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as a potential target for treating obesity. Despite
a close connection between snack food intake
and obesity, snacking is controversially reviewed
as a good habit in a healthy nutritional regimen.
The aim of the study was to evaluate whether a
different nutrient composition influences post-
prandial ghrelin levels and glucose increments
induced by 6 isoglucidic snack food. 20 healthy
individuals (10 M/10 F; BMI 23.1£0.5; age
33+0.67 years, mean and SE) from H San Raffaele
Scientific Institute and Milan University were
enrolled. The subjects underwent OGTT (50g)
and 6 isoglucidic test-meal loads to assess the
ghrelin circulating levels and the area under gly-
cemic curves induced by 6 commercial snacks.

glycemic curves were not different even though
hazelnut chocolate showed the lowest glycemic
curve. Moreover, snack fat content was found
to be inversely correlated to 3-h plasma ghrelin
levels (p<0.0001; R®=0.77) and positively asso-
ciated with satiety scores (p<0.02; R?=0.28).
Also energy load was inversely correlated to 3-h
plasma ghrelin (p<0.0001; R?=0.73). Our results
indicate that snack food administered in equiva-
lent glucidic loads elicits postprandial ghrelin
suppression and satiety ratings in different ways.
Further studies are needed to elucidate the role
of ghrelin as hunger-hormone in the regulation
of energy balance.

Abbreviations

v

OGTT oral glucose tolerance test
HDL high density lipoproteins
LDL low density lipoproteins
TG triglycerides

FFAs free fatty acids
Introduction

v

It is still debated whether the use of snack-food
throughout the day could be included in a healthy
nutritional regimen [1]. Although Western socie-
ties exceed in over-intake of any sort of food,
resulting in a constant rise in obesity and type 2
diabetes [2,3], the deleterious effects of snacks on
increased hunger are still under examination [2].

The negative connotation of snack food usually
arises from the notion of excess of calories
accompanied by low nutritional values, therefore
leading to an unbalanced energy intake with
serious consequences especially among adoles-

cents, wherein snaking is predominant [1,4]. In
fact, pediatric obesity, the most common form of
malnutrition in developed countries, shows a
constant growth [5,6]. Snack meals may also
derive a substantial amount of calories from a fat
source, hence promoting weight gain via a die-
tary fat effect [7,8]. Furthermore, high glycemic
food is coupled with postprandial hyperglycemia
and hyperinsulinemia which, in turn, could trig-
ger hunger and ultimately result in weight gain.
Several cross-sectional and prospective studies
have investigated the snacking patterns and the
incidence of overweight or obesity [1,9]. How-
ever, not all studies have observed a clear rela-
tionship between snack intake and weight gain
[8,10-12]. The effects of snack food may vary
because of nutritional factors, glycemic index,
caloric load, and hormonal responses. Cocoa, for
example, has been shown to have various favora-
ble effects as a powerful antioxidant, arterioscle-
rosis inhibitor, modulator of immune functions,
and mood [13]. Some animal models have even
demonstrated that cocoa could prevent high fat

Benedini S et al. Ghrelin Responses to Snack Food... Horm Metab Res 2011; 43: 135-140

Downloaded by: Ospedale S. Raffaele. Copyrighted material.


https://core.ac.uk/display/187852354?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Humans, Clinical

diet-induced obesity by modulating lipid metabolism [14].
According to the International Obesity Task Force [15], there is a
low correlation, if any, between confectionery and obesity, indi-
cating only a marginal role played by confectionery in daily
caloric intake across Europe [16]. While in the last 2 decades
much discussion had arisen about the effects of high energy
meals or diets on metabolism and health, the specific metabolic
mediators of these effects are still poorly understood [17,18].
Among the metabolic responses determined by food, some hor-
mone profiles reveal interesting information on energy balance
regulation. Ghrelin, for instance, is an orexigenic hormone pri-
marily synthesized by the enteroendocrine cells of the stomach
[19] and it seems to be involved, along with leptin, in the man-
agement of the metabolic balance [20,21]. It is a 28-amino resi-
due peptide engaged in a wide spectrum of pleiotropic actions,
consistent with broad distribution of ghrelin receptors in central
and peripheral tissues. Circulating ghrelin levels are negatively
associated with food intake, glucose, insulin, and somatostatin,
whereas ghrelin levels are increased by fasting and energy
restriction [22-26]. Indeed, human studies have found a pre-
prandial rise and postprandial decline in plasma ghrelin levels of
putative gastric origins, suggesting an implication in energy
homeostasis [23,27]. In other words, ghrelin could promote
weight gain and adiposity through its metabolic actions: increas-
ing appetite on the one side, and decreasing energy expenditure
and fat catabolism on the other [28]. As a metabolic mediator,
ghrelin might therefore be considered as an important biomar-
ker of food-response and satiety.

To investigate the glycemic and hormonal responses elicited by 6
common commercial snacks, normal young volunteers under-
going glucose oral- and isoglucidic test-meal loads were studied.
The impact of snack food with an equal amount of carbohydrates
on postprandial ghrelin suppression was evaluated.

Subjects and Methods

v

Selection criteria

20 healthy volunteers (10 men/10 women, age 18-40 years) on
a stable diet, with normal glucose tolerance and no dyslipidemia
(according to ADA and ATPIII-NCEP guidelines, respectively)
were recruited for this study (¢ Table 1).

The ethical approval was obtained from the Ethical Committee
at San Raffaele Scientific Institute. All subjects signed up for a
written informed consent prior to participation, according to
the Declaration of Helsinki. All the procedures used complied
with the Good Clinical Practice (GCP) principles. A medical his-
tory and a 75g oral glucose tolerance test (OGTT) were per-
formed to determine eligibility for participation.

Study protocol

This randomized study was carried out at the Nutrition and
Metabolism Unit of San Raffaele Scientific Institute (Milan, Italy).
After overnight fasting, the subjects were admitted to hospital at
08:30-09:00; they rested in a supine position for about 10min.
After that, an indwelling catheter was inserted in an antecubital
arm vein. During the preliminary examination, 20 subjects drank
an aqueous solution of 75g of glucose to determine plasma glu-
cose (OGTT) and basal lipid profile (HDL, LDL, TG, FFAs). If the
results matched the inclusion criteria, in the subsequent sessions
the volunteers were to take a 50 g glucose load or a corresponding
carbohydrate portion of 6 snack-meals. Each meal was eaten in a

Table 1 Anthropometrical and clinical characteristics of the study subjects

Mean +SE
Sex (M/F) 10 M/10 F
Age (years) 33£0.67
Weight (kg) 68.9+3.3
Height (cm) 1.71+0.01
BMI (kg/m?) 23.1+0.5
Fasting glucose (mmol/l) 4.43+0.07
2-H glucose (mmol/l) 4.28+0.25

Table 2 Energy load and macronutrient composition per 50 g carbohydrate
snack meal

Snack Energy (kcal) Fat(g) Protein (g)
B: hazelnut cream filled chocolate 604 40.4 9

C: milk chocolate 526 32 9.4

D: cream milk filled sponge cake 1 469 24.6 11.9

E: wafer chocolate 406 20.4 5.3

F: cream milk filled sponge cake 2 461 25 8.8

G: cream milk filled cake (chilled) 588 37.7 12.3

The subjects consumed each portion on different test days. Percent nutrient values
not counted above are derived from the amounts of fibres, vitamins, and minerals
(traces) plus water

randomized order on separate days ~2 weeks apart, to ascertain
lipidemia, plasma glucose, and plasma hormone profile.

Blood samples

After fasting, blood samples were obtained (0'). The subjects
received either a test meal or 50g glucose. Hence, additional
blood samples were taken at 15, 30, 45, 60, 75, 90, 120, 180 min
after the meal.

Snack food meals
All snacks (© Table 2) were administered at ~09:00h and eaten
for breakfast within 10 min.

Analytical methods

The total amount of blood drawn for each test was about 22.5ml
for each participant. All blood samples were placed on ice until
plasma or serum was separated by centrifugation at 4°C (within
1.5h from sampling). All plasma and serum aliquots were frozen
at —-60°C for later analysis. All the samples were measured in
duplicate. Plasma glucose was measured at the bedside with a
glucose analyzer (Beckman Instruments, Fullerton, CA, USA).
Aliquots of blood for measurement of ghrelin were collected in
test tubes containing EDTA; all the samples were kept in ice and
the plasma prepared by centrifugation at 4°C within 1.5h from
sampling. The ghrelin level was measured through the enzyme
immunoassay method (LINCO Research Inc., St. Charles, MO,
USA). Free-insulin was dosed by a highly specific 2-site mono-
clonal antibody-based immunosorbent assay (ELISA; Dako Diag-
nostics, Cambridgeshire, UK). The lipid profile and FFA were
measured through the immunoenzymatic technique [29].

Satiety

A 100 mm linear visual analogue scale (VAS) was used to assess
the volunteers’ subjective feelings of satiety [30]. Subjects were
instructed to rate both their fullness and hunger at 0, 30, 60, 90,
120, and 180 min from the meal assumption by making a single
vertical mark on a scale ranging from the most negative to the
most positive score (e.g., from “not hungry” to “hungry”). The
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satiety scores were then plotted against time for each experi-
ment.

Statistical analysis

The incremental area under the glucose and insulin concentra-
tion curves, the 3-h plasma ghrelin concentration, and the 3-h
satiety score were used as summary measures of the metabolic
responses resulting from the intake of either glucose or one of
the 6 snacks. The incremental area under the curve (A-AUC) was
calculated as the difference between the total area under the
curve and the product of the basal, pretest concentration time
during the experiment (i.e., 180 min). The equality of the means
for the increment of glucose and insulin concentration, and for
the 3-h plasma ghrelin concentration (continuous variables) in
the 6 snacks (glucose was not considered) were tested using
repeated measures ANOVA followed by the Newman-Keuls test
for multiple pairwise comparisons (an « level of 0.05 was cho-
sen). In order to assess possible evidence of a difference in the
3-h satiety score (an ordinal variable) among the 6 snacks, Fried-
man’s rank test was performed followed by Dunn'’s test for mul-
tiple pairwise comparisons (an « level of 0.05 was chosen).

The study of the relationships between the fat content of the
snacks and the 3-h satiety score, the caloric load of the snacks
and the 3-h satiety score, as well as the fat content of the snacks
and the 3-h plasma ghrelin concentration entailed the analysis
of repeated observations from several subjects and could not be
performed through simple regression. These data were analyzed
using multiple regression as suggested in Bland et al. [31]. The
analysis consisted in fitting parallel lines through each subject’s
data. The common regression slope was reported together with
the correlation coefficient (obtained from the squared root of
the coefficient of determination provided by the multiple regres-
sion) and with the p-value obtained from the F-test in the asso-
ciated ANOVA table.

Results

v

Subjects

The demographic data are summarized in © Table 1. All subjects
(10 males and 10 females) were healthy and lean (body mass
index 23.1+0.5kg/m?), and had a normal response to the oral
glucose tolerance test. The subjects reported no differences in
activity levels prior to each test day.

Plasma glucose

Fasting plasma glucose was similar and within the normal range
in all subjects (4.43+0.07mmol/l). During the 50g OGTT (A),
plasma glucose level peaked at 60min (5.69+0.32 mmol/l vs.

by 50 g glucose load (white bar A) and 50 carbo-
hydrate snack meal loads (black bars B, C, D, E, F,
G). b: insulin A-AUC (pmol/I- min) induced by 50g
glucose load (white bar A) and 50 g carbohydrate
snack meal loads (black bars B, C, D, E, F, G).

The equality of the means of glucose and insulin
A-AUC (continuous variables) in the 6 snacks and
glucose load were tested using repeated measures
ANOVA followed by the Newman-Keuls test for
multiple pairwise comparisons. * p<0.05.

D E F G

baseline; p<0.0002) and dropped significantly below the base-
line after 3h (3.96+0.21 mmol/l vs. baseline; p<0.01). After
snack B intake, plasma glucose concentration at 60 min was
slightly lower than the basal condition (4.27 +0.19 mmol/l vs.
baseline 4.6+0.1 mmol/l, p<0.05). However, baseline was pro-
gressively restored at 180min (4.52+0.1 mmol/l vs. baseline
4.6 +0.1 mmol/l). The glucose peak was not statistically different
in all snack meal, only during OGTT the peak was higher than all
other meals (p<0.01).

Areas under glycemic curves (AUC_glu)

The areas under the curve (AUC) were calculated from 0 to
180 min for glucose. The areas under the glycemic curves were
disparate for all snacks. In particular, the A-AUC_glu of snack B
was definitively lower than the one obtained during the OGTT
(p<0.05), whereas other incremental curve’s values were not
significantly different (© Fig. 1a).

Plasma Insulin and Areas under the insulinemic curves
(AUC_ins)

The basal plasma insulin was similar in all subjects
(36.46+4.01 pmol/l). After ingestion of all snacks, the insulin
levels peaked significantly at 60 min from the mean basal condi-
tion (p<0.001). The insulin peak of snack G was lower with
respect respect to snacks D and F (p<0.05 and p<0.03, respec-
tively). The delta areas under the insulin curves (A-AUC_ins)
after ingestion of snack G showed a trend to be lower than those
of snack D (p=0.07) and F (p=0.08) (¢ Fig. 1b).

Ghrelin

Plasma ghrelin was within the normal range in the basal condi-
tion (248.5+5.2pg/ml) in all subjects after an overnight fast
(about 12h). As a response to snack B, the final ghrelin was sig-
nificantly lower with respect to the final value recorded after the
assumption of snack E (p<0.01) (© Fig. 2a). The postprandial
ghrelin suppression was proportional to the energy load of the
snack food (p<0.0001; R?>=0.73; energy load slope coeffi-
cient=-0.158) since 3-h plasma ghrelin levels were negatively
correlated to snack fat content (p<0.0001; R?=0.77; fat slope
coefficient=-2.114) (¢ Fig. 3).

Satiety

All snacks (B, C, D, E, F, and G) showed a satiety score higher than
glucose load (all snacks vs. glucose; p<0.05) 180min after
assumption. Snacks B, D and G showed the highest final satiety
ratings. In particular, the final score recorded after snack G intake
was higher than those reported after C, E and F ingestion
(p<0.001), whereas the 3-h satiety scores of B and D were higher
than those of C and F (© Fig. 2b). The final satiety scores were
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Fig. 2 a: 3-h ghrelin (pg/ml) induced by 50 g glucose load (white bar
A) and 50 g carbohydrate snack meal loads (black bars B, C, D, E, F,

G). Panel b: final satiety score (AU: Arbitrary Unit) 180" after glucose
assumption or all other snacks. The equality of the means of 3-h plasma
ghrelin concentration (continuous variables) in the 6 snacks (glucose was
not considered) were tested using repeated measures ANOVA followed
by the Newman-Keuls test for multiple pairwise comparisons. To assess
whether there was evidence of a difference in the 3-h satiety score (an
ordinal variable) among the 6 snacks, Friedman’s rank test was performed
followed by Dunn’s test for multiple pairwise comparisons. ** p<0.01;
%% 5<0.001.

positively correlated to the fat content of the snacks (p<0.02;
R?=0.28; fat slope coefficient=0.085) (¢ Fig. 3).

Discussion

v

This study found some variations in the ghrelin hormonal
responses of healthy individuals after consumption of 6 differ-
ent snacks. Under isoglucidic conditions, the nutritional compo-
sition of the snack food appeared to be determinant in eliciting
changes in the hormonal profiles. While there is evidence that
the total ghrelin level is an indicator of appetite in humans, the
effect of nutrient composition on its postprandial response is
less clear. Diet nutrient composition does affect circulating ghre-
lin levels, as it has been reported many times [32], but the extent
to which postprandial ghrelin suppression occurs relative to dis-
tinct macronutrients is not univocal. Previous experiments were
conducted with carbohydrate-rich test meals as high carbohy-
drate ingestion seems to exert stronger ghrelin-suppressing sig-
nals than other macronutrients. Moreover, a linear relationship
between ghrelin decrease and carbohydrate content of a meal
has been already recognized. In the current study, snack food
with and equal amount of carbohydrates was administered in
order to test whether other nutrients could predominantly
mediate the circulating ghrelin postprandial fall.

It has already been shown that fat and protein influence glucose
and insulin responses [33,34], although other works have
observed no relationship between postprandial ghrelin and
plasma glucose or insulin [35,36]. In those studies the lack of
uniformity cast doubts on whether a specific nutritional factor
of the meal rather than its induced metabolic response influ-
enced postprandial ghrelin suppression.

Here, the glucose A-AUCs produced by all snacks were not sig-
nificantly different, whereas those induced by 50g OGTT were
the highest.

Interestingly, the fat content inversely correlated with the plasma
ghrelin levels reached 3 h after the ingestion of half of the snack
food. Snack food B had a considerable amount of fat (37.5/100¢g
of product, © Table 2), possessed a high satiety score, and
showed the lowest final ghrelin levels.
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Fig. 3 Upper panel: inverse correlation between 3-h plasma ghrelin
levels and energy load (kcal) (p<0.0001; R? =0.73). Middle panel: nega-
tive correlation between 3-h plasma ghrelin levels and fat (p<0.0001;
R?=0.77). Lower panel: positive association between fat content and
satiety scores (p<0.02; R? =0.28). The relationship between the fat con-
tent of the snacks and the 3-h satiety score, the energy load of the snacks
and the 3-h satiety score, as well as the fat content of the snacks and the
3-h plasma ghrelin concentration entailed the analysis of repeated obser-
vations from several subjects and could not be performed through simple
regression. The common regression slope was reported together with the
correlation coefficient (obtained from the squared root of the coefficient
of determination provided by the multiple regression) and with the
p-value obtained from the F-test in the associated ANOVA table.

Hunger and satiety ratings were not substantially different
among all snacks besides B, D, and G - those with a high fat con-
tent and also the most satisfying ones throughout the 3-h exper-
iment. As a corollary to this, satiety scores were found to be
associated with fat content, implying a satiating-effect of lipids
in these snacks besides carbohydrates. Thus, unlike recent stud-
ies [37], fat content rose as an important marker of satiety. This
was not the sole variable determining ghrelin responses, which
possibly resulted from a combination of different nutrient con-
tributions, instead.

Likewise, the depth of postprandial ghrelin decline was related,
in a dose-dependent manner, to the amount of fat in a snack
food, when other major ghrelin-suppressing macronutrients,
that is, carbohydrates were held constant.
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As already ascertained elsewhere, the postprandial ghrelin
decline was found proportional to the consumed calories: a
robust inverse relationship was in fact observed between abso-
lute plasma ghrelin levels and the caloric content of the meal.
Given this, the energy density of the snack remains an issue for
food industries committed in sorting out a healthy dietary regi-
men combined with a hedonistic lifestyle. As already stressed by
many policy makers’ recommendations to limit the intake of
excessive free calories, energy dense snacks should be carefully
considered when looking for palatal pleasure.

These findings confirm the involvement of ghrelin in the regula-
tion of nutrient homeostasis: firstly, as a physiological meal-ini-
tiation signal, and secondly as a component participating in the
complex interplay of counter-regulatory hormones released for
energy balance. Ghrelin is of great importance in the recurrence
of hunger and, as such, contributes to acute ingestive behaviors.
Obviously, the view of this high-orectic activity hormone as a
common denominator for the feeding drive cannot be conclu-
sive. However, these data underline its feedback modulation of
energy intake against negative energy balance. Moreover, leptin
- which plays along with ghrelin a pivotal role in the peripheral
feedback system controlling energy balance and food intake via
modulation of satiety - was not measured [38]. The central
mechanisms of ghrelin action were proved by studies in which
the dose-dependent effects occurred more profoundly when
ghrelin was administered centrally rather than peripherally: the
signaling to the central nervous system (CNS) is switched on in
times of starvation and when an energy-preserving state is cov-
eted, that is, ghrelin signals the brain when energy must be
stored and consumed. As such, the debated hormone is part of a
molecular regulatory interface between metabolism and physi-
ological processes regulated by the classical endocrine axes.
Taken as a whole, these results indicate that ghrelin is a signal for
energy needs. However, meal initiation may be driven not only
by ghrelin but via other synergistic feeding-related mechanisms
as well. This hormone’s diversified actions in the CNS and whole-
body may be induced by external stimuli or, alternatively, by
other neuropsychological hunger-associated factors.

The different composition of the snacks was probably responsi-
ble for various postprandial plasma ghrelin responses in this
healthy population.

The current study presents several important observations
regarding the variability of nutritive components of the commer-
cial snacks. This variability was well described by some snacks (B
and F), which had a very small excursion of glycemia. In detail,
snack B outlined a favorable glycemic profile matching with a
neatly suppressed plasma ghrelin concentration in the 3-h post-
absorptive status. Paradoxically, this snack could not be detri-
mental if offered to obese subjects or even diabetic patients.

In conclusion, which macronutrient could potentially influence
postprandial ghrelin suppression induced by 6 isoglucidic snack
meals was tested. The present findings pointed at the fat content
as a major factor triggering ghrelin decline after meal ingestion.
In the presence of today’s high palatable and abundant food sup-
ply in industrialized countries, snack food must be carefully con-
sidered according to their variable hormone-stimulating nutrient
composition.
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