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Abstract

and the AG/UAG ratio were analyzed.

without reaching a statistically significant difference.

ratio

Background: Adolescents with idiopathic scoliosis display high ghrelin levels. As hyperghrelinemia is found in
patients with PWS and early-onset scoliosis (EOS) is highly prevalent in these patients, our aims were to explore
(1) whether ghrelin levels differ between those with and without EOS and correlate with scoliosis severity, and (2)
whether ghrelin levels in the first year of life are associated with the later development of EOS.

Methods: We used a case control study design for the first question and a longitudinal design for the second.
Patients with PWS having plasma ghrelin measurements recorded between 2013 and 2018 in our database were
selected and 30 children < 10 years old with EOS and 30 age- and BMI-matched controls without EOS were included.
The Cobb angle at diagnosis was recorded. In addition, 37 infants with a ghrelin measurement in the first year of life
were followed until 4 years of age and assessed for EOS. Total ghrelin (TG), acylated (AG) and unacylated ghrelin (UAG),

Results: EOS children had an AG/UAG ratio statistically significantly lower than controls. The Cobb angle was posi-
tively correlated with TG and UAG. TG and AG in the first year of life were higher in infants who later develop EOS

Conclusions: Our results suggest that ghrelin may play a role in the pathophysiology of EOS in PWS. Higher ghreline-
mia in the first year of life required careful follow-up for EOS.
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Introduction

Ghrelin, a 28-amino acid peptide hormone, was first
described in 1999 in its acylated form (AG). It is the
endogenous ligand of the GHSR1a receptor [1]. Recent
studies show that the non-acylated isoform (unacylated
ghrelin—UAG) functionally inhibits AG and has activi-
ties independent of and synergistic with AG [2, 3]. Cir-
culating total ghrelin (TG) levels showed peak in early life
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and then a progressive decrease with age and body mass
index (BMI). The relationship between AG and UAG var-
ies over time, and the AG/UAG may thus fluctuate across
life stages and with pathological states [4, 5]. This mul-
tifaceted hormone has broader effects than appetite and
metabolic regulation [6, 7]. Interestingly like other meta-
bolic hormones, several in vivo and in vitro studies have
demonstrated effects on bone metabolism and growth.
Its effects on growth are exerted in part by the secreta-
gogue effect of growth hormone (GH), but it also acts
directly on the growth plate of long bones, stimulating
chondrocyte proliferation and promoting endochondral
growth [8].
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Recent studies have documented increased ghrelin lev-
els in adolescent girls with idiopathic scoliosis [9-11].
Scoliosis is a deformity in the three spinal axes with an
angle on the frontal plane (Cobb angle) > 10°. It most fre-
quently affects peri-pubertal girls with a lean constitution
and, in this case, is called adolescent idiopathic scoliosis
(AIS) [12]. Scoliosis may appear before 10 years and is
called early-onset scoliosis (EOS). Etiology of EOS is het-
erogeneous and can be classified into congenital, neuro-
muscular, syndromic or idiopathic [13].

In 2015, we showed that girls with AIS had ghrelin lev-
els twice as high as controls [9]. In 2018, Yu et al. con-
firmed these results [10], and showed that ghrelin levels
were higher in adolescent girls with progressive scoliosis
than in those with stable scoliosis. Recently, the same
team reported that ghrelin upregulated the expression
of specific genes in the chondrocytes of AIS adolescents,
which can lead to abnormal cartilage development [14].
In 2020, Xiao and colleagues showed dysregulation of the
ghrelin/RANKL/OPG pathway in AIS adolescents, which
can contribute to osteopenia [15]. Our recent study
showed that, in vitro, ghrelin stimulates differentiation
and mineralization of mature osteoblasts through the
GHSR/GI/cAMP pathway. In the primary osteoblastic
cells of patients with AIS a deregulation of this pathway
was observed suggesting resistance to ghrelin in these
patients [16].

Prader-Willi syndrome (PWS) is a rare genetic neu-
rodevelopmental disease with an estimated prevalence
at birth of 1/20,000 [17]. A specific nutritional, endo-
crine and neurodevelopmental trajectory is characteris-
tic of this disease from severe hypotonia with poor suck
and anorexia at birth to excessive weight gain preceding
hyperphagia and obesity starting in early childhood [18].
Since 2002, several studies reported hyperghrelinemia
starting early in life in patients with PWS [19-21] while
circulating ghrelin is significantly lower in other causes of
obesity compared to lean controls. We also showed that
patients with PWS display high circulating ghrelin levels
at all ages and that hyperghrelinemia precedes obesity
[22-24]. The increased ghrelin values are not always due
to the same ghrelin isoform. The different isoforms of
ghrelin vary throughout life even though there is a wide
range of variability from one person to another. Interest-
ingly, we were able to show that the high plasma ghrelin
levels in infants with PWS are due to a relative excess of
UAG [23, 25] that may explain their poor appetite albeit
displaying excessive fat mass vs. age- and BMI-matched
controls. Conversely, we demonstrated that children and
adult patients in the hyperphagia phase show higher AG
levels with a relative deficit of UAG compared with con-
trols of similar age and therefore, a AG/UAG ratio higher
than in the general population [24]. We thus concluded
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that the evolution of the AG/UAG ratio is impaired in
PWS vs. controls with a switch from an excessive UAG to
an excessive increase of AG and a relative deficit of UAG
levels starting occurring during the first 4 years of life
[22—-24] and this increased AG/UAG ratio remains after-
wards during the hyperphagia phase of the disease.

In addition to eating and metabolic disorders, patients
with PWS display many comorbidities, with a high preva-
lence of orthopedic problems including scoliosis, kypho-
sis and hip dysplasia. The prevalence of scoliosis is around
40% [26, 27], compared with 1-3% in the general popula-
tion [28]. The scoliosis prevalence in PWS increases with
age, from 23% in children under 4 to 75% in adults [29,
30], with both sexes equally affected [27]. The age of diag-
nosis has a bimodal distribution: the first peak in early
childhood and the second in the pre-pubertal period. In
childhood, EOS has mostly C-shaped curves and is com-
parable to the malformative scoliosis observed in other
neurodevelopmental and polymalformative diseases,
possibly related at least partly to hypotonia, whereas later
scoliosis behaves similarly to AIS [30, 31] although these
patients display increased BMI and/or fat mass.

Given that patients with PWS demonstrate elevated
ghrelin levels and a higher prevalence of scoliosis, and
that scoliosis is associated with high ghrelin levels, we
hypothesize that hyperghrelinemia makes them vul-
nerable to scoliosis. To our knowledge, no study has
explored this hypothesis. Our study focuses on EOS in
PWS and investigates (i) whether ghrelin levels at diag-
nosis of scoliosis differ between PWS children with and
without EOS, and correlate with scoliosis severity and
(ii) whether ghrelin concentrations in the first year of life
before GH treatment are associated with the later EOS
development.

Methods

Study design and setting

This study is based on observational data from the
French Reference Center for PWS (FRC-PWS), which
collects data from 20 hospitals that follow children
with PWS in France. The pediatric FRC-PWS database
comprises patients with confirmed genetic diagnosis
of PWS who are enrolled after parents or legal guard-
ians give written consent. Sociodemographic informa-
tion and health/medical data including comorbidities
and treatments are collected by physicians in usual
practice settings [32, 33]. The FRC-PWS database was
approved by the French regulatory authorities. From
2013 to 2018, patients from the whole country who had
been hospitalized at least once at the Toulouse Univer-
sity Children’s Hospital or the Necker-Enfants Malades
Hospital in Paris (pediatric sites for FRC-PWS) under-
went plasma ghrelin measurement. The measurements
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were performed in the framework of clinical research
projects (the European blood bank study, N°RCB: 2012-
A01153-40, and the OXYJEUNE study, No EudraCT:
2016-003273-18).

This study used both matched case—control and lon-
gitudinal designs to examine our two hypotheses.
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Study participants

Patients of both sexes<10 years old with one or more
ghrelin measurements were potentially eligible for this
study (Fig. 1). The first group included 30 cases defined
as children with PWS treated with GH, confirmed EOS
diagnosis, and ghrelin levels measured at the time of
scoliosis diagnosis (=1 year). All the patients with PWS

Source population

146 male and female patients with genetically confirmed PWS, <10 years old,
with one or more ghrelin measurements (between 2013 and 2018)

Case-Control Approach

Cases | Controls

Longitudinal Approach

Potentially eligible patients

48 children with
PWS with EOS at
the time of at least

98 children with
PWS without EOS at
the time of ghrelin

53 infants with PWS with a ghrelin
measurement within the first year of life

one of the ghrelin measurement
measurements
Excluded patients
- 4 without GH -16 without GH
treatment treatment

- 4 without date/age
at EOS diagnosis

- 10 with absolute
difference >1 year

- 3 with GH treatment

- 12 could not be followed up to 4 years
(born after July 2016)

- 1 without information on the EOS status at

v/ BMI (1 z-score)

between EOS 4 years old (£6 months)
diagnosis and ghrelin
measurement
Confirmed eligible patients
%()Ocsl?lldren with %Zocsl?lldren without 37 infants with a ghrelin measurement
- treated with GH - treated with GH within the first year of life
- EOS diagnosis - matched to a case |~ who had not started GH treatment at the
made within 1 vear | by: time of the ghrelin measurement
of ohrelin Y ‘/y'A ¢ (+6 months | could be followed up to 4 years (born
& &¢ before July 2016)
measurement for children <6y, . . .
+10 months - with information regarding the
otherwise) development or not of EOS during the first 4

years of life (=6 months)

Studied population

30 controls: children
with no EOS age-
and BMI-matched to
cases and treated
with GH

30 cases: children
with an EOS
diagnosis made
within £1 year of the
ghrelin measurement
and treated with GH

8 infants who developed EOS during the
first 4 years of life (6 months)

29 infants who did not develop EOS during
the first 4 years of life

Fig. 1 Flowchart of the study. Note: 14 patients were included in the study population of both approaches, of which 6 patients had scoliosis
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followed by the FRC-PWS are seen at least once a year
by an orthopedist and underwent a spine X-rays to con-
firm or exclude the scoliosis diagnosis by Cobb angle. For
three children whose scoliosis was diagnosed at other
centers by the orthopedists who followed them, the value
of the Cobb angle at diagnosis was not collected in the
data base while there is no doubt on the diagnosis of sco-
liosis. The control group included children with PWS
without EOS (excluded by X-ray) within+1 year of the
ghrelin measurement and matched with cases for age
(6 months for children <6 yrs,+ 10 months otherwise)
and body mass index (BMIL +1 z-score). In one case—
control pair there was a poor match on BMI (case=4.5
z-score, control =3 z-score) and age (25 months older for
the control).

We also selected a sample of 38 infants with PWS with
ghrelin measurement in the first year of life before the
start of GH treatment. Birth dates ranged from Novem-
ber 2012 to June 2016. Patients’ records (including X-rays
and orthopedist report) were examined to identify if they
developed EOS after the ghrelin measurement and dur-
ing the first 4 years of life. This information was obtained
for 37 of them. Eight children developed EOS and the
Cobb angle at diagnosis of scoliosis was obtained for 6
of them. The two patients with missing value were diag-
nosed at other centers by the orthopedists who followed
them although precise data on the Cobb angle value was
not collected.

Sample collections for plasma ghrelin measurements

The ghrelin samples were taken after a 4-h fast and for
infants just before feeding. To prevent ghrelin degrada-
tion, the samples were drawn into tubes maintained at
low temperature containing anti-protease 4-(2-aminoe-
thyl) benzenesulfonyl fluoride hydrochloride (AEBSF,
Sigma-Aldrich Chemicals) at 2 mg/ml concentration. The
samples were all analyzed by a single laboratory in Rot-
terdam according to the norms and standards described
by Beauloye et al. [23]. Total ghrelin (TG), AG and UAG
were expressed as pg/ml.

Other data

Genetic subtypes were separated into deletion and non-
deletion (which includes maternal uniparental disomy
(mUPD), and more rarely imprinted deficits and translo-
cations). As children with PWS are treated with GH, the
age of treatment onset and the dose (mg/kg/day) were
recorded. At the time of ghrelin measurement, patients
were weighed using an electronic scale and measured in
recumbent position if <3 years old or in supine position
if older. BMI was calculated and expressed as z-score,
adjusted for age and sex according to the World Health
Organization charts. For all patients with EOS, the Cobb
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angle degree of the spine curve at diagnosis was recorded
from the orthopedist’s or radiologist’s report. Prescrip-
tions for bracing or surgery were also recorded.

At the same time as the ghrelin measurements, sam-
ples were taken for Insulin Like Growth Factor 1 (IGF-
1), plasma hemoglobin Alc (HbAlc), and insulin. IGF-1
measurements were performed by automated chemilu-
minescent immunoassay (IDS-iSYS; Immunodiagnos-
tic Systems), when possible, and expressed in z-score
according to sex and age [34]. In patients> 1 year, HbAlc
and insulin levels expressed as % and ulU/ml, respec-
tively, were collected. HbAlc was measured using high
performance liquid chromatography and insulin was
measured using an electro-chemiluminescence competi-
tive binding.

Statistical analyses

We compared the clinical characteristics of children
with PWS with and without EOS using matched analy-
ses (McNemar or Wilcoxon tests depending on the vari-
able). For patients with EOS, age and Cobb angle (or the
main angle if double curve) at diagnosis and treatment,
if any, were described. We also compared TG, AG, UAG
and AG/UAG ratio. Sensitivity analysis was performed,
excluding the poorly matched pair. Correlations of Cobb
angles with all ghrelin levels were estimated using the
Spearman range test. We performed a sensitivity analy-
sis, excluding one patient with a very high Cobb angle
outlier (75°). In the longitudinal approach, we compared
baseline characteristics and ghrelin levels in the first
year of life between infants who developed EOS in the
first 4 years of life and those who did not, using Fisher or
Mann—-Whitney range tests. All analyses were two-sided
and performed at the 0.05 significance level. Given their
exploratory nature, they were carried out without any
adjustment of type I error. STATA v14 software was used.

Results

The source population was 146 patients with
PWS, <10 years old, and with one or multiple measure-
ments of plasma ghrelin levels. Eighty-three patients who
met the eligibility criteria for one or both approaches
were selected. Fourteen patients participated in both
analyses but with two different ghrelin measurements,
one in the first year of life and one later. The procedure
for selecting the study population is detailed in Fig. 1.
The results of both approaches are presented separately
hereafter.

Case-Control approach

The characteristics of children with EOS and their
matched controls (all receiving GH treatment at the
time of the measurements) are presented in Table 1. GH
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Table 1 Clinical characteristics and TG, AG, UAG and AG/UAG of PWS children with and without EOS

PWS children with EOS (cases) PWS children without EOS p value

n=30 (controls) n=30
Sex—aqirls, n (%) 20 (66.7) 16 (53.3) 0.285
Age—years, median (IQR) 3.7(2.0-5.2) 39(23-5.0) -
BMI—WHO z-score, median (IQR) 00(=0.8-14) 0.1(=09-14) -
Genetic subtype—deletion, n (%) 12 (40.0) 19 (63.3) 0.090
Age at start GH—months, median (IQR) 12 (9-13) 13 (10-16) 0.043
GH dose—mg/kg/d, median (IQR) 0.0263 (0.0215-0.0334) 0.0277 (0.0184-0.0321) 0614
|GF-1—z-score, median (IQR)® 14(0.3-2.5) 0.7 (—0.2-1.7) 0.065
HbA1c—%, median (IQR)® 54 (5.2-5.6) 54 (5.2-5.8) 0.364
Insulin—pUl/ml, median (IQR)? 52(25-82) 49(3.0-7.2) 0.084
TG—pg/ml, median (IQR) 314.0 (207.2-481.0) 317.1(231.7-6184) 0.797
AG—pg/ml, median (IQR) 161.3 (89.6-210.6) 194.6 (154.2-256.8) 0.079
UAG—pg/ml, median (IQR) 152.3 (81.7-263.5) 120.1 (71.2-219.2) 0.382
AG/UAG, median (IQR) 0.783 (0.559-1.993) 1.589 (1.166-2.433) 0.005

Age at EOS diagnosis—years, median (IQR)
Cobb angle at diagnosis—degrees, median (IQR)P

34(1.8-52)
20 (12-27)

2 One scoliotic patient without data on IGF-1, 8 scoliotic patients and 7 non-scoliotic patients without data on HbA1c, and 8 scoliotic patients and 6 non-scoliotic

patients without data on insulin
b Cobb angle at diagnosis of EOS available only for 27 patients

treatment onset differed significantly between the two
groups, being earlier in the cases.

Table 1 also shows the comparisons of the TG, AG,
UAG and AG/UAG between cases and controls. The AG/
UAG ratio was significantly lower in children with EOS.
No significant differences in TG, AG or UAG were found,
despite a trend for lower AG among the cases. In the sen-
sitivity analysis, similar results were obtained (data not
shown).

Of the 30 cases with EOS, nine had a brace prescription
at a median age of 2.3 years (interquartile range: IQR, 1.8

to 3.2). No patient had undergone surgical treatment. The
Cobb angle value at or near diagnosis was available for
27/30 children with EOS. The TG and UAG levels were
positively correlated with the Cobb angle degrees (Fig. 2).
No significant correlation was observed between the
other ghrelin parameters (AG, AG/UAG) and the Cobb
angle, the Spearman correlation coefficients being 0.2284
(p=0.252) and — 0.2623 (p =0.186) respectively. The sen-
sitivity analysis performed by withdrawing the patient
who presented an extreme Cobb angle at diagnosis (75°)
showed similar results (data not shown).

o

=

® r: 0.4559 (p=0.017)

°

o °

8 4

© °
£ g 5 o
o
?é - ° H e
] AT °
= ° )

-
o | : °®
< °
B °
°® o
o 4
T T T T T
0 20 40 60 80
Main curve Cobb angle - degrees
(A)

Fitted values |
Fig. 2 Correlation between TG (A) and UAG (B) with Cobb angle (n=27)

® Total ghrelin

o
8
r:0.4849 (p=0.010)
°
S - ) °
—_— -
£ o
o
o °
. °
(5:') °
= | g °
Q7 e © = °
® e%s
Cod e
°
°
oo’ °o,
°
o
13 T T T T
0 20 40 60 80

Main curve Cobb angle - degrees

(B) ® Unacylated ghrelin Fitted values




Pacoricona Alfaro et al. Orphanet J Rare Dis (2021) 16:305

Longitudinal approach

Of the 37 infants with a ghrelin measurement in the
first year of life (before starting GH treatment), eight
(22%) developed EOS during the first 4 years of life. At
EOS diagnosis, children were 1.8 years (median, IQR,
1.7 to 1.9), and had a median Cobb angle of 23.5 degrees
(IQR, 20 to 35) (missing data for two patients). All
patients underwent bracing at a median age of 2.1 years
(IQR, 1.7 to 2.4). None underwent surgery during
the follow-up period. GH treatment was started at a
median age of 11 months (IQR, 10 to 12) in children
who developed EOS and a median age of 10 months
(IQR, 9 to 12) in those who did not (p=0.420) (miss-
ing data for one non-scoliotic patient). The comparison
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of other clinical characteristics at the time of ghrelin
measurement (Table 2) showed no significant differ-
ence except a lower IGF-1 z-score in infants who later
developed EOS. We also observed a trend of lower BMI
z-score in these same infants.

Figure 3 shows the distribution of ghrelin param-
eters according to EOS status at the age of 4. The
median levels of TG and AG were almost two times
higher in the group that later developed EOS although
the difference did not reach statistically significance,
respectively 926.5 pg/ml vs 574.0, p=0.140, and
430.0 pg/ml vs 233.7, p=0.135. UAG and AG/UAG
did not significantly differ between the two groups
(»p=0.483 and 0.555).

Table 2 Clinical and hormonal characteristics of infants with PWS at the time of ghrelin measurement during the first year of life

according to their EOS status at the age of 4 years

PWS infants who later developed PWS infants who did not later develop p value
EOSn=8 EOSn=29
Sex—aqirls, n (%) 3(37.5) 10 (34.5) 1.000
Age—month, median (IQR) 6.1 (3.6-10.3) 7.6(4.8-9.1) 0912
BMI—WHO z-score, median (IQR)? —18(=25-=1.1) —1.1(=1.9-0.0) 0.110
Genetic subtype—deletion, n (%)? 4(50.0) 12(429) 1.000
|GF-1—z-score, median (IQR)b —21(=25--13) —1.1(=1.7--=04) 0.008

2 One non-scoliotic patient without data on height and unspecified genetic subtype

b Two patients, one in each group, without data on IGF-1

PWS infants who did not later develop EOS
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Discussion

Key results

Our study shows that children with PWS have a sig-
nificantly lower AG/UAG ratio at the time of their EOS
diagnosis than age- and BMI-matched PWS children
without scoliosis, with a tendency for lower AG, sug-
gesting that ghrelin may be a biomarker of scoliosis in
PWS. The Cobb angle in the EOS children positively
correlated with TG and UAG, suggesting that higher
TG and UAG are linked to scoliosis severity. Moreover,
a trend for high TG and AG levels were observed in the
first year of life in patients who later developed EOS
compared to those who did not. Although the differ-
ence did not reach statistical significance perhaps due
to lack of power, it could be hypothesized that TG and
AG levels may be associated with the future occurrence
of EOS. This hypothesis should be verified in a larger
sample.

Strengths and limitations

To our knowledge, this is the first in-depth study to
investigate the role of ghrelin isoforms in EOS in children
with PWS. PWS may be used as a model for a broader
understanding of the pathophysiology of scoliosis, and
particularly the role of hyperghrelinemia.

We used a pediatrics population-based database in
which data are recorded from pediatric patients followed
by the FRC-PWS. In France, PWS patients are followed
closely in one of the 20 hospitals designated as compe-
tence centers and are evaluated once a year by one of
the two pediatric sites of the FRC-PWS (Toulouse and
Paris). During visits to the FRC-PWS, patients are seen
by an orthopedist and usually undergo an X-ray. These
experts make or confirm the scoliosis diagnosis. Informa-
tion on care, treatment, and biological measurements is
updated during patient follow-up and included in a sys-
tematic and standardized manner in the FRC-PWS data-
base. For these reasons, we are confident that our data
are comprehensive.

The sample selection resulted from several limitations,
particularly the availability of ghrelin measurements only
collected as part of clinical research. Measurements of
the ghrelin isoforms have been done with accuracy, sam-
ples were extracted at only two centers using strict and
standardized sampling and collection procedures, and
were centralized in a single laboratory.

We used two complementary approaches to explore
pre-specified hypotheses. No prior power calculations
were thus made for this exploratory study, not designed
to explore causal effects. The main possible confounding
factors were taken into consideration when selecting the
study population. In both approaches, we homogenized
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the samples by age and GH treatment. In the case—con-
trol approach, we also matched by BMI.

Interpretation

Several studies have documented the functions of ghre-
lin on bone cells [6, 8]. A recent study showed that chon-
drocytes of AIS patients express more ghrelin receptors
and higher levels of expression of specific genes that can
lead to impaired cartilage development [14]. Asymmet-
ric vertebral growth has been implicated as a possible
etiologic factor in AIS pathogenesis [12]. Longitudinal
growth of the vertebral bodies in patients with AIS seems
disproportionate and faster than in age- and sex-matched
controls and takes place mainly by endochondral ossifica-
tion [28, 35]. In PWS, no publication has yet evaluated
whether alterations in vertebral growth occur in either
EOS or later-onset scoliosis.

In addition to high ghrelin levels, patients with AIS
have abnormal bone quality, which may contribute to
the pathophysiology of scoliosis [36]. Numerous arti-
cles have investigated the relationship between ghre-
lin and bone mineral density (BMD) with inconsistent
results. Xiao et al. suggested a dysregulation of ghrelin-
regulated pathways that decreases the osteogenic ability
of osteoblasts in patients with AIS osteopenia, although
they only measured total ghrelin [15]. Although little is
known, there may be differential roles between AG and
UAG in BMD. A recent study demonstrated a correla-
tion between UAG and the decline in BMD after gastric
bypass in obese patients [37].

Indeed, ghrelin secretion may interact with GH/IGF1
axis. In our case—control approach, children with EOS
tended to have higher IGF-1 levels on GH treatment
compared to children without EOS. This might indicate
higher sensitivity to GH treatment in the case group. A
recent study suggested that PWS patients with mUPD
have increased GH sensitivity [38] and we also found a
higher proportion of patients with mUPD in the group
with EOS that was also reported in the literature [30]. In
the longitudinal approach, while IGF-1 levels were low
for all infants, they were even lower for those who later
developed scoliosis. These lower IGF-1 levels may be
related to the BMI z-scores we observed in infants who
later developed EOS that tended to be lower. In de Lind
van Wijngaarden’s study [31], lower BMI was observed
in children with PWS with EOS compared with the older
children with AIS-like scoliosis.

Nevertheless, no study has yet confirmed an associa-
tion between GH sensitivity and scoliosis development
in the PWS population. It was, however, demonstrated
that GH treatment does not induce scoliosis [26], and
worsening scoliosis is likely related to the growth spurt.
Furthermore, little is known about the association of
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ghrelin and GH sensitivity, although negative correla-
tions between IGF-1 levels and AG and UAG have been
observed in children with PWS [24]. Further studies are
needed to explain the underlying hormonal interactions
in PWS and their impact on scoliosis development.

Conclusion

Our results suggest that ghrelin may play a role in the
pathophysiology of scoliosis in patients with PWS.
Currently, at the FRC-PWS, we are implementing a
prospective follow-up of a larger sample of patients
with PWS undergoing ghrelin measurement who will
be evaluated for scoliosis in a standardized manner to
demonstrate if ghrelin could be used as a biomarker for
EOS. If our findings are confirmed, ghrelin levels dur-
ing the first year of life particularly in those infants with
mUPD and low IGF-1 values could predict the develop-
ment and progression of the spinal deformity. It would
be interesting to study whether other rare syndromes
with EOS also present ghrelin system abnormalities. If
ghrelin is an important factor of vulnerability of EOS,
new therapeutic approaches with drugs targeting the
ghrelin system may be an interesting opportunity for
treating and/or preventing scoliosis pharmacologically.
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