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Abstract
Background—The effects of gastric bypass surgery on the secretion of the anorexogenic gut-
derived hormones glucagon-like peptide-1 (GLP-1) and peptide YY (PYY), independent of caloric
restriction and due to different dietary macronutrients, is not well-characterized. This study
examines the effects of a mixed-nutrient or high-fat liquid meal on the postprandial stimulation of
GLP-1 and PYY following gastric bypass or equivalent hypocaloric diet.

Methods—Total PYY and active GLP-1 were measured fasting and at multiple points after
standardized mixed-nutrient and high-fat liquid meals in two matched groups of obese subjects.
The meal stimulation tests were performed before and 14.6±3.3 days after gastric bypass (GBP,
n=10) and before and after a 7-day hypocaloric liquid diet matching the post-GBP diet (Control,
n=10).

Results—Mixed-nutrient and high-fat postprandial GLP-1 levels increased following GBP
(mixed-nutrient peak: 85.0±28.6 pg/ml to 323±51 pg/ml, p<0.01; high-fat peak: 81.8±9.6 pg/ml to
278±49 pg/ml, p<0.01), but not after diet (mixed-nutrient peak: 104.4±9.4 pg/ml to 114.9±15.8 pg/
ml, p=NS; high-fat peak: 118.1±16.4 pg/ml to 104.4±10.8 pg/ml, p=NS). The postprandial PYY
response also increased after GBP but not diet, though the increase in peak PYY did not reach
statistical significance (GBP mixed-nutrient peak: 134.8±26.0 pg/ml to 220.7±52.9 pg/ml, p=0.09;
GBP high-fat peak: 142.1±34.6 pg/ml to 197.9±12.7 pg/ml, p=0.07; diet mixed-nutrient peak:
99.8±8.0 pg/ml to 101.1±13.3 pg/ml, p=NS; diet high-fat peak: 105.0±8.8 pg/ml to 103.1±11.8 pg/
ml, p=NS). The postprandial GLP-1 response was not affected by the macronutrient content of the
meal. However, following GBP the mixed-nutrient PYY AUC0–120 was significantly greater than
the high-fat PYY AUC0–120 (22081±5662 pg/ml•min versus 18711±1811 pg/ml•min, p=0.04).

Conclusions—Following GBP there is an increase in the postprandial stimulation of PYY and
GLP-1 that is independent from caloric restriction. The phenomenon of ‘bariatric surgery-induced
anorexia’ may be linked to the increased levels after GBP.
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INTRODUCTION
Obesity currently affects roughly one third of Americans, and the prevalence of obesity is
increasing at an alarming rate[1]. While many people are able to achieve initial weight loss
through diet and/or exercise, few are able to sustain such weight loss over time. As such,
bariatric surgery is now regarded as the only means to sustained weight loss for individuals
with class II and III obesity[2].

The Roux en-Y gastric bypass, in which a small gastric pouch is created and roughly 100–
150 cm of the small intestine is bypassed, is the most popular weight-loss surgery currently
performed in the United States. This procedure is thought to produce weight loss through
both food restriction, as a result of the small gastric pouch, and malabsorption, as a result of
intestinal bypass. However, it has repeatedly been noted that prior to any significant weight
loss, many patients experience complete resolution or improvement of many comorbidities,
including diabetes, hypertension, and hyperlipidemia[3], suggesting that gastric bypass
surgery is more than just a weight-loss surgery, but is actually a metabolic surgery[4]. As
such, over the past few years there has been a surge of research investigating the mechanism
of weight-loss and alterations in metabolism that result from bariatric surgery. One such
metabolic factor that is thought to contribute to gastric bypass-induced weight loss is
appetite regulation and satiety.

The mechanism of appetite regulation and energy expenditure involves a series of complex
interactions between nutrients, gut-derived hormones, and the brain[5]. Two of the most
well-studied gut-derived peptides are glucagon-like peptide-1 (GLP-1) and peptide YY
(PYY). Both GLP-1 and PYY are secreted from L cells in the distal small bowel in response
to nutrient intake[6,7]. They are thought to decrease appetite through central mechanisms,
via involvement in hypothalamic appetite regulation, as well as through peripheral
mechanisms, functioning as mediators of the ileal break and delaying the transport of food
through the gastrointestinal tract[5,6,7]. Multiple studies have shown that obese individuals
have decreased basal and postprandial PYY levels[8,9] as well as a decreased postprandial
GLP-1 response[10,11,12] as compared to lean individuals. These diminished gut-hormone
levels may result in decreased feelings of satiety and contribute to the development of
obesity. Indeed, the exogenous administration of PYY[8,9,13] has been shown to increase
satiety and decrease food intake, an effect which is additive with concomitant GLP-1
infusion[13].

Gastric bypass surgery results in augmented postprandial GLP-1 and PYY levels
[12,14,15,16,17,18]. It has been proposed that due to bypass of a significant portion of the
small bowel and increased delivery of unabsorbed nutrients to the GLP-1 and PYY-
producing cells of the distal small bowel, gastric bypass surgery allows for an amplified
postprandial gut-hormone response and increased satiety [18], thereby contributing to the
dramatic and sustained weight-loss that results from gastric bypass surgery. However, most
studies investigating GLP-1 and PYY levels following bypass surgery are conducted after
individuals have lost a significant amount of weight[12,14,15,16]. It is therefore possible
that the observed changes in gut-hormone levels are due to actual changes in weight and
adiposity, rather than a result of the altered gastrointestinal anatomy and the surgery itself.
Furthermore, it is possible that caloric restriction and alterations in daily diet, as is necessary
following gastric bypass, may influence the hormonal response to a test meal.

Our aim was to determine the direct effects of gastric bypass surgery on the secretion of the
anorexogenic gut-derived hormones GLP-1 and PYY. In this study we measured hunger
perceptions and basal and postprandial GLP-1 and PYY levels in obese individuals prior to
surgery and two weeks following gastric bypass surgery, before substantial weight loss. To
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control for changes in gut-hormone release that may be due caloric restriction, obese control
patients consumed a similar calorie-restricted liquid diet as post-gastric bypass patients for
one week prior to the test meal. In addition, as studies indicate that macronutrient
composition can affect gut-hormone secretion[19,20,21,22,23,24], to further characterize the
effect of different macronutrients on postprandial GLP-1 and PYY levels, all study
participants completed two meal-stimulation tests, one with a mixed-nutrient content, and
one of equal calories but much higher fat content.

METHODS
Subjects

A total of 20 morbidly obese patients with non-insulin-dependent type 2 diabetes
participated in this prospective case-control study: 10 patients underwent gastric bypass
surgery and 10 patients were age and BMI matched controls. Patients who underwent gastric
bypass surgery were recruited from the Duke Metabolic and Weight Loss Surgery Center
after they were approved for surgery. Matched controls were recruited by advertisement. All
patients were between the ages of 18 and 65 and met NIH criteria for weight-loss surgery
(BMI over 40 or a BMI over 35 with significant co-morbidities). Exclusion criteria included
previous esophageal, gastric, pancreatic, small bowel, or large bowel operations,
hemoglobin A1c over 10.0%, use of insulin, dipeptidyl peptidase-IV inhibitors, or GLP-1
analogues, tobacco use, known alcohol or substance abuse within six months of enrollment,
inability to provide informed consent, or exclusion based on the Duke Metabolic and Weight
Loss Surgery Program criteria for surgery (exclusion based on psychology evaluation or
deemed medically unfit for surgery). The study was approved by the Duke University
Institutional Review Board and all participants provided written, informed consent to
participate.

Study Protocol
Subjects completed a mixed-nutrient stimulation study at baseline and then 2–3 weeks after
GBP (surgery group) or after a 7-day low-calorie liquid diet (diet group). For each study
visit, following a 12-hour overnight fast, patients presented to the study center where their
height and weight were measured. Subjects were asked to drink an 8-ounce standardized
liquid mixed-nutrient meal of Ensure High Protein with protein powder supplement (262
kcal, 20g protein 32%, 31g carbohydrates 47%, 6g fat 21%) or an equal calorie and volume
high-fat meal supplement (262 kcal, 14.4 g protein 22%, 23.2 g carbohydrates 33%, 13.1g
fat 45%). The liquid supplement was provided to the subjects at 5-minute intervals over a
total of 20 minutes to accommodate for the reduced gastric capacity of subjects after GBP.
Blood samples were collected from a forearm intravenous catheter immediately prior to
drinking the liquid meal, and every 30 minutes thereafter for 2 hours.

Roux-en-Y Gastric Bypass Protocol
A Roux-en-y gastric bypass was performed using a laparoscopic approach via 6 ports.
Briefly, a linear stapler was used to create a 30-ml gastric pouch. An ante-colic, retro-gastric
Roux-en-y gastrojejunostomy, 100-centimeter long Roux limb, and 30-centimeter
biliopancreatic limb were created. There were no complications and all patients were
discharged between post-operative days 1 and 3. Diabetic medications were adjusted on an
individual basis upon hospital discharge by a member of the surgical team. Following
surgery, subjects were advised to follow a standard post-gastric bypass liquid diet including
a daily caloric intake of 800–900 kcal and 40–60 g of protein. The diet was monitored by
fluid intake records in the 7 days prior to the post-operative meal stimulation tests.
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Control Subject Calorie-Restricted Diet Protocol
Following the baseline meal-stimulation studies, control patients completed a 7-day low-
calorie liquid diet, which they were provided, designed to match the post-gastric bypass diet.
The diet consisted of four 8-ounce cans of vanilla Ensure High Protein per day, providing a
total of 920 kcal/day. Subjects received individual instructions on how to adjust diabetic
medications while on the diet. The diet was monitored by daily fluid intake records which
were reviewed at the post-diet meal stimulation test.

Hunger and Appetite Assessment
Subjects completed a visual analogue scale (VAS) assessment of hunger at the time of the
baseline, 30-minute, 60-minute, and 120-minute blood sample collections. The 100-mm
VAS was scored by measuring the distance from the left end of the scale to the mark placed
by the subject. A larger value indicates greater sensations of hunger. This VAS has been
validated in a previous study[25].

Sample Collection and Hormone Analysis
Blood samples were collected in chilled EDTA tubes. Aprotinin (Sigma-Aldrich, St. Louis,
MO) at a final concentration of 1µg/ml blood and dipeptidyl peptidase-IV inhibitor
(Millipore, Billerica, MA) 10µl/ml blood were added to the sample, which was then
centrifuged at 4°C. The plasma was collected and stored at −80°C until analysis. Total
plasma PYY levels and active GLP-1 were measured with a multiplex immunoassay
(Millipore Luminex® xMAP®, St. Charles, MO). This assay uses fluorescently-labeled
microsphere beads to determine the levels of both the 1–36 and 3–36 forms of PYY and
active form of GLP-1 (7–37 and 7–36-amide). The lower limit of detection for the PYY
assay is 15 pg/ml and for active GLP-1 is 12 pg/ml.

Statistical Analysis
Data are presented as mean ± SD or mean ± SEM. Outcome variables were plasma total
PYY, active GLP-1, and hunger ratings as measured with a VAS. The changes in the
outcome variables during the meal stimulation tests were assessed by peak levels (GLP-1
and PYY) and total area under the curve (AUC0–120) calculated using the trapezoidal
method. Repeated measures ANOVA with post-hoc Dunnett’s test were used to detect
hormonal changes over time during the meal-stimulation tests and compare data within
groups relative to baseline. Paired t tests were used to compare data before and after gastric
bypass or diet within each group. Unpaired t tests were used for comparisons between diet
and gastric bypass groups. Pearson correlation coefficients were calculated to determine the
relationship between hormone AUC0–120 and hunger AUC0–120. All tests were 2-tail. P
values of less than 0.05 were considered to indicate statistical significance. Statistical
analyses were performed with GraphPad Prism version 5.04 (GraphPad Software Inc., La
Jolla, CA).

RESULTS
Subject Characteristics and Weight Loss

As seen in Table 1, the diet and gastric bypass cohorts each included 7 women and 3 men.
The groups did not differ in subject age, pre-intervention weight, or pre-intervention BMI.
While the change in BMI following either hypocaloric diet intervention or gastric bypass
were not significantly different, the gastric bypass cohort did have a significantly greater
percent weight loss and percent excess weight loss. The length of intervention was also
significantly greater for the gastric bypass cohort.
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Effect of Weight Loss Intervention on Hormonal Response to Test Meal
Gastric bypass, but not diet-intervention, resulted in an augmented postprandial GLP-1
response in the mixed-nutrient and high-fat meal stimulation studies (Figure 1). Following
gastric bypass, peak GLP-1 levels and AUC0–120 were significantly greater than prior to
surgery with both meal stimulation tests (Table 2). The post-bypass stimulated GLP-1 levels
at 30 and 60 minutes were also significantly greater than the post-diet GLP-1 levels at these
same time points (Figure 1). In contrast to surgical-intervention, diet-intervention alone had
minimal effect on GLP-1 levels. Following diet there was a small, but significant, increase
from fasting GLP-1 levels at 30 minutes with the mixed-nutrient meal and at 60 and 120
minutes with the high-fat meal (Figure 1). However, diet-intervention did not result in a
change in peak GLP-1 levels or GLP-1 AUC0–120 (Table 2). Neither weight loss by diet nor
gastric bypass affected fasting GLP-1 levels.

Prior to intervention, neither the surgery nor control cohorts had a postprandial PYY
response at any time point (Figure 1). Following diet-intervention, the control cohort had a
small PYY response at 60 and 120 minutes with the high-fat meal, but failed to have any
response with mixed-nutrient meal. In contrast, stimulated PYY levels after gastric bypass
were greater than to prior to surgery, with augmented levels compared to baseline at 30 and
60 minutes with the mixed-nutrient meal and at 30, 60, 90, and 120 minutes with the high-
fat meal (Figure 1). Furthermore, the post-bypass stimulated PYY levels at 30 and 60
minutes with the mixed-nutrient meal and at 30, 60, and 90 minutes with high-fat meal were
significantly greater than the post-diet PYY levels at these same time points (Figure 1).
However, with both test meals the change in peak PYY (mixed nutrient p=0.09, high-fat
p=0.07) and AUC0–120 (mixed-nutrient p=0.16, high fat p=0.16) as a result of surgery
approached, but did not reach, statistical significance (Table 2). Diet-intervention did not
have an effect on fasting PYY levels. In contrast, gastric bypass resulted in a significantly
lower fasting PYY, though this was only evident in fasting levels measured prior to the
high-fat test meal, but not prior to the mixed-nutrient test meal (Table 2).

Effect of Macronutrient Content on Hormonal Response to Test Meal
The macronutrient content of the test meal did not have an effect on peak GLP-1 or AUC120
for either group either before or after intervention. However, following gastric bypass the
mixed-nutrient PYY AUC0–120 was significantly greater than the high-fat AUC120
(22081±5662 versus 18711±1811 pg/ml•min, p=0.04).

Hunger Ratings
Fasting hunger ratings were not significantly different between the diet and gastric bypass
groups prior to any of the meal stimulation studies. Furthermore, following gastric bypass,
hunger ratings in the fasted-state did not differ compared with the initial assessment.
However, following diet-intervention, fasting hunger ratings were significantly greater than
the initial assessment prior to the mixed-nutrient test meal (53.3±11.6 mm versus 25.4±7.8
mm, p=0.03), but not prior to the high-fat test meal (49.2±12.1mm versus 39.3±10.1 mm,
p=0.5). Gastric bypass resulted in decreased hunger AUC0–120, though this did not reach
significance with the high-fat test meal (Figure 2). In contrast, diet-intervention did not
affect hunger AUC0–120. There was a weak negative correlation between hunger AUC0–120
and GLP-1 AUC0–120 (r=−0.25, r2=0.063, p=0.03), though there was no correlation between
hunger and PYY response.

DISCUSSION
Prior studies have shown that over the long term, and after substantial weight loss, gastric
bypass restores the postprandial GLP-1 and PYY response [12,14,16,26]. However, the
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majority of these studies have been after subjects have lost a significant amount of weight,
making it unclear whether the alteration in hormone release is due to surgery itself, or
weight loss. A study by le Roux[17] reported an increase in GLP-1 and PYY as early as 2
days after surgery and before significant weight loss. Our study evaluated the postprandial
PYY and GLP-1 response at an average of 14.6 days after surgery. Though subjects, as
expected, lost weight during this period, this interval was chosen to avoid any effects that
the immediate physiologic stress and inflammatory response of surgery may have on gut-
hormone levels, as well as to avoid potential side effects of consuming an 8 ounce liquid
meal over a short time interval in the early postoperative period.

In this prospective study, we show that gastric bypass results in an augmented postprandial
PYY and GLP-1 response, before substantial weight loss and independent of caloric
restriction. The gastric bypass subjects had a significantly greater duration of intervention
and weight loss than the diet-induced weight lost group, which potentially may have
contributed to the increased postprandial PYY and GLP-1 response observed after surgery
but not diet alone. However, in an outpatient setting we felt that it would be difficult to
achieve subject compliance with a longer duration hypocaloric diet in the control subjects,
and thus the study was designed to match daily diet for a seven day period, not necessarily
total weight loss during the intervention period.

The mechanism of increased gut-hormone release after gastric bypass is not clear, but is
thought to result from an increased and more rapid delivery of nutrients to the GLP-1 and
PYY secreting L-cells of the small intestine as a result of bypass of a portion of the proximal
small bowel and the decreased gastric emptying and intestinal transit times observed after
gastric bypass[18]. To further investigate whether the anatomic rearrangement of gastric
bypass itself, and not weight loss, is responsible for the augmented postprandial gut-
hormone secretion, recent studies have evaluated the effect of equivalent weight loss by
either caloric restriction alone or gastric bypass on gut-hormone secretion. These studies
found that gastric bypass, but not diet intervention, resulted in an increased postprandial
PYY response[27,28], increased postprandial GLP-1 response[29,30] and decreased hunger
AUC[27]. Similarly, our study shows that after gastric bypass there is an increased
postprandial GLP-1 and PYY response, as evidenced by increased hormone levels compared
to fasting, compared to prior to surgery, and compared to hypocaloric diet intervention.
However, in our study the postprandial peak and AUC0–120 PYY response approached, but
was not significantly greater than the pre-surgical response. It is likely that with larger
patient cohorts, or simply extending the meal-stimulation study from 120 minutes out to 180
minutes, as it was in each of the these other studies[27,28,29,30], the differences would
reach significance.

Interestingly, in his study of an equivalent 17-kg weight loss with gastric bypass or diet,
Valderas found that diet intervention resulted in the opposite effect of gastric bypass, and
produced decreased basal and postprandial PYY levels[27]. A decrease in fasting PYY[31]
and similar decrease in fasting and postprandial GLP-1 after diet-induced weight loss[32]
have been observed in other studies. Our study did not show a change in either basal or
postprandial PYY or GLP-1 levels following diet intervention. In contrast to these other
studies, our study investigated the GLP-1 and PYY levels after a 1-week hypocaloric diet,
compared with a diet duration of 6 to 12 weeks in the other studies. This discrepancy in
results may be due to the varied length of the hypocaloric diet periods, with a longer diet
phase allowing for a physiologic adaptation.

In contrast to most other study measuring PYY levels after gastric bypass, in this study we
found that fasting PYY levels were decreased after surgery. However, this was only evident
in the fasting samples collected prior to the high-fat test meal, but not prior to the mixed-
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nutrient meal. Certainly, we would expect equivalent results from fasting samples collected
prior to either test meal as the mixed-nutrient and high-fat studies were conducted on
consecutive days. As a potential explanation, ten patients completed the mixed-nutrient meal
stimulation studies, whereas due to difficulty in placing the intravenous catheter, only seven
of these patients were able to complete the high-fat meal stimulation studies. With an
equivalent sized cohort for the high-fat meal stimulation studies, it’s likely that the
difference in pre and post-surgery fasting PYY levels would no longer exist. In fact, when
incorporating the mixed-meal fasting data for the three missing patients into the high-fat
fasting data, there is no longer a difference in fasting PYY as a result of surgery.

Understanding the contribution of different macronutrients on the secretion of anorexogenic
gut-hormones may potentially help determine an optimal diet composition for decreased
hunger and increased weight loss. In fact, multiple studies have evaluated the differing
affects of protein, carbohydrates, and fat on the release of GLP-1 and PYY, though the
results of these studies are inconsistent [19,20,23]. A study by Essah found that in obese
individuals a 1-week low carbohydrate, high-fat diet, with a test meal of identical
composition, results in a greater postprandial PYY response than a low-fat, high
carbohydrate diet[22]. A separate study by Helou in which obese subjects completed iso-
caloric meal stimulation studies with differing macronutrient compositions, found that the
high-carbohydrate meal produced a sustained increase in PYY, the high-fat meal produced a
greater early increase in PYY, whereas the high-protein meal produced a delayed increase in
PYY[24]. In our study, the fat content of the meal did not affect GLP-1 or PYY levels in
obese subjects prior to surgery or obese controls, either before or after weight loss. The total
caloric and fat content of the high-fat meal in our study (262 kcal, 45% fat) is lower than
that of the other studies (321 to 565 kcal, 50% fat in Helou study and 540 kcal with 75% fat
in Essah study), and it’s possible that a greater fat load is needed to elicit a detectable
difference in gut-hormone response in obese patients.

To our knowledge, only one prior study has investigated the gut-hormone response to
different macronutrients after gastric bypass surgery[21]. In this study by Beckman, 16
women were maintained on either a high-fat or high-protein supplementation diet for 6
weeks after surgery. During this period they consumed two 90 kcal high-protein or high-fat
supplements in addition to a normal post-bypass diet. They completed meal-stimulation
studies with the same high-fat or high-protein supplement at 2 weeks, 6 weeks, 6 months,
and 1 year after surgery. This study did not observe any changes from baseline in PYY and
GLP-1 AUC two weeks after surgery, but did see an increase in GLP-1 response with the
high-fat supplement at 6 weeks and 1 year, but not with the high-protein supplement. PYY
response increased with both the high-fat and high-protein supplement at 6 months, but only
remained elevated at one year with the high-fat supplement. Unlike this study, our study
found that postprandial PYY and GLP-1 levels were increased two weeks after surgery with
both a mixed-nutrient and high-fat meal. In addition, following gastric bypass the high-fat
meal resulted in a reduced PYY AUC0–120 as compared with the mixed-nutrient meal,
though with the high-fat meal the PYY response was sustained through 120 minutes,
whereas with the mixed-nutrient meal by 90 minutes the PYY levels were not significantly
different than the fasting level. There are many differences between our study and the study
by Beckman which could account for our discrepant results. All subjects in our study were
diabetic whereas the Beckman study did not discuss the diabetes status of its subjects. Our
study measured GLP-1 and PYY at 30-minute intervals after meal consumption out to 120
minutes whereas the Beckman study measured GLP-1 and PYY at only two time points after
meal consumption. These time points varied depending on the hormone measured and the
time after surgery. In addition, the test meals in our study were 262 kcal whereas in the
Beckman study the test meals were only 90 kcal. It’s possible that at two weeks, the
Beckman study did not capture an early increase in GLP-1 or PYY as it did not measure
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GLP-1 until 60 minutes after meal consumption and did not measure PYY until 90 minutes
after meal consumption. The very low total caloric content of the meals in the Beckman
study may also have been insufficient to elicit a detectable increase in GLP-1 and PYY
levels during many of their study time points.

We had hypothesized based on prior studies[19,22,24] that fat would be a more potent
stimulant for GLP-1 and PYY secretion than a mixed-nutrient meal and were somewhat
surprised to find no difference in gut-hormone response prior to surgery or in the diet control
subjects, and a decreased PYY response with the high-fat diet after gastric bypass. As
already discussed, is possible that the macronutrient composition of our high-fat diet was not
“extreme enough,” as it was 45% fat whereas in the study by Essah it was 75% fat[22] and
in the study by Beckman it was 90% fat[21]. Furthermore, our study measured gut-hormone
levels out to 120 minutes after meal intake, whereas the study by Essah continued
measurements out to 150 minutes, and Helou continued measurements out to 180
minutes[24]. It is possible that with the prolonged PYY response we observed with the high-
fat meal, over a longer observation period the high-fat diet may actually result in an overall
increased PYY AUC.

After gastric bypass, postprandial hunger ratings were decreased compared with before
weight loss, whereas diet-induced weight loss did not result in a significant change in
postprandial hunger ratings. While restriction due to the small gastric remnant likely
contributes to decreased feelings of hunger after surgery, there was also a weak negative
correlation between GLP-1 AUC0–120 and hunger AUC0–120. This supports the theory that
the increased secretion of anorexogenic hormones following gastric bypass surgery
contributes to decreased sensations of hunger, and may ultimately be a mechanism involved
in the long-term success of the surgery.

In summary, we show that gastric bypass, and not changes in daily diet or overall caloric
restriction, produces augmented postprandial GLP-1 and PYY levels. The changes in the
secretion of these anorexigenic hormones as a result of gastric bypass could help explain the
long-term weight loss achieved with the surgery, as opposed to a calorie-restricted diet.
Further research on the contribution of different macronutrients on gut-hormone secretion
after gastric bypass may help define an optimal diet for maximal and sustained weight loss
after surgery.
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Figure 1.
Active GLP-1 (A and B) and total PYY (C and D) in response to a 262 kcal mixed-nutrient
or high-fat liquid meal in morbidly obese subjects before and after GBP (n=10 mixed-
nutrient, n=7 high-fat) and before and after diet-intervention (n=10 mixed-nutrient, n=9
high-fat). Data are expressed as mean ± SEM, *P < 0.05 for comparison relative to
baseline. ΦP < 0.05 between groups after weight loss by GBP or diet.
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Figure 2.
AUC0–120 (total area under the curve) of hunger VAS scores (millimeters) in response to
mixed-nutrient (A) or high-fat (B) liquid meal in morbidly obese subjects before and after
GBP (n=10 mixed-nutrient, n=7 high-fat) and before an after a diet-induced weight loss
(n=10 mixed-nutrient, n=9 high-fat). A larger value indicates increased hunger sensations.
Data are expressed as mean ± SEM. The P values reflect comparison between pre- and post-
weight loss intervention.
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Table 1

Characteristics of diet and gastric bypass groups before and after intervention

Diet Gastric Bypass P value

n (females) 10 (7) 10(7)

Intervention time (days) 9.2±2.6 14.6±3.3 <0.001

Baseline

      Age (yr) 46.3±6.6 49.6±11.2 0.6

      Weight (kg) 263.4±47.6 280.9±65.1 0.5

      BMI (kg/m2) 44.0±8.9 45.6±7.6 0.7

After intervention

      Change BMI (kg/m2) −2.4±2.7 −3.0±1.4 0.6

      Weight loss (%) 3.5±1.3 6.7±1.2 <0.001

      EWL (%) 7.4±3.2 14.2±2.0 <0.001

Values are presented as mean ± SD. EWL, excess weight loss
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