormone for adult height
improvement. As our study population consisted of adults at around age 30 years, endpoints
such as cardiovascular diseases and diabetes mellitus type Il might not be present at that
age. We, therefore, assessed a detailed health profile in this cohort using high-quality
research tools, such as FSIGT, DXA and MRI.

In conclusion, our 12-year follow-up study after GH-cessation in previously GH-treated
adults born SGA shows an increase in insulin sensitivity, FM, total cholesterol and blood
pressure to similar levels as the untreated control groups, and maintenance of a normal
beta-cell function and a slight decrease in LBM. Large population studies, including the
SAGhE study, suggested an increase in cardiovascular morbidity in GH-treated adults, but
detailed cardiovascular and metabolic determinants in our study were similar in GH-treated
compared to untreated adults born SGA or AGA at around age 30 years. Our results show
that long-term GH treatment in children born SGA has no adverse effects on metabolic and
cardiovascular health up to 12 years after GH-cessation.
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General discussion

In 1991, our research group initiated the first Dutch study on growth hormone (GH)
treatment in children born small for gestation age (SGA) with persistent short stature.
Since then, several clinical trials have proved that GH treatment effectively improves adult
height 3. As low birth weight has been associated with higher risk of diabetes mellitus and
cardiovascular diseases *, long-term safety of GH treatment in children born SGA during and
after cessation of treatment has been our focus. Our study group showed that childhood GH
treatment in short children born SGA is safe, at least until 21 years of age >°. In the studies
presented in this thesis, we extended the follow-up period to 12 years after cessation of
childhood GH treatment in short subjects born SGA and investigated the long-term safety
of 2 years of gonadotropin-releasing hormone agonist (GnRHa) treatment in addition to
childhood GH treatment to further improve adult height.

The first study presented in this thesis investigated the pubertal development and gonadal
function in Silver-Russell syndrome (SRS), one of the causes of short SGA (Chapter 2). In the
second study, we investigated kidney function and blood pressure in previously GH-treated
young adults until 5 years after GH-cessation (Chapter 3). We also investigated the effect
of 2 years of GnRHa treatment in addition to GH treatment on cognitive and psychosocial
functioning and health-related quality of life (HRQoL) in young adults born SGA, at cessation
of GH treatment (Chapter 4) and on metabolic and cardiovascular health and bone mineral
density (BMD) comparing subjects treated with GH/GnRHa with those treated with GH only,
during 5 years after cessation of GH treatment (Chapter 5). In addition, we longitudinally
investigated body composition, central adiposity, metabolic and cardiovascular health in
untreated adults born SGA compared to adults born appropriate for gestational age (AGA)
until 32 years of age (Chapter 6). Finally, we assessed the metabolic and cardiovascular
safety of childhood GH treatment during 12 years after cessation GH treatment in adults
born SGA, also compared to age-matched adults born SGA or AGA without childhood GH
treatment (Chapter 7).

In the general discussion, the results of the studies are discussed in view of recent literature.
Furthermore, the clinical implications are addressed, as well as future directions for research.

Silver-Russell syndrome

SRS is a rare disorder and one of the causes of short SGA. GH treatment has been approved
for children with SRS, as children with SRS benefit the same from GH treatment as subjects
born SGA 78, Since most SRS individuals are not routinely followed up after adult height
attainment, there was very little information in the literature regarding the long-term
natural history of SRS.
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Pubertal development and gonadal function

One of the issues that had not been evaluated in SRS patients was their pubertal progression
and gonadal function. In Chapter 2, we longitudinally assessed gonadal function from
childhood to early adulthood and pubertal development in 31 subjects with SRS (14 boys,
17 girls). We compared these data with those of 123 subjects born SGA without SRS and
with data of healthy controls.

We showed that children with SRS have an average age at onset of puberty and a similar
pubertal progression as children born SGA without SRS. However, two out of seventeen girls
had onset of puberty before the age of 8 years, without underlying pathology. We postponed
puberty with 2 years of additional GnRHa treatment in nine out of seventeen girls and four
out of fourteen boys, if adult height prediction at start of puberty was below -2.5 standard
deviation scores (SDS). After cessation of GnRHa treatment, pubertal progression was
similar to that of children without SRS. Our results also suggest a similar beneficial effect of
GnRHa treatment on adult height in children with and without SRS. GnRHa treatment could,
therefore, be considered in children with SRS with an adult height prediction below -2.5 SDS
at the start of puberty °.

We found that girls with SRS had no impairment of the gonadal function. Previous cohorts
have described Mayer-Rokitansky-Kuster-Hauser syndrome in females with SRS, a rare
disorder characterized by hypoplasia of the uterus and upper part of the vagina 1% In
our cohort, one out of 17 girls with SRS had Miillerian agenesis, suggesting that Mayer-
Rokitansky-Kuster-Hauser is more prevalent in SRS. However, larger cohorts of SRS females
are needed to assess the exact prevalence of Miillerian agenesis.

Our results show that boys with SRS have, however, an increased risk for genital abnormalities
such as cryptorchidism and hypospadias. Leydig cell function was similar in boys with SRS
as controls. However, more than a quarter of the boys with SRS had a postpubertal serum
inhibin B level below the 5% percentile for healthy references. Two out of fourteen boys also
had an FSH level above the 95 percentile. All affected males had 11p15 loss of methylation
(LOM). Our results suggest an increased risk of Sertoli cell dysfunction in males with SRS
compared to males born SGA without SRS, particularly in those with 11p15 LOM. This is in
concordance with previous studies, reporting a higher incidence of genital abnormalities
in males with SRS due to 11p15 LOM (44-59%) than in those with UPD(7)mat (21-29%) '*
4 Three cases have been described in the literature about severe under-virilisation and
dysplastic testes in males with SRS >, Genital abnormalities and Sertoli cell dysfunction
have predominantly been reported in children with SRS with 11p15 LOM and /GF2 mutation
1819 indicating a potential role of IGF2 in the pathophysiology of genital abnormalities. More
research is warranted to investigate the etiology of genital abnormalities and Sertoli cell
dysfunction in males with SRS.
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Conclusions and clinical implications

Both males and females with SRS have on average a similar onset and progression of
puberty as GH-treated subjects born SGA without SRS. If puberty starts at an early age or
adult height prediction at start of puberty is below -2.5 SDS, 2 years of additional GnRHa
treatment could be considered since this improves adult height. Gonadal function in girls
with SRS is within the normal range and similar to girls born SGA without SRS. Boys with
SRS have, however, an increased risk of genital abnormalities and Sertoli cell dysfunction. A
relatively small testicular volume due to the Sertoli cell dysfunction can be a pitfall in boys
with SRS as they might have a more progressed puberty than expected based on Tanner
stage. This complicates defining the onset of puberty and a reliable adult height prediction.
We, therefore, would advise to regularly assess bone age and gonadotropins to accurately
monitor pubertal onset in boys with SRS and to evaluate Sertoli cell function during puberty
and at adult height attainment. Finally, we emphasize the need for SRS reference centers
for providing specialized care for SRS patients and performing further dedicated research in
larger cohorts of SRS patients.

Kidney function after GH treatment in adults born SGA:
5-year follow-up after cessation of GH treatment

Infants born with a low birth weight have a smaller number of nephrons, which is associated

with a lower GFR, a higher albumin-to-creatinine ratio and a higher blood pressure in early
adulthood 2%, GH treatment increases the glomerular filtration rate (GFR), as serum IGF-I
stimulates the renin-angiotensin system.

Glomerular filtration rate, blood pressure and microalbuminuria

The independent effects of GH treatment and SGA-birth on renal function had not
been evaluated before. In Chapter 3, we longitudinally followed 261 young adults born
SGA, previously treated with GH (SGA-GH) . GFR, based on serum creatinine levels, was
determined at the cessation of GH treatment and at 6 months, 2 and 5 years thereafter. At
5 years after cessation, we compared these data to 309 untreated adults born SGA and AGA
at age 21 years.

We found a relatively high GFR at the cessation of GH treatment, probably caused by
stimulation of the renin-angiotensin system due to the higher serum IGF-I levels, which has
also been described in a study describing patients with GH deficiency 2°. Our study shows
that GFR after cessation of GH treatment in previously GH-treated adults born SGA remained
well within the normal range, with a small decrease in GFR during the first 6 months after
GH-cessation. At 5 years after GH-cessation, previously GH-treated SGA young adults had a
similar GFR, blood pressure and urinary albumin excretion as age-matched untreated young
adults born either SGA or AGA. Reassuringly, our results indicate that GH treatment has no
long-lasting unfavorable effects on GFR in early adulthood.
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None of the SGA-GH participants in our study had low estimated GFR values (<60 mL/
min/1.73m?) or a high albumin-to-creatinine ratio (>10 mg/mmol), which is reassuring, as
this is associated with an increased risk of cardiovascular mortality 23, Systolic and diastolic
blood pressure was also similar in SGA-GH adults and age-matched untreated controls born
SGA or AGA. These results are in line with previous publications of our study group *®.

Birth weight and birth length corrected for gestational age did not correlate with risk factors
for developing kidney diseases in our study, at least at young adult age. In a cohort study in
young adults born before 32 weeks gestational age, low birth weight was correlated with an
increased risk of microalbuminuria at age 19 years 3. The difference with our findings might
be explained by the association of premature birth and a lower nephron number 232, Our
results suggest that SGA birth per se does not increase the risk of developing kidney disease
in children born at term.

Conclusions and clinical implications

We show that GFR values remained well within the normal range during 5 years after
cessation of GH treatment, and were similar to untreated SGA and AGA young adults at age
21 years. Our results suggest that GH treatment has no long-lasting unfavourable effects
on kidney function and blood pressure. These results are reassuring for children with GH
treatment, as these show another aspect of GH treatment safety.

GnRHa treatment

GnRHa treatment in children postpones puberty, and additional GnRHa treatment for 2
years at the start of puberty improves adult height in GH-treated children born SGA with
relatively early puberty resulting in an expected adult height of less than -2.5 SDS °.

Cognition, health-related quality of life and psychosocial functioning in young adults
born SGA after GH/GnRHa treatment during childhood

Postponement of puberty for 2 years might influence cognitive functioning, health-related
quality of life (HRQoL), problem behaviour and school skills. Chapter 4 presents these
findings at adult height attainment in 61 GH-treated young adults born SGA, who were
additionally treated with 2 years of GnRHa during childhood. We compared these data to
those of 38 young adults born SGA treated with GH only and to healthy references.

Studies during GnRHa treatment for central precocious puberty (CPP) reported a decrease
in cognitive functioning 3334, Our results at adult height attainment, however, show similar
cognitive results in GH-treated subjects born SGA independent of additional 2 years of GnRHa
treatment at start of puberty. Therefore, the lower scores found in the other studies are most
likely due to the delay in psychosocial maturation at the time of testing, as GnRHa-treated
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patients entered puberty later than their peers. The lower cognitive functioning in the SGA
subjects treated with GH treatment with or without additional GnRHa treatment might be
explained by the association between SGA-birth and lower cognitive functioning 3>38,

The main concern about GnRHa treatment prior to our study was an increase in depressive
emotions 343°, GnRHa resulted in an estradiol-dependent depressive response in healthy
women undergoing short-term sex hormone manipulation with GnRHa, due to serotonin
transporter changes “°. Reassuringly, our long-term results show that 2 years of GnRHa
treatment does not result in depressive emotions in young adults born SGA.

To our knowledge, no other study has investigated HRQoL, self-perception and problem
behaviour in young adults born SGA following GnRHa treatment. These outcome measures
are important as a ‘patient-reported outcome’ as they reflect the subjective perception
of health and psychosocial functioning. Young adults of the GH/GnRHa group perceived
lower cognitive functioning than the GH group and the reference population. The GH/
GnRHa group scored lowest, followed by the GH group. This lower perception of cognitive
functioning in the GH/GnRHa group contrasts with the slightly higher cognitive function in
the same group. As the GH/GnRHa group had a higher SES, based on the educational level
of the parents, it might be that the young adults underrated their cognitive functioning
because they compared themselves with their better-performing parents. Self-perception
scores and problem behaviour were described to remain similar during GnRHa treatment
33344142 Reassuringly, we show similar self-perception scores and problem behaviour in our
study in GH/GnRHa-treated, GH-treated adults and the reference population.

Conclusions and clinical implications

We show that 2 years of GnRHa treatment in addition to GH treatment results in similar
cognitive functioning, HRQolL, self-perception and problem behaviour in young adults born
SGA, compared to young adults born SGA treated with only GH. Values were within the
normal range of the general population. Although we did not find negative effects on school
performance, the child’s perception of GnRHa treatment and school performance during
treatment should be monitored during GnRHa treatment, as subjects undergoing GnRHa
treatment might behave younger than their peers.

Metabolic health and bone mineral density in young adults born SGA after GH/GnRHa
treatment during childhood

GnRHa treatment has been associated with a decrease in insulin sensitivity, gain in weight
and fat mass (FM) and a decrease in BMD during the treatment. There were, however, no
data on the long-term metabolic safety of additional 2 years of GnRHa treatment to GH
treatment during childhood in young adults born SGA after GH-cessation at adult height
attainment. In Chapter 5, we investigated metabolic health, body composition and BMD of
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363 young adults born SGA, previously treated with combined GH/GnRHa or GH-only, until
5 years after attainment of adult height: at GH-cessation, 2 and 5 years thereafter. Data at 5
years after GH-cessation, at age 21 years, were additionally compared to 145 age-matched
adults born AGA.

Metabolic effects of GnRHa treatment were predominantly described in populations of
children with CPP. Several studies during GnRHa treatment showed a decrease in insulin
sensitivity, expressed as HOMA-IR, a decrease in BMD, and an increase in weight and body
mass index (BMI) 4354, Most of these studies, however, did not comprise long-term follow-
up data. In contrast to the results described during GnRHa treatment, our results during 5
years of follow-up after GH-cessation show that insulin sensitivity, beta-cell function, body
composition, blood pressure, serum lipid levels and BMD are unaffected by the addition of
2 years of GnRHa treatment for postponement of puberty.

Our study was the first to investigate longitudinal metabolic effects in previously GnRHa-
treated adolescents born SGA in comparison with an adequate control group of adolescents
born SGA treated with GH only and with healthy young adults born AGA. At 21 years of age,
the GH/GnRHa group had a similar metabolic health profile and BMD of the total body as the
GH-only and AGA group and a higher BMD of the lumbar spine compared to the AGA group.
Only one other study had presented metabolic health results during follow-up of GnRHa-
treated female adults with CPP, showing no metabolic derangements at age 30-50 years
48 Qur results show that 2 years of GnRHa treatment in addition to GH treatment during
childhood does not influence metabolic health at the age of 21 years. These suggests that
the previously reported adverse effects on metabolic parameters in patients with CPP were
due to the natural course of body composition due to CPP rather than GnRHa treatment.

Conclusions and clinical implications

The addition of 2 years of GnRHa treatment to long-term GH treatment in short children
born SGA does not have an unfavorable effect on metabolic health and BMD until 5 years
after GH-cessation at the age of 21 years. Based on our results, additional GnRHa treatment
for 2 years could be considered at the start of puberty for GH-treated children born SGA
with an adult height prediction below -2.5 SDS.

Long-term metabolic health in adults born SGA (PROGRAM32)

Low birth weight has been associated with adult diseases like diabetes mellitus type Il
and cardiovascular diseases *. At age 21 years, the PROgramming factors for GRowth And
Metabolism (PROGRAM) study showed that young adults born SGA with postnatal catch-up
(SGA-CU) and accelerated weight gain in early life had insulin resistance, adverse lipid profile,
significantly higher FM and an increased metabolic risk compared to those born AGA 58,
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Metabolic health following accelerated weight gain in early life in adults born SGA at age
32 years

In Chapter 6, we longitudinally investigated insulin sensitivity, beta-cell function, body
composition, abdominal adipose tissue, liver fat fraction, serum lipid levels and blood pressure
in 287 adults (65 adults born SGA with persistent short stature (SGA-S), 105 adult born SGA
with spontaneous catch-up to a normal adult height (SGA-CU) and 117 AGA adults) from age
21 to 32 years.

We showed that changes during 11 years of follow-up in adulthood were similar in
all groups, but the SGA-CU group had an adverse health profile at age 21 and 32 years,
compared to SGA-S and AGA adults. Our findings suggest that the adverse metabolic health
profile at age 32 years is due to their accelerated weight gain in early childhood 3565860,
Another study had reported more insulin resistance in adults born SGA, using HOMA-IR to
measure insulin sensitivity ¢-%2, We found that the adverse lipid profile, unfavorable body
composition and higher central adiposity persisted during 11 years of follow-up in SGA-CU
adults. This suggests that accelerated weight gain following SGA birth has long-term negative
consequences as these factors are all associated with an increased risk of cardiovascular and
metabolic diseases in later life %36, Reassuringly, none of the adults born SGA had diabetes
mellitus type 2, and during 11 years the beta-cell function remained similar in all groups.

Remarkably, all adults born SGA in our study had higher serum lipid levels, independent of
postnatal catch-up growth. One explanation might be that fetal growth restriction leads to
fetal and early postnatal reprogramming of the lipid metabolism, when the fetal growth-
restricted infant receives high-caloric feeding in an attempt to normalize the size of the SGA
infant %, This postnatal reprogramming could lead to dyslipidemia in adulthood.

Our findings show that SGA birth followed by accelerated weight gain during the first
months of life negatively affects metabolic health at age 32 years, as we also found an
increased risk of developing metabolic syndrome (MetS), which is an important clustering
of risk factors for cardiovascular and metabolic disease . Weight development in early life
should, therefore, be closely monitored to prevent accelerated weight gain, particularly in
children born SGA. Our study also showed that a higher frequency of physical exercise was
associated with better body composition in the total cohort.

Conclusions and clinical implications

SGA-CU adults have a persistently unhealthy metabolic profile, and accelerated weight gain
during early life results in an increased metabolic risk. We, therefore, advise to avoid excess
gain in weight in early life and particularly in children born SGA. Also, an active lifestyle for all
adults is recommended, especially for those born SGA, to decrease the risk of unfavorable
body composition and central adiposity at age 32 years.
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Long-term health following GH treatment in adults born SGA

GH treatment effectively induces catch-up growth and increases adult height in children
born SGA 3%, Besides the positive effects on linear growth, GH has well-documented
lipolytic, anabolic and insulin-antagonistic effects. As low birth weight has been associated
with higher risk of diabetes mellitus and cardiovascular diseases *, long-term safety of
childhood GH treatment in subjects born SGA has been our focus. Our study group showed
that childhood GH treatment in short children born SGA is safe, at least until 21 years of age
>6_ However, large population studies including the Safety and Appropriateness of Growth
hormone treatments in Europe (SAGhE) study, presented higher cardiovascular morbidity
and mortality in previously GH-treated SGA adults %7%, but these studies did not have an
appropriate control group.

Metabolic health of previously GH-treated adults born SGA at age 30 years

Longitudinal data on the long-term effects of GH treatment on adult health after cessation
of GH treatment in comparison with appropriate controls were lacking. The study described
in Chapter 7 longitudinally investigated changes in body composition, central adiposity,
and metabolic health in 167 adults during 12 years after cessation of GH treatment. We
compared these data with 219 age-matched controls at age 30 years.

Due to the insulin-antagonistic effects of GH treatment, the primary concern of GH treatment
was an increased risk of developing diabetes mellitus type Il (DMII) during follow-up. Our
results now show that during 12 years of follow-up, SGA-GH adults maintain a normal beta-
cell function and show an increase in insulin sensitivity to similar levels as AGA adults at age
30 years, in contrast to the untreated SGA groups (SGA-S and SGA-CU). Our results show that
GH treatment has no long-term adverse effects on insulin sensitivity and beta-cell function.

Body composition changed significantly during GH treatment in children born SGA, with
a decrease in FM and an increase in LBM 72. During the 12 years after GH-cessation, FM,
trunk fat, and limb fat increased in SGA-GH adults but to similar values as SGA-S and AGA
adults at around age 30 years. The PROGRAM32 study showed that the FM also increased
in untreated adults born SGA and AGA during 11 years in adulthood. LBM decreased during
12 years of follow-up after GH-cessation, but only during the first 5 years, probably due to
the loss of GH-properties ©. At around age 30 years, LBM in GH-treated adults born SGA was
similar to short adults born SGA, and both were lower than adults born AGA.

Adverse serum lipid levels were higher in all adults born SGA, irrespective of GH
treatment. This might be due to fetal growth restriction leading to fetal and early postnatal
reprogramming of the lipid metabolism, when the fetal growth-restricted infant receives
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high-caloric feeding in an attempt to normalize the size of the SGA infant *. This postnatal
reprogramming could lead to dyslipidemia in adulthood.

Long-term effects of GH treatment were mainly known from large population studies,
including the SAGhE study, presenting higher cardiovascular morbidity and mortality in
previously GH-treated SGA adults %871, As GH treatment is associated with a decreaseininsulin
sensitivity 7*75, FM, serum lipid levels and blood pressure, and an increase in LBM, these
could influence the risk of developing metabolic and cardiovascular diseases. A limitation
of the population studies was the absence of an appropriate control group of adults born
SGA, knowing that SGA-birth and subsequent postnatal catch-up influences metabolic and
cardiovascular health 4. A Swedish population study also presented increased cardiovascular
death in previously GH-treated adults but showed that this difference disappeared after
correction for birth characteristics 76, indicating the importance of correcting for SGA-
birth in studies regarding adult metabolic and cardiovascular health. By assessing detailed
cardiovascular and metabolic determinants in GH-treated adults born SGA compared to
appropriate control groups of untreated adults born SGA and AGA, our study shows that
long-term GH treatment in children born SGA has no adverse effects on metabolic and
cardiovascular health up to 12 years after GH-cessation. Based on our findings, it is unlikely
that childhood GH treatment results in more cardiovascular morbidity and mortality in SGA
born subjects at the age of around 30 years, as reported in the SAGhE study.

Conclusions and clinical implications

Our study shows that cardiovascular and metabolic health parameters significantly change
during 12 years after cessation of GH treatment. However, at age 30 years, metabolic and
cardiovascular health parameters were similar between GH-treated adults and untreated
adults born SGA with persistent short stature and adults born AGA. Our results indicate that
GH treatment is a safe and effective treatment for short children born SGA to induce catch-
up to a normal stature.
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General conclusions

Our study group has shown that children with SRS show specific traits and growth patterns
compared to children born SGA without SRS. This thesis shows that SRS patients have on
average a similar age at onset of puberty and pubertal progression as non-SRS subjects born
SGA but that disturbances in Sertoli cell function are more common in SRS males.

In children born SGA with persistent short stature, treatment with GH leads to adult height
improvement *77, We show that GFR values remained well within the normal range during
5 years after cessation of GH treatment, while GFR values only slightly decreased during the
first 6 months. Our results suggest that GH treatment has no unfavourable effects on kidney
function and blood pressure on the long-term.

The Dutch SGA study has shown that postponement of puberty with GnRHa for 2 years at
the start of puberty because of an expected adult height < -2.5 SDS can improve adult height
in children born SGA °. The studies in this thesis show that the additional 2 years of GnRHa
treatment during childhood does not have adverse effects on metabolic and cardiovascular
health, cognitive function, health-related quality of life and psychosocial functioning in
adults born SGA. Thus, 2 years of GnRHa treatment appears to be safe and effective and can
be considered as treatment of short SGA children.

Adults born SGA with spontaneous postnatal catch-up had higher insulin resistance,
unfavorable body composition and higher adverse serum lipid levels than age-matched
AGA adults, and accelerated weight gain in early childhood is associated with an increased
metabolic risk. Our results highlight the importance of evaluating weight development in
early life to prevent accelerated weight gain, particularly in children born SGA.

By assessing detailed cardiovascular and metabolic determinants in previously GH-treated
adults born SGA and in appropriate control groups of untreated adults born SGA or AGA,
our study shows that long-term GH treatment in children born SGA has no adverse effects
metabolic and cardiovascular health up to 12 years after GH-cessation. Based on our
findings, it is unlikely that childhood GH treatment results in more cardiovascular morbidity
and mortality in SGA born subjects at the age around 30 years, as reported in the SAGhE
study. Our results indicate that GH treatment is a safe and effective treatment for short
children born SGA to induce catch-up to a normal stature.
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Directions for future research

Firstly, it is essential to investigate the (epi)genetic mechanism of clinical SRS further, as
a large percentage of subjects with SRS remain without genetic diagnosis. Metabolic and
cardiovascular health beyond age 30 years should be investigated in larger cohorts of adults
with SRS, as some case reports showed an increased risk of metabolic disease at a relatively
young age (50 years). Our results on gonadal function, particularly in males, warrant more
research on reproduction in adults with SRS. To investigate these parameters, it is essential
to follow-up subjects with SRS after attainment of adult height. SRS reference centers and
international collaboration should be used to enlarge cohorts and increase the current
knowledge about SRS in adulthood.

Although gonadal function is unaffected by 2 years of additional GnRHa treatment, it is
essential to further investigate the long-term follow-up of reproduction in adults born SGA.
Also, long-term follow-up of psychosocial functioning could be investigated after combined
GH/GnRHa treatment during childhood.

Further investigations about the effect of food intake in younger and older children born
SGA on serum lipid profiles and body composition is clinically highly relevant. It is essential
to investigate optimal feeding for infants and children and develop a strategy for a balanced
catch-up in weight during infancy and childhood, to prevent negative long-term effects on
metabolic health. Also, it is important to monitor children born SGA in order to identify
children at risk for overweight and obesity and an adverse metabolic health profile.

It is essential to investigate the long-term effects of GH treatment on cerebral vasculature
and brain structures, as a French population study (French part of SAGhE study) reported an
increased risk of cerebral bleeding around age 30 years, following childhood GH treatment
compared to the general population. Follow-up of GH-treated adults could further focus on
health-related quality of life and psychosocial functioning. Lastly, it is essential to investigate
the effect of SGA-birth and GH treatment on offspring characteristics, such as birth weight,
birth length and metabolic health.
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Summary

Chapter 1

This chapter provides an overview of the definition, prevalence and causes of small for
gestational age (SGA) birth, and the effects of SGA birth on puberty, adult stature and metabolic
health. It describes the effects of growth hormone (GH) and gonadotropin-releasing hormone
agonist (GnRHa) treatment during childhood in subjects born SGA and children with Silver-
Russell syndrome (SRS), a rare genetic variant causing SGA birth and persistent short stature
in most cases. Furthermore, we provide an introduction on parameters addressed in studies
in this thesis, namely metabolic health, gonadal function and bone mineral density (BMD).
Finally, the aims and outline of this thesis are presented.

Chapter 2

Children with SRS are mostly born SGA and benefit similarly from GH treatment as those
born SGA without SRS. We followed 32 children with SRS until attainment of adult height,
investigating the onset and progression of puberty and gonadal function. We compared
these data to a control group of subjects born SGA without SRS, and to age-appropriate
reference data of healthy Dutch adolescents.

Mean age at onset of puberty was similar in males with SRS (11.5 years) and males without
SRS (11.6 years), with similar pubertal duration in both groups. Four of the 14 males with SRS
had a postpubertal inhibin-B level below the 5th percentile compared to healthy controls,
and two of them an FSH above the 95th percentile, indicating Sertoli cell dysfunction.

Mean age at onset of puberty was similar in females with SRS (10.5 years) and females without
SRS (10.7 years), with similar pubertal duration in both groups. Mean age at menarche was
similar in females with SRS (13.1 years) and without SRS (13.3 years). All females with SRS
had AMH, LH and FSH levels within the reference range. One female with SRS had primary
amenorrhea due to Miillerian agenesis.

We also compared pubertal height gain in GH-treated subjects with SRS with and without
additional 2 years of GnRHa treatment. This study shows that GH-treated subjects with SRS
who additionally received 2 years of GnRHa had significantly better pubertal height gain.

In conclusion, subjects with SRS have a similar age at onset of puberty and a similar pubertal
progression as subjects without SRS born SGA. Although gonadal function was on average
similar in subjects with SRS or without SRS, disturbances in Sertoli cell function were more
common in males with SRS. GH-treated children with SRS with an adult height expectation
below -2.5 standard deviation scores (SDS) can benefit from additional GnRHa treatment to
increase adult height, similar to children born SGA without SRS.
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Chapter 3

GH treatment increases glomerular filtration rate (GFR), as serum IGF-I stimulates the renin-
angiotensin system. It has been reported that infants born with a low birth weight have
a smaller number of nephrons, which causes a lower GFR, a higher blood pressure and a
higher albumin-to-creatinine ratio in early adulthood. We followed 261 subjects born SGA
who were treated with GH during childhood until 5 years after GH-cessation, investigating
kidney function and blood pressure, and compared these data to untreated adults born SGA
and appropriate for gestational age (AGA).

Only during the first 6 months after cessation of GH treatment, there was a slight but significant
decrease in GFR while remaining well within the normal range, due to the loss of GH properties.
From 6 months after cessation of GH treatment until 5 years after GH-cessation, GFR remained
stable and within the normal range.

At age 21 years, GH-treated young adults born SGA had similar GFR, blood pressure and
urinary albumin-to-creatinine ratio as the healthy untreated controls either born SGA or
AGA. We conclude that long-term GH treatment in children born SGA has no unfavourable
effects on kidney function in early adulthood.

Chapter 4

GH-treated children born SGA with an adult height expectation below -2.5 standard deviation
scores (SDS) at onset of puberty can benefit from additional GnRHa treatment for 2 years
to increase adult height. We followed 99 subjects born SGA who were treated with GH/
GnRHa or GH only during childhood until adult height attainment, investigating the cognition,
psychosocial functioning and health-related quality of life at cessation of GH/GnRHa treatment
versus only GH treatment in young adults born SGA.

Intelligence quotient scores were similar in the GH/GnRHa and GH-group. Health-related
quality of life was similar between both groups, and also compared to reference population.
However, perception of cognitive functioning was significantly lower in the GH/GnRHa-
group. This result might be explained by higher expectations of their parents, as parents
of the GH/GnRHa-treated young adults had higher educational level than of those treated
with GH only. Problem behaviour was similar in the GH/GnRHa and GH-group. AH did not
correlate with health-related quality of life, self-perception and problem behaviour.

We conclude that additional 2 years of GnRHa treatment has no negative effects on cognitive
and psychosocial functioning in previously GH-treated young adults born SGA.
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Chapter 5

GH-treated children born SGA with an adult height expectation below -2.5 standard
deviation scores (SDS) at onset of puberty can benefit from additional GnRHa treatment
for 2 years to increase adult height. Studies have reported a decrease in insulin sensitivity
and bone mineral density and an increase in weight and fat mass, during GnRHa treatment
in children. We followed 363 subjects born SGA who were treated with GH/GnRHa or GH
only during childhood until 5 years after cessation of GH treatment, investigating long-term
metabolic and cardiovascular safety of additional 2 years of GnRHa treatment during GH
treatment in young adults born SGA.

In these young adults born SGA, previously treated with combined GH/GnRHa treatment or
GH-only, fat mass increased during 5 years of follow-up after GH-cessation. The changes in
insulin sensitivity, beta-cell function, body composition, blood pressure, serum lipid levels
and bone mineral density were unaffected by the addition of 2 years of GnRHa treatment
for postponement of puberty. At 21 years of age, insulin sensitivity, beta-cell function, body
composition, blood pressure, serum lipid levels and bone mineral density were similar in
GnRHa/GH-treated compared to GH-treated young adults born SGA and untreated young
adults born AGA.

In conclusion, our results show that the addition of 2 years of GnRHa treatment to long-
term GH treatment of short children born SGA does not have an unfavorable effect on their
metabolic health and bone mineralization at the age of 21 years.

Chapter 6

At age 21 years, young adults born SGA with higher gain in weight SDS during early childhood
had signs of insulin resistance, adverse lipid profile and a significantly higher fat mass than
young adults born AGA. We longitudinally followed 287 adults, 170 born SGA, either short
(SGA-S) or with catch-up growth (SGA-CU) and 117 born AGA, from age 21 to 32 years, to
investigate the development of metabolic health and adiposity into adulthood.

At age 32 years, SGA-CU adults had lower insulin sensitivity than AGA adults, while SGA-S
and AGA adults were similar. Fat mass and trunk fat were higher in SGA-CU than AGA adults.
SGA-S and AGA adults had similar fat mass parameters, but SGA-S adults had lower lean
body mass than SGA-CU and AGA adults. SGA-CU adults had significantly higher levels of
adverse lipids than AGA adults. Beta-cell function, visceral fat, liver fat fraction and blood
pressure were similar in all groups. SGA birth and catch-up in weight SDS during childhood
were associated with a higher risk of metabolic syndrome at age 32 years.

Reassuringly, metabolic health parameters in SGA-CU and SGA-S adults did not worsen
compared to AGA adults during 11 years of follow-up.
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In conclusion, 32-year-old adults born SGA with spontaneous catch-up in height and weight
have a higher risk of a persistently unhealthy metabolic profile. Furthermore, our results
show that accelerated weight gain in early childhood is associated with an increased
metabolic risk at age 32 years, particularly in children born SGA.

Chapter 7

Large population studies, including the SAGhE study, suggested an increase in cardiovascular
mortality in GH-treated adults, but these studies lacked an appropriate control group. We,
therefore, followed subjects born SGA who were treated with GH during childhood until 12
years after cessation of GH treatment, investigating detailed cardiovascular and metabolic
determinants in adulthood in comparison with untreated adults born SGA or AGA at around
age 30 years.

During 12 years of follow-up, previously GH-treated adults born SGA maintained a normal
beta-cell function and showed an increase in insulin sensitivity, fat mass, total cholesterol
and blood pressure to similar levels as SGA-S adults at age 30 years. Furthermore, SGA-
GH adults had similar metabolic and cardiovascular health parameters as age-matched
AGA adults, except of lower lean body mass and higher adverse serum lipid levels, which
were present in all SGA groups. Abdominal adiposity, liver fat fraction, blood pressure and
metabolic syndrome components (MetS) were similar between SGA-GH and control groups
at age 30 years.

In conclusion, long-term GH treatment in children born SGA has no adverse effects on
metabolic and cardiovascular health up to 12 years after GH-cessation.

Chapter 8

In the General Discussion, we discuss the most important findings of our studies in a broader
context, and compared to literature data. We emphasize the clinical implications and give
directions for future research.
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Samenvatting

Hoofdstuk 1

Dit hoofdstuk beschrijft de definities, prevalentie en oorzaken van een kleine lengte en/of
een laag gewicht bij de geboorte (SGA, small for gestational age) en de effecten van SGA op
puberteit, volwassen lengte en metabole gezondheid. Het geeft achtergrondinformatie over
de effecten van groeihormoon (GH) en GnRH-analoga (GnRHa) in SGA-geboren kinderen en
in kinderen met het Silver-Russell syndroom (SRS) een zeldzame genetische variant die in de
meeste gevallen gepaard gaat met SGA-geboorte en persisterend kleine lengte. Daarnaast
wordt een introductie gegeven over de parameters die in deze thesis worden beschreven,
parameters voor metabole gezondheid, gonadale functie en botdichtheid. Aan het einde
van dit hoofdstuk worden de doelstellingen van de studies en de indeling van dit proefschrift
besproken.

Hoofdstuk 2

Kinderen met SRS worden meestal ook SGA geboren en ervaren dezelfde voordelen van GH
als SGA-geboren kinderen zonder SRS. Wij volgden 32 GH-behandelde kinderen met SRS en
evalueerden de start en progressie van de puberteit en de gonadale functie gedurende de
GH-behandeling tot de stop tot behalen van de volwassen lengte. Daarnaast vergeleken we
deze data met een controlegroep van SGA-geboren kinderen zonder SRS en met referentie
data van gezonde Nederlandse adolescenten met eenzelfde leeftijd.

De gemiddelde leeftijd bij start van puberteit van vergelijkbaar in mannen met SRS (11.5 jaar)
en zonder SRS (11.6 jaar), met een vergelijkbare duur van de puberteit in beide groepen.
Vier van de 14 mannen met SRS had een inhibine B onder het 5¢ percentiel na de puberteit,
vergeleken met gezonde controles. Twee van hen had ook een FSH boven het 95¢ percentiel,
wijzend op een Sertoli cel dysfunctie.

De gemiddelde leeftijd bij start van puberteit van vergelijkbaar in vrouwen met SRS (10.5
jaar) en zonder SRS (10.7 jaar), met een vergelijkbare duur van de puberteit in beide
groepen. De gemiddelde leeftijd van de menarche was gelijk in vrouwen met SRS (13.1 jaar)
en zonder SRS (13.3 jaar). Alle vrouwelijke deelnemers met SRS hadden AMH, LH en FSH
binnen het normale gebied van een gezonde referentiepopulatie, echter had één van hen
primaire amenorroe ten gevolge van agenesie van de buizen van Miller.

We hebben ook de lengtegroei tijdens de puberteit vergeleken in GH behandelde kinderen
met SRS met en zonder additionele behandeling met 2 jaar GnRHa behandeling. Kinderen
met SRS met een additionele behandeling met GnRHa had een significant betere lengtegroei
tijdens de puberteit, hetgeen leidde tot een toename van de volwassen lengte.
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Kortom, kinderen met SRS hebben een vergelijkbare leeftijd van start van puberteit en een
vergelijkbare progressie van de puberteit als SGA-geboren kinderen zonder SRS. Ondanks
het feit dat gonadale functie gemiddeld genomen vergelijkbaar was tussen de adolescenten
met SRS en zonder SRS, kwam Sertoli cel dysfunctie vaker voor in mannen met SRS. Kinderen
met SRS met een volwassen lengte predictie onder -2.5 standaard deviatie scores (SDS)
ervaren eenzelfde voordeel van additionele behandeling met GnRHa op het verbeteren van
de volwassen lengte als SGA-geboren kinderen zonder SRS.

Hoofdstuk 3

Studies hebben laten zien dat GH behandeling zorgt voor een toename in glomerulaire
filtratie (GFR, glomerular filtration rate), door een stimulatie van het renine-angiotensine
systeem door IGF-I. Kinderen die geboren worden met een laag geboortegewicht hebben
een lager aantal nefronen, waardoor ze een lagere GFR hebben, een hogere bloeddruk
en een hogere albumine-creatinine ratio op jongvolwassen leeftijd. Wij volgden 261 SGA-
geboren jongvolwassenen die behandeld zijn met GH als kind, tot 5 jaar na de stop van GH
behandeling en onderzochten de nierfunctie en bloeddruk en vergeleken deze resultaten
met onbehandelde SGA-geboren jongvolwassenen en jongvolwassenen met een normaal
geboortegewicht (AGA, appropriate for gestational age).

Enkel gedurende de eerste 6 maanden na de stop van GH is er sprake van een milde maar
significante daling van GFR, binnen het normale bereik van een gezonde referentiepopulatie,
door het verlies van de stimulerende neveneffecten van GH. In de periode tussen 6 maanden
en 5 jaar na de stop van GH behandeling blijft GFR stabiel en binnen het normale bereik.

Op de leeftijd van 21 jaar hebben SGA-geboren jongvolwassenen die als kind behandeld zijn
met GH een vergelijkbare GFR, bloeddruk en albumine-creatinine ratio als onbehandelde
gezonde controles na SGA-geboorte of AGA-geboorte.

Hoofdstuk 4

In SGA-geboren kinderen die met GH behandeld worden, met een volwassen lengte
predictie onder de -2.5 SDS bij de start van puberteit is een additionele behandeling met
GnRHa gedurende 2 jaar effectief op het verbeteren van de volwassen lengte. Wij volgden
99 SGA-geboren deelnemers die behandeld waren met GH/GnRHa of alleen GH als kind en
vergeleken bij de stop van GH behandeling bij het behalen van volwassen lengte in deze
twee groepen de cognitie, het psychosociaal functioneren en de gezondheids-gerelateerde
kwaliteit van leven.

Intelligentie quotiént scores waren vergelijkbaar in de GH/GnRHa- en GH-groep. Gezondheids-
gerelateerde kwaliteit van leven was vergelijkbaar in beide groepen en ook in vergelijking
met de referentiepopulatie. De perceptie van cognitief functioneren was significant lager
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in de GH/GnRHa-groep. Dit kan verklaard worden door de hogere verwachtingen van
ouders, die een hoger opleidingsniveau hadden in de GH/GnRHa-groep in vergelijking met
de GH-groep. Probleemgedrag was vergelijkbaar in de GH/GnRHa- en GH-groep. Volwassen
lengte correleerde niet met gezondheids-gerelateerde kwaliteit van leven, zelfperceptie en
probleemgedrag.

Wij concluderen dat een additionele GnRHa behandeling geen negatieve effecten op
cognitief en psychosociaal functioneren heeft

Hoofdstuk 5

Andere studies beschreven een afname van insuline sensitiviteit en botdichtheid en een
toename van gewicht en vetmassa gedurende een GnRHa behandeling. Wij volgden
363 deelnemers gedurende de GH behandeling, met of zonder een additionele GnRHa
behandeling van 2 jaar, tot 5 jaar na stop en evalueerden metabole en cardiovasculaire
veiligheid van GnRHa gedurende een GH behandeling in SGA-geboren jongvolwassenen.

In 363 SGA-geboren jongvolwassenen, die behandeld zijn met een GH/GnRHa-behandeling
of een GH-behandeling, hebben we een toename in vetmasse gezien gedurende 5 jaar na
stop van GH. Veranderingen in insulinesensitiviteit, beta-celfunctie, lichaamssamenstelling,
bloeddruk, serum lipide en botdichtheid gedurende 5 jaar waren vergelijkbaar in GH/GnRHa-
en GH-behandelde jongvolwassenen. Op de leeftijd van 21 jaar was insulinesensitiviteit, beta-
celfunctie, lichaamssamenstelling, bloeddruk, serum lipide en botdichtheid vergelijkbaar in
beide groepen en ook vergeleken met AGA-geboren jongvolwassenen.

Kortom, onze resultaten laten zien dat een additionele behandeling met GnRHa voor 2 jaar
tijdens een GH behandeling geen negatieve effecten heeft op metabole gezondheid en hun
botmineralisatie op de leeftijd van 21 jaar.

Hoofdstuk 6

Op de leeftijd van 21 jaar hadden SGA-geboren jongvolwassenen met postnatale inhaalgroei
tekenen van insulineresistentie, ongunstig lipideprofiel en een significant hogere vetmassa
dan AGA-geboren jongvolwassenen. 287 volwassenen (170 SGA-geboren, zonder inhaalgroei
(SGA-S, short adults born SGA) of met inhaalgroei (SGA-CU, adults born SGA with postnatal
catch-up) en 117 AGA-geboren volwassenen) werden longitudinaal gevolgd van 21 tot 32
jaar. Wij evalueerden de progressie van metabole gezondheid en adipositas gedurende deze
periode tot volwassen leeftijd.

Op de leeftijd van 32 jaar hadden SGA-CU volwassenen een lagere insulinesensitiviteit
dan AGA volwassenen, dit was gelijk in SGA-S en AGA volwassenen. Vetmassa en rompvet
waren hoger in SGA-CU dan in AGA volwassenen. SGA-S en AGA volwassenen hadden
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vergelijkbare vetmassaparameters, maar SGA-S had een lagere spiermassa dan SGA-CU
en AGA volwassenen. SGA-CU had hogere ongunstige lipides dan AGA volwassenen. Beta-
celfunctie, visceraal vet, levervetfractie en bloeddruk waren vergelijkbaar in alle groepen.
SGA-geboorte en inhaalgroei in gewicht waren geassocieerd met een hoger risico op het
ontwikkelen van metabool syndroom op de leeftijd van 32 jaar.

De parameters van metabole gezondheid in SGA-CU en SGA-S volwassenen verslechterden
niet gedurende de periode van 11 jaar ten opzichte van de AGA volwassenen, hetgeen
geruststellend was.

Kortom, SGA-geboren volwassenen met postnatale groei in gewicht en lengte SDS hebben
een hoger risico op een persisterend ongezond metabool profiel. Onze resultaten laten zien
dat versnelde gewichtstoename in vroege kindertijd geassocieerd is met een toename in
metabool risico op de leeftijd van 32 jaar, voornamelijk in SGA-geboren kinderen.

Hoofdstuk 7

Grote populatiestudies, zoals de SAGhE studie, suggereren een toename in cardiovasculaire
mortaliteit in GH-behandelde volwassenen. Deze studies hebben echter geen geschikte
controlegroep gebruikt. Om deze reden, hebben wij gedetailleerde cardiovasculaire en
metabole determinanten in volwassenen die met GH zijn behandeld als kind onderzocht en
vergeleken met onbehandelde volwassenen met een SGA-geboorte of AGA-geboorte op de
leeftijd van 30 jaar.

Gedurende 12 jaar na stop van groeihormoon behouden SGA-geboren volwassenen een
normale betacelfunctie en hebben een toename in insulinesensitiviteit, vetmassa, totaal
cholesterol en bloeddruk, waardoor ze op de leeftijd van 30 jaar vergelijkbaar zijn met
onbehandelde SGA-S volwassenen. SGA-GH volwassenen zijn ook vergelijkbaar met AGA
volwassenen, behalve de spiermassa die net als in SGA-S volwassenen significant lager
is en een ongunstig lipideprofiel dat vergelijkbaar is met onbehandelde SGA-geboren
volwassenen op de leeftijd van 30 jaar. Abdominale adipositas, levervetfractie, bloeddruk
en metabool syndroom (MetS) was vergelijkbaar in alle groepen op de leeftijd van 30 jaar.

Kortom, lange termijn GH behandeling in SGA-geboren kinderen heeft geen negatieve effecten
op de metabole en cardiovasculaire gezondheid tot 12 jaar na stop van de behandeling.

Hoofdstuk 8

In dit hoofdstuk bespreken we de belangrijkste resultaten van onze studies in een bredere
context, en vergelen met beschikbare literatuurdata, evenals de klinische implicaties en
suggesties voor toekomstig onderzoek.
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List of abbreviations

11p15 LOM loss of methylation in the 11p15 region
ABCL Adolescent Behaviour Checklist

ACR albumin-to-creatinine ratio

AGA appropriate for gestational age

AH adult height

AlRg acute insulin response to glucose

AMH anti-Miillerian hormone

ATP-111 adult treatment panel Il

ANCOVA analysis of covariance

BL birth length

BMAD bone mineral apparent density of the lumbar spine
BMD bone mineral density

BMD,, bone mineral density of the lumbar spine
BMD,, bone mineral density of the total body
BMI body mass index

BP blood pressure

BW birth weight

CBCL Child Behaviour Checklist

CBSA Self-perception Profile of Adolescents

cl confidence interval

CPP central precocious puberty

CVD cardiovascular disease

DBP diastolic blood pressure

DI disposition index

DM2 diabetes mellitus type 2

DXA dual energy X-ray absorptiometry

FM fat mass

FSH follicle stimulating hormone

FSIGT-test frequently sampled intravenous glucose tolerance test
GA gestational age

GFR glomerular filtration rate

GH growth hormone

GH-axis growth hormone axis

GnRHa gonadotropin-releasing hormone analogue
HDLc high-density lipoprotein cholesterol
HPG-axis hypothalamic-pituitary-gonadal axis
HRQolL health-related quality of life

ICR imprinting control region
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IGF
IGF-I
IUGR
IQR

LBM
LDLc

LF

LH

LLD

M2
MetS
MRI
MRKH
NCEP
SAGhE
SAT

SBP

SD

SDS

SES

Sg

SGA
SGA-CU
SGA-GH
SGA-S
Si

SPSS
SRS
TAAQOL
TC

TF

Tg

TH

TV
UPD(7)mat
VAT
WAIS-III
WISC-III

insulin-like growth factor

insulin-like growth factor-I

intrauterine growth retardation

interquartile range

intelligence quotient

lean body mass

low-density lipoprotein cholesterol

limb fat

luteinizing hormone

leg length discrepancy

breast development stage Il according to Tanner
metabolic syndrome

magnetic resonance imaging
Mayer-Rokitansky-Kiister-Hauser syndrome

National Cholesterol Educational Program

Safety and Appropriateness of Growth Hormone treatments in Europe
subcutaneous adipose tissue

systolic blood pressure

standard deviation

standard deviation score

socio-economic status

glucose effectiveness

small for gestational age

born small for gestational age with spontaneous catch-up growth
previously GH-treated subjects born small for gestational age
born small for gestational age with short adult stature
insulin sensitivity

Statistical Package for Social Sciences

Silver-Russell syndrome

TNO-AZL Adults Quality of Life

total cholesterol

trunk fat

triglyceride

target height

testicular volume

maternal uniparental disomy of chromosome 7
visceral adipose tissue

Wechsler Adult Intellegence Scales-llI

Wechsler Intellegence Scale for Children-Ill
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PhD portfolio

Name: Wesley Jim Goedegebuure

Promotor: Prof. dr. A.C.S. Hokken-Koelega

Copromotor: Dr. M. van der Steen

Affiliations: Department of Pediatric Endocrinology, Erasmus University Medical Center —
Sophia Children’s Hospital, Rotterdam, the Netherlands.

PhD period: March 2017 — April 2021

Summary of PhD training Year ECTS
General courses

Good Clinical Practice (BROK), Erasmus MC 2016 1.5
Biostatistical Methods I, NIHES, Erasmus MC 2017 5.7
Research Integrity, Erasmus MC 2019 1.0
Specific courses

Basic Introduction to SPSS, Molmed, Erasmus MC 2016 1.0
Basic and translational endocrinology 2019 2.2
Genetics 2018 1.0
R Statistics 2017 1.8
Radiation and MRI Safety 2017 0.6

Seminars and workshops

Weekly research meeting, Pediatric Endocrinology, Erasmus MC 2017-2020 4.0
Annual PhD day, Erasmus MC 2017-2019 1.5
Annual Sophia Research Day, Sophia Children’s Hospital, Erasmus MC 2017-2019 1.2

International and national conferences

10t International Joint Meeting of Pediatric Endocrinology (IMPE), 2017 1.0
Washington, USA (poster presentation)

57* Meeting of the European Society of Pediatric Endocrinology (ESPE), 2018 1.0
Athens, Greece (poster presentation)

58" Meeting of the European Society of Pediatric Endocrinology (ESPE), 2019 1.0
Vienna, Austria (poster presentation)

Silver-Russell Symposium 2018 1.0

Other activities

Expert center Rare Growth Disorders / Silver-Russell Syndrome 2017-2021 4.0

Peer review 2018 1.0

Medical Advisor SGA Platform 2017-2021 2.0
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Wesley Jim Goedegebuure was born on September
28, 1991 in Berkel en Rodenrijs, the Netherlands.
After graduation from secondary school at Trevianum
Scholengroep in Sittard, he moved to Maastricht to
study Medicine at Maastricht University. In 2016, he
finished his Medicine study. In March 2017, he started
as a PhD candidate at Erasmus Medical Center — Sophia
Children’s Hospital in Rotterdam. He investigated the
long-term effects of being born small for gestational
age and growth hormone treatment to increase adult
height, which resulted in this thesis. During his PhD, he
worked under supervision of prof. dr. Hokken-Koelega
in the expertise center for rare growth disorders and
Silver-Russell Syndrome. Following this PhD period, he
will continue his pursuit of becoming a pediatrician in
the Catharina Hospital Eindhoven.




