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Abstract
Introduction: Prader-Willi syndrome (PWS) is character-
ized by a switch from failure to thrive to excessive weight
gain and hyperphagia in early childhood. An elevated,
more unfavorable ratio between acylated and unacylated
ghrelin (AG/UAG ratio) might play a role in the underlying
mechanisms of this switch. We aimed to assess the
evolution of the appetite-regulating hormones acylated
ghrelin (AG) and unacylated ghrelin (UAG) and the AG/
UAG ratio and their association with the change in eat-
ing behavior in children with PWS, compared to healthy

age-matched controls.Methods: A longitudinal study was
conducted in 134 children with PWS and 157 healthy
controls, from the Netherlands, France, and Belgium.
Levels of AG and UAG and the AG/UAG ratio were mea-
sured and nutritional phases as reported for PWS were
scored. Results: The AG/UAG ratio was lower in the first
years of life in PWS than in controls and started to increase
from the age of 3 years, resulting in a high-normal AG/
UAG ratio compared to controls. The AG levels remained
stable during the different nutritional phases (p = 0.114),
while the UAG levels decreased from 290 pg/mL in phase
1a to 137 pg/mL in phase 2b (p < 0.001). The AG/UAG ratio
increased significantly from 0.81 in phase 2a to 1.24 in
phase 2b (p = 0.012). Conclusions: The change from
failure to thrive to excessive weight gain and hyperphagia
in infants and children with PWS coincides with an
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increase in AG/UAG ratio. The increase in AG/UAG ratio
occurred during phase 2a, thus before the onset of
hyperphagia. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Prader-Willi syndrome (PWS) is a rare syndrome
caused by the lack of expression of the paternally derived
chromosome 15q11-q13, due to a paternal deletion or
maternal uniparental disomy, and in rare cases by an
imprinting center defect or paternal chromosomal
translocation [1–3]. The clinical findings characterizing
PWS are divided into the different nutritional phases that
change during life [4]. The first phase after birth is
characterized by failure to thrive with poor feeding and
severe hypotonia. This phase is followed by a period of
appropriate growth without feeding problems. Around
the age of 18–36 months, children start to gain excessive
body weight without an increase in calorie intake or
interest in food. Thereafter, the appetite and interest in
food start to increase abnormally. This phase turns into a
state of hyperphagia with food-seeking behavior and
obesity when leaving the children unattended [4, 5]. This
switch from failure to thrive to hyperphagia remains to be
unraveled, but hyperghrelinemia is thought to be in-
volved [6–10].

There are two types of ghrelin in the circulation, ac-
ylated ghrelin (AG) and unacylated ghrelin (UAG) [11,
12]. While AG is known for stimulating appetite and its
diabetogenic and obesogenic functions [13–15], UAG is
known for its protective effects on the beta cells and
muscle cells, and UAG improves glycemic control
[16–20]. It has been suggested that UAG is a functional
inhibitor of AG, having antagonistic effects [17, 20]. Since
AG and UAG have these opposite effects, the ratio of AG
and UAG levels (AG/UAG ratio) might be important. In
previous studies, elevated AG/UAG ratios have been
associated with obesity, diabetes, and hyperphagia [6, 7,
21–23].

Contradictory results have been reported for plasma
ghrelin levels in children with PWS, with some presenting
normal ghrelin levels [9, 24–27], while others describe
hyperghrelinemia [8, 20]. In most of these studies, total
ghrelin levels were measured, instead of AG and UAG
levels. In our previous cross-sectional study, we found
that the AG/UAG ratio was increased in children and
young adults with PWS, while the UAG levels were
similar to those of controls [6]. In particular, the AG/
UAG ratio in children and young adults with PWS and

hyperphagia and/or weight gain was higher compared to
those without weight gain and/or hyperphagia, whose
AG/UAG ratios were similar to controls. In infants, high
levels of circulating UAG were found, while AG levels
remained stable until the age of 48 months [7]. These
studies indicated the presence of different AG/UAG
ratios at various nutritional phases. Since both studies did
not have a longitudinal follow-up, the association be-
tween AG, UAG, AG/UAG ratio and the change in
weight gain and eating behavior from infancy into
childhood is still unknown.

The aim of the present study was to investigate the
evolution of plasma levels of AG and UAG and AG/UAG
ratio in children with PWS and to assess their association
with the change in eating behavior. We, therefore, con-
ducted a longitudinal study in children with PWS from
infancy to the age of 7 years. We hypothesized that the
switch from failure to thrive to increased weight gain in
PWS coincides with an increase in AG/UAG ratio, even
prior to the start of hyperphagia.

Methods

Patients
A total of 134 children with at least two blood samples were

included in the study. They were followed at PWS reference
centers in Rotterdam (the Netherlands), Toulouse (France), or
Brussels (Belgium) and had PWS genetically confirmed. Growth
hormone (GH) treatment was prescribed at a dose of 1 mg/m2/day
(~0.035 mg/kg/day).

The healthy controls were children with a normal body mass
index (BMI), who underwent a minor surgical procedure. Their
medical records were checked by the study team to exclude en-
docrine, metabolic, and neurological diseases. Control infants were
recruited in Belgium and France and control children in the
Netherlands.

Anthropometrics
Standing height was measured with a calibrated Harpenden

stadiometer or, when appropriate, supine length with a Harpenden
infantometer (Holtain Ltd.). Weight was determined on a cali-
brated scale (Servo Balance KA-20-150S; Servo Berkel Prior).
Height, weight, and BMI of both controls and children with PWS
were expressed as standard deviation scores (SDSs), adjusted for
age and sex based on national reference data [28–31]. All SDSs
were calculated with Growth Analyser RCT 4.1 (www.
growthanalyser.org).

DXA Scan
Fat mass percentage (FM%) and lean body mass were measured

by DXA (Lunar Prodigy; GE Healthcare). All DEXA scans were
made on the samemachines, either in Rotterdam, the Netherlands,
or in Toulouse, France. Daily quality assurance was performed. FM%
SDS was calculated according to age- and sex-matched reference
values [32, 33]. As no reference value for FM% exists for children

2 Horm Res Paediatr
DOI: 10.1159/000534560

Grootjen et al.

D
ow

nloaded from
 http://karger.com

/hrp/article-pdf/doi/10.1159/000534560/4047413/000534560.pdf by Erasm
us U

niversiteit R
otterdam

 user on 21 N
ovem

ber 2023

http://www.growthanalyser.org
http://www.growthanalyser.org
https://doi.org/10.1159/000534560


below the age of 2 years, we could not describe SDS values for these
children. Lean body mass index was calculated as lean body mass
(kg)/m2.

Design
A longitudinal, prospective study was conducted to investigate

the long-term evolution of plasma AG and UAG levels and AG/
UAG ratio and the change in eating behavior in infants and young
children with PWS, according to the nutritional phases [4]. All
participants visited either the Dutch PWS Reference Center in
Rotterdam, the French PWS Reference Center in Toulouse, or the
hospital in Brussels. They received multidisciplinary care from a
specialized PWS team. The study protocol was approved by the
Medical Ethics Committees of the participating centers. Written
informed consent was obtained from parents of both children with
PWS and the controls. Assent was obtained from children younger
than 12 years of age.

Eating Behavior
The nutritional phases according to Miller were used to score

the eating behavior of the subjects with PWS [4]: 1a = hypotonia
with difficult feeding, 1b = no difficult feeding and growing ap-
propriately on growth curve, 2a = excessive weight gain without an
increase in appetite or excessive calories, 2b = weight increasing
with an increase in appetite or excessive calories, 3 = hyperphagia,
feels rarely full, 4 = appetite no longer insatiable. For each subject
with PWS at each visit, the nutritional phase was assessed during
an interview by the experienced physicians and nurses of the
multidisciplinary teams. Questions about hunger, food-seeking
behavior, and food intake were all included in the interview.

Collection of Blood and Plasma Preparation
In children >2 years of age, blood samples were collected in the

morning after a 12-h overnight fast. Infants <2 years were fasted
for at least 4 h. To stabilize the plasma ghrelin levels, blood samples
were collected in EDTA tubes and 4-(2-aminoethyl)benzene-
sulfonyl fluoride hydrochloride (AEBSF, Sigma-Aldrich Chem-
icals) was added at a concentration of 2 mg/mL at the time of
collection. Blood was centrifuged at 4°C to prepare plasma, which
was quickly frozen on dry ice. Samples were stored at −80°C and
assayed within 6 months following collection. Plasma AG and
UAG levels were assessed in duplicate in the laboratory of the
Erasmus University Medical Center in Rotterdam, using two-step
double antibody sandwich EIAs, obtained from SPIBio (Bertin
Pharma, France; A05306 and A05319, respectively). The assay and
its intra- and interassay coefficient of variation used in this study
have been described [6]. Samples with an extremely low AG/UAG
ratio (<0.01) were excluded due to stabilization concerns.

Statistics
Statistical analysis was performed by the Statistical Package for

Social Sciences (version 24.0; SPSS, Chicago, IL, USA). Data are
expressed as median (interquartile range [IQR]), as not all data
were normally distributed. Plasma AG and UAG levels and AG/
UAG ratios were log-transformed (natural logarithm), to obtain a
normal distribution. One blood sample of thirty children was also
included in our previous cross-sectional study [6]. All nutritional
phases were compared to an age-matched control group. Many
children remained in the same phase for a longer period, ex-
plaining the discrepancy between the number of children with

PWS and the observations in Table 2. Comparative analyses were
conducted using Mann-Whitney, Kruskal-Wallis, or χ2 tests. The
course of the ghrelin levels over time was calculated using linear
mixed model analysis with AG, UAG, or AG/UAG ratio as de-
pendent variable and age as independent variable. Differences were
considered significant if the p value was <0.05.

Results

Baseline Characteristics
Table 1 presents the clinical characteristics at first

visit of 134 children with PWS and 157 controls. Me-
dian (IQR) age was 1.5 (0.6; 3.4) years at first visit in
children with PWS and 2.3 (1.2; 3.6) years in controls
(p = 0.002). Height SDS and weight SDS were signifi-
cantly lower in children with PWS compared to controls
(p < 0.001). Sixty-four children (48%) had a deletion, 59
had a maternal uniparental disomy (44%), 1 had a
translocation, 2 had an abnormal methylation defect, 4
had an imprinting mutation, and of 1 child the specific
subtype was unknown. Seventy-five children with PWS
received GH treatment. The others were, at baseline,
prior to GH treatment due to their young median (IQR)
age of 0.6 (0.5; 0.9) years, but started GH treatment at
the age of 0.72 (0.59; 1.27) years. At the baseline visit,
45.5% of children with PWS were in nutritional
phase 1b.

Longitudinal Ghrelin Levels from Infancy into
Childhood
Figure 1a–c shows the course of plasma AG and UAG

levels and AG/UAG ratio over time, until the age of
7 years, in 134 children with PWS. The AG levels in
children with PWS increased in the first 6 months of life,
albeit not significantly. After this initial increase, AG
levels decreased from 216 pg/mL at 6 months to 120 pg/mL
at 3.5 years (p < 0.001). Following the decrease in the first
years of life, AG levels remained stable until the age of
7 years.When compared to controls, plasma AG levels were
within the normal range until the age of 4 years, but
thereafter, AG levels were higher in children with PWS.

The UAG levels increased in the first 6 months of life
from 176 pg/mL to 319 pg/mL (p = 0.013). After this
increase, UAG levels decreased to 85 pg/mL at 4.5 years
(p < 0.001). At the age of 5 years, UAG levels increased to
166 pg/mL (p = 0.008) and remained stable thereafter.
When compared to the controls, UAG levels in children
with PWS were higher during the first 3 years of life, but
thereafter, UAG levels were within the normal range
when compared to the controls.

Longitudinal Ghrelin Levels in Children
with PWS
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Table 1. Baseline characteristics at the first visit

PWS (N = 134) Controls (N = 157) p value

Age, years 1.5 (0.6; 3.4) 2.3 (1.2; 3.6) 0.002
Sex (male), n (%) 67 (50.0) 71 (45.2) 0.416
Genetic subtype, n (%) 64 (47.8)

Deletion mUPD 59 (44.0)
Translocation 1 (0.7)
Abnormal methylation profile 2 (1.5)
Other atypical form 1 (0.7)

GH use, n (%) 75 (56.0)
Age at start of GH, years 0.76 (0.62; 1.17)
IGF-1 SDS 1.07 (−0.77; 2.74)
Height SDS −0.52 (−1.52; 0.15) 0.27 (−0.47; 1.24) <0.001
Weight SDS −0.73 (−1.72; 0.42) 0.00 (0.78; 0.79) <0.001
BMI SDS −0.40 (−129; 0.90) −0.13 (−0.97; 0.68) 0.910
FM percentage 29.4 (23.0; 37.2)
FM (%) SDS −0.55 (−2.43; 2.25)
FM SDS 0.02 (−2.18; 1.48)
LBM SDS −0.18 (−0.104; 0.91)
Nutritional phase*, n (%)

1a 26 (19.4)
1b 61 (45.5)
2a 14 (10.4)
2b 13 (9.7)
3 1 (0.7)

Data are expressed as median (IQR) or n (%). GH, growth hormone; SDS, standard deviation score; FM, fat
mass; LBM, lean body mass; phase, nutritional phase according to Miller et al. [4]; mUPD, maternal uni-
parental disomy. *Unknown for 19 patients.

a b c

Fig. 1. Longitudinal changes in estimated marginal means with 95% CI in AG (a), UAG (b), and the AG/UAG
ratio (c) in children with PWS. The IQR of age of nutritional phase is depicted with the gray areas and the total
range with the gray bars below the graph. The AG, UAG, and AG/UAG ratio levels in controls are presented as
median (gray lines) and IQR (dotted lines) in the graph for ages 0–2 years, 2–4 years, and 4–7 years.
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The AG/UAG ratio decreased significantly from 0.97
to 0.54 during the first year of life (p = 0.030). After this
decrease, the ratio started to slowly increase to an AG/
UAG ratio of 1.09 at 7 years. From the age of 3 years until
the age of 7 years, the AG/UAG ratio was significantly
higher than the ratio at 1 year (all p values <0.046). In
comparison to controls, the AG/UAG ratio was lower in
the first 2.5 years of life but was within the normal range
until the age of 4 years. After the age of 4 years, the AG/
UAG ratio was in the high-normal range of controls.

Figure 1a–c shows the IQR of the age per nutritional
phase as the gray areas and the total range as the gray bars
below the graph. As the phases 1b, 2a, and 2b were
overlapping, we also investigated the data per phase in
Table 2.

Differences between the Nutritional Phases
Table 2 presents the different nutritional phases in

the PWS group, compared with age-matched controls.
The AG levels remained stable during the different
phases (p = 0.114), while UAG levels decreased from
290 pg/mL in phase 1a to 137 pg/mL in phase 2b (p <
0.001). The AG/UAG ratio increased from phase 1a to
phase 2b, but the strongest increase was observed from
phase 2a to phase 2b (0.81 vs. 1.24, p = 0.012, re-
spectively). Median BMI SDS and FM% SDS increased
during the nutritional phases, with the highest median
BMI and FM% SDS found in phase 2b (both p
values <0.001). Lean body mass index was different
between the nutritional phases, being lowest in phase 1a
(p = 0.029).

Nutritional Phase 1a and Age-Matched Controls
Due to matching for age, the median age was similar

between the infants with PWS and their controls. While
plasma AG levels were not different between the groups,
UAG levels were significantly higher in infants with PWS
(p < 0.001). The median (IQR) AG/UAG ratio in infants
with PWSwas 0.60 (0.33; 1.93) and 1.10 (0.72; 1.63) in the
controls (p = 0.050). Median BMI SDS was significantly
lower in the children with PWS (p < 0.001).

Nutritional Phase 1b and Age-Matched Controls
Median age was similar between the infants with PWS

and their controls. Plasma AG levels were not different
between the groups, but UAG levels were significantly
higher in children with PWS (p < 0.001). The median
(IQR) AG/UAG ratio was 0.72 (0.40; 1.27) in children
with PWS and 1.20 (0.81; 1.74) in the control group (p <
0.001). Median BMI SDS was significantly lower in
children with PWS.

Nutritional Phase 2a and Age-Matched Controls
There was no difference in median age between the

children with PWS and their controls. Plasma AG levels
were not different between the groups, while UAG levels
were significantly higher in the children with PWS (p <
0.001). The median (IQR) AG/UAG ratio was 0.81 (0.38;
1.53) in children with PWS and 1.23 (0.86; 2.13) in the
controls (p < 0.001). Median BMI SDS was for the first
time higher in children with PWS, being 0.88 (0.11; 1.34)
in children with PWS and −0.20 (−1.11; 0.36) in controls
(p < 0.001).

Nutritional Phase 2b and Age-Matched Controls
There was no difference in median age between the

groups. Plasma AG levels were significantly higher
in children with PWS compared to their controls
(p = 0.002), and there was a trend toward a higher UAG
level in children with PWS (p = 0.054). The median AG/
UAG ratio was 1.24 in children with PWS and 0.65 in the
controls (p = 0.045). Median BMI SDS was significantly
higher in children with PWS, 1.16 (0.17; 1.73) compared
to −0.27 (−1.19; 0.86) in controls (p = 0.001).

Ghrelin Levels, Sex, and Genotypes
There was neither a difference in the course of the AG/

UAG ratio over time between boys and girls (p = 0.154)
nor between the various genetic subtypes (p = 0.948).

Discussion

This study presents the changes in the appetite-
regulating hormones AG, UAG, and the AG/UAG
ratio from infancy into childhood, linked to changes in
the nutritional phases, in a large cohort of children with
PWS in comparison with healthy controls. During the
first years of life, the AG/UAG ratio was lower in PWS
patients than in controls and started to increase from the
age of 3 years, resulting in a high-normal AG/UAG ratio
compared to controls from the age of 4 years onward. Our
findings demonstrate that there was a significant and
striking increase in the AG/UAG ratio when children
with PWS progressed from nutritional phase 2a to
phase 2b.

From infancy into childhood, plasma AG levels in-
creased in the first 6 months, and after a decrease, they
remained stable in the children with PWS. The decrease
in AG levels was greater in controls, leading to higher
plasma AG levels in the children with PWS after the age
of 4 years. In contrast, plasma UAG levels were higher in
the children with PWS during the first 3 years of life;
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thereafter, plasma UAG levels were similar to controls.
Together, this resulted in a low-normal AG/UAG ratio in
the first 3 years of life, followed by an increasing AG/UAG
ratio until the age of 4 years. From the age of 4 years, the
AG/UAG ratio remained stable in the high-normal range
of the controls.

The older children with PWS were heterogeneous with
regard to their nutritional phases. As this might have
influenced the average plasma AG and UAG levels and
the AG/UAG ratio over time, we also investigated the
longitudinal plasma AG and UAG levels and the AG/
UAG ratio per nutritional phase from early infancy to the
age of 7 years.

During early infancy, in phase 1a, we found higher
plasma levels of UAG in children with PWS compared to
controls, while the AG levels were normal, which resulted
in a lower AG/UAG ratio in infants with PWS. This
finding confirms the findings by Beauloye et al. [7], which
also found elevated levels of UAG in infants with PWS,
with normal AG levels (some infants in the present study
were also included in that study). UAG is associated with
a decreased food intake in mice and humans [16, 17].
Also, a high UAG and a low AG/UAG ratio have been
found in adults with restrictive anorexia nervosa [34].
Nutritional phase 1a is characterized by failure to thrive
and is thought to be related to hypotonia [35]. However,
our findings suggest that the high UAG levels and low
AG/UAG ratio might play a role in the cause of the failure
to thrive, as these may lead to decreased appetite and
thereby decreased food intake.

During phase 1b, we found a stable, low-normal AG/
UAG ratio. This is in line with our expectations, as phase
1b is characterized by a period of appropriate growth
without feeding problems.We found in phase 1b, a higher
UAG compared to healthy controls, which is in line with
previous findings [6], indicating that there are abnor-
malities in the ghrelin system, even during phase 1b.

Although the AG/UAG ratio in phase 2a was still lower
compared to age-matched controls, the BMI was, for the
first time, higher than in the age-matched controls in this
phase. Phase 2a is characterized by a period with an
excessive increase in body weight without an increase in
calorie intake or interest in food. In line with our ex-
pectations, FM% SDS also increased significantly in phase
2a compared to phase 1b, suggesting impaired fat mass
metabolism. The AG/UAG ratio in children with PWS
started to increase during this phase, mainly due to a
decrease in plasma UAG levels. Even stronger was the
increase in AG/UAG ratio from phase 2a into phase 2b.
Phase 2b is characterized by an increased interest in food
and an increased appetite, leading to overweight when the

child is unattended. BMI SDS in phase 2b was the highest
BMI of all nutritional phases in our study and higher than
in the age-matched controls. Additionally, FM% SDS was
the highest in phase 2b and above the normal range.
Interestingly, we also found a higher AG/UAG ratio in
phase 2b compared to the controls. After entering phase
2b at the age of 4 years, the AG/UAG ratio remained
stable until the age of 7 years. The higher ratio was mainly
related to the higher AG levels in the children with PWS.
As AG stimulates appetite and can induce a positive
energy balance, the higher AG levels might play a role in
the underlying mechanisms of the hyperphagia known
in PWS.

The strength of this study is both the large cohort of
134 children with PWS and the longitudinal follow-up.
To date, there is one other longitudinal study [27], but in
that study, total ghrelin levels were measured instead of
making a distinction in plasma AG and UAG levels. In
that study, elevated total ghrelin levels were found in
young children with PWS, long before the onset of hy-
perphagia. We found high UAG levels in early infancy
and a low AG/UAG ratio. Later in childhood, we showed
that the high total ghrelin can be explained by the higher
AG levels, which resulted in a higher AG/UAG ratio.
Given the opposite effects of AG and UAG [17, 20], the
balance between the two forms of ghrelin is crucial.

At the start of our study, 56% of the children with PWS
were already on GH treatment. The remaining children
had not yet started GH treatment due to their young age,
but treatment began soon after the start of the study
(median age: 0.75). In previous studies, it was postulated
that GH could influence ghrelin concentrations [36, 37].
In our previous cross-sectional study, there was no dif-
ference in the AG/UAG ratio between GH-treated and
untreated patients with PWS [6]. Since children in our
study population were very young at the start of GH
treatment (0.76 years) and they all continued treatment
during childhood, we believe that, if GH influences the
course of the AG/UAG ratio, this effect is negligible in
this study.

The nutritional phases according to Miller et al. [4]
were used to score the feeding problems, in relation to the
natural history of PWS, but in practice, the clinical
presentation of children with PWS has significantly
changed in today’s population. Some children have
hyperphagia without increased weight or food-seeking
behavior, due to early diagnosis and GH treatment,
improved health care, physiotherapy, diet regimen, and
the awareness of parents to limit the food intake. Al-
though the hyperphagia in a more controlled environ-
ment makes it difficult to categorize the child according to
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nutritional phase, we could still, based on our expertise
with PWS, determine the nutritional phases based on
growth charts, food behavior, and consultation records.
However, development of a more appropriate scoring
system for today’s population is warranted.

In our present study, none of the 134 children were in
or had entered nutritional phase 3. As phase 3 is char-
acterized by hyperphagia, it would have been useful to
have information about the AG and UAG levels in this
nutritional phase. In addition, having other appetite
regulation hormone measured in present study would
have provided a broader view of the pathogenesis of the
development of hyperphagia in children with PWS. Al-
though our findings are interesting and give more insight
into the mechanism behind the switch in nutritional
phases, more research on this topic is needed.

Although a higher nutritional phase was on average
accompanied by an older age, an older age did not nec-
essarily coincide with a higher nutritional phase, as several
older children were still scored in nutritional phase 1b. The
lower phase could have been due to underscoring of the
hyperphagia in a well-controlled environment, but we
tried to unravel why these children stayed in phase 1b. We
could not link it to the genetic subtype, age at start of GH
treatment, or other factors. It might be that a combination
of factors (e.g., having more severe autistic characteristics,
being on a strict diet, etc.) can influence the natural course
of changing into different nutritional phases in PWS. It
might also be that these children change to another nu-
tritional phase at an older age.

The specific hyperphagia in PWS is best explained by
the effects of AG, UAG, and especially the AG/UAG ratio
[10]. The development of medication that interferes with
the ghrelin system is, therefore, of great interest. Unfor-
tunately, there is still no specific drug found that can treat
the hyperphagia in PWS. There is one study investigating
an UAG-analog [38], which might lower the AG/UAG
ratio. Despite providing promising results in the begin-
ning, the phase 2b study was terminated earlier than
planned, due to a lack of significant improvement in
hyperphagia and food-related behaviors after 3 months,
particularly in adults. Since this UAG-analog did not
influence the hyperphagia, it may be speculated that the
high UAG levels in early life, play a role in the pro-
gramming of the appetite system. Recently, an inhibitor of
ghrelin O-acyltransferase (GOAT), the enzyme that
converts UAG into AG, was investigated. Although
treatment with the GOAT inhibitor resulted in a decrease
of AG levels and increase of UAG levels, no effect on
hyperphagia was found [39]. Further research for a so-
lution for treating the hyperphagia in PWS is still needed

and it might be that therapies targeting the ghrelin system
should be tested in very young children with PWS.

In conclusion, this longitudinal study shows the course
of the appetite-regulating hormones AG and UAG and the
AG/UAG ratio from early infancy into childhood in a large
cohort of children with PWS compared to a control
group. We found that the change from failure to thrive to
excessive weight gain and hyperphagia in infants and
children with PWS coincides with an increase in AG/UAG
ratio. In phase 1a, the plasma UAG levels were higher in
children with PWS compared to the controls, while the AG
levels were similar. This changed during childhood,
leading to an increase in the AG/UAG ratio, which oc-
curred even before the onset of hyperphagia. At the start of
phase 2b, a significantly higher AG/UAG ratio was found,
caused by higher plasmaAG levels. Our results suggest that
the longitudinal changes in the AG andUAG levels may be
involved in the underlying mechanisms causing the switch
in nutritional phases in PWS from the anorectic stage
during phase 1a to the hyperphagia in phase 2b.
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