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Prader-Willi syndrome (PWS) is a genetic disorder occurring
in 1 of 10,000–16,000 live births and is characterized by ex-
cessive appetite with progressive massive obesity as well as
short stature and mental retardation. Most patients have GH
deficiency and hypogonadotropic hypogonadism. The causes
of the hyperphagia and abnormal GH secretion are unknown.
To determine whether ghrelin, a novel GH secretagogue with
orexigenic properties, is elevated in PWS, we measured fast-
ing plasma ghrelin concentration; body composition (dual-
energy x-ray absorptiometry); and subjective ratings of hun-
ger (visual analog scale) in seven subjects (6 males and 1
female; age, 26 � 7 yr; body fat, 39 � 11%, mean � SD) with PWS
(diagnosis confirmed by genetic test) and 30 healthy subjects
(reference population, 15 males and 15 females; age, 32 � 7 yr;
body fat, 36 � 11%) fasted overnight. All subjects were weight
stable for at least 6 months before admission to the study. The
mean plasma ghrelin concentration was higher in PWS than

in the reference population (307 � 164 vs. 109 � 24 fmol/ml; P <
0.001), and this difference remained significant after adjust-
ment for percentage body fat (P < 0.001). Plasma ghrelin was
also higher (P � 0.0004) in PWS than in five healthy subjects
fasted for 36 h. A positive correlation was found between
plasma ghrelin and subjective ratings of hunger (r � 0.71; P �
0.008). Furthermore, in subjects with PWS, the concentration
of the hormone was not different before and after ingestion of
2 ml and a satiating amount of the same liquid meal (ghrelin
concentrations: 307 � 164 vs. 306 � 205 vs. 260 � 134 fmol/ml,
respectively; ANOVA for repeated measures, P � 0.56). This is
the first evidence that ghrelin, a novel orexigenic hormone, is
elevated in subjects with PWS. Our finding suggests that
ghrelin may be responsible, at least in part, for the hyper-
phagia observed in PWS. (J Clin Endocrinol Metab 87:
5461–5464, 2002)

PRADER-WILLI SYNDROME (PWS) is a genetic disorder
occurring in 1 of 10,000–16,000 live births. The vast

majority of cases occur sporadically. Approximately 70–75%
are due to a deletion of the proximal long arm of the pater-
nally derived chromosome 15 (15q11,q13), 20–25% to ma-
ternal disomy of chromosome 15, 2–5% to imprinting mu-
tations, and 1% to translocations (1). The condition, first
described almost 50 yr ago (2), is characterized by excessive
appetite with progressive massive obesity as well as short
stature, low lean body mass, muscular hypotonia, mental
retardation, behavioral abnormalities, and dysmorphic fea-
tures (3). Most patients have GH deficiency and hypogona-
dotropic hypogonadism, suggesting hypothalamic-pituitary
dysfunction (4). Obesity occurs in over 90% of affected in-
dividuals (5) and is the most prominent physical character-
istic of untreated PWS as well as a major cause of morbidity
and mortality (6). Infants with PWS usually experience feed-
ing difficulties throughout the first year of life (due to a weak
suckling response and poor head and neck control). Between
1 and 2 yr of age, the severe hypotonia of early infancy
resolves, leading to the onset of hyperphagia and abnormal
eating behaviors, including obsessive food seeking, hoard-
ing, gorging, and consumption of nonfood items (7). The
cause of this hyperphagia remains unknown, and there is no
current effective pharmacological treatment.

We have recently shown that the novel hormone ghrelin,
which is predominantly secreted by the stomach, induces
adiposity by increasing food intake and decreasing fat uti-
lization in rodents, an effect that is independent from the
ability of the hormone to stimulate GH secretion (8, 9). In-
tracerebroventricular administration of ghrelin antiserum
decreases food intake in rodents, indicating a central role of
endogenous ghrelin in the control of energy balance (8).
Plasma ghrelin concentration increases before every meal
and decreases after nutrient intake (10, 11), suggesting a role
in meal initiation. Plasma ghrelin levels are also lower in
obese compared with lean individuals (12), suggesting that
both acute and chronic changes in energy balance affect
circulating ghrelin concentrations. Peripheral ghrelin admin-
istration at doses near the physiological range increases ap-
petite and food intake in humans (13, 14), indicating that
ghrelin is a peripheral signal to the brain to stimulate food
intake.

We hypothesized that because ghrelin affects appetite and
GH secretion, both of which are abnormal in PWS, disor-
dered ghrelin secretion may be present in this condition. We
report herein that fasting plasma concentrations of ghrelin
were higher in PWS compared with healthy controls.

Subjects and Methods

All subjects were participants in studies of the pathogenesis of obesity
at the Clinical Diabetes and Nutrition Section of the National Institutes
of Health (Phoenix, AZ). Subjects with PWS were also participants in aAbbreviations: PWS, Prader-Willi syndrome.
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study of the neuroanatomical correlates of hunger, taste, and satiation
(15). Some data from the reference population (15 males and 15 females;
age, 32 � 7 yr; body fat, 36 � 11%) have been previously published (12,
16). A group of five control subjects (4 males and 1 female; age, 33 � 7
yr; body fat, 28 � 7%) who had undergone a prolonged fast (17) were
also considered for some analyses. Apart from PWS, subjects were
healthy and not taking any medication, as determined by medical his-
tory, physical examination, and laboratory screening tests. Among PWS
patients (Table 1), subject 3 was taking testosterone cypionate (200 mg/
month) until 14 d before admission, and subject 4 was taking recom-
binant GH (2.55 mg/d) until 19 months before admission. All subjects
were weight stable for at least 6 months before admission.

The diagnosis of PWS was confirmed with a genetic test before ad-
mission. Diabetes was excluded by an oral glucose tolerance test (18).
Women were studied in the follicular phase of their menstrual cycle. The
protocol was approved by the Institutional Review Boards of the Na-
tional Institute of Diabetes and Digestive and Kidney Diseases and the
Indian Health Service, and all subjects gave written consent before
participation. A team of independent consultants (i.e. psychiatrists and
psychologists not directly associated with the study) evaluated each
subject with PWS to assess the level of competence to understand all
experimental procedures and to provide informed consent. Also, before
consenting, individuals with PWS viewed a videotape detailing the main
procedures of the study.

On admission, all subjects were placed on a weight-maintaining diet
(50% carbohydrate, 30% fat, 20% protein), initially calculated on the basis
of gender, weight, and height, and subsequently adjusted to maintain
body weight within 1% of the weight. For individuals with PWS, the diet
administered on the ward was designed to include food items that were
familiar to the subject. Physical activity during admission was limited
to sedentary activities, such as playing table games and watching TV,
and an occasional supervised walk. Body composition was assessed by
dual energy x-ray absorptiometry (DPX-l, Lunar Corp. Co., Madison,
WI) as previously described (19). After at least 3 d on the weight main-
tenance diet and after either an overnight fast (PWS and reference
population) or a 36-h fast (control subjects), blood samples were col-
lected between 0600 and 0900 h. At the same time, PWS and control
subjects were asked to rate their feelings of hunger on a 0–100 mm visual
analog scale. Individuals with PWS ingested 2 ml and then a satiating
amount (consumed over 25 min and delivering 50% of the subject’s daily
energy requirement) of a liquid formula meal (56% carbohydrate, 29%
fat, 15% protein; Ensure Plus, 1.5 kcal/ml; Ross-Abbott Laboratories,
Columbus, OH). A blood sample was collected after each of the two
ingestions.

Plasma glucose concentrations were determined by the glucose ox-
idase method (Beckman Instruments, Fullerton, CA). Plasma ghrelin
concentrations were determined using a commercially available RIA
(Phoenix Pharmaceuticals, Inc., Mountain View, CA) as previously de-
scribed (12). Because of the high ghrelin concentration in patients with
PWS, ghrelin was measured at several dilutions between 1:1 and 1:20 to
ensure validity and reproducibility of the measurements. Mean linearity
of these samples was between 80% and 143% for dilutions of 1:5 and 1:10.
Final measurements of all samples in one assay were performed on the
basis of a 1:7 dilution, which was expected to generate concentrations
close to the ED50 (57.6 fmol/ml) of the RIA.

Statistical analyses were conducted using the procedures of the SAS
Institute (Cary, NY). Results are given as mean � sd unless indicated
otherwise. Differences between individuals with PWS and a reference

population were tested using a general linear regression analysis with
adjustment for percentage body fat. The relationship of plasma ghrelin
concentration with subjective ratings of hunger was assessed by Spear-
man rank correlation analysis. Changes of plasma ghrelin concentrations
in response to the meal were tested by ANOVA for repeated measures.

Results

Characteristics of the seven subjects with PWS are pre-
sented in Table 1. Fasting plasma ghrelin concentrations
were negatively correlated with adiposity both in individ-
uals with PWS (r � �0.81; P � 0.027) and in the reference
population (r � �0.49; P � 0.006; Fig. 1, top). The mean
fasting plasma ghrelin concentration was higher in individ-
uals with PWS compared with the reference population
(307 � 164 vs. 109 � 24 fmol/ml; P � 0.001), and this dif-
ference remained significant after adjustment for percentage
body fat (P � 0.001). After excluding the PWS subject with
the lowest percentage body fat and the highest ghrelin
(Table 2, subject 1), the mean fasting plasma ghrelin con-
centration in the PWS group was 256 � 99 fmol/ml and was
still significantly higher than the reference population (P �
0.001). The mean fasting plasma ghrelin concentration was
also higher in individuals with PWS compared with indi-
viduals fasted for 36 h (106 � 62 fmol/ml plasma ghrelin;
Fig. 1, bottom). We found suggestive evidence for a positive
correlation between fasting plasma ghrelin concentration
and subjective ratings of hunger (Fig. 2). In individuals with
PWS, the mean plasma ghrelin concentration was not dif-
ferent before and after ingestion of 2 ml and a satiating
amount of the same liquid meal (ghrelin concentrations:
307 � 164 vs. 306 � 205 vs. 260 � 134 fmol/ml, respectively;
P � 0.56, ANOVA for repeated measures). Glucose and in-
sulin exhibited the expected postmeal increases (glucose,
4.8 � 0.3 vs. 4.9 � 0.4 vs. 6.6 � 0.7 mmol/liter; insulin, 2.3 �
2.1 vs. 2.4 � 2.2 vs. 30.6 � 29.7 mU/ml; both P � 0.001,
ANOVA for repeated measures).

Discussion

PWS is the most common genetic form of obesity, but the
cause of hyperphagia in this condition remains unknown.
We report that fasting plasma concentrations of ghrelin, a
novel orexigenic hormone, were 3-fold higher in seven adult
individuals with PWS compared with healthy controls. We
suggest that high ghrelin levels are responsible, at least in
part, for the hyperphagia and obesity of PWS.

Mechanisms underlying elevated circulating ghrelin in
PWS are unclear. The ghrelin gene is located on chromosome

TABLE 1. Characteristics of seven adult individuals with PWS

Subject Gender Age (yr) Weight (kg) Height (cm) Body fat (%) Ghrelin
(fmol/ml) Genetic test

1 M 27 49 152 19 616 Methylation assay
2 M 32 62 165 36 367 FISH
3 M 18 90 178 39 360 FISH
4 M 19 81 170 47 297 FISH
5 M 38 65 149 48 196 Methylation assay
6 M 27 70 156 33 181 Methylation assay
7 F 20 87 156 52 133 HRCA

Mean � SD 25.9 � 7.4 71.9 � 14.7 161 � 10 39 � 11 307 � 164

M, Male; F, female; FISH, fluorescence in situ hybridization; HRCA, high resolution chromosomal analysis.
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3 [http://www.ncbi.nlm.nih.gov/omim/, Online Mende-
lian Inheritance in Men (MIM no. 605353); Scott, A. F., per-
sonal communication in OMIM], whereas PWS arises from
functional loss of several paternally expressed genes in an
imprinted domain on chromosome 15. Because the majority
of these genes appear to have regulatory functions (20), it is
likely that the PWS genes regulate the expression of other
genes at other loci, which represent the true genetic path-
ways that underlie the phenotypic features of PWS. Ghrelin
signaling may represent one of these pathways.

Plasma ghrelin levels have not been reported to be ele-
vated in individuals with GH deficiency, and GH replace-
ment therapy for 1 yr did not modify circulating ghrelin
levels (21), indicating that a GH-ghrelin feedback mechanism
is unlikely to explain our findings. Among known physio-
logical regulators of ghrelin secretion, macronutrient manip-
ulations of the diet (22) and acute energy restriction (23) are
also unlikely explanations of our findings, because the sub-
jects with PWS in this study were on a weight-maintaining

diet for at least 3 d before testing, yet had even higher ghrelin
levels than individuals who were fasted for 36 h. Interest-
ingly, the previously reported decrease in circulating ghrelin
after a meal (10, 11) was not observed in the subjects with
PWS in this study. Vagotomy has been shown to increase
plasma ghrelin levels significantly (22). Secretion of pancre-
atic polypeptide, a recognized marker of parasympathetic
nervous system drive to the splanchnic organs in response to
a meal, has been reported to be deficient in PWS (24), which
suggests that further exploration of the role of the autonomic
nervous system in regulating ghrelinemia is warranted.

Plasma ghrelin concentrations in the same range as that of
the PWS subjects in this study have previously been ob-
served in cachectic states associated with anorexia (25, 26)
and chronic heart failure (27). Although some of the PWS
subjects in the present study were successfully maintaining
a body weight below the clinical definition of obesity, the
body composition data do not indicate cachexia in this group
of people. Finally, the negative correlation between ghrelin
and adiposity previously reported by us and others was also

FIG. 1. Overnight fasting plasma ghrelin concentrations in subjects
with PWS and a reference population, as well as 36-h fasting values
in a control group. Top, Plasma ghrelin concentrations were nega-
tively correlated with adiposity in subjects with PWS (�, r � �0.81;
P � 0.027) and in a reference population (�, r � �0.49; P � 0.006).
The regression line applies only to the reference population. Using
multiple linear regression analyses, the mean plasma ghrelin con-
centration was higher in PWS than the reference population after
adjustment for age, sex, and percentage body fat (P � 0.001). Bottom,
The mean plasma ghrelin concentration was higher in subjects with
PWS (�) than a group of control subjects (E) who had been fasted
for 36 h.

FIG. 2. Relationship between plasma ghrelin concentrations and
subjective ratings of hunger. Individuals with PWS (�, overnight
fast) and controls (E, 36-h fast) were asked to rate their subjective
sensation of hunger in response to the questions “How much food do
you think you could eat right now?” (top) and “How hungry do you
feel?” (bottom) on a 100-mm visual analog scale, ranging from 0 (noth-
ing at all/not at all hungry) to 100 (a large amount/very hungry). The
relationship of plasma ghrelin concentrations with subjective ratings
of hunger was assessed by Spearman rank correlation analysis.
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observed among individuals with PWS. This suggests that
although PWS produces a rightward shift in the relationship
of ghrelin with adiposity, this genetic condition does not
override the physiological mechanism that causes ghrelin to
be lower in obese than in lean individuals.

We report a positive correlation between plasma ghrelin
and subjective ratings of hunger, which is consistent with the
orexigenic properties of the hormone. However, caution
should be used in the interpretation of these results, because,
to the best of our knowledge, visual analog scales for the
assessment of hunger have not been validated in individuals
with PWS.

In summary, we provide the first evidence [while prepar-
ing this manuscript, we became aware that similar findings
were obtained by Dr. D. E. Cummings and colleagues in a
separate group of 18 PWS subjects (28)] that ghrelin, a novel
orexigenic hormone, is elevated in patients with PWS. Our
data are consistent with the hypothesis that ghrelin is a
physiological regulator of appetite in humans and suggest
that high ghrelin levels may be responsible, at least in part,
for the hyperphagia observed in PWS. Proof of this hypoth-
esis will require intervention studies using agents that block
ghrelin secretion and/or action and their effect on food
intake.

Acknowledgments

We thank Drs. D. E. Cummings, J. Caro, P. Burn, D. Johnson, and C.
Bogardus for critical review and helpful advice; C. Massengill and the
nursing staff for professional care of the volunteers; Drs. A. Farley, S.
Markman, and K. Irvine for expert help in consenting the volunteers; and
the Prader-Willi Syndrome Association (PWSA-USA) and its Arizona
chapter for helping with the recruitment of volunteers and training of
the clinical research center staff. We are especially indebted to our
friends with PWS and their parents and caregivers for being such won-
derful partners in this quest.

Received June 4, 2002. Accepted August 26, 2002.
Address all correspondence to: Angelo DelParigi, M.D., National Insti-

tutes of Health, National Institute of Diabetes and Digestive and Kidney
Diseases, Clinical Diabetes and Nutrition Section, 4212 North 16th Street,
Room 5-41A, Phoenix, Arizona 85016. E-mail: adelpari@mail.nih.gov.

This work was supported in part by grants from the PWSA-USA (to
S.M.S.) and NIH Grant DK056336 (to S.M.S.).

References

1. Cassidy SB 1997 Prader-Willi syndrome. J Med Genet 34:917–923
2. Prader A, Labahrt A, Willi H 1956 Ein syndrome von adipositas, kleinwuchs,

kryptokidismus und oligophrenie nach myotonieartigem zustand im neuge-
borenenalter. Schweiz Med Wochenschr 186:1260–1261

3. Holm VA, Cassidy SB, Butler MG, Hanchett JM, Greenswag LR, Whitman
BY, Greenberg F 1993 Prader-Willi syndrome: consensus diagnostic criteria.
Pediatrics 91:398–402

4. Burman P, Ritzen EM, Lindgren AC 2001 Endocrine dysfunction in Prader-
Willi syndrome: a review with special reference to GH. Endocr Rev 22:787–799

5. Butler MG 1990 Prader-Willi syndrome: current understanding of cause and
diagnosis. Am J Med Genet 35:319–332

6. Laurance BM, Brito A, Wilkinson J 1981 Prader-Willi syndrome after age 15
years. Arch Dis Child 56:181–186

7. Stadler DD 1995 Nutritional management. In: Greenswag LR, Alexander RC,

eds. Management of Prader-Willi syndrome. New York: Springer-Verlag;
88–114

8. Tschop M, Smiley DL, Heiman ML 2000 Ghrelin induces adiposity in rodents.
Nature 407:908–913

9. Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H, Kangawa K,
Matsukura S 2001 A role for ghrelin in the central regulation of feeding. Nature
409:194–198

10. Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse BE, Weigle DS
2001 A preprandial rise in plasma ghrelin levels suggests a role in meal
initiation in humans. Diabetes 50:1714–1719

11. Tschop M, Wawarta R, Riepl RL, Friedrich S, Bidlingmaier M, Landgraf R,
Folwaczny C 2001 Post-prandial decrease of circulating human ghrelin levels.
J Endocrinol Invest 24:RC19–RC21

12. Tschop M, Weyer C, Tataranni PA, Devanarayan V, Ravussin E, Heiman ML
2001 Circulating ghrelin levels are decreased in human obesity. Diabetes 50:
707–709

13. Arvat E, Maccario M, Di Vito L, Broglio F, Benso A, Gottero C, Papotti M,
Muccioli G, Dieguez C, Casaneuva FF, Deghenghi R, Camanni F, Ghigo E
2001 Endocrine activities of ghrelin, a natural growth hormone secretagogue
(GHS), in humans: comparison and interactions with hexarelin, a nonnatural
peptidyl GHS, and GH-releasing hormone. J Clin Endocrinol Metab 86:1169–
1174

14. Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost GS, Murphy KG, Dhillo WS,
Ghatei MA, Bloom SR 2001 Ghrelin enhances appetite and increases food
intake in humans. J Clin Endocrinol Metab 86:5992

15. Del Parigi A, Gautier JF, Chen K, Salbe AD, Ravussin E, Reiman E, Tataranni
PA 2002 Neuroimaging and obesity: mapping the brain responses to hunger
and satiation in humans using positron emission tomography. Ann NY Acad
Sci 967:389–397

16. Weyer C, Pratley RE 1999 Fasting and postprandial plasma concentrations of
acylation-stimulation protein (ASP) in lean and obese Pima Indians compared
to Caucasians. Obes Res 7:444–452

17. Tataranni PA, Gautier JF, Chen K, Uecker A, Bandy D, Salbe AD, Pratley RE,
Lawson M, Reiman EM, Ravussin E 1999 Neuroanatomical correlates of
hunger and satiation in humans using positron emission tomography. Proc
Natl Acad Sci USA 96:4569–4574

18. WHO Study Group 1985 Diabetes mellitus. WHO Tech Rep Ser 727:11
19. Tataranni PA, Ravussin E 1995 Use of dual-energy x-ray absorptiometry in

obese individuals. Am J Clin Nutr 62:730–734
20. Nicholls RD, Knepper JL 2001 Genome organization, function, and imprinting

in Prader-Willi and Angelman syndromes. Annu Rev Genomics Hum Genet
2:153–175

21. Janssen JA, van der Toorn FM, Hofland LJ, van Koetsveld P, Broglio F, Ghigo
E, Lamberts SW, Jan van der Lely A 2001 Systemic ghrelin levels in subjects
with growth hormone deficiency are not modified by one year of growth
hormone replacement therapy. Eur J Endocrinol 145:711–716

22. Lee HM, Wang G, Englander EW, Kojima M, Greeley Jr GH 2002 Ghrelin,
a new gastrointestinal endocrine peptide that stimulates insulin secretion:
enteric distribution, ontogeny, influence of endocrine, and dietary manipula-
tions. Endocrinology 143:185–190

23. Ariyasu H, Takaya K, Tagami T, Ogawa Y, Hosoda H, Akamizu T, Suda M,
Koh T, Natsui K, Toyooka S, Shirakami G, Usui T, Shimatsu A, Doi K,
Hosoda H, Kojima M, Kangawa K, Nakao K 2001 Stomach is a major source
of circulating ghrelin, and feeding state determines plasma ghrelin-like im-
munoreactivity levels in humans. J Clin Endocrinol Metab 86:4753–4758

24. Zipf WB, O’Dorisio TM, Cataland S, Sotos J 1981 Blunted pancreatic polypep-
tide responses in children with obesity of Prader-Willi syndrome. J Clin En-
docrinol Metab 52:1264–1266

25. Otto B, Cuntz U, Fruehauf E, Wawarta R, Folwaczny C, Riepl RL, Heiman
ML, Lehnert P, Fichter M, Tschop M 2001 Weight gain decreases elevated
plasma ghrelin concentrations of patients with anorexia nervosa. Eur J Endo-
crinol 145:669–673

26. Shiiya T, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka M, Nozoe S,
Hosoda H, Kangawa K, Matsukura S 2002 Plasma ghrelin levels in lean and
obese humans and the effect of glucose on ghrelin secretion. J Clin Endocrinol
Metab 87:240–244

27. Nagaya N, Uematsu M, Kojima M, Date Y, Nakazoto M, Okumura H, Hosoda
H, Shimizu W, Yamagishi M, Oya H, Koh H, Yutani C, Kangawa K 2001
Elevated circulating level of ghrelin in cachexia associated with chronic heart
failure: relationships between ghrelin and anabolic/catabolic factors. Circu-
lation 104:2034–2038

28. Cummings DE, Clement K, Purnell JQ, Vaisse C, Foster KE, Frayo RS,
Schwartz MW, Basdevant A, Weigle DS 2002 Elevated plasma ghrelin levels
in Prader Willi syndrome. Nat Med 8:643–644

5464 J Clin Endocrinol Metab, December 2002, 87(12):5461–5464 DelParigi et al. • High Circulating Ghrelin Levels in PWS

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/87/12/5461/2823593 by guest on 20 August 2022


