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Increased Postprandial Energy Expenditure May Explain
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Abstract

Background and Aims: Gastric bypass results in greater weight loss than Vertical banded gastroplasty (VBG), but the
underlying mechanisms remain unclear. In addition to effects on energy intake the two bariatric techniques may
differentially influence energy expenditure (EE). Gastric bypass in rats increases postprandial EE enough to result in elevated
EE over 24 hours. This study aimed to investigate alterations in postprandial EE after gastric bypass and VBG in humans.

Methods: Fourteen women from a randomized clinical trial between gastric bypass (n=7) and VBG (n=7) were included.
Nine years postoperatively and at weight stability patients were assessed for body composition and calorie intake. EE was
measured using indirect calorimetry in a respiratory chamber over 24 hours and focused on the periods surrounding meals
and sleep. Blood samples were analysed for postprandial gut hormone responses.

Results: Groups did not differ regarding body composition or food intake either preoperatively or at study visit. Gastric
bypass patients had higher EE postprandially (p=0.018) and over 24 hours (p=0.048) compared to VBG patients.
Postprandial peptide YY (PYY) and glucagon like peptide 1 (GLP-1) levels were higher after gastric bypass (both p<0.001).

Conclusions: Gastric bypass patients have greater meal induced EE and total 24 hours EE compared to VBG patients when
assessed 9 years postoperatively. Postprandial satiety gut hormone responses were exaggerated after gastric bypass
compared to VBG. Long-term weight loss maintenance may require significant changes in several physiological mechanisms
which will be important to understand if non-surgical approaches are to mimic the effects of bariatric surgery.
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Introduction differences is the increased postprandial levels of glucagon-like
peptide 1 (GLP-1) and peptide YY (PYY) associated with
enhanced satiation after gastric bypass [9,10]. The exaggerated
resulting in increased morbidity and mortality [1,2] with serious GLP-1 or PYY responses after food intake are absent after VBG.

The worldwide obesity epidemic continues undiminished,

personal, social, and economic consequences [3]. While non- Release of GLP-1 and of PYY from endocrine L cells in the distal
surgical therapies are currently of limited efficacy [4], bariatric ileum and colon are attenuated in morbidly obese subjects after
surgery provides long term body weight loss and maintenance food intake [11], while exaggerated after gastric bypass [12]. In
associated with decreased morbidity and mortality [5-7]. contrast to gastric bypass, patients after VBG usually do not report

The magnitude of V.V'iigh.t 1935 .and metabolic effects are not long lasting changes in appetite. Weight loss after VBG, seems
uniform and show a wide dlstrﬂ?utlon between stanfiard bariatric primarily due to a narrowed gastric lumen restraining patients
procedures. For example, gastric bypass has superior long term from ingesting large meals leading to lowered total calorie intake
weight loss maintenance and  resolution of co  morbidities [13,14], although food preferences tend to change towards energy

compared to vertical banded gastroplasty (VBG) [6,8]. The rich foods [14].
mechanisms remain to be fully elucidated, but one of the
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Until now, weight loss after bariatric operations has been mainly
attributed to reduced food ingestion, whereas effects on energy
expenditure have not been fully explored. Diurnal energy
expenditure is positively related to body weight and fat free mass
[15]. Hence, obese weight-stable individuals have a greater total
energy turnover compared to lean individuals. Three major factors
account for this observation; 1. the body mass per se and
particularly the greater amount of lean body mass, both of which
consume energy; 2. the postprandial energy expenditure which is
higher due to greater food intake and 3. increased energy cost of
activities of daily living while having a greater body weight [16].
Consequently, reduced energy expenditure is a physiological
response which may promote weight regain [17-21]. This
antagonizes long-term weight loss after diets and at least partly
explains why dietary interventions often are unsuccessful in
maintaining long-term weight loss.

Similar to diet induced weight loss, patients after gastric bypass
and VBG have a decrease in resting energy expenditure as
a function of the amount of weight lost [18,22,23]. However,
animal experiments indicate that the pattern of energy expendi-
ture might be different after gastric bypass surgery. We and others
demonstrated increased diet-induced energy expenditure in rats
after gastric bypass operations compared to sham operated, body
weight matched rats [24,25]. The diet-induced effects in rats were
sufficient to increase 24 hour energy expenditure even though no
changes were observed in physical activity or body temperature
between groups [24,25]. However, the gastric bypass effects on
energy expenditure in humans are controversial with some studies
reporting increases and others no change or decreases of energy
expenditure [23,26-28]. Discrepancies may be at least partly
explained by heterogeneous patient populations and/or limitations
of study protocols. Measurements of energy expenditure require
great precision and should be performed in a way that allows
analysis during daily activities. As robustness of the generated data
depends on equipment quality, respiratory chambers for indirect
calorimetry over 24 hours provide more accurate data than
commonly used hood systems. Body composition measurements
by DEXA are also more accurate than anthropometry or bio-
impedance.

Against this background, we hypothesized that gastric bypass in
humans results in higher energy expenditure after food intake, i
higher postprandial thermogenesis compared to VBG patients.
Our secondary outcome was energy expenditure over 24 hours
after both surgical techniques. Energy expenditure was measured
by indirect calorimetry in a respiratory chamber using weight
stable patients that were matched for weight and body composi-
tion 9 years after randomisation to laparoscopic Roux-en-Y gastric
bypass or laparoscopic vertical-banded gastroplasty [14,29].

Methods

Ethics Statement

The study was approved by the local ethics committee of the
University of Gothenburg (Ref 359-09) and was conducted
according to the principles of the Helsinki declaration. At
inclusion, after having received information both orally and in
writing, all patients signed a written consent approved by the local
ethics committee.

Inclusion

Fourteen female patients who previously participated in
a randomized clinical trial comparing gastric bypass and VBG
(ClinicalTrials.gov ID: NCTO01639677, Randomized Clinical
Trial Between Laparoscopic Gastric Bypass and Laparoscopic
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Vertical Banded Gastroplasty for Morbid Obesity) [29] were
included 9.4 years (range 8.7-10.3) after surgery to allow us to
study patients after long term weight loss maintenance. Many of
the patients who had VBG operations were converted to gastric
bypass operations and thus there were only seven of the original 34
female VBG patients available to participate in our study. We
further included 7 female gastric bypass patients from the same
study that primarily matched the VBG group for gender,
preoperative body mass index (BMI), preoperative resting energy
expenditure and postoperative BMI. All patients were weight
stable at least 3 months prior to the study and received similar
multivitamin and mineral supplementations for three weeks before
the start of investigations. Table 1 summarizes the demographic
data for both groups with no significant differences in preoperative
BMI, body composition or REE as measured with a canopy
indirect calorimeter [14]. Mean age was higher in the gastric
bypass group. Postoperatively both the gastric bypass and VBG
groups respectively had lowered their BMI from 42.2 (CI 39.2 to
45.2) to 30.8 (CI 27.1 to 34.6) kg/m? (p<<0.001) and 43.0 (CI 39.5
to 46.6) to 35.0 (CI 30.7 to 39.3) kg/m? (p<<0.001). The pre and
postoperative weights did not differ significantly (p=0.74 and
p = 0.29 respectively).

Surgery

Gastric bypass and VBG were performed laparoscopically as
previously described [29]. The gastric bypass technique included
a small gastric pouch (10-20 mL) connected to the jejunum in an
antecolic-antegastric Roux-en-Y construction [30]. The length of
the Roux-limb was 75 cm and the entero-entero anastomosis was
created 30 cm distal from the ligament of Treitz [30]. The VBG
technique included a small gastric pouch (10-20 mL) and
a separated vertical staple line [31]. The gastric pouch outlet
was reinforced with a 5.0 cm pre-stretched Gore-Tex band [31].

Preparations

All the patients had a standardized dinner of mashed potatoes
and meatballs at 19.00-20.00 the night before the study. The next
morning patients arrived at 07.30 after an 11 hour fast. At arrival
weight was measured in light underwear. Body mass index (BMI)
was calculated and Dual Energy X-Ray Absorptiometry (DEXA)
(LUNAR Radiation, Madison, WI, USA) was used to assess total
tissue, total adipose tissue, lean body mass, bone mineral density
and bone mineral content [32]. Validated food questionnaires
were used before surgery and at the study visit to determine the
number of calories consumed per day for each patient [33].

Energy Expenditure

Energy expenditure was measured in an indirect calorimetry
chamber for a 24 hour period. The chamber was constructed as
a small hotel room measuring 3x3x3 meters. Fresh, dried and
filtrated air was circulated, while the temperature and humidity in
the chamber was kept constant at 25°C and 40% relative
humidity. Oxygen and carbon dioxide contents in the air leaving
the chamber were measured constantly enabling an assessment of
corresponding energy expenditure of each patient. The chamber
was calibrated according to a predefined protocol before each
study visit. [34].

Figure 1 shows the standardized protocol used for patients when
inside the chamber. Patients received four meals consisting of
a 400 kcal lunch at 13.30, a 600 kcal dinner at 18.00, one 120 kcal
evening snack at 21.00 and an ad libitum breakfast the following
morning at 08.00. The first morning (outside of the chamber) and
the midday (in the chamber) standard meals consisted of a standard
semi liquid meal (400 kcal with 8 E% protein, 36 E% carbohy-
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Table 1. Demographics and body composition.

Energy Expenditure following Bariatric Surgery

Gastric bypass VBG p value
Pre surgery
Basal metabolic rate [cal/kg/min] 12.1 (11.1-13.1) 11.7 (10.4-13.1) 0.86
BMI [kg/mz] 42.2 (39.2-45.2) 43.0 (39.5-46.6) 0.74
Total body mass [kg] 111.2 (101.3-121.0) 113.3 (108-118.6) 0.76
Lean tissue [kg] 49.4 (44.4-54.4) 52.2 (49.7-54.7) 0.43
Lean tissue/total body mass [%] 44.4 (41.8-47.1) 46.2 (44.1-48.2) 0.41
Adipose tissue [kg] 59 (52.7-65.3) 58.1 (53.5-62.7) 0.86
Adipose tissue/total body mass [%] 53 (50.2-55.8) 51.2 (49.1-53.3) 0.41
9.4 y after surgery
Age on study day [years] 59.7 (54.9-64.4) 50.2 (44.9-55.4) 0.03
BMI [kg/mz] 30.8 (27.1-34.6) 35.0 (30.7-39.3) 0.29
Total body mass [kg] 84.2 (72.6-95.9) 92.8 (83.4-102.2) 0.32
Lean tissue [kg] 45.3 (40.9-49.6) 46.4 (44.1-48.8) 0.68
Lean tissue/total body mass [%] 54.1 (51-57.3) 50.6 (46.8-54.5) 0.23
Adipose tissue [kg] 37.2 (29.7-44.6) 43.8 (35.9-51.7) 0.29
Adipose tissue/total body mass [%] 43.4 (40.6-46.2) 46.5 (42.4-50.7) 0.28
Excess BMI loss [%] 67.2 (49.7-84.7) 47.5 (31.2-63.7) 0.16
Total weight loss [kg %] 27.7 (20.1-35.2) 19.8 (13.2-26.4) 0.18
Lean tissue loss [kg] 6.2 (3.4-9) 5.4 (4.1-6.7) 0.69
Adipose tissue loss [kg] 25.5 (16.5-24.5) 16.4 (8-24.7) 0.25

doi:10.1371/journal.pone.0060280.t001

drate, 56 E% fat) as previously described [9,12,35]. Standard
dinner consisted of meat balls and mashed potatoes (600 kcal with
13 E% protein, 41 E% carbohydrate, 46 E% fat). The 120 kcal
snack consisted of 27 E% protein, 46 E% carbohydrate, 27 E%
fat. Patients were asked at 15.00 to cycle for 30 minutes on
a stationary ergometry bicycle at 50-55 revolutions per minute.
Analyses for energy expenditure (EE) were performed as calories
per minutes divided by total tissue in kilogram measured by

DEXA (calsmin™'+kg ™).

Demographics and body composition in gastric bypass (n=7) and VBG (n=7) patients before and 9.4 years after surgery. Values are mean (confidence interval).

Energy Expenditure after Food Intake

Energy expenditure measured during the hour before dinner
when the patients were awake but in a resting state (17.00-18.00)
was used as baseline energy expenditure prior to eating. Energy
expenditure after food intake was measured over a two hour
period starting when patients initiated dinner (18.00-20.00). The
increase in energy expenditure after food intake was calculated as
AUC. The delta value was calculated by subtracting resting state
energy expenditure (calamin™'+kg™!) from postprandial energy
expenditure (calamin ™ '+kg ™).
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Figure 1. Protocol. Patients arrived at 07.30 after an 11 hour fast. The patients spent 25 hours in total in the chamber for indirect calorimetry.

doi:10.1371/journal.pone.0060280.g001
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Energy Expenditure during Sleep/Resting Metabolic Rate

Energy expenditure during sleep was measured over 4 hours
between 01.00 and 05.00. During this period all patients exhibited
a low stable energy expenditure and activity level consistent with
sleeping behaviour but not equal to zero. Resting metabolic rate
was not assessed in this study.

24 Hour Energy Expenditure and Physical Activity

In total, patients spent 25 hours in the chamber. Thirty minutes
in the beginning and 30 minutes at the end of the study in the
chamber were excluded from analysis to allow for acclimatization,
settling after entrance and preparation before exiting. Thus, 24
hours were available for analysis. The predefined exercise
requirements were 300 Watt (30 minutes of cycling at 50 to 55
revolutions per minute on the stationary ergometry bicycle). No
patient reached the predefined exercise load secondary to joint
pains and early exhaustion. A period from when exercise started at
15.00 until all patients returning to pre exercise baseline energy
expenditure at 17.45 was therefore excluded from 24 hour energy
expenditure analysis.

Respiratory Quotient (RQ)

Respiratory quotient (RQ) as per definition was calculated from
the ratio between COgy eliminated and O, consumed during
metabolism. A ratio close to 1 signifies carbohydrate oxidation and
a value close to 0.7 is associated with fat oxidation.

Activity Index

Activity was measured by the number of times patients broke
infrared light beams placed strategically in the chamber as
described previously [34].

Blood Samples

At 08.30 fasting blood samples were collected for plasma levels
of free fatty acids, high density lipoprotein (HDL), low density
lipoprotein (LDL), iron, glycated haemoglobin (HbAlc), free
thyroxin (fT4), thyroid stimulating hormone (TSH), follicle
stimulating hormone (FFSH) and creatinine. While still outside
the chamber, the patients were served a 400 kcal standard
breakfast at 09.00 (8 E% protein, 36 E% carbohydrate, 56 E%
fat) [9,12,35] and blood samples were collected prior to and every
30 minutes for 150 minutes postprandially. Plasma glucose,
msulin, glucagon-like-peptide 1 (GLP-1) and peptide YY (PYY)
were measured [11,36].

Statistical Analysis

Data are presented as means (confidence intervals). Differences
between groups were evaluated with 2-sample ¢ tests where data
were normally distributed. The conventional p<<0.05 was used as
the statistical rejection criterion. IBM SPSS Statistics 20 and
Microsoft Excel 2010 were used for statistical analysis.

Results

BMI, Body Composition and Food Intake

There were no significant differences comparing the VBG
patients included in our study with the complete group of VBG
patients in the initial clinical randomized trial between gastric
bypass and VBG surgery regarding weight, BMI or age neither
preoperatively nor at the time for inclusion in our study (data not
shown). Table 1 shows that there were no significant differences in
mean BMI, weight loss or excess BMI loss between the gastric
bypass and VBG group at the time of energy expenditure
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measurements. Body composition was also similar between both
groups as regards weight, adipose or lean tissue.

There were no differences regarding total energy intake or
intake of macronutrients before or after surgery as estimated by
food diaries. Reported mean ad libitum daily energy intake at the
time of investigation was 1835 kcal (CI 1614 to 2057) in the gastric
bypass group and 1891 kcal (CI 1244 to 2539) in the VBG group
(p=0.89). Figure 2 shows that there was no difference between
groups in the time it took to eat dinner, 18.1 (CI 12.8 to 23.5) min
for the gastric bypass group and 24.6 (CI 16.7 to 32.5) min for the
VBG group (p=0.21).

Laboratory Assessments

Table 2 shows that all parameters were within the reference
range and there were no significant differences between groups for
fasting serum levels of free fatty acids, low density lipoprotein
(LDL), iron, HbAlc, free thyroxin (fI'4), thyroid stimulating
hormone (T'SH) or creatinine. Gastric bypass patients had elevated
levels of high density lipoprotein (HDL) compared to VBG
patients. Plasma samples analysed for GLP-1 and PYY in relation
to a standardized meal showed exaggerated responses only in the
gastric bypass group.

Energy Expenditure after Food Intake

Table 3 demonstrates that baseline energy expenditure one
hour before dinner intake, when patients were awake but in resting
state, was similar in the gastric bypass and VBG patients.
However, during two hours after starting to ingest the 600 kcal
meal the gastric bypass group had higher energy expenditure in
comparison to VBG patients. Moreover, the change from baseline
in energy expenditure in the gastric bypass group was greater than
that of VBG patients. Energy expenditure was measured after all
meals but a significant difference between groups was only seen
after dinner which was the meal with the greatest energy content.

Energy Expenditure during Sleep and over 24 Hours

As shown in Table 3 there were no differences in energy
expenditure between 01.00 - 04.59 when the patients were
sleeping. The mean 24 hours energy expenditure per total tissue
mass was however significantly higher for the gastric bypass group
compared to the VBG group (p=0.048). Ad hoc analysis of 24
hours energy expenditure per lean tissue or adipose tissue mass
was not significantly different between the groups (p =0.30 and
p =0.12 respectively).

Respiratory Quotient (RQ) and Activity Index (Al)

Table 3 demonstrates that over the entire 24 hour period and
postprandially there was no difference in respiratory quotient (RQ)
In patients after gastric bypass or VBG surgery. The gastric bypass
group also had a similar activity index (Al) of 9.3 (CI 6.7 to 12) to
the VBG group 7.6 (CI 6.9 to 8.2) (p =0.24).

Discussion

Nine years after surgery female patients treated with gastric
bypass for morbid obesity had higher energy expenditure
immediately (and lasting for at least 2 hours) after intake of
a standard meal compared to weight matched patients treated
with vertical banded gastroplasty (VBG). Furthermore, higher
energy expenditure in the gastric bypass group persisted over 24
hours.

Previous data suggest that gastric bypass as well as other
intentional body weight loss methods reduce resting energy
expenditure [23,26,37]. However, Flancbaum et al’s prospective
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25

20

EE — Gastric
bypass
(cal-min-lkg™) s
--------------- VBG
15
10 I T
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Figure 2. Energy expenditure during dinner intake. Mean energy expenditure (cal-min-"-kg-') one hour before dinner and two hours after
dinner started. The duration of the meal is also shown as median and range.

doi:10.1371/journal.pone.0060280.g002

study with 70 severely obese patients before and 3, 6, 12, 18, and
24 months after surgery demonstrated an increase in REE after
gastric bypass in those patients who had a low energy expenditure
prior to surgery [28]. These discrepant findings suggest that data
must be interpreted with great care especially as studies relied on
indirect calorimetry using a canopy system for only 15-20 minutes
allowing neither ‘free living’ conditions nor energy expenditure
after meal ingestion to be analysed.

Measurement over 24 hours in a respiratory chamber can be
regarded as the gold standard for estimating energy expenditure
after meals and over time. Based on such measurements in obese
women before and after intentional weight loss, reduction in
energy expenditure has been estimated to be around 18 to

Table 2. Biochemical variables.

24 kcal/kg weight loss per day [16,17]. This effect has been
attributed to: reduction in body mass (particularly lean body mass),
decrease in postprandial energy expenditure due to less food intake
and decreased energy cost of physical activity [16]. Unfortunately,
respiratory chamber assessments were not performed prior to
surgery in the present study making it impossible to quantify
changes in 24 hour energy expenditure over the nine years period.
On the other hand, the gastric bypass patients were matched to
patients exhibiting similar pre-operative REE as well as similar
levels of postoperative weight loss [14].

The main purpose of surgical treatment of obesity is long term
weight loss maintenance and amelioration of co-morbidities. We
therefore did our study at weight stability after more than 9 years

Gastric bypass VBG p value

Fasting

Free fatty acid [mmol/L] 1.02 (0.9-1.14) 1.09 (0.86-1.33) 0.63

HDL [mmol/L] 2.4 (2.1-2.6) 1.5 (1.2-1.7) 0.0007

LDL [mmol/L] 3.5(29-4.2) 3.1 (2.5-3.6) 0.34

Iron [umol/L] 14.2 (8.1-20.2) 13.3 (6.4-20.2) 0.87

HbA1c [%] 5.2 (4.7-5.6) 4.6 (4.3-4.8) 0.062

Free T4 [pmol/L] 17.7 (14.4-21.0) 15.7 (14.3-17.2) 0.34

TSH [mIU/L] 1.9 (1.3-2.5) 1.7 (1.2-2.2) 0.73

Creatinine [umol/L] 53.5 (31.1-75.8) 66.8 (60.3-73.3) 0.43
After standard meal; PYY and GLP-1 [pmol/L over 150 minutes]

PYY AUC 3597.3 (3185.7-4008.4) 1958.4 (1546-2370.8) 0.0002
GLP-1 AUC 6169.1 (5532.2-6805.9) 3394.2 (2696.9-4091.4) 0.0001

doi:10.1371/journal.pone.0060280.t002
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Biochemical variables in gastric bypass (n=7) and VBG (n =7) patients. Area under the curve (AUC) values of GLP-1 and PYY were calculated using fasting and following
a standard 400 kcal meal samples over a 150 minutes period where samples were obtained every 30 minutes. Values are mean (confidence interval).
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Table 3. Energy expenditure and respiratory quotient.

Energy Expenditure following Bariatric Surgery

Gastric bypass VBG p value
Energy expenditure
Total 24 hour
Cal/min/kg total tissue 16.98 (15.54-18.42) 14.92 (14.01-15.83) 0.048
During 1 hour before dinner intake
Cal/min/kg total tissue 17.04 (15.03-19.06) 15.84 (14.93-16.75) 0.342
During 2 hours after dinner intake
Cal/min/kg total tissue 19.61 (17.94-21.27) 16.99 (16.1-17.88) 0.019
Delta energy expenditure between fasting and 2 hours after dinner
Cal/min/kg total tissue 2.56 (1.58-3.55) 1.15 (0.64-1.66) 0.028
Sleep between 01:00-04:59
Cal/min/kg total tissue 12.83 (11.65-14) 11.79 (11.17-12.41) 0.182
Respiratory quotient
Total 24 hour 0.70 (0.67-0.74) 0.71 (0.67-0.75) 0.931
During 2 hours after dinner 0.77 (0.72-0.81) 0.74 (0.70-0.79) 0.548

excluded. Values are mean (confidence interval).
doi:10.1371/journal.pone.0060280.t003

post surgery. The present protocol did not permit detailed analysis
of all activities of daily living like walking up stairs etc, but it was
evident that pre-prandial as well as sleeping energy expenditure
did not differ between the groups. In contrast, early postprandial
energy expenditure in the gastric bypass patients was significantly
higher compared to the VBG group, which may at least partly
explain the observed increase in 24 hour energy expenditure. Our
results are consistent with findings obtained previously in gastric
bypass operated rats [24,25]. Furthermore, energy expenditure in
rats after other obesity surgery procedures, such as sleeve
gastrectomy and gastric banding, revealed no significant effect
on energy expenditure [38,39]. The data indicate that despite
similar weight loss to VBG the patients after the gastric bypass had
increased energy expenditure in the early postprandial phase,
thereby overcoming the general decrease in energy expenditure
that usually follows intentional body weight loss [26-28].

Until recently, it was thought that body weight loss after gastric
bypass was mainly caused by the combination of mechanical
restriction and malabsorption [40]. However, there is a growing
body of evidence supporting that other mechanisms such as
reduced hunger [10,12,41], increased satiety [10,12], altered taste
[42,43], as well as reduced preference for high caloric dense foods
[14,44-46] are responsible for weight loss induction and mainte-
nance after gastric bypass. However, the mechanisms mediating
higher postprandial energy expenditure after gastric bypass have
not yet been determined. Exclusion of the proximal small bowel
from nutrients, and/or the reduction in common channel length
may play a role. If so, a similar effect can be expected after
biliopancreatic diversion/duodenal switch. The altered anatomy
after gastric bypass surgery may change gastrointestinal and
central neuroendocrine signalling after food ingestion, which in
turn may induce the increase in energy expenditure. Postprandial
release of bile acids and gut hormones such as PYY, oxyntomo-
dulin and GLP-1 are markedly enhanced after gastric bypass and
may influence total energy expenditure [26,29,42]. Our findings
that postprandial PYY and GLP-1 responses are still increased
nine years following gastric bypass surgery are consistent with the
before mentioned hypothesis.
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Energy expenditure and respiratory quotient for gastric bypass (n=7) and VBG patients (n=7) 9.4 years after surgery.
Energy expenditure are analyzed s cal/min/kg total tissue. 24 hour values for GBP and VBG patients were calculated after the 165 minutes post physical activity was

The present study has several limitations: Energy expenditure
prior to surgery was not measured in a 24 hour chamber, but with
an indirect calorimeter using a canopy. Although the study only
tested patients on one occasion, 9.4 years after surgery the patients
were weight stable, healthy and were asked to continue their
physical activity, work, sleep and eating habits the week prior to
the study. Even though patients were recruited from a randomized
controlled trial, the small sample size and the fact that we only
studied female patients may limit generalizability. The small
sample size may also explain why we did not see a difference in
24 hour energy expenditure when adjusted for lean body mass.
We were not able to measure post-prandial thermogenesis for
more than 2 hours even though it has been shown to remain
elevated up to 5 hours after a meal [16] in resting subjects. Our
patients consumed 120 kcal after 2 hours, because the meal
frequency of patients after RYGB increases and patients usually
eat smaller but more frequent meals [13]. The protocol used for
this study therefore tried to reflect the usual eating pattern of
patients after surgery with a small snack 2 hours after dinner which
unfortunately prohibited the measurement of postprandial energy
expenditure over 5 hours after the evening meal. All patients were
asked to exercise during their stay in the chamber, but none of
them was able to achieve the predefined physical activity which
necessitated exclusion of this period from analysis. Finally, the
gastric bypass group exhibited a (non-significant) larger body
weight loss and higher age than the VBG group. However, both
these results would, if anything, mediate a greater reduction in
energy expenditure as oppose to an enhanced energy expenditure
as we observed in the gastric bypass group [26,29,30].

In summary, the present study indicates that patients treated
with gastric bypass had higher early postprandial energy
expenditure compared to patients having similar weight loss
following a vertical banded gastroplasty. The postprandial effect
partly explains why 24 hour energy expenditure is higher in gastric
bypass patients and why this operation is superior to vertical
banded gastroplasty regarding long-term weight loss maintenance.
The yet to be determined gastrointestinal mechanism(s) activating
energy expenditure in association with gastric bypass may offer
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novel therapeutic targets for obesity treatments or allow for better
and safer surgical operations to be designed.

Acknowledgments

Bjérn Henning for his technical expertise in setting up and maintenance of
the energy chamber. Lena Strid for her invaluable professional work
throughout the study.

References

1.

2.

Allison DB, Saunders SE (2000) Obesity in North America. An overview. Med
Clin North Am 84: 305-332, v.

Visscher TL, Seidell JC (2001) The public health impact of obesity. Annu Rev
Public Health 22: 355-375.

. Puhl RM, Heuer CA (2010) Obesity stigma: important considerations for public

health. Am J Public Health 100: 1019-1028.

. Kaplan LM (2005) Pharmacologic therapies for obesity. Gastroenterol Clin

North Am 39: 69-79.

. Adams TD, Gress RE, Smith SC, Halverson RC, Simper SC, ct al. (2007) Long-

term mortality after gastric bypass surgery. N Engl ] Med 357: 753-761.
Sjostrom L, Lindroos AK, Peltonen M, Torgerson J, Bouchard C, et al. (2004)
Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric
surgery. N Engl J Med 351: 2683-2693.

Sjostrom L, Narbro K, Sjostrom CD, Karason K, Larsson B, et al. (2007) Effects
of bariatric surgery on mortality in Swedish obese subjects. N Engl ] Med 357:
741-752.

. Buchwald H, Oien DM (2009) Metabolic/bariatric surgery Worldwide 2008.

Obes Surg 19: 1605-1611.

. Borg CM, le Roux CW, Ghatei MA, Bloom SR, Patel AG, et al. (2006)

Progressive rise in gut hormone levels after Roux-en-Y gastric bypass suggests
gut adaptation and explains altered satiety. Br J Surg 93: 210-215.

. le Roux CW, Aylwin $J, Batterham RL, Borg CM, Coyle F, et al. (2006) Gut

hormone profiles following bariatric surgery favor an anorectic state, facilitate
weight loss, and improve metabolic parameters. Ann Surg 243: 108-114.

. le Roux CW, Batterham RL, Aylwin SJ, Patterson M, Borg CM, et al. (2006)

Attenuated peptide YY release in obese subjects is associated with reduced
satiety. Endocrinology 147: 3-8.

. le Roux CW, Welbourn R, Werling M, Osborne A, Kokkinos A, et al. (2007)

Gut hormones as mediators of appetite and weight loss after Roux-en-Y gastric
bypass. Ann Surg 246: 780-785.

. Laurenius A, Larsson I, Bueter M, Melanson KJ, Bosacus I, et al. (2012)

Changes in eating behaviour and meal pattern following Roux-en-Y gastric

bypass. Int J Obes (Lond).

. Olbers T, Bjorkman S, Lindroos A, Maleckas A, Lonn L, et al. (2006) Body

composition, dietary intake, and energy expenditure after laparoscopic Roux-en-
Y gastric bypass and laparoscopic vertical banded gastroplasty: a randomized
clinical trial. Ann Surg 244: 715-722.

. Ravussin E, Lillioja S, Anderson TE, Christin L, Bogardus C (1986)

Determinants of 24-hour energy expenditure in man. Methods and results
using a respiratory chamber. J Clin Invest 78: 1568-1578.

. Bessard T, Schutz Y, Jequier E (1983) Energy expenditure and postprandial

thermogenesis in obese women before and after weight loss. Am J Clin Nutr 38:

680-693.

. Froidevaux F, Schutz Y, Christin L, Jequier E (1993) Energy expenditure in

obese women before and during weight loss, after refeeding, and in the weight-
relapse period. Am J Clin Nutr 57: 35-42.

. Thorne A, Naslund I, Wahren J (1990) Meal-induced thermogenesis in

previously obese patients. Clin Physiol 10: 99-109.

. Rosenbaum M, Hirsch J, Gallagher DA, Leibel RL (2008) Long-term

persistence of adaptive thermogenesis in subjects who have maintained a reduced
body weight. Am J Clin Nutr 88: 906-912.

. Rosenbaum M, Leibel RL (2010) Adaptive thermogenesis in humans. Int ] Obes

(Lond) 34 Suppl 1: S47-55.

Sumithran P, Prendergast LA, Delbridge E, Purcell K, Shulkes A, et al. (2011)
Long-term persistence of hormonal adaptations to weight loss. N Engl J] Med
365: 1597-1604.

. van Gemert WG, Westerterp KR, Greve JW, Socters PB (1998) Reduction of

sleeping metabolic rate after vertical banded gastroplasty. Int J Obes Relat
Metab Disord 22: 343-348.

. Das SK, Roberts SB, McCrory MA, Hsu LK, Shikora SA, et al. (2003) Long-

term changes in energy expenditure and body composition after massive weight
loss induced by gastric bypass surgery. Am J Clin Nutr 78: 22-30.

. Bueter M, Lowenstein C, Olbers T, Wang M, Cluny NL, et al. (2010) Gastric

bypass increases energy expenditure in rats. Gastroenterology 138: 1845-1853.

PLOS ONE | www.plosone.org

Energy Expenditure following Bariatric Surgery

Author Contributions

Conceived and designed the experiments: MW TO LF MB HL KS CWIR.
Performed the experiments: MW. Analyzed the data: MW TO LF MB HL
KS CWIR. Contributed reagents/materials/analysis tools: MW TO LF
MB HL KS CWIR. Wrote the paper: MW TO LF MB HL KS CWIR.

25. Stylopoulos N, Hoppin AG, Kaplan LM (2009) Roux-en-Y gastric bypass
enhances energy expenditure and extends lifespan in diet-induced obese rats.
Obesity (Silver Spring) 17: 1839-1847.

26. Carrasco F, Papapietro K, Csendes A, Salazar G, Echenique C, et al. (2007)
Changes in resting energy expenditure and body composition after weight loss
following Roux-en-Y gastric bypass. Obes Surg 17: 608-616.

27. de Castro Cesar M, de Lima Montebelo MI, Rasera I Jr, de Oliveira AV Jr,
Gomes Gonelli PR, et al. (2008) Effects of Roux-en-Y gastric bypass on resting
energy expenditure in women. Obes Surg 18: 1376-1380.

28. Flanchaum L, Choban PS, Bradley LR, Burge JC (1997) Changes in measured
resting energy expenditure after Roux-en-Y gastric bypass for clinically severe
obesity. Surgery 122: 943-949.

29. Olbers T, Fagevik-Olsen M, Maleckas A, Lonroth H (2005) Randomized clinical
trial of laparoscopic Roux-en-Y gastric bypass versus laparoscopic vertical
banded gastroplasty for obesity. Br J Surg 92: 557-562.

30. Olbers T, Lonroth H, Fagevik-Olsen M, Lundell L. (2003) Laparoscopic gastric
bypass: development of technique, respiratory function, and long-term outcome.
Obes Surg 13: 364-370.

31. Olbers T, Lonroth H, Dalenback J, Haglind E, Lundell L. (2001) Laparoscopic
vertical banded gastroplasty—an effective long-term therapy for morbidly obese
patients? Obes Surg 11: 726-730.

32. Thomsen TK, Jensen V], Henriksen MG (1998) In vivo measurement of human
body composition by dual-energy X-ray absorptiometry (DXA). Eur J Surg 164:
133-137.

33. Lindroos AK, Lissner L, Sjostrom L (1993) Validity and reproducibility of a self-
administered dietary questionnaire in obese and non-obese subjects. Eur J Clin
Nutr 47: 461-481.

34. Henning B, Lofgren R, Sjostrom L (1996) Chamber for indirect calorimetry with
improved transient response. Med Biol Eng Comput 34: 207-212.

35. le Roux CW, Borg C, Wallis K, Vincent RP, Bueter M, et al. Gut hypertrophy
after gastric bypass is associated with increased glucagon-like peptide 2 and
intestinal crypt cell proliferation. Ann Surg 252: 50-56.

36. Kreymann B, Williams G, Ghatei MA, Bloom SR (1987) Glucagon-like peptide-
1 7-36: a physiological incretin in man. Lancet 2: 1300-1304.

37. Tamboli RA, Hossain HA, Marks PA, Eckhauser AW, Rathmacher JA, et al.
(2010) Body composition and energy metabolism following Roux-en-Y gastric
bypass surgery. Obesity (Silver Spring) 18: 1718-1724.

38. Stefater MA, Perez-Tilve D, Chambers AP, Wilson-Perez HE, Sandoval DA, et
al. (2010) Sleeve gastrectomy induces loss of weight and fat mass in obese rats,
but does not affect leptin sensitivity. Gastroenterology 138: 2426-2436, 2436
€2421-2423.

39. Galtier F, Farret A, Verdier R, Barbotte E, Nocca D, et al. (2006) Resting energy
expenditure and fuel metabolism following laparoscopic adjustable gastric
banding in severely obese women: relationships with excess weight lost. Int J Obes
(Lond) 30: 1104-1110.

40. Greenway FL (1996) Surgery for obesity. Endocrinol Metab Clin North Am 25:
1005-1027.

41. Cummings DE, Weigle DS, Frayo RS, Breen PA, Ma MK, et al. (2002) Plasma
ghrelin levels after diet-induced weight loss or gastric bypass surgery.
N Engl ] Med 346: 1623-1630.

42. Burge JC, Schaumburg JZ, Choban PS, DiSilvestro RA, Flanchaum L (1995)
Changes in patients’ taste acuity after Roux-en-Y gastric bypass for clinically
severe obesity. ] Am Diet Assoc 95: 666-670.

43. Scruggs DM, Buffington C, Cowan GS Jr (1994) Taste Acuity of the Morbidly
Obese before and after Gastric Bypass Surgery. Obes Surg 4: 24-28.

44. Brolin RL, Robertson LB, Kenler HA, Cody RP (1994) Weight loss and dietary
intake after vertical banded gastroplasty and Roux-en-Y gastric bypass. Ann
Surg 220: 782-790.

45. Brown EK, Settle EA, Van Rij AM (1982) Food intake patterns of gastric bypass
patients. J] Am Diet Assoc 80: 437-443.

46. Halmi KA, Mason E, Falk JR, Stunkard A (1981) Appetitive behavior after
gastric bypass for obesity. Int J Obes 5: 457-464.

April 2013 | Volume 8 | Issue 4 | 60280



