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Abstract
Background The purpose of this study is to determine the
effects of posture and drink volume on gastric/pouch empty-
ing (G/PE), intestinal transit, hormones, absorption,
glycaemia, blood pressure and gastrointestinal (GI) symptoms
after gastric bypass (Roux-en-Y gastric bypass (RYGB)).
Methods Ten RYGB subjects were studied on four occasions
in randomized order (sitting vs. supine posture; 50 vs. 150 ml
of labelled water mixed with 3 g 3-O-methyl-D-glucose (3-
OMG) and 50 g glucose). G/PE, caecal arrival time (CAT),

blood glucose, plasma insulin, glucagon-like peptide-1 (GLP-
1), glucose-dependent insulinotropic polypeptide (GIP), pep-
tide YY (PYY), 3-OMG, blood pressure, heart rate and GI
symptoms were assessed over 240 min. Controls were ten
volunteers with no medical condition or previous abdominal
surgery, who were studied with the 150-ml drink in the sitting
position.
Results Compared to controls, PE (P<0.001) and CAT
(P<0.001) were substantially more rapid in RYGB subjects.
In RYGB, PE was more rapid in the sitting position (2.5±0.7
vs. 16.6±5.3 min, P=0.02) and tends to be faster after 150 ml
than the 50-ml drinks (9.5±2.9 vs. 14.0±3.5 min, P=0.16).
The sitting position and larger volume drinks were associated
with greater releases of insulin, GLP-1 and PYY, as well as
more hypotension (P<0.01), tachycardia (P<0.01) and post-
prandial symptoms (P<0.001).
Conclusions Pouch emptying, blood pressure and GI symp-
toms after RYGB are dependent on both posture and meal
volume.

Keywords Posture . Pouch . Gastric emptying . Glucose
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Introduction

In health, both posture and meal volume exert little effect on
gastric emptying (GE) of either solids or high-nutrient liquids
[1–4], whereas GE of low nutrient liquids is relatively faster
with greater volume [4] and in the erect posture [1–4],
reflecting the primary regulation of GE by inhibitory feedback
arising from the interaction of nutrients with the small intes-
tine. The rate of nutrient delivery to the small intestine (overall
between 1 and 4 kcal/min) and small intestinal transit also

What is already known about the subject?
• In health, posture and meal volume exert little effect on gastric emptying
(GE) of either solids or high-nutrient liquids.
• Roux-en-Y gastric bypass (RYGB) allows rapid transit of nutrients into
the small intestine which may account for changes in gut hormone
secretion and, potentially, “dumping syndrome”.
• The impact of posture and meal volume on GI transit, absorption and
symptoms in these patients has not been investigated.
What does this research add?
• In RYGB subjects, the sitting posture was associated with more rapid
pouch emptying, increased hypotension and postprandial symptoms.
• Compared to the effects of posture, those of drink volume were rela-
tively minor.
• In RYGB subjects with “problematic dumping syndrome”, ingestion of
small-volume meals in the supine or semi-supine posture may potentially
minimize adverse haemodynamic changes and GI symptoms.
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affects the release of the two incretin hormones, glucose-
dependent insulinotropic polypeptide (GIP) and glucagon-
like peptide-1 (GLP-1) [5] as well as both blood pressure [6]
and gastrointestinal (GI) symptoms [1–4]. Elevations of GIP,
GLP-1 and other gut hormones also result in slowing of GE,
suppression of appetite [7–9] and the induction of postpran-
dial GI symptoms. In patients with early dumping syndrome
after gastrectomy, it has been proposed that the exaggerated
early releases of GLP-1 [10], GIP and glucagon [11] result in
sympathetic activation, leading to transient early onset of
anxiety and nausea.

Roux-en-Y gastric bypass (RYGB) is one of the most
commonly performed bariatric procedures for morbid obesity
[12, 13]. The alterations in GI anatomy after RYGB allow
rapid transit of nutrient into the small intestine which may
account for changes in gut hormone secretion and, potentially,
“dumping syndrome” [14–16]. We hypothesized that, in con-
trast to subjects with an intact stomach, both posture and meal
volume will have a substantial impact on the rate of nutrient
transit, gut hormonal responses, postprandial blood pressure
and GI symptoms in RYGB subjects. The current study,
therefore, aimed to determine the effects of posture and drink
volume on pouch emptying (PE), small intestinal transit,
glycaemia, gut hormone concentrations, glucose absorption,
blood pressure and GI symptoms after RYGB.

Subjects and Methods

Subjects Ten subjects who underwent RYGB for morbid
obesity at least 12 months previously were recruited by
advertisements placed on hospital notice boards and the
Obesity Clinic of the Royal Adelaide Hospital. The
RYGB was performed 5.7±0.3 years prior to the study,
and the decrease in BMI was 12.9±3.4 kg/m [2]. All
subjects had open RYGB with a ∼25-ml pouch created
by stapling off the proximal stomach with a TA 90B four-
row stapler (Autosuture®, Covidien®) or dividing the
stomach using a linear stapler (GIATM, Covidien®, or
TLCTM, Ethicon®). The excluded stomach was not
resected. Exclusion criteria included a history of signifi-
cant respiratory, renal or hepatic disease; diabetes; chronic
alcohol abuse; smoking; or the use of medication known
to influence GI motility, appetite or glycaemia. The pres-
ence of dumping syndrome was assessed using Sigstad’s
clinical diagnostic index (positive if score >7) [15].
“Controls” were ten age- and gender-matched volunteers
who were not known to have any medication condition,
were not known to have a history of abdominal surgery
or were not taking medication. The study was approved
by the local research ethics committee, and each subject
provided written informed consent.

Outline of Study Protocol

The study protocol is summarized in Fig. 1. The RYGB
subjects were studied on four occasions in randomized order
for both posture (sitting vs. supine) and drink volume (50 vs.
150 ml), i.e. (i) sitting and 50-ml drink, (ii) sitting and 150-ml
drink, (iii) supine and 50-ml drink and (iv) supine and 150-ml
drink. All drinks contained 50 g glucose, 3 g 3-O-methyl-D--
glucose (3-OMG) and 20 MBq 99mTc-sulphur colloid (total
calories=200 kcal) and were consumed within 3 min. The
controls were studied on one occasion in the sitting position
when they consumed a 150 ml of glucose drink.

Concurrent measurements of (i) gastric emptying (GE) or
pouch emptying (PE; 50 % emptying time) and caecal arrival
time (CAT); (ii) blood glucose, gut hormone concentrations
(GLP-1, insulin, GIP and PYY) and glucose absorption (3-
OMG); and (iii) GI symptoms (visual analogue scale (VAS))
over 240 min were obtained. In all subjects, venous blood
sampleswere taken via an intravenous cannula immediately prior
(t=0 min) to the ingestion of the drink and then at regular
intervals for measurement of blood glucose, 3-OMG, plasma
insulin, GIP, GLP-1 and peptide YY (PYY) [16, 17] (Fig. 1).
Blood samples for plasma insulin,GIP andGLP-1were collected
in ice-chilled EDTA-treated tubes containing 400 kIU aprotinin/
ml blood (Trasylol, Bayer Australia Ltd., Pymble, Australia).

Mean blood pressure (MAP) and heart rate (HR) were
quantified with an automated oscillometric BP monitor
(DINAMAP ProCare 100) at ∼3-min intervals for the first
2 h and every 10 min thereafter [18]. Perceptions of appetite
(hunger, fullness, desire to eat), preprandial and postprandial
GI symptoms (nausea and bloating) and symptoms of dump-
ing (nausea, vomiting, diarrhoea, tachycardia, salivation and
dizziness) were assessed using validated VASs [17] at baseline
(t=0 min) and 15-min intervals thereafter for 240 min. Sub-
jects indicated the strength of sensation by placing a vertical
line along a 100-mm scale [16, 17].

Measurements

GE, PE and CAT The transit of labelled glucose drink through
the stomach or gastric pouch and the small intestine was
quantified using scintigraphy [16]. Data were corrected for
subject movement, radionuclide decay and γ-ray attenuation.

Blood Glucose and Plasma 3-OMG, Insulin, GIP, GLP-1 and
PYY Blood glucose concentrations were determined immedi-
ately using a portable blood glucose meter (Medisense Com-
panion 2 Meter, Medisense, Inc., Waltham, MA) [16]. Plasma
3-OMG concentrations were measured using high-
performance exchange chromatography [16]. As previously
described [16, 17], total plasma GIP, GLP-1 and PYY were
measured by radioimmunological assay (RIA), and plasma
insulin was measured by ELISA.
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Statistical Analysis

The sample size was based on power calculations of
primary endpoints, which are the known differences in
PE, caecal arrive time and GI symptoms between
RYGB subjects and controls [19, 20], and provided
80 % power to detect a 20 % difference between the
modes of nutrient delivery amongst RYGB subjects,
accepting an α error of 0.05. Data were evaluated using
repeated measures analysis of variance (ANOVA), with
“treatment” and “time” as factors, and are presented as
mean±SEM, unless stated otherwise. To examine rela-
tionships between variables by linear regression analy-
sis, data from the two studies were pooled. A P value
<0.05 was considered significant in all analyses.

Results

Although none of the RYGB subjects had dumping syndrome
based on Sigstad’s score, two subjects experienced dumping
symptoms with hypotension and dizziness after ingesting the
glucose drink in the sitting position, requiring them to lie
down. Differences in the characteristics of the RYGB and
control subjects are summarized in Table 1.

PE and Caecal Arrival Time

Compared to controls, independent of posture or drink vol-
ume, both PE (P<0.01) and CAT (P<0.001) were faster in
RYGB subjects than the GE of controls (Fig. 2). In RYGB
subjects, although there were no differences in CAT amongst

Fig. 1 Outline of study protocol

Table 1 Demographics and
clinical characteristics in RYGB
subjects and controls

*P<0.05 vs. controls

RYGB subjects (n=10) Controls (n=10)

Age (year) 50.0±2.4 45.6±3.5

Gender (male/female) 4:6 5:5

BMI (kg/m2) 29.9±1.8* 24.3±0.9

Glycated haemoglobin (%) 6.1±0.3 % 5.8±0.2 %

HOMA-IR score 2.1±0.3* 0.9±0.2

Sigstad’s score 3.2±0.6 2.4±0.2

Quality of life II score 1.2±0.2* 2.0±0.2

SF-36 score

• Physical function 86±5 % 98±1 % *

• Limitations due to physical health 88±10 % 91±8 %

• Limitations due to emotional problems 97±3 % 92±7 %

• Energy level 75±3 % 98±3 % *

• Emotional wellbeing 81±3 % 84±4 %

• Social functioning 95±3 % 97±3 %

• Pain 72±7 % 88±7 %

• General health 76±5 % 78±5 %
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various postures and meal volumes, PE in the sitting
posture was faster (∼twice as rapid) than that in the
supine posture (P<0.001). In both postures, there was a
trend for the 150-ml drinks to empty more rapidly than
the 50-ml drinks (Fig. 2a).

Blood Glucose and Gut Hormonal Responses

There were no differences in baseline blood glucose between
RYGB and control subjects. After the drink, blood glucose
concentrations were higher in RYGB subjects than those in

controls (P<0.01; Fig. 3a). Amongst the RYGB, there
were no significant differences in peak blood glucose
concentrations between the postures and drink volumes
(Fig. 3a).

Baseline plasma concentrations of PYY, GLP-1, insulin
and GIP were comparable in RYGB and control subjects.
When compared to controls, after the drink, plasma GLP-1
(P=0.03) and PYY (P<0.01) were higher and peaked earlier
in RYGB subjects, irrespective of posture and drink volume
(Fig. 3c, e). With the exception of the 50-ml drink consumed
supine, plasma concentrations of insulin (P=0.02) were

Fig. 2 Effects of posture and
meal size on a pouch/gastric
emptying (expressed as t50) and b
caecal arrival time (CAT) after 50-
ml or 150-ml drink containing
50 g glucose in RYGB subjects
and after a 150-ml drink
containing 50 g glucose in
controls
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higher in RYGB subjects than those in controls (Fig. 3b). In
contrast, after the drink, concentrations of GIP (P<0.01) were
lower in the RYGB subjects than those in the controls, irre-
spective of meal or posture (Fig. 3d). In RYGB subjects,

consumption of the 150-ml drink in the supine, but not sitting,
position was associated with larger increases in plasma insulin
(P<0.01), GLP-1 (P=0.02) and PYY (P<0.001) than that of
the 50-ml drink.

Fig. 3 Effects of posture and drink volume on a blood glucose and plasma levels of b insulin, c GLP-1, d GIP, e PYYand f glucose absorption, after
drinks containing 50 g glucose in either 50 or 150 ml in RYGB subjects or 150 ml glucose drink in controls
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Intestinal Glucose Absorption

Although integrated plasma concentrations (AUC 0–
240 min) were comparable between RYGB subjects and
controls, plasma 3-OMG concentrations peaked much
earlier in the RYGB subjects, independent of posture or
meal volume (76±5 vs. 114±6 min, P<0.001; Fig. 3f). In
RYGB subjects, there was a trend for the rise in plasma 3-
OMG to be slower after consumption of the 50-ml glu-
cose drink in the supine position (P=0.08).

Haemodynamics

Although ingestion of the glucose drink had no effect on
BP or heart rate in the controls, it led to sustained changes
in BP and heart rate of RYGB subjects. These were most
pronounced in the sitting posture with a 10±4-mmHg
reduction in systolic BP and a 14±5-bpm elevation in heart
rate (Fig. 4). Drink volume had no impact of the changes in
BP. When RYGB subjects consumed the drink while su-
pine, the 150-ml drink induced a greater, and earlier,

Fig. 4 Effects of posture (sitting vs. supine) and drink volume (50 vs. 150 ml of 50 g glucose) on changes in systolic blood pressure and heart rate in
RYGB subjects and after 50 g of glucose in 150 ml water consumed while sitting in controls
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increase in heart rate than the 50-ml drink (P<0.001). (See
Fig. 4.)

GI Symptoms and Appetite

Irrespective of drink volume and posture, RYGB subjects
experienced more bloating (P<0.001), nausea (P<0.001), anx-
iety (P<0.001) and discomfort (P<0.001) and less desire to eat
(P<0.001) after the glucose drink than controls. In RYGB
subjects, after the 150-ml drink consumed in sitting position,
bloating, nausea,discomfort and anxiety were greater and the
desire to eat was less than that in supine position (P<0.01)
(Fig. 5).

Discussion

This “proof-of-concept” study highlights the importance
of intact anatomy and small intestinal feedback regula-
tion to the regulation of GE and small intestinal transit
[21]. Our hypothesis was that in RYGB subjects, the
emptying of content through the upper GI tract would
be more rapid and be markedly influenced by gravity.
Specific observations are that, after RYGB, PE of a
glucose drink in sitting posture is much more rapid and
associated with greater increases in insulin, GLP-1 and
PYY, as well as more hypotension, tachycardia and post-
prandial symptoms. In contrast, the effects of drink

Fig. 5 Effects of posture (sitting vs. supine) and drink volume (50 vs. 150 ml of 50 g glucose) on changes in gastrointestinal (GI) symptoms in RYGB
patients, as compared to those after 50 g of glucose in 150 ml water consumed while sitting in control subjects
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volume on these parameters are less pronounced and
observed mainly in the supine position.

The more rapid small intestinal transit of a nutrient liquid
observed in our RYGB subjects was to be expected given the
substantially greater rate of meal delivery to the intestine. Our
findings are in keeping with a recent study [14], reporting
more rapid orocaecal transit of liquids after RYGB. Small
intestinal transit in these subjects, however, appears to be
dependent on the consistency of a meal, as orocaecal transit
of mixed or solid meals has been reported to be more
prolonged than that of liquids [19, 20]. This contrasts with
controls, in whom intestinal transit of solids and liquids has
been reported to be comparable [22]. The reasons for the
discrepancy remain unknown.

In the current study, the more rapid transit of glucose to the
distal intestine accounts for the observed differences in the
glycaemic and gut hormonal profiles between the RYGB
subjects and controls. Given that PYYand GLP-1 are secreted
predominantly from the distal intestine, their plasma concen-
trations were significantly greater in the RYGB subjects,
particularly after consumptions of the drinks in the sitting
position. This contrasts with the GIP response, a hormone
release from the proximal gut, where plasma levels were lower
in the RYGB subjects than those in the controls, presumably
reflecting the “bypass” of nutrients from the proximal intes-
tine. The substantial elevation of GLP-1 and, to a lesser extent,
the early rise of GIP are likely to contribute to the greater
plasma insulin concentrations in the RYGB subjects, which
were highest after consumptions of the drink in the sitting
position. Despite the greater GLP-1 response in RYGB sub-
jects, their postprandial blood glucose levels were higher, at
least for the first 60 min, which may potentiate insulin secre-
tion. Hyperglycaemia is likely to reflect the more rapid intes-
tinal glucose absorption consequent to the rapid transit of
glucose from the pouch, as well as insulin resistance as
reflected by the higher HOMA-IR score.

The significant postprandial hypotension and tachycardia
in RYGB subjects, especially after ingesting the drink in
sitting position, are also likely to be related to the substantially
higher rate of nutrient delivery to the small intestine, which we
have estimated to vary from 38 kcal/min (supine posture) to
104 kcal/min (sitting position). This is compared to a duode-
nal glucose load of 1 to 4 kcal/min in healthy subjects with an
intact stomach, where a rate >2 kcal/min has been reported to
elicit maximal postprandial hypotension and tachycardia in
healthy older subjects [23]. In contrast to an intact stomach,
where gastric distention can contribute to perceptions of hun-
ger and fullness, postprandial symptoms after RYGB are
likely to be triggered by the rapid arrival of nutrients to the
distal intestine, leading to augmented releases of gut hor-
mones, such as GLP-1, PYYand CCK, which are well known
to suppress appetite via both peripheral and central mecha-
nisms [25]. In patients with early dumping syndrome after

gastrectomy, the exaggerated early releases of GLP-1 [10],
GIP and glucagon [11] have been proposed to result in sym-
pathetic activation and thus leading to more anxiety and
nausea. In addition to these neurohumoral changes, the hae-
modynamic effects may also potentially result in direct central
effects on appetite reduction. The intensity of these nutrient-
induced haemodynamic and neurohumoral changes is likely
to determine whether the dumping syndrome will be thera-
peutic or problematic. In the majority, the responses are mild
to moderate and, accordingly, likely to be “therapeutic” by
inducing early appetite suppression and a consequent reduc-
tion in oral intake. In a lesser proportion of subjects, however,
the responses are more intense and lead to “problematic”
dumping syndrome. In these subjects, ingestion of small-
volume meals in the supine or semi-supine posture, therefore,
may represent a useful approach to minimize symptoms. It is
intriguing, however, that in the RYGB group, the degree of
haemodynamic disturbances was not proportional to the
marked increased intestinal glucose load, which may relate
to an adaptation of the small intestine after RYGB [24] to
avoid problematic dumping syndrome.

There are a number of limitations of the current study
which should be recognized. While the number of subjects
were relatively small, the studies were randomized, repeated
over four occasions and technically demanding. Most impor-
tantly, major and highly significant differences were observed.
Given the known effects of posture and meal volume onGE in
the intact stomach, only a single posture and drink volume
was chosen, based on the expectation that most, if not all,
liquids that are consumed are at least 150 ml in volume and
consumed in the sitting position. Whilst it would be of interest
to study RYGB subjects with active dumping syndrome, this
may not be ethically justifiable given that postprandial symp-
toms induced by a glucose drink would be anticipated to be
substantial and distressing. Our RYGB subjects did not report
clinical dumping syndrome, but 2 out 10 had problematic
dumping symptoms after the glucose drinks, suggesting that
these subjects had modified their diet and meal size to mini-
mize the symptoms. For logistical reasons, we evaluated the
effects of oral glucose only and it would be of interest to
determine the responses to other macronutrients and mixed
solid/liquid meals. None of our RYGB subjects had type 2
diabetes; given our observation, further studies in type 2
diabetes would be of interest.

In conclusion, after RYGB, gravity and, to a lesser extent,
meal volume can influence the rate of PE, which, in turn,
modifies the release of gut hormones, glycaemia, blood pres-
sure, heart rate and GI symptoms. Given that consumption of
large volume drinks consumed in the upright position is
associated with the most rapid PE, ingestion of small-
volume meals in the supine or semi-supine posture may
minimize problematic dumping syndrome; this concept war-
rants further evaluation.
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