
Plasma Peptide YY and Ghrelin Levels in Infants and Children 
with Prader-Willi Syndrome

Merlin G. Butler, Douglas C. Bittel, and Zohreh Talebizadeh
Section of Medical Genetics and Molecular Medicine, Children’s Mercy Hospitals and Clinics and 
University of Missouri - Kansas City School of Medicine, Kansas City, MO, USA

Abstract

An insatiable appetite is a cardinal feature of Prader-Willi syndrome (PWS) with stomach 

rupturing as a reported consequence. Peptide YY, secreted by the intestine and released post 

prandially, inhibits appetite, while ghrelin, secreted by the stomach during mealtime hunger, 

stimulates appetite. Both peptide YY and ghrelin act at the brain level, particularly the 

hypothalamus. Recently, plasma ghrelin levels were reported to be elevated in children and adults 

with PWS but peptide YY levels have not been studied in this syndrome or ghrelin in infants with 

PWS. To further address the abnormal eating behavior in PWS, we obtained fasting plasma 

peptide YY and ghrelin levels in 12 infants and children with PWS ranging in age from 2.5 

months to 13.3 years and compared them with values from normal populations reported in the 

literature. Plasma ghrelin levels in our patients with PWS were similar to those of other children 

with PWS and were significantly higher than those reported in obese children without PWS. Our 

infants with PWS had similar plasma ghrelin levels compared with our children with PWS but 

peptide YY levels in our children and infants with PWS were lower than reported in similarly aged 

individuals without PWS. In addition, we performed preliminary gene expression analysis of 

ghrelin and peptide YY and their receptors in patients with PWS using established lymphoblastoid 

cell lines but gene expression did not correlate with plasma ghrelin or peptide YY levels.
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INTRODUCTION

Prader-Willi syndrome (PWS) is a complex genetic disorder characterized by infantile 

hypotonia, hypogonadism, small hands and feet, short stature, growth hormone deficiency, 

hyperphagia, early childhood obesity, mental deficiency, and a characteristic facial 

appearance1–3. A de novo paternally derived chromosome 15q11-q13 deletion is seen in 

about 70% of patients, while maternal disomy 15 (both chromosome 15s from the mother) is 

seen in about 25% of patients, and an imprinting center defect in the remaining patients2–4. 

PWS was the first reported example in humans of genetic imprinting or the differential 
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expression of genetic information depending on the parent of origin. PWS is considered the 

most common genetic cause of marked obesity in humans and occurs in about one in 10,000 

to 20,000 live births1.

The course and natural history of the disorder can be divided into two distinct stages. The 

first stage occurs during infancy and is characterized by central hypotonia, a weak cry, poor 

sucking reflex, sticky saliva, feeding difficulties, developmental delay, and hypogonadism. 

Failure to thrive is noted during this stage. The second stage occurs around 2 years of age 

and is characterized by continued developmental delay, onset of hyperphagia, and food 

foraging leading to obesity. Abnormal eating behavior, inability to vomit, obsessive food 

seeking and hoarding of food, and consumption of inedible items are characteristic of PWS. 

The severe hyperphagia-mediated obesity appears to result from a faulty satiety mechanism.

Food intake is regulated by the hypothalamus including the melanocortin and neuropeptide 

Y (NPY) systems in the arcuate nucleus5. The NPY Y2 receptor (Y2R) is thought to be an 

inhibitory presynaptic receptor and highly expressed in NPY neurons in the arcuate nucleus 

which is accessible to peripheral hormones6. Peptide YY is a Y2R agonist and released by 

the gastrointestinal tract7–8. Hence, eating behavior is directly influenced by gastrointestinal 

released peptides responding to the nutritional status and body composition of an individual 

and acting at the brain level9.

Ghrelin, a novel 28 amino acid peptide, primarily secreted by the stomach, was found to 

increase appetite, food intake and body weight and influences the release of growth 

hormone10–12. In addition, leptin, secreted by the adipose tissue, reflects the fat mass of an 

individual and plays a role in eating behavior13,14. Leptin and ghrelin both induce central 

effects mediated through the NPY receptor pathway in the hypothalamus and play a major 

role in energy balance15. Ghrelin levels are inversely correlated with body weight, are higher 

during starvation, and are increased in weight loss in humans11,12,16.

Peptide YY (PYY) is a 34 amino acid peptide secreted by the intestine, shares homology 

with pancreatic polypeptide and neuropeptide Y7, and is released postprandially in 

proportion to the caloric content of a meal. It remains elevated for several hours7,9. PYY 

causes intestinal constriction inhibiting jejunal and colonic motility17,18. Peripheral injection 

of PYY or intra-arcuate nucleus injection in the hypothalamus in rats inhibits food intake 

and reduces weight gain9. PYY also inhibits electrical activity of NPY nerve endings and 

activates adjacent pro-opiomelanocortin (POMC) neurons9. In humans, infusion of normal 

postprandial concentrations of PYY significantly decreases appetite and reduces food intake 

by 33% over a 24-hour period, ostensibly through the arcuate nucleus Y2R, to inhibit 

feeding9. Thus, PYY, ghrelin and leptin are primary candidates to investigate in patients with 

PWS, particularly during infancy and early childhood when eating behavior is markedly 

different during stage one (i.e., feeding difficulties and failure to thrive) compared with stage 

two (i.e., hyperphagia and rapid weight gain). However, genes for leptin, ghrelin, PYY or 

their receptors are not located on chromosome 15q11-q13.

Leptin levels have been examined previously in patients with PWS and found to reflect the 

body weight or fat mass, i.e., higher fat mass in patients with PWS showed higher leptin 
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levels, as seen in obese controls19–21. Similarly, fasting plasma ghrelin levels were elevated 

(3- to 5-fold) in 18 adults with PWS compared with lean and obese control subjects12. The 

elevated levels of ghrelin were later confirmed in adults and children with PWS22,23. Ghrelin 

levels were also measured in cord blood from 90 full-term neonates without PWS15. 

However, to date no ghrelin study included infants with PWS or comparison of patients with 

PWS during stage one and stage two of clinical course development.

Herein, we report for the first time plasma PYY levels in children and infants and ghrelin in 

infants with PWS. We examine demographic, clinical and genetic subtype data and compare 

plasma ghrelin and PYY levels with similarly aged populations reported in the literature.

PATIENTS AND METHODS

Twelve children and infants with Prader-Willi syndrome (three females, nine males) were 

studied with an average age ± SD of 3.6 ± 4.1 years and age range of 2.5 months to 13.3 

years (Table 1). PWS was confirmed by genetic testing (chromosome analysis with FISH 

and methylation PCR). Five patients had a 15q11-q13 deletion; six had maternal disomy 15; 

and one male had an imprinting defect determined by genetic analysis. Six patients with 

PWS were less than 2 years of age and identified during stage one or the failure to thrive 

period. Informed consent was approved through our local institutional review board and 

obtained from the parent or assent by the adolescent. Height and weight were obtained for 

each patient and body mass index (BMI) calculated (kg/m2). Five of our children with PWS 

were treated with growth hormone for a few weeks to 24 months duration.

Peripheral blood (overnight fasting) was collected in a refrigerated vacutainer tube 

containing aprotinin, a specific preservative for gastrointestinal protein provided by the 

reference laboratory. The plasma was immediately separated after centrifugation and stored 

at −70°C until used. Ghrelin and PYY were measured commercially within 2 weeks from 

the time of collection by Inter Science Institute (Englewood, CA) using radioimmunoassay 

and specific rabbit polyclonal antibodies directed against the individual peptides following 

established protocols7,16. All PWS samples were measured in duplicate and the results 

compared with control populations in the literature using similar methods and 

assays7,15,17,23,24.

Laboratory specificity was determined for ghrelin and PYY at 50% inhibition of binding 

level for these peptides compared with binding to other gastrointestinal peptides. Cross 

reactivity for both ghrelin and PYY was 100% for their respective assay and <0.01% for 

other measured gastrointestinal related peptides. Sensitivity determined as the least amount 

of ghrelin that could be distinguished from zero was 50 pg/ml, and for PYY 10 pg/ml. Based 

on three controls assayed in different runs in the laboratory setting, the intra-assay and 

interassay coefficients of variation were 8.4% and 9.8% for PYY, and 5.1% and 11.4% for 

ghrelin, respectively. The expected range established for the laboratory for fasting ghrelin 

was 520–700 pg/ml (for adults) and for fasting PYY 30–120 pg/ml (for adults). We similarly 

collected fasting plasma samples from adult control subjects which were sent to the 

laboratory for analysis. PYY and ghrelin levels for these adults were within the laboratory 

reference range for adults established by the laboratory (data not shown).
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Statistical analyses included comparisons of group means by non-parametric Mann-Whitney 

U test and parametric t-tests and comparison of bivariate correlation coefficients.

RESULTS

Twelve children and infants with PWS (three females and nine males) were analyzed with a 

mean age ± SD of 3.6 ± 4.1 years and mean BMI ± SD of 18.1 ± 3.6 kg/m2. Four of the 12 

patients with PWS had BMI scores greater than the 85th percentile or weight measures 

greater than the 95th percentile. The mean ghrelin ± SD was 1,152 ± 704 pg/ml and for PYY 

51 ± 33 pg/ml for our patients with PWS. The mean ± SD ghrelin and PYY levels in our 

infants with PWS were 1417 ± 837 pg/ml and 68 ± 34 pg/ml, respectively, compared to 887 

± 473 pg/ml and 34 ± 25 pg/ml, respectively, for the six children with PWS older than 2 

years. No significant difference was found in ghrelin or PYY levels in our patients with 

PWS with or without obesity (Mann-Whitney U test, p = 0.17; p = 0.23, respectively). No 

significant difference was found in the ghrelin or PYY levels in those patients with PWS 

younger or older than 2 years (Mann-Whitney U test, p = 0.15; p = 0.06, respectively). Five 

patients with PWS (including one female aged 20 months) were receiving growth hormone 

for a few weeks to 24 months. No significant difference was found in ghrelin or PYY levels 

in those children with PWS treated with growth hormone compared to those not receiving 

growth hormone (Mann-Whitney U test, p = 0.81; p = 0.16, respectively). There was also no 

significant difference in ghrelin or PYY levels in the patients with PWS with the 15q 

deletion or maternal disomy 15 (Mann-Whitney U test, p = 0.47; p = 0.20, respectively) (see 

Table 2).

Correlation analysis was also undertaken comparing ghrelin with PYY, ghrelin with age, 

ghrelin with BMI, PYY with age, and PYY with BMI for the patients with PWS. Significant 

negative correlations were seen for PYY and BMI (r = −0.79; p = 0.002) for all patients with 

PWS (see Fig. 1). There were no significant correlations for the other parameters studied 

(Fig. 1).

The average ± SD ghrelin level (1152 ± 704 pg/ml) in our children with PWS (age range of 

2.5 months to 13.3 years, average age of 3.6 years) was compared with the average ± SD 

level (630 ± 246 pg/ml or 187 ± 88 pmol/liter) from 90 healthy full term newborns reported 

by Chanoine et al.15 A significant difference (t-test; p <0.001) was found in this comparison. 

In addition, ghrelin levels in our patients with PWS were compared with fasting levels in 20 

normal controls (average ghrelin ± SD of 910 ± 344 pg/ml; average age ± SD of 8.7 ± 3.9 

years; age range 4.4–17.0 years) and 17 obese controls (average ghrelin ± SD of 492 ± 253; 

average age ± SD of 10.6 ± 3.5 years; age range 5.1–17.4 years) reported by Haqq et al.23. 

No significant difference was found in the ghrelin levels in our patients with PWS compared 

to the normal controls but a significantly higher level was found in our patients with PWS 

compared to their reported obese controls (t-test; p <0.01) in agreement with their findings. 

Similarly, PYY levels in our 12 children and infants with PWS (average ± SD of 51 ± 33 

pg/ml) were compared with fasting PYY levels (average ± SD of 131 ± 12 pg/ml or 32 ± 3 

pmol/1) in 13 control newborns and infants reported by Adrian et al.24 with an average age 

of 9 months. The levels seen in our children and infants with PWS were significantly lower 

(t-test; p <0.001). In addition, the PYY levels for our six infants with PWS less than 2 years 
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(average ± SD of 68 ± 32 pg/ml) and our PWS children greater than 2 years (average ± SD 

of 34 ± 25 pg/ml) were also significantly lower (t-test; p <0.001, for both infants and 

children with PWS) than in the 13 infants reported by Adrian et al.24.

DISCUSSION

Our fasting ghrelin levels were comparable to those reported previously for ghrelin and 

Prader-Willi syndrome (i.e., an elevated ghrelin level in patients with PWS compared with 

control populations in the literature). We examined for differences in PWS genetic subtype 

(deletion and uniparental disomy 15 [UPD]) but did not find significant differences in 

fasting PYY or ghrelin levels. In addition, no difference in ghrelin or PYY levels was found 

in males or females with PWS whether or not they were receiving growth hormone 

treatment. Although ghrelin is a potent growth hormone secretagogue15, growth hormone 

therapy in our children with PWS appeared not to impact on their plasma ghrelin levels 

compared to patients with PWS not receiving growth hormone. This observation is 

supported by the literature (i.e., ghrelin is not elevated in non-PWS patients with growth 

hormone deficiency receiving growth hormone25 or in our PWS individuals with obesity).

Our children with PWS were divided into two groups by age, i.e., >2 or <2 years old, 

approximately the demarcation between stage one and stage two of clinical course 

development for PWS, and no significant difference was found for either ghrelin or PYY 

levels. Our findings are in agreement with published reports on high ghrelin levels in adults 

and children with PWS. However, our report is the first to examine fasting plasma ghrelin 

levels in infants with PWS as young as 2.5 months, before the onset of obesity. The ghrelin 

levels were no different in individuals with PWS younger or older than 2 years but were 

elevated in both groups compared to reported levels in normal control children23. In 

addition, we measured plasma PYY levels for the first time in patients with PWS and found 

the levels to be lower in our children with PWS (average age 3.6 years) compared with PYY 

levels reported by Adrian et al.24 in control newborns and infants. While PYY inhibits and 

ghrelin stimulates eating, higher ghrelin levels should be reflected by lower PYY levels. This 

relationship was observed in our children and infants with PWS and reflects the insatiable 

appetite of individuals with this syndrome.

The genes for ghrelin and PYY and their receptors are not localized on chromosome 15 so it 

is unclear why ghrelin levels are high and PYY levels are low in PWS. However, lack of 

feedback inhibition from growth hormone and release of growth hormone from the brain 

may play a role in the elevated ghrelin levels and subsequently lower PYY levels in PWS. It 

will also be important to know whether the excess ghrelin levels are derived from the 

stomach or from other sources peripherally or centrally in the brain. Additionally, the ghrelin 

levels determined may not represent entirely active ghrelin but may reflect an inactive form 

of ghrelin-derived protein due to an alternative splicing or mutations of the ghrelin gene, as 

proposed by Haqq et al.23. Evidence does support altered or defective processing of 

precursor proteins, particularly vasopressin and polypeptide 7B2, in the hypothalamus in 

some patients with PWS26 including preproghrelin by prohormone convertase 2 into mature 

active ghrelin. If the measurable ghrelin level in PWS is mostly inactive hormone then one 

could speculate why higher levels of growth hormone are not observed in children with 

Butler et al. Page 5

J Pediatr Endocrinol Metab. Author manuscript; available in PMC 2016 December 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PWS. In addition, an unrelated defect in growth hormone secretion in children with PWS 

may not be affected by growth hormone secretagogues such as ghrelin. However, the lower 

PYY levels in our children and infants with PWS would indicate an active ghrelin protein 

with a normal interaction between ghrelin and PYY with the levels in the anticipated 

direction (i.e., high ghrelin and low PYY). Future studies are warranted to address the 

interaction of ghrelin, PYY, leptin and other appetite related hormones, their distribution, 

function and receptor status, peripherally and centrally.

Gene expression studies are underway to examine the level of expression of these apparently 

tightly regulated and interrelated hormones and their receptors to better understand their 

relationship in controlling eating behavior and obesity in PWS using quantitative RT-PCR of 

RNA isolated from actively growing lymphoblastoid cell lines27 from eight patients with 

PWS and five control individuals established at the time of blood collection for plasma 

ghrelin and PYY levels. The genes studied included ghrelin, PYY, and their recognized 

receptors (GHS-RIa, GHS-RIb, NPY2). Specifically, no significant correlation (positive or 

negative) was found between ghrelin gene expression and ghrelin or PYY levels (data not 

shown). Additional studies are underway to examine brain tissue collected at the time of 

autopsy from several individuals with PWS and control subjects in order to obtain gene 

expression data for these genes which are involved with eating behavior.
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Fig. 1. 
Correlation analyses for plasma ghrelin with peptide YY (PYY), ghrelin with age, ghrelin 

with BMI, PYY with age, and PYY with BMI for patients with Prader-Willi syndrome. A 

significant negative correlation (p <0.01) was seen for PYY and BMI for the patients with 

Prader-Willi syndrome.
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TABLE 1

Clinical, laboratory and genetic data for patients with Prader-Willi syndrome

PWS patients

n 12

Male 9

Female 3

Age (years) (mean ± SD) 3.6 ± 4.1

Deletion 5

UPD 6

Imprinting defect 1

BMI (mean ± SD) 18.1 ± 3.6

Plasma ghrelin (pg/ml) (mean ± SD) 1152 ± 705

Plasma PYY (pg/ml) (mean ± SD) 51 ± 33

UPD = uniparental disomy 15.
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