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Abstract

Ghrelin and peptide tyrosine tyrosine (PYY) are known to affect appetite and body weight, but the acute effects of fat-rich

and carbohydrate-rich meals on plasma ghrelin, PYY response, and appetite remain unclear. We hypothesized that obese

individuals had impaired postprandial ghrelin and PYY response based on macronutrient content of meals, affecting

appetite and energy intake.We conducted a randomized crossover trail comparing fasting ghrelin and PYY concentrations,

postprandial ghrelin and PYY responses, and subjective appetite in 15 obese and 12 lean Chinese young adults after they

consumed isocaloric high-carbohydrate [HC; 88% energy carbohydrate, 4% energy fat, 8% energy protein] and high-fat

(HF; 25% energy carbohydrate, 71% energy fat, 4% energy protein) meals. Ghrelin concentrations over time differed

between HC and HFmeals (P, 0.01) via repeatedmeasures of ANOVA, with lower postprandial ghrelin suppression after

HF meals, especially among obese participants. PYY response differed between meals among lean participants, with a

delayed and higher postprandial PYY peak after the HF meal (P , 0.01); however, PYY response did not differ among

obese participants. The incremental area under the curve of PYY was higher in lean than in obese participants after the HF

meal (P , 0.01). These results suggest that impaired ghrelin response after HF meals may contribute to reduced satiety

and overeating, especially among obese individuals. Whether an attenuated response of PYY in obese participants after

a HF meal bears any physiological consequences warrants further study. J. Nutr. 139: 1286–1291, 2009.

Introduction

Ghrelin and peptide tyrosine tyrosine (PYY)6 are 2 gastrointes-
tinal (GI) tract-derived hormones known to affect appetite
through the activation of various neurons in the hypothalamus.
Ghrelin is primarily secreted (mostly preprandially) by endo-
crine cells in the stomach (1). The first known GI-brain peptide
hormone with orexigenic, appetite-stimulating effects, ghrelin
appears to play a pivotal role in the regulation of food intake.
Ghrelin concentrations in plasma rise gradually before a meal
and decrease immediately after a meal (2–5). In addition,
exogenous administration of ghrelin induces profound stimula-
tion of food intake in both rodents and humans (6–9). These

effects suggest that ghrelin plays a role in feelings of hunger and
in meal initiation. Given the inverse association between BMI
and fasting plasma ghrelin concentrations (2,4,10,11), ghrelin is
thought to be involved in not only meal initiation but also body
weight control.

PYY is a 36-amino acid peptide derived from L-cells primarily
located in the distal intestine. Released in proportion to energy
intake, PYY enzymatically cleaved by dipeptidyl peptidase-IV to
yield the major circulating form, PYY3–36 (12,13). As part of the
neuropeptide Y (NPY) family, PYY1–36 binds to and activates the
Y1, Y2, and Y5 NPY receptor subtypes and PYY3–36 preferen-
tially binds to the inhibitory presynaptic Y2 receptor, which is
highly expressed in NPY neurons in the appetite regulatory center
in the arcuate nucleus (14). Data show that exogenous infusion of
PYY3–36 decreases food intake in both rodents and humans
(13,15–21). Although PYY1–36 was once reported to increase
appetite in rodents (22), it is unlikely to be important in regulating
energy intake in humans and dogs (19,23). In humans, lower
circulating PYY concentrations have been reported in obese
individuals (17), but whether they play a role in the etiology of
obesity remains controversial (24,25).

Reports suggest that the secretions of ghrelin and PYY are
modulated by food ingestion, but the relative effects of different

6 Abbreviations used: AUC, area under the curve; GI, gastrointestinal; HC, high

carbohydrate; HF, high fat; HOMA-IR, homeostasis model assessment of insulin

resistance; NPY, neuropeptide Y; PYY, peptide tyrosine tyrosine; VAS, visual

analogue scale.
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macronutrients on ghrelin and PYY release have not been well
elucidated. Circulating ghrelin concentrations are known to
decrease dose dependently after carbohydrate-rich meals (4,26–
28), but some have argued that acute ghrelin response is
independent of the energy intake in healthy individuals (29).
Whether or not a high-fat (HF) diet suppresses postprandial
ghrelin concentrations less effectively is still controversial
(30,31). The finding of weaker suppression of ghrelin in obese,
insulin-resistant participants suggests that attenuated postpran-
dial ghrelin suppression may contribute to increased food intake
in obesity (30). Although postprandial elevation of plasma PYY
concentration is proportional to the energy ingested (32), studies
also suggest that PYY elevation is affected by the macronutrient
composition of a meal. Given the evidence suggesting that fat
digestion is necessary for stimulation of PYY in humans (33), fat
intake does appear to be the most potent stimulus of PYY and
carbohydrates the least potent (34,35). However, it is unknown
whether these effects differ between lean and obese individuals.

We hypothesized that obese individuals had impaired post-
prandial ghrelin and PYY responses based on macronutrient
content of meals and that this may contribute to obesity by
affecting appetite and food intake. To test this hypothesis, we
compared fasting and postprandial concentrations of ghrelin
and PYY, and subjective measures of appetite in separate obese
and lean participants after isocaloric high-carbohydrate (HC) and
HF meals.

Materials and Methods

Participants. Using the criteria from the International Obesity Task
Force (36) for Asians, we recruited 15 obese (BMI$27.5 kg/m2) and 12

lean (BMI $18.5 and #23 kg/m2) healthy Chinese participants who

were graduate school students in Wuhan, Hubei province. Exclusion
criteria included chronic medical and psychiatric illness, pregnancy, or

substance abuse. None of the participants changed their weight status

during the 3 mo prior to the study. All participants gave their informed

consent; the study was approved by the ethical committee of Huazhong
University of Science and Technology.

Protocol. Each participant attended the laboratory on 2 occasions, 1 wk

apart. They received a HC breakfast on the first occasion and a HF
breakfast on the second visit. They were asked to completely consume

the meal within 30 min. The HC test meal consisted of 100 g of steamed

bread and 50 g of honey (1700 kJ) for women and 150 g of steamed
bread and 55 g of honey (2200 kJ) for men. The macronutrient

composition of the HC meal was comprised of 88% energy from

carbohydrate, 4% energy from fat, and 8% energy from protein. The HF

test meal consisted of 50 g steamed bread and 40 g butter (1700 kJ) for
women and 65 g steamed bread and 50 g butter (2200 kJ) for men. The

macronutrient composition of the HF meal was comprised of 25%

energy from carbohydrate, 71% energy from fat, and 4% energy from

protein.
Participants came to the laboratory at 0800 after fasting (defined as

no eating or drinking except for water from 2000 the previous night).

Venous blood was collected just prior to each breakfast and at intervals
of 30, 60, 120, 180, and 240 min afterward. Blood samples were

collected into plastic tubes containing EDTA Na2 (7.5%, 13 mL in 1 mL

blood) and aprotinin (0.5 kU/L blood). All samples were chilled in an ice

bath until centrifugation at 3000 3 g; 15min at 48C; plasma was
immediately separated and stored at 2808C until analysis. We used

visual analogue scales (VAS) (37) to assess hunger before and 240 min

after each test breakfast and satiety at 30 min after each meal.

Participants provided ratings on a 100-mm VAS with text clues
indicating the direction of the most positive and most negative scores.

Anthropometry measurements. For all participants, weight and height

were measured by the same observer to the nearest 0.5 kg and 0.5 cm,

respectively. BMI was calculated as weight (kg)/height (m)2. Waist and

hip circumferences were measured to a precision of 0.1 cm and the waist:

hip ratio was calculated. Triceps, subscapular, and abdominal skinfolds
were measured in duplicate on the right side of the body to a precision of

0.2 mm and we used the mean of the 2 measurements.

Hormonal assay.All samples were assayed in duplicate and in a single
laboratory analysis to avoid interassay variation. Plasma glucose

concentrations were measured by the glucose oxidase method using

kits from Nanjing Jiancheng Bioengineering Institute, Nanjing, China,

with an intra-assay CV ,1.2%. Plasma insulin concentrations were
determined by RIA using kits from Chemclin Biotech with an intera-

assay CV ,5.8%. Plasma ghrelin and PYY concentrations were

determined by RIA using kits from Phoenix Pharmaceuticals. Ghrelin
was measured using 125I-labeled bioactive ghrelin as a tracer molecule

and a polyclonal antibody raised in rabbits against full-length

octanylated human ghrelin, which detects both acylated and des-acylated

forms of ghrelin. Intra-assay CVof the assay were,5.4%. There was no
cross-reactivity with any relevant molecules (i.e. secretin, vasoactive

intestinal peptide, galanin, growth hormone releasing factor, glucagon-

like peptide-1, NPY, orexin A, orexin B). PYY was measured using an-

tibody raised in guinea pigs. It recognizes both the PYY 1–36 and PYY3–36

forms of human PYY, with no cross-reactivities with NPY, leptin,

glucagon, ghrelin, insulin, or GLP-1. The intra-assay CV were ,8.6%.

Statistical analysis. All data are presented as means 6 SEM. Student’s

unpaired t test was used for group comparisons at baseline. The time

course of each postprandial hormone response was analyzed by 2-way

repeated-measures ANOVAwith group and type of meal as main effects,
followed by a Student Newman-Keuls post hoc test. Differences of

postprandial response between meals as well as groups were assessed via

time 3 meal and time 3 group interaction tests. Percent change of

ghrelin and PYY at 30 min after ingestion was calculated by [(levels at
30min-baseline)/baseline)]3100. Area under the curve (AUC) values for

ghrelin and PYY were calculated using the trapezoidal method and

differences in the AUC values between groups with different meals were

analyzed by ANOVA followed by a Student Newman-Keuls post hoc
test. Pearson’s product-moment correlation was used to evaluate the

association between fasting ghrelin, PYY, and insulin concentrations as

well as their changes. The homeostasis model assessment insulin
resistance index (HOMA-IR) was calculated according to the following

equation: fasting insulin (mU/L) 3 fasting glucose (mmol/L)/22.5 (38).

All statistical analyses were conducted using SAS version 9 (SAS

Institute), with a = 0.05.

Results

Descriptive characteristics. Participants in the 2 groups had
similar age and height. As expected, body weights, BMI, waist:
hip ratios, and skinfold thicknesses were higher in obese
participants (Table 1). BMI did not differ by gender in either
the obese (women, 29.26 0.6 kg/m2; men, 31.26 0.9 kg/m2) or
lean (women, 19.2 6 0.2 kg/m2; men, 21.0 6 0.4 kg/m2) group.

Baseline data. In fasting participants, plasma glucose and
hormone concentrations did not differ between genders or
among study days (Table 1). Obese participants had higher
fasting glucose and insulin concentrations and greater insulin
resistance as assessed by HOMA-IR. Obese individuals also had
lower fasting ghrelin concentrations compared with lean
participants, whereas fasting PYY concentrations did not differ.

Postprandial ghrelin and PYY responses. Regardless of
obesity status and meal type, mean postprandial ghrelin levels
decreased shortly after ingesting a test meal, reaching a nadir 60
min after the meal, and then increasing thereafter (Fig. 1A).
However, the decrease in ghrelin concentrations over time was
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blunted in obese participants compared with lean ones after both
meals. The percent suppression in ghrelin at 30 min after each
meal was less in obese than in lean participants and less after the
HF meal than the HC meals in both lean and obese participants
(Fig. 1B). Ghrelin concentrations over time differed between

obese and lean participants (P, 0.01) and between HC and HF
meals (P , 0.01), but no time 3 group 3 meal interaction was
found by repeated measures of ANOVA. These outcomes
indicate that changes in ghrelin concentrations over time were
dependent on both obesity status and the quality of macronu-
trients consumed during the meal. The decremental AUC for
plasma ghrelin was larger in the lean (7506 6 855 pmol×min/L)
than in the obese (3939 6 505 pmol×min/L) participants after
the HC meal (P , 0.01) whereas in contrast, they did not differ
after the HFmeal and were 61326 833 pmol×min/L and 42006
2045 pmol×min/L, respectively.

Although postprandial PYY concentrations increased after
both meals, the PYY response differed between HF and HC
meals in lean but not in obese participants. Notably, among lean
participants, peak PYY concentrations occurred at 60 min after
the HF meal but 30 min after the HC meal (Fig. 2A). Obese
participants exhibited a similar PYY response pattern with a
lower peak at 60 min after both meals. Correspondingly,
postprandial PYY concentrations differed over time between
the HC and HF diets (P, 0.01), but not between obese and lean
participants, by repeated measures of ANOVA. However, there
was an interaction between group and meal on postprandial
PYY concentrations over time. Neither lean nor obese partic-
ipants significantly differed between meals in the percent
increase in PYY concentrations at 30 min after ingestion (Fig.
2B). The incremental AUC of PYY was higher in the lean (8876
140 pmol×min/L) than obese (585 6 113 pmol×min/L) partici-
pants after the HF meal (P , 0.05), whereas they did not differ
after the HC meal and were 663 6 110 pmol×min/L and 619 6
69 pmol×min/L, respectively.

TABLE 1 Anthropometry and plasma biochemistry of obese
and lean participants1,2

Lean Obese

n 12 15

Age, y 25.6 6 0.5 24.1 6 0.8

Men/women, n/n 7/5 9/6

Height, cm 165.2 6 2.3 165.0 6 2.1

Weight, kg 55.5 6 2.3 83.1 6 3.2*

BMI, kg/m2 20.5 6 0.4 30.4 6 0.6*

Waist, cm 72.5 6 1.3 95.1 6 2.4*

Hip, cm 89.7 6 1.9 106.8 6 1.7*

Waist:hip ratio 0.81 6 0.02 0.89 6 0.02*

Triceps skinfold, mm 21.4 6 2.3 32.9 6 2.0*

Subscapular skinfold, mm 18.1 6 1.6 34.5 6 1.7*

Abdominal skinfold, mm 24.7 6 1.5 44.9 6 1.3*

Glucose, mmol/L 5.3 6 0.1 6.2 6 0.1*

Insulin, pmol/L 54.5 6 10.4 97.3 6 13.8*

HOMA-IR 2.04 6 0.28 4.49 6 0.44*

Ghrelin, pmol/L 93.3 6 3.2 81.5 6 2.3*

PYY, pmol/L 13.7 6 0.7 13.0 6 0.9

1 Values are means 6 SEM. *Different from lean, P , 0.05.
2 Blood samples were drawn from fasting participants.

FIGURE 1 Postprandial changes in plasma ghrelin concentrations

(A) and percent ghrelin suppression at 30 min after ingestion (B) in

obese and lean participants after they consumed HC and HF meals.

Values are means 6 SEM, n = 15 (obese) or 12 (lean). *Different from

corresponding HC in lean participants at that time, P, 0.05; #different

from corresponding HC in obese participants at that time, P , 0.05

(A). Means without a common letter differ, P , 0.05 (B).

FIGURE 2 Postprandial changes in plasma PYY concentrations (A)

and percent PYY increase at 30 min after ingestion (B) in obese and

lean participants after they consumed HC and HF meals. Values are

means 6 SEM, n = 15 (obese) or 12 (lean). *Different from

corresponding HC in lean participants at that time, P , 0.05 (A).

Means without a common letter differ, P , 0.05 (B).
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Effects on appetite. The VAS satiety scores revealed lower
satiety at 30 min after the HF meal than after the HC meal in
both obese and lean participants (Fig. 3A). However, by the end
of the test (240 min), only obese patients reported higher hunger
scores after the HF meal than the HC meal; lean participants
reported no difference in subjective hunger rating between meals
(Fig. 3B).

Correlations. Fasting PYY concentrations correlated negatively
with fasting ghrelin concentrations in both lean (r = 20.69; P ,
0.01) and obese (r = 20.41; P , 0.05) participants. In lean, but
not obese, participants, the increase in insulin levels correlated
with the decrease in ghrelin (r = 20.37; P , 0.05) and the
increase in PYY (r = 0.38; P , 0.05) over the first 30 min. The
decremental AUC of ghrelin correlated with the incremental
AUC of insulin (r = 20.66; P , 0.01) and incremental AUC of
glucose (r = 20.44; P , 0.05) in lean participants, but these
correlations were not significant in obese participants.

Discussion

Obesity is the result of an energy intake that exceeds energy
expenditure. Dietary composition effects that may modulate GI
responses are likely important in appetite regulation and,
thereby, body weight. Although a variety of studies have
investigated the effects of diet composition on ghrelin and
PYY secretion, with rather diverse findings (4,11,20,26–34,39–
43), few have assessed effects on subjective appetite and
examined effect differences between lean and obese individuals.
To our knowledge, this is the first study to compare the relative
effects of isocaloric meals that differed in the amount of
carbohydrate and fat on the postprandial ghrelin and PYY
response as well as their effects on subjective appetite between
obese and lean Chinese participants.

Notably, we found that dietary macronutrient composition
influenced postprandial circulating ghrelin and PYY concentra-

tions in both lean and obese participants. There was less ghrelin
suppression in the first 30 min after a HFmeal than a HCmeal in
both groups and less ghrelin suppression in obese individuals
than lean ones after each meal. Consistent with those findings,
both lean and obese participants reported less satiety via VAS
after the isocaloric HF meal than the HC meal at 30 min after
ingestion. These outcomes support the hypothesis that a HF
meal is less filling than an isocaloric HC meal in both lean and
obese individuals and that HF diets may decrease satiety and
contribute to overeating in obese individuals who showed a
greater preference for HF foods (44,45).

Although the percent change of PYY concentrations did not
differ in either group at 30 min after ingestion of either meal, we
observed a somewhat different time course of PYY response
between meals and a blunt overall PYY secretion in obese
participants compared with lean ones after a HF meal. A HF
meal induced greater PYY secretion in lean individuals than in
obese ones, whereas HC meals produced no such difference.
Other data show similar elevation in PYY concentrations after
both carbohydrate- and fat-rich meals in nonobese men (46) and
impaired postprandial PYY release in obese participants (17,20).
Because PYY responses differ between macronutrients, whether
the alteration reduces satiety after meals and leads to increased
hunger in obese people warrants further investigation.

The physiological mechanisms that modulate plasma ghrelin
and PYY releases are not well understood. Most studies indicate
that postprandial insulin suppresses ghrelin secretion (27,47–
50), but 2 studies question the inhibitory role of insulin on
ghrelin (51,52). It has also been suggested that acute increases in
plasma glucose regulate plasma ghrelin independent of the
insulin (53). In our study, we confirmed a significant inverse
association between postprandial ghrelin and insulin concen-
trations in lean but not obese participants. This result is
consistent with another study (11), which found that nutrient-
induced insulin secretion did not suppress ghrelin in obese
participants.

Although PYY3–36 infusion is known to suppress energy
intake and significantly decrease circulating ghrelin in humans
(17), the relationship between PYY and ghrelin concentrations
has not been consistent (21,54). Our study showed a significant
inverse correlation between fasting PYY and fasting ghrelin
concentrations but no such correlation between the changes in
PYY and ghrelin levels after test meals. The interplay between
ghrelin and PYY in relation to appetite is poorly understood.
Further studies are warranted to explore whether changes in
ghrelin suppression and PYY secretion after different macronu-
trients might contribute to increased energy intake in obese
participants. Studies in animals and humans indicate that GI
motor response is reduced after exposure to a HF diet, although
how the slower gastric emptying affects ghrelin and PYY
secretion also warrants further investigation (55–57).

One limitation of the present study is that total ghrelin con-
centrations were assessed rather than the active acylated form of
ghrelin, and total PYY was measured instead of PYY3–36. This
raises the possibility that changes in total ghrelin and PYY
concentrations may not exactly reflect changes in active ghrelin
and PYY3–36. However, a strong positive association exists
between total and acyl-ghrelin (58). Furthermore, although only
the acylated form of ghrelin was thought to be biologically
active, the current perspective is that unacylated ghrelin also
exerts some biological activities (59–61), thereby supporting
total ghrelin as more relevant overall. Meanwhile, studies have
shown that the ratio of circulating PYY1–36:PYY3–36 is similar in
lean and obese participants (20).

FIGURE 3 VAS (mm) for perceived satiety at 30 min after initiation

of each meal (A) and for hunger at 240 min after each test meal (B).

Values are means 6 SEM, n = 15 (obese) or 12 (lean). Means without

a common letter differ, P , 0.05.
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Another limitation is that we provided both lean and obese
participants with the same quantity of test meals based on
gender rather than ad libitum intake. Although the VAS ratings
of satiety did not differ between obese and lean participants after
either a HC or HF meal, we cannot exclude the possibility that
either overfeeding in the lean or underfeeding in the obese may
have affected the study outcomes to some extent. Because
appetite-induced changes in total energy intake mediate in part
gut-brain satiety hormones and weight gain, differences can be
expected. The test meals were not calibrated in form and size,
which may have resulted in different consumption times,
chewing intensity, saliva excretion, and other such factors.
Finally, because all our participants were Chinese young adults,
it is unclear whether the results can be generalized to other
populations.

In summary, both lean and obese individuals groups reported
lower satiety after an isocaloric HF meal than a HC meal. The
decreased ghrelin levels and increased PYY levels had different
temporal patterns postprandially after fat intake compared with
carbohydrate intake, suggesting that different, yet unknown,
mechanisms may contribute to the regulation of postprandial
ghrelin and PYY. Impaired ghrelin response in obese participants
may contribute to impaired satiety and may be a factor
contributing to overeating in obese participants. Further studies
are warranted to elucidate the mechanisms that underlie ghrelin
and PYY responses and their association with hunger and satiety
in both lean and obese subjects.
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10. Tschöp M, Weyer C, Tataranni PA, Devanarayan V, Ravussin E,
Heiman ML. Circulating ghrelin levels are decreased in human obesity.
Diabetes. 2001;50:707–9.

11. English PJ, Ghatei MA, Malik IA, Bloom SR, Wilding JP. Food fails to
suppress ghrelin levels in obese humans. J Clin Endocrinol Metab.
2002;87:2984.

12. Adrian TE, Ferri GL, Bacarese-Hamilton AJ, Fuessl HS, Polak JM,
Bloom SR. Human distribution and release of a putative new gut
hormone, peptide YY. Gastroenterology. 1985;89:1070–7.

13. Grandt D, Schimiczek M, Struk K, Shively J, Eysselein VE, Goebell H,
Reeve JR Jr. Characterization of two forms of peptide YY, PYY(1–36)
and PYY(3–36), in the rabbit. Peptides. 1994;15:815–20.

14. Wynne K, Stanley S, Bloom S. The gut and regulation of body weight.
J Clin Endocrinol Metab. 2004;89:2576–82.

15. Batterham RL, Cowley MA, Small CJ, Herzog H, Cohen MA, Dakin
CL, Wren AM, Brynes AE, Low MJ, et al. Gut hormone PYY(3–36)
physiologically inhibits food intake. Nature. 2002;418:650–4.

16. Chelikani PK, Haver AC, Reidelberger RD. Intermittent intraperitoneal
infusion of peptide YY(3–36) reduces daily food intake and adiposity
in obese rats. Am J Physiol Regul Integr Comp Physiol. 2007;293:R39–46.

17. Batterham RL, Cohen MA, Ellis SM, Le Roux CW, Withers DJ, Frost
GS, Ghatei MA, Bloom SR. Inhibition of food intake in obese subjects
by peptide YY3–36. N Engl J Med. 2003;349:941–8.

18. Degen L, Oesch S, Casanova M, Graf S, Ketterer S, Drewe J, Beglinger
C. Effect of peptide YY3–36 on food intake in humans. Gastroenter-
ology. 2005;129:1430–6.

19. Sloth B, Davidsen L, Holst JJ, Flint A, Astrup A. Effect of subcutaneous
injections of PYY1–36 and PYY3–36 on appetite, ad libitum energy
intake, and plasma free fatty acid concentration in obese males. Am J
Physiol Endocrinol Metab. 2007;293:E604–9.

20. le Roux CW, Batterham RL, Aylwin SJ, Patterson M, Borg CM, Wynne
KJ, Kent A, Vincent RP, Gardiner J, et al. Attenuated peptide YY release
in obese subjects is associated with reduced satiety. Endocrinology.
2006;147:3–8.

21. Adams SH, Lei C, Jodka CM, Nikoulina SE, Hoyt JA, Gedulin B, Mack
CM, Kendall ES. PYY[3–36] administration decreases the respiratory
quotient and reduces adiposity in diet-induced obese mice. J Nutr.
2006;136:195–201.

22. Morley JE, Levine AS, Grace M, Kneip J, Peptide YY. PYY, a potent
orexigenic agent. Brain Res. 1985;341:200–3.

23. Inui A, Okita M, Nakajima M, Inoue T, Sakatani N, Oya M, Morioka
H, Okimura Y, Chihara K, et al. Neuropeptide regulation of feeding in
dogs. Am J Physiol. 1991;261:R588–94.

24. Beer SF, Bircham PM, Bloom SR, Clark PM, Hales CN, Hughes CM,
Jones CT, Marsh DR, Raggatt PR, et al. The effect of a 72-h fast on
plasma levels of pituitary, adrenal, thyroid, pancreatic and gastrointes-
tinal hormones in healthy men and women. J Endocrinol. 1989;120:
337–50.

25. Mustonen AM, Pyykönen T, Nieminen P. Adiponectin and peptide YY
in the fasting blue fox (Alopex lagopus). Comp Biochem Physiol A Mol
Integr Physiol. 2005;140:251–6.

26. Erdmann J, Lippl F, Schusdziarra V. Differential effect of protein and fat
on plasma ghrelin levels in man. Regul Pept. 2003;116:101–7.

27. Blom WA, Stafleu A, de Graaf C, Kok FJ, Schaafsma G, Hendriks HF.
Ghrelin response to carbohydrate-enriched breakfast is related to
insulin. Am J Clin Nutr. 2005;81:367–75.

28. Monteleone P, Bencivenga R, Longobardi N, Serritella C, Maj M.
Differential responses of circulating ghrelin to high-fat or high-
carbohydrate meal in healthy women. J Clin Endocrinol Metab.
2003;88:5510–4.

29. Nedvidkova J, Krykorkova I, Bartak V, Papezova H, Gold PW, Alesci S,
Pacak K. Loss of meal-induced decrease in plasma ghrelin levels in
patients with anorexia nervosa. J Clin Endocrinol Metab. 2003;88:
1678–82.

30. Greenman Y, Golani N, Gilad S, Yaron M, Limor R, Stern N. Ghrelin
secretion is modulated in a nutrient- and gender-specific manner. Clin
Endocrinol (Oxf). 2004;60:382–8.

31. Tentolouris N, Kokkinos A, Tsigos C, Kyriaki D, Doupis J, Raptis SA,
Katsilambros N. Differential effects of high-fat and high-carbohydrate
content isoenergetic meals on plasma active ghrelin concentrations in
lean and obese women. Horm Metab Res. 2004;36:559–63.

32. Batterham RL, Bloom SR. The gut hormone peptide YY regulates
appetite. Ann N Y Acad Sci. 2003;994:162–8.

33. Essah PA, Levy JR, Sistrun SN, Kelly SM, Nestler JE. Effect of
macronutrient composition on postprandial peptide YY levels. J Clin
Endocrinol Metab. 2007;92:4052–5.

34. Feinle-Bisset C, Patterson M, Ghatei MA, Bloom SR, Horowitz M. Fat
digestion is required for suppression of ghrelin and stimulation of
peptide YYand pancreatic polypeptide secretion by intraduodenal lipid.
Am J Physiol Endocrinol Metab. 2005;289:E948–53.

35. Onaga T, Zabielski R, Kato S. Multiple regulation of peptide YY
secretion in the digestive tract. Peptides. 2002;23:279–90.

1290 Yang et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/139/7/1286/4670472 by U

.S. D
epartm

ent of Justice user on 16 August 2022



36. Health Communications Australia Pty Limited, 2000. The Asia-Pacific
perspective: redefining obesity and its treatment [cited 2002 1 Aug].
Available from: http://www.idi.org.au/obesity_report.htm.

37. Flint A, Raben A, Blundell JE, Astrup A. Reproducibility, power and
validity of visual analogue scales in assessment of appetite sensations
in single test meal studies. Int J Obes Relat Metab Disord.
2000;24:38–48.

38. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance and beta-
cell function from fasting plasma glucose and insulin concentrations in
man. Diabetologia. 1985;28:412–9.

39. Erdmann J, Topsch R, Lippl F, Gussmann P, Schusdziarra V. Postpran-
dial response of plasma ghrelin levels to various test meals in relation to
food intake, plasma insulin, and glucose. J Clin Endocrinol Metab.
2004;89:3048–54.

40. Erdmann J, Leibl M, Wagenpfeil S, Lippl F, Schusdziarra V. Ghrelin
response to protein and carbohydrate meals in relation to food intake
and glycerol levels in obese subjects. Regul Pept. 2006;135:23–9.

41. Smeets AJ, Soenen S, Luscombe-Marsh ND, Ueland O, Westerterp-
PlantengaMS. Energy expenditure, satiety, and plasma ghrelin, glucagon-
like peptide 1, and peptide tyrosine-tyrosine concentrations following a
single high-protein lunch. J Nutr. 2008;138:698–702.

42. Gruendel S, Garcia AL, Otto B, Mueller C, Steiniger J, Weickert MO,
Speth M, Katz N, Koebnick C. Carob pulp preparation rich in insoluble
dietary fiber and polyphenols enhances lipid oxidation and lowers
postprandial acylated ghrelin in humans. J Nutr. 2006;136:1533–8.

43. Stock S, Leichner P, Wong AC, Ghatei MA, Kieffer TJ, Bloom SR,
Chanoine JP. Ghrelin, peptide YY, glucose-dependent insulinotropic
polypeptide, and hunger responses to a mixed meal in anorexic, obese,
and control female adolescents. J Clin Endocrinol Metab. 2005;90:
2161–8.

44. Reed DR, Bachmanov AA, Beauchamp GK, Tordoff MG, Price RA.
Heritable variation in food preferences and their contribution to obesity.
Behav Genet. 1997;27:373–87.

45. Drewnowski A, Kurth CL, Rahaim JE. Taste preferences in human
obesity: environmental and familial factors. Am J Clin Nutr.
1991;54:635–41.

46. Pedersen-Bjergaard U, Host U, Kelbaek H, Schifter S, Rehfeld JF, Faber
J, Christensen NJ. Influence of meal composition on postprandial
peripheral plasma concentrations of vasoactive peptides in man. Scand J
Clin Lab Invest. 1996;56:497–503.

47. Flanagan DE, Evans ML, Monsod TP, Rife F, Heptulla RA, Tamborlane
WV, Sherwin RS. The influence of insulin on circulating ghrelin. Am J
Physiol Endocrinol Metab. 2003;284:E313–6.

48. Mohlig M, Spranger J, Otto B, Ristow M, Tschöop M, Pfeiffer AF.
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