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Abstract
Orexigenic and anorexigenic pathways mediate food intake and may be affected by meal
composition. Our objective was to determine whether changes in levels of active ghrelin and
peptide YY (PYY) differ in obese vs. normal-weight adolescent girls following specific
macronutrient intake and predict hunger and subsequent food intake. We enrolled 26 subjects: 13
obese and 13 normal-weight girls, 12–18 years old, matched for maturity (as assessed by bone
age) and race. Subjects were assigned a high-carbohydrate, high-protein, and high-fat breakfast in
random order. Active ghrelin and PYY were assessed for 4 h after breakfast and 1 h after intake of
a standardized lunch. Hunger was assessed using a standardized visual analog scale (VAS). No
suppression in active ghrelin levels was noted following macronutrient intake in obese or normal-
weight girls. Contrary to expectations, active ghrelin increased in obese girls following the high-
carbohydrate breakfast, and the percent increase was higher than in controls (P = 0.046).
Subsequent food intake at lunch was also higher (P = 0.03). Following the high-fat breakfast, but
not other breakfasts, percent increase in PYY was lower (P = 0.01) and subsequent lunch intake
higher (P = 0.005) in obese compared with normal-weight girls. In obese adolescents, specific
intake of high-carbohydrate and high-fat breakfasts is associated with greater increases in ghrelin,
lesser increases in PYY, and higher intake at a subsequent meal than in controls. Changes in
anorexigenic and orexigenic hormones in obese vs. normal-weight adolescents following high-
carbohydrate and high-fat meals may influence hunger and satiety signals and subsequent food
intake.

Introduction
Obesity is a global problem, and 17% of US children are obese (BMI > 95th percentile) and
16.5% overweight (BMI between 85th and 95th percentiles) (1,2). It is increasingly
recognized that many neuroendocrine peptides including ghrelin, an orexigenic hormone,
and peptide YY (PYY), an anorexigenic hormone, regulate appetite, satiety, and food intake
(3–6), and secretion of these hormones is decreased in obesity (7–9). However, the role of
these peptides in physiological regulation of food intake remains to be determined. Of note,
recent data in adults suggest that specific nutrient intake may profoundly affect
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neuroendocrine pathways activated during feeding (10–12) and impact hunger, satiety, and
subsequent food intake.

Ghrelin, secreted by the stomach (13–15), is present in acylated and deacylated forms, with
acylated ghrelin having orexigenic effects. Ghrelin peaks before a meal, and its
administration increases food intake (5), suggesting that ghrelin is important for meal
initiation (16). An important observation has been that postprandial ghrelin secretion may
depend on specific macronutrient intake. In adults, total ghrelin increases after protein
ingestion and decreases after carbohydrate and fat intake (10–12), and ghrelin levels are
inversely related to insulin secretion in adults and in children (17–19). Although studies
have examined ghrelin responses to different macronutrients in adults, data are limited in
children. Adolescence is a period of tremendous fux in the hormonal milieu, and total
ghrelin levels decrease with progression through puberty (20). Given these pubertal
alterations in ghrelin, it may not be possible to extrapolate data from adults to an adolescent
population. In fact, children do not seem to have the same inhibition of total ghrelin seen in
adults after a standardized light breakfast (21) or a mixed meal (22).

Data in children are also limited regarding PYY. PYY is secreted by the colonic mucosa
(23–25) and increases postprandially (26,27). PYY inhibits hypothalamic neurons activated
by ghrelin (28), and PYY administration decreases food intake in humans (8). It has been
proposed that PYY deficiency may be involved in the pathogenesis of obesity through
decreased anorexigenic signals (3,8). PYY is present as PYY1–36 and PYY3–36 and the latter
is biologically active. One study in obese adolescents demonstrated higher total PYY
following a high-fat diet compared with a high-carbohydrate diet (29). However, active
PYY was not examined, and the study population was not compared to controls. It is
therefore unknown whether effects of specific intake of carbohydrates, fat, or protein on
anorexigenic or orexigenic hormones differ in obese vs. normal-weight children and whether
such differences relate to satiety and food intake.

We investigated postprandial responses of active ghrelin and PYY3–36 to high-fat, high-
protein, and high-carbohydrate intake at breakfast in obese and normal-weight adolescents.
We hypothesized that changes in active ghrelin and PYY3–36 following specific
macronutrient intake at breakfast would predict hunger scores and subsequent food intake at
a standardized lunch.

Methods and Procedures
Subject selection

Twenty-six adolescent girls (13 obese and 13 normal weight), 12–18 years old, matched for
bone age and race were enrolled. All obese girls had BMIs > 95th percentile for age, and
normal-weight girls had BMIs between 15th and 85th percentiles. Exclusion criteria were
pregnancy, smoking, use of medications affecting appetite, present or past history of eating
disorders, bariatric surgery, and significant weight changes (>2 kg) within three months of
the study. Among obese and normal-weight girls, 10 each were white, two African
American, and one of mixed racial background. The study was restricted to girls because
girls are at higher risk for obesity than boys and have greater fat accumulation during
adolescence (2). Subjects were recruited through mass mailings to providers and
advertisements within the Partners HealthCare network. Applicable institutional and
governmental regulations concerning ethical use of human volunteers were followed. Our
institutional review board approved the study, and informed assent and consent were
obtained from all.
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Anthropometric measurements
Subjects were weighed to the nearest 0.1 kg wearing a hospital gown on an electronic scale.
Waist–hip ratio was determined (waist measurements at umbilicus; maximum hip
circumference). Subcutaneous adipose tissue (SAT) and visceral adipose tissue were
assessed using magnetic resonance imaging at the lumbar 4–5 level. We used a single
stadiometer at the General Clinical Research Center to measure height to the nearest 0.1 cm
using an average of three measurements. Bone age was assessed using methods of Greulich
and Pyle by a single pediatric endocrinologist.

Experimental protocol
The screening visit included a history, physical examination, and screening labs. A normal
TSH, fasting glucose <126 mg/dl, 2-h post glucose value of <200 mg/dl (following an oral
glucose-tolerance test), and hematocrit >30% were required for study participation. Indirect
calorimetry was performed prior to macronutrient specific study visits to determine resting
energy expenditure. We calculated insulin area under the curve (AUC) and homeostasis
model assessment of insulin resistance from the 2-h oral glucose-tolerance test.

Eligible subjects were randomized to the order in which they would receive the high-fat,
high-carbohydrate, or high-protein breakfast. Subjects returned for three separate visits
when they received these meals, with 1–4 weeks between visits. On the day of the visit,
subjects arrived at the General Clinical Research Center having fasted since midnight.
Frequent sampling was started after the breakfast tray was brought to the subject. Subjects
were required to finish the test breakfast within 30 min.

If subjects could not finish the breakfast, they were asked to consume equal amounts of
different components of the breakfast as far as possible (see “Test meals”). They were also
provided a standard lunch of macaroni and cheese 4 h after breakfast. Subjects were given
the following instructions for lunch: “Please eat as much or as little as you want. If you
would like more, please ask.” Plates were weighed before and after subjects completed
breakfast and lunch. Frequent sampling for active ghrelin and PYY3–36 was performed 15
min before the breakfast test meal, at the start of the test meal, and every 20 min
subsequently ending 1 h after lunch (total of 5 h, 15 min). With each blood sample, subjects
completed a 10-cm validated visual analog scale (VAS) questionnaire (30,31).

Test meals
The quantity of test breakfast was based on metabolic needs, calculated as 130% of calories
of the resting energy expenditure determined during the baseline visit using indirect
calorimetry (32,33). Caloric content of the breakfast test meal was based on 25–30% of
metabolic needs, estimated to be the typical caloric content for breakfast. The composition
of the test meal was 60–65% fat, protein, or carbohydrate with the remaining 35–40% split
between the other two macronutrients. The high-fat test meal consisted of orange juice,
turkey sausage, and pancakes (made with four, baking soda, ProMod protein supplement
powder, salt, eggs, heavy cream, butter, and water) served with sugar-free pancake syrup.
The high-protein test meal consisted of milk mixed with Carnation Instant Breakfast and
ProMod protein supplement powder, scrambled eggs (whole egg, egg white, ProMod protein
supplement powder, and mozzarella cheese), and vegetarian soy sausage. The high-
carbohydrate meal consisted of orange juice, Honey Nut Cheerios and milk, and whole-
wheat toast served with peanut butter. We chose to administer such meals rather than a
beverage to approximate real-life situations more closely, and food items were selected to
reflect foods acceptable to an adolescent group.
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Biochemical assessment
Samples were assayed in duplicate using the same assay. We used radio-immune assay to
measure active ghrelin (Linco, St Louis, MO; intraassay coefficient of variation 7.4%,
sensitivity 7.8 pg/ml), PYY3–36 (Phoenix Pharmaceuticals, Belmont, CA; intraassay
coefficient of variation 4.5%, sensitivity 5 pg/ml), and insulin (Diagnostic Products, Los
Angeles, CA; coefficient of variation 3.1–9.3%, sensitivity 1.2 µIU/ml).

Statistical methods
Data are described as mean ± s.d. A P value of <0.05 was used to denote significance. AUC
was calculated using the trapezoidal rule using NCSS sofware (NCSS, Kaysville, UT). We
used the Student's t-test to compare differences in means for two groups. The Wilcoxon
rank-sum test was used when data were not normally distributed. Repeated measures
analyses were used to compare changes in active ghrelin and PYY3–36 from baseline levels
over time in the two groups following different macronutrient breakfasts. Our premise was
that percent change (%Δ) from baseline would reflect acute changes in active ghrelin and
PYY3–36 with specific macronutrient administration and better indicate macronutrient-
induced effects, whereas absolute levels would reflect a chronic adaptive state to the
underlying obesity or normal weight. We therefore primarily report AUC for %Δ ghrelin
and PYY3–36 in this study. Pearson's correlations were conducted to determine associations
between variables (Spearman's correlation was used when data were not normally
distributed). We used regression modeling to control for caloric intake and entered
diagnostic group (obese or normal weight) and caloric intake into the model, with %Δ
ghrelin and PYY3–36 as the dependent variable. We used a P value of 0.11 to enter and 0.10
to leave the model.

Results
Clinical characteristics

The groups did not differ for maturity as assessed by bone age and Tanner stage (Table 1).
As a consequence, and given known effects of obesity on maturity, obese girls were
somewhat younger than normal-weight girls. BMI ranged from 25.4 to 49.0 kg/m2 in obese
girls and 18.2 to 25.3 kg/m2 in controls. No significant differences in BMI occurred during
the course of the study.

Table 2 indicates the actual proportion of macronutrients consumed at the different
breakfasts by subjects and demonstrates that we were able to achieve the desired
macronutrient composition in our subjects. Absolute caloric intake at breakfast (estimated to
be 25–30% of daily caloric needs (130% of resting energy expenditure)) was higher in obese
vs. normal-weight subjects for each macronutrient breakfast, per study design. Within each
group, caloric intake at the high- carbohydrate and high-fat breakfasts did not differ;
however, caloric intake at the high- protein breakfast was lower than expected, particularly
within the normal-weight group due to lower food consumption. Because the caloric intake
for the high-protein breakfast was lower than expected, we controlled for caloric intake
while comparing ghrelin, PYY, and subsequent food intake between the groups.

Active ghrelin
Interestingly, ghrelin levels did not suppress following food intake in our subjects. Instead,
following the high- carbohydrate breakfast (but not the high-fat or high-protein breakfast),
there was an increase in ghrelin from baseline in obese girls, and the percent change (%Δ)
was higher in obese compared with normal-weight girls (Figure 1). Similarly, on repeated
measures analysis, %Δ ghrelin was overall higher over 4 h after the high-carbohydrate
breakfast in obese compared with normal-weight girls (P = 0.046), as was AUC for %Δ
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ghrelin from baseline (Table 3 ). This difference remained significant after controlling for
caloric intake (13.4% of the variability). For the group as a whole, AUC for %Δ ghrelin
correlated inversely with basal ghrelin following the high-protein (r = −0.44, P = 0.03),
high-carbohydrate (r = −0.66, P = 0.005), and high-fat breakfasts (r = −0.41, P = 0.04).

Fasting ghrelin was lower in obese girls compared with controls (Table 1). Similarly,
absolute ghrelin AUC was lower for obese than normal-weight girls for the high-
carbohydrate (14,035 ± 3,883 vs. 19,501 ± 6,368 pg/ml·240 min, P = 0.03) and high-fat
breakfasts (15,028 ± 5,222 vs. 20,761 ± 7,793 pg/ml·240 min, P = 0.04), but not for the
high-protein breakfast (23,093 ± 7,949 vs. 20,126 ± 6,763 pg/ml·240 min, P = 0.36).
Absolute ghrelin AUC following the high-carbohydrate breakfast correlated inversely with
BMI and SAT (r ≤ −0.43, P ≤ 0.04) for the entire group and with SAT and visceral adipose
tissue (r ≤ −0.61, P < 0.05) for obese girls. For the entire group, there was no association of
insulin AUC or homeostasis model assessment of insulin resistance with absolute ghrelin
AUC or %Δ ghrelin AUC following any breakfast. Within obese girls, there was an inverse
association of insulin AUC with %Δ ghrelin AUC following the high-carbohydrate
breakfast (r = −0.60, P = 0.04) only.

PYY3–36

Percent change (%Δ) in PYY3–36 was lower in obese than normal-weight girls following the
high-fat breakfast, but not after the high-carbohydrate or high-protein breakfast (Figure 1).
On repeated measures analysis, %Δ PYY3–36 was overall lower over 4 h after the high-fat
breakfast in obese compared with normal-weight girls (P = 0.01), as was AUC for %Δ
PYY3–36 from baseline (Table 3). This difference remained significant after controlling for
caloric intake (20.3% of the variability). %Δ PYY3–36 AUC correlated inversely with basal
PYY3–36 following the high-protein (r = −0.55, P = 0.005) and high-carbohydrate (r =
−0.60, P = 0.001) breakfasts.

Fasting PYY3–36 and AUC for absolute PYY3–36 did not differ between obese and control
girls following the different macronutrient breakfasts and did not correlate with insulin AUC
(oral glucose-tolerance test) or homeostasis model assessment of insulin resistance (data not
shown). However, insulin AUC correlated inversely with %Δ PYY3–36 following the high-
carbohydrate and high-fat breakfasts for the group as a whole (r = −0.43 and −0.49, P = 0.04
and 0.02), following the high- carbohydrate breakfast within obese girls (r = −0.70, P =
0.008), and following the high-fat breakfast for controls (r = −0.66, P = 0.01). For the group
as a whole, %Δ PYY3–36 following the high-carbohydrate breakfast correlated inversely
with BMI, SAT, and visceral adipose tissue (r ≤ −0.42, P ≤ 0.03). In obese girls, %Δ PYY
following the high-fat breakfast correlated inversely with BMI and SAT (r ≤ −0.71, P ≤
0.01).

VAS
The VAS asked the following questions: “How much can you eat?” “How full are you?”
“How hungry do you feel?” “How satisfied are you?” “Would you like to eat something
sweet?” “Would you like to eat something salty?” “Would you like to eat something fatty?”
and “Would you like to eat something savory?” Overall, obese girls expressed that they
could eat more, were less satisfied and less full following the three kinds of breakfast;
however, differences were not statistically significant. We developed a composite VAS
score for the question “How hungry do you feel?” by adding values from all time points in
response to this question following the specific breakfasts. There were strong positive
associations between composite VAS hunger scores following the different kinds of
breakfast within obese girls (r = 0.91, P = 0.0002 for high-carbohydrate vs. high-fat
breakfasts, r = 0.77, P = 0.04 following the high-carbohydrate vs. high-protein breakfasts,
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and r = 0.97, P = 0.0003 following the high-protein vs. high-fat breakfasts). In normal-
weight controls, associations were similar but less robust. Therefore, girls who felt hungrier
following a particular kind of meal, felt similarly hungry regardless of the macronutrient
content of the meal.

Food intake at lunch
Compared with normal-weight girls, obese girls consumed more food at lunch, and this
difference was significant after the high-fat (70% greater intake) and high-carbohydrate
(67% greater intake) breakfasts, but not high-protein breakfast (Figure 2). Of note, these
changes were no longer significant after controlling for resting energy expenditure. Similar
to the composite VAS score, there were positive associations between lunch intake of food
following the different kinds of breakfast within obese girls (r = 0.62, P = 0.03 following
high-fat vs. high-carbohydrate breakfasts; r = 0.81, P = 0.003 following high-protein vs.
high-carbohydrate breakfasts; and r = 0.58, P = 0.06 following high-protein vs. high-fat
breakfasts). Similar, but less strong, associations were observed within normal-weight girls.
Therefore, girls likely to eat more at lunch did so regardless of macronutrient content of the
preceding meal.

Discussion
This is the first study to comprehensively examine active ghrelin and PYY3–36 responses to
all three macronutrient dense meals in a randomized controlled study in adolescent obese
and normal-weight girls. In contrast to adults, ghrelin did not suppress following meal intake
in our subjects. We demonstrate that ghrelin and PYY3–36 responses differ in obese vs.
normal-weight adolescents and importantly that carbohydrate and fat, but not protein intake,
are key regulators of these responses. Specifically, obese girls had a greater percent increase
in active ghrelin following the high-carbohydrate breakfast than normal-weight girls and a
lower percent increase in PYY3–36 following the high-fat breakfast. Consistent with these
findings, obese girls consumed more food at lunch than normal-weight girls following the
high-fat and high-carbohydrate breakfasts, but not the high-protein breakfast.

Studies have reported lower total (34,35) and acylated ghrelin (36) in the fasting state in
obese compared with lean children, and lower total ghrelin AUC in obese adults after a
mixed meal buffet (37) and after oral glucose in obese children (38,39). Consistent with this,
fasting active ghrelin and absolute ghrelin AUC were lower in obese girls compared with
controls following the high-carbohydrate and high-fat breakfasts, likely an adaptive response
to a state of overnutrition. In contrast to the suppression of ghrelin following food intake
reported in adults (37), but consistent with data following a mixed meal in prepubertal
children (21,22), we found no attenuation of ghrelin following macronutrient specific meals.

Instead, we observed increases in active ghrelin following the high-carbohydrate breakfast
in obese girls (significantly different from normal-weight girls), and commensurate with this
potentially orexigenic stimulus, food intake at lunch following the high-carbohydrate
breakfast was higher in obese compared with normal-weight girls. These data are in contrast
to those from a study in 16 healthy adults that reported marked suppression of active ghrelin
following a high-protein meal, followed by high-carbohydrate and high-fat meals (40).
However, 80% of the calories (administered as a beverage) in this study in adults were
derived from the macronutrient of interest, with only 10% derived from the other two
classes. Similar data were reported with total ghrelin from another study in 14 healthy
adults, in which 77% and 75% of total calories were derived from carbohydrates or fat
respectively (12). In our study in adolescents, only 65% of calories administered at breakfast
(as regular food items rather than a beverage) were from the macronutrient of interest,
therefore, a more physiological approximation of real-life situations than other studies. This
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more physiological administration of specific macronutrients in adolescents may partly
account for differences in postprandial ghrelin secretion compared with adults.

In addition, studies in adults suggest that an adequate increment of insulin following food
intake and sensitivity to insulin are necessary for a commensurate decrease in ghrelin
(18,19). Erdmann et al. (41) reported greater increases in insulin in adults following a
carbohydrate-dense meal compared to a protein-dense meal, and suppression of ghrelin
following the former, but not the latter. It is possible that a threshold level of insulin
secretion necessary for postprandial ghrelin suppression is attained with carbohydrate-dense
but not protein-dense meals. An inverse association between insulin resistance and fasting
ghrelin (17) has been reported in children, although data regarding postprandial ghrelin are
lacking. Importantly, pubertal children are relatively insulin resistant, which may explain
why ghrelin did not suppress following food intake in our normal-weight adolescents, and
why obese adolescents, who are even more insulin resistant, actually had an increase in
postprandial ghrelin. Although we did not assess insulin levels postprandially, insulin AUC
during an oral glucose-tolerance test correlated inversely with %Δ ghrelin AUC following
the high-carbohydrate breakfast, but not with absolute ghrelin AUC. Despite this
association, ghrelin did not suppress following the high-carbohydrate breakfast, and %Δ
ghrelin was actually higher in obese girls than controls. It is possible that children are
overall refractory to inhibitory effects of insulin on postprandial ghrelin secretion while
effects on fasting ghrelin (17) are maintained. Studies are necessary with insulin measured
concurrently with ghrelin to better understand the mechanism underlying lack of ghrelin
suppression with food intake in children.

Studies have reported lower total PYY AUC in obese adults compared to controls after a
buffet meal (8) and following a high-carbohydrate vs. high-fat diet (29), and a blunted total
PYY response with a mixed meal in obese adolescents (27). However, the three
macronutrients have not been compared against each other in children, and our findings are
particularly of interest in that the change in PYY3–36 levels was lower in obese than normal-
weight girls following the high-fat breakfast, and consistent with the reduced anorexigenic
stimulus, subsequent food intake at lunch was higher in obese girls. Consistent with other
reports in children (27), fasting PYY3–36 levels did not differ between the groups. In
addition, absolute values of PYY3–36 AUC did not differ between groups for the various
breakfasts, and we found no associations of insulin AUC with absolute PYY3–36 AUC.
Interestingly, however, insulin AUC correlated inversely with %Δ PYY3–36 following the
high-carbohydrate and high-fat breakfasts, and this association merits further investigation.

These data suggest that the change in active ghrelin and PYY3–36 after a meal may better
predict subsequent food intake than absolute levels of these hormones, whereas absolute
levels indicate a set point that is body weight dependent. This is further supported in our
subjects by (i) inverse correlations of BMI and fat measures with ghrelin AUC, similar
associations reported by other investigators (39,42–44), and (ii) inverse associations of basal
ghrelin and PYY3–36 with subsequent changes in these hormones over time. Of note, within
subjects, there was a strong correlation between the composite VAS hunger score for the
different kinds of breakfasts, and a similar strong correlation between food intake at lunch
following the differ-ent breakfasts. These data suggest that cues regulating hunger and food
intake are consistent within individuals, regardless of macronutrient content of the preceding
meal. Interestingly, VA S scores did not correlate with ghrelin or PYY3–36, or with changes
in these peptides over time.

A study limitation is that visits occurred within 1–4 weeks of each other and girls were at
different stages of their menstrual cycles for the visits, which may have impacted results. In
addition, subjects consumed less than the expected amount of calories for the high-protein
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breakfast, particularly in the normal-weight group, which may explain the lack of difference
between groups for ghrelin, PYY3–36, and subsequent food intake following this breakfast.
However, even after controlling for caloric intake, no differences were observed between
groups for the high-protein breakfast. Calories consumed following the high-carbohydrate
and high-fat breakfasts did not differ within groups. Further studies are necessary to better
elucidate associations of food intake with these hormones. In addition, regulation of food
intake is a complex mechanism, and other neuroendocrine and gastrointestinal hormones are
likely also involved in this process, which will be important to investigate in future studies.

In summary, our study demonstrates (i) increased food intake at lunch following a high-
carbohydrate or high-fat breakfast in obese girls compared with controls and (ii) differences
in the patterns of active ghrelin and PYY3–36 secretion in obese and normal-weight
adolescents following specific macronutrient intake. Unlike adults, specific macronutrient
intake is not associated with the suppression of ghrelin levels. It remains to be determined
whether these alterations are causative for increased food intake in obese children, whether
these are adaptive, or whether there are innate hitherto unknown factors that govern appetite
and lead to fairly consistent food intake regardless of these hormonal alterations. Greater
increases in ghrelin and lesser decreases in PYY3–36 following a high-carbohydrate or a
high-fat breakfast respectively in obese adolescents suggest the need for further studies to
determine whether meals that are protein enriched should be recommended for obese
adolescents.
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Figure 1.
Percent change in active ghrelin and PYY3–36 from baseline in obese (gray line) and
normal-weight (black line) girls following the various breakfasts. (a–c) Percent change from
baseline in active ghrelin in obese (gray line) vs. normal-weight girls (black line) after (a)
high-carbohydrate, (b) high-fat, and (c) high-protein breakfasts. Compared to normal-weight
girls, obese girls had greater increases in ghrelin at various time points after the high-
carbohydrate breakfast (P = 0.046 for the sampling period using repeated measures
analysis), but not other breakfasts. (d–f) Percent change from baseline in PYY3–36 in obese
(gray line) vs. normal-weight girls (black line) after (d) high-carbohydrate, (e) high-fat, and
(f) high-protein breakfasts. Compared to normal-weight girls, obese girls had lesser
increases in PYY3–36 at various time points after the high-fat breakfast (P = 0.02 for the
sampling period using repeated measures analysis), but not other breakfasts. *P < 0.05 for
differences between obese and normal-weight girls. PYY, peptide YY.
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Figure 2.
Food intake at lunch following the high-fat, high-carbohydrate, and high-protein breakfasts
in obese (gray bars) and normal-weight (black bars) girls. Lunch intake was higher in obese
compared with normal-weight girls following the high-fat and high-carbohydrate breakfasts
but not the high-protein breakfast. *P < 0.05 for differences between obese and normal-
weight girls.
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Table 1
Clinical characteristics of study groups

Normal-weight girls (n = 13) Obese girls (n = 13) P

Age (years) 15.9 ± 1.9 14.3 ± 1.9 0.03

Bone age (years) 15.8 ± 2.0 15.4 ± 1.7 ns

Tanner stage (breasts) 4.5 ± 1.1 4.5 ± 0.9 ns

Tanner stage (pubic hair) 4.2 ± 1.1 4.1 ± 1.0 ns

Weight (kg) 57.1 ± 7.8 87.0 ± 22.6 0.0001

BMI (kg/m2) 21.8 ± 2.0 34.4 ± 7.7 <0.001

BMI-SDS 0.1 ± 0.4 3.5 ± 1.5 <0.0001

Waist–hip ratio 0.80 ± 0.05 0.87 ± 0.08 0.005

Subcutaneous adipose tissue (cm2) 146 ± 53 439 ± 189 <0.0001

Visceral adipose tissue (cm2) 19.7 ± 7.7 43.6 ± 17.7 0.0002

nsulin AUC (OGTT) (µIU/ml·120 min) 4,453 ± 1,323 9,682 ± 5,079 0.003

HOMA-IR 1.1 ± 0.8 2.1 ± 1.2 0.02

Fasting ghrelin (pg/ml) 55.5 ± 18.1 39.7 ± 17.7 0.04*

Fasting PYY3–36 (pg/ml) 89.4 ± 43.3 79.2 ± 29.8 ns

Resting energy expenditure (kcal) 1,374 ± 178 1,744 ± 164 0.002

Mean ± s.d.

AUC, area under the curve; HOMA-IR, homeostasis model assessment of insulin resistance; OGTT, oral glucose-tolerance test; SDS, standard
deviation score.

*
Wilcoxon rank-sum test.
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Table 2
Actual macronutrient intake for the different kinds of breakfast

Breakfast Normal-weight girls (n = 13) Obese girls (n = 13) P

High-carbohydrate breakfast

 Total caloric intake (cal) 440 ± 89 543 ± 129 0.03

 Difference between administered and consumed calories 78.6 ± 85.8 67.5 ± 95.9 ns

 Carbohydrates (% total calories) 65.8 ± 2.3 66.2 ± 2.5 ns

 Proteins(% total calories) 16.9 ± 1.5 15.6 ± 1.7 ns

 Fats (% total calories) 17.4 ± 1.8 18.2 ± 3.3 ns

High-protein breakfast

 Total caloric intake (cal) 269 ± 123 403 ± 155 0.03

 Difference between administered and consumed calories 302.1 ± 137.0 260.9 ± 174.8 ns

 Carbohydrates (% total calories) 15.4 ± 2.5 16.1 ± 1.5 ns

 Proteins (% total calories) 64.4 ± 6.9 64.7 ± 6.9 ns

 Fats (% total calories) 20.2 ± 6.9 19.2 ± 7.5 ns

High-fat breakfast

 Total caloric intake (cal) 399 ± 88 581 ± 141 0.0009

 Difference between administered and consumed calories 32.9 ± 119.4 123.9 ± 162.2 ns

 Carbohydrates (% total calories) 18.8 ± 2.6 17.0 ± 1.3 ns

 Proteins (% total calories) 17.3 ± 1.2 17.0 ± 1.5 ns

 Fats (% total calories) 64.0 ± 2.4 66.1 ± 2.4 ns

Mean ± s.d.

Obesity (Silver Spring). Author manuscript; available in PMC 2013 June 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Misra et al. Page 15

Table 3
AUC for percent change in active ghrelin and PYY following high-carbohydrate and
high-fat breakfasts

Normal-weight girls (n = 13) Obese girls (n = 13) P

AUC for % change in ghrelin

 High-carbohydrate breakfast 1,104 ± 5,958 8,716 ± 10,513 0.04

 High-fat breakfast 1,609 ± 6,703 5,708 ± 13,178 ns

AUC for % change in PYY3–36

 High-carbohydrate breakfast 3,894 ± 9,250 1,853 ± 7,040 ns

 High-fat breakfast 5,624 ± 7,523 -273 ± 35,347 0.02

Mean ± s.d.

AUC, area under the curve; PYY, peptide YY.
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