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Abstract

Background: The digestion of food is known to alter the hemodynamics of the body significantly. The purpose of
this study was to study the postprandial changes in stroke volume (SV), cardiac output (CO) and left ventricular (LV)
longitudinal systolic and diastolic functions measured with tissue Doppler imaging, in relation to gastric emptying
rate (GER), satiety, and glucose and insulin concentrations in healthy subjects.

Methods: Twenty-three healthy subjects were included in this study. The fasting and postprandial changes at 30
min and 110 min in CO, heart rate (HR) and blood pressure were measured. Moreover, tissue Doppler imaging
systolic (S), early (E') and late (A") mitral annular diastolic velocities were measured in the septal (s) and lateral ()
walls. Glucose and insulin concentrations, and satiety were measured before and 15, 30, 45, 60, 90, and 120 min
after the start of the meal. The GER was calculated as the percentage change in the antral cross-sectional area 15-
90 min after ingestion of the meal.

Results: This study show that both CO, systolic longitudinal ventricular velocity of the septum (S's) and lateral wall
(S'), the early diastolic longitudinal ventricular velocity of the lateral wall (E'l), the late diastolic longitudinal
ventricular velocity of the septum (A’s) and lateral wall (Al) increase significantly, and were concomitant with
increased satiety, antral area, glucose and insulin levels. The CO, HR and SV at 30 min were significantly higher, and
the diastolic blood pressure was significantly lower, than the fasting. The satiety was correlated to HR and diastolic
blood pressure. The insulin level was correlated to HR.

Conclusions: This study shows that postprandial CO, HR, SV and LV longitudinal systolic and diastolic functions
increase concomitantly with increased satiety, antral area, and glucose and insulin levels. Therefore, patients should
not eat prior to, or during, cardiac evaluation as the effects of a meal may affect the results and their
interpretation.

Trial Registration: ClinicalTrials.gov: NCT01027507

Background

The digestion of food is known to alter the hemody-
namics of the body significantly. Following a meal, the
blood flow to the gastrointestinal organs increases,
affecting the heart rate (HR), blood pressure, and car-
diac output (CO). The mechanisms causing the change
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in heart function after a meal are not known. These
postprandial cardiovascular changes have been shown to
resemble the effects of vasodilator drugs [1,2].

The left ventricular (LV) stroke volume (SV) and CO
are usually assessed by echocardiography to quantify the
total LV function. However, the heart undergoes cyclic
mechanical changes in multiple dimensions that result
in the ejection of blood. Tissue Doppler imaging (TDI)
may be used to quantify different aspects of mechanical
myocardial activity. TDI is used to assess both regional
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and the global ventricular function in systole and dia-
stole, by measuring the tissue velocity at specific loca-
tions in the heart. Tissue velocity is determined by the
rate at which specific parts of the myocardium move
towards or away from the transducer. TDI has been
validated and may have a potential role in clinical appli-
cations such as the evaluation of myocardial ischemia
(at rest and with stress echocardiography) and altered
global and regional systolic and diastolic function in car-
diomyopathies [3-11].

The systolic longitudinal velocity (S’) of a myocardial
segment measured with TDI reflects the systolic motion
of the LV in the apical direction, which is an important
component of systolic function [12], and is correlated
with the LV ejection fraction [8]. S may be used to
diagnose impaired LV systolic function [8,12,13]. Early
(E’) and late (A’) mitral annular diastolic velocities are
directed in the opposite direction of S’ and have been
used to diagnose diastolic heart failure [14], or early
hypertrophic cardiomyopathy [15]. Moreover, mitral
annular velocities, measured with TDI, have been shown
to predict mortality and cardiovascular events [16,17].

The effect of the digestion of a meal on left ventricu-
lar function has not previously been studied in terms of
longitudinal velocity measured with TDI. This study was
therefore designed to determine whether there are post-
prandial changes in LV function that can be measured
with TDI, and if these changes can be related to changes
in glucose and insulin levels, antral area or satiety in
healthy subjects.

Methods
Twenty-three healthy subjects [11 male, 12 female;
[mean + SEM] age: 26 + 0.2 y [range: 18-33 y]; body
mass index: 21.8 + 0.1 kg/m? [range: 17.0-25.9 kg/m?]
without symptoms or a history of gastrointestinal dis-
ease, abdominal surgery or diabetes mellitus, were
included in this observational study. The mean waist:hip
ratio for the women was 0.74 + 0.02 and for the men
0.87 + 0.01. The subjects had no connective tissue dis-
ease or cerebrovascular or endocrine disease, and none
was taking any medication, except four women who
were taking oral contraceptives. All subjects were in
sinus rhythm. Three men were snuff users, and one was
a smoker. Two women were snuff users. All subjects
were recruited from the population of southern Sweden.
The subjects were examined between 7.30 and 11.00
am after an 8-h fast. Smoking and snuff-taking were
prohibited 8 h prior to and during the test. The fasting
blood glucose concentration of each subject was
checked on the day of the examination to ensure that it
was normal. If the subjects reported gastrointestinal
symptoms (diarrhea or constipation) on the day of the
study, the examination was postponed. The test meal
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consisted of 300 g rice pudding (Goda Groten Risgryns-
grot; Lantménnen AXA, Jdrna, Sweden). The total calo-
ric value of the meal was 330 kcal: 10% from protein (9
g), 58% from carbohydrates (48 g) and 32% from fat (12
g). The meal was ingested within 5 min.

The gastric emptying rate (GER) was estimated using
an ultrasound method described in detail previously
[18]. The sonographic examination was performed with
a 3.5 MHz abdominal transducer (Acuson Sequioa 512,
Mountain View, CA), and an imaging system (Siemens
Elegra, Siemens Medical Solutions, Mountain View,
CA). Measurements of the gastric antrum were per-
formed by a single observer. The abdominal aorta and
the left lobe of the liver were used as internal landmarks
in each measurement of the gastric antrum. The sub-
jects were examined in the supine position, and not
allowed to sit up between examinations. Measurements
were made 15 and 90 min after the meal had been con-
sumed, and the GER was expressed as the percentage
change in the antral cross-sectional area between these
two measurements. At each examination, the longitudi-
nal and anteroposterior diameters were measured three
times, and the mean values were used to calculate the
cross-sectional area of the gastric antrum. The GER (%)
was calculated using the following equation:

GER = (1 — (Antrum area 90 min /Antrum area 15 min)) x 100

Transthoracic echocardiography examinations were
performed with a Sonos 5500 ultrasound system (Phi-
lips, Andover, MA, USA) in the left lateral position,
after 15 minutes’ rest. On the day of the study, an initial
examination was performed to rule out any cardiac dys-
function. A single observer performed all echocardiogra-
phy measurements three times on separate cardiac
cycles, and the mean values were used in the analyses.
TDI of the septal (s) and lateral (1) mitral annulus was
obtained from the apical four-chamber view, in accor-
dance with current guidelines [19]. Peak systolic (S’),
early (E’) and late (A’) mitral annular diastolic velocities
were measured. The LV SV was measured, and the LV
CO was calculated according to current guidelines
[20,21]. All TDI measurements were performed under
respiratory arrest after an end-expiration. The blood
pressure and echocardiogram were measured before the
meal (0 min) and 30, and 110 min after the start of the
meal.

Venous blood samples were taken before and 15, 30,
45, 60, 90, and 120 min after the start of the meal to
measure blood glucose and plasma insulin levels. Blood
glucose concentrations were measured with the Hemo-
Cue Glucose system (HemoCue AB, Angelholm, Swe-
den). The precision of the HemoCue Glucose system
was better than 0.3 SD from 0 mmol/L to 22.2 mmol/L.
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Insulin concentrations were measured using an immu-
noassay with an alkaline phosphatase conjugate (Access
Ultrasensitive Insulin, Beckman-Coulter AB, Bromma,
Sweden). The sensitivity of the insulin immunoassay was
0.03 mUnit/L (mU/L), and the intra-assay coefficient of
variation was below 10% from 0.03 mU min/L to 300
mU/L.

A validated satiety scoring scale was used according to
the method of Hauber et al.,, based on a scoring system
from -10 (extreme hunger) to +10 (extreme satiety) [22].
Satiety scores were estimated before the meal (0 min) and
15, 30, 45, 60, 90 and 120 min after the start of the meal.

All subjects gave their written informed consent. The
study was approved by the Ethics Committee of Lund
University, and performed according to the Helsinki
Declaration. The trial is registered in the US National
Library of Medicine with the trial registration number
NCT01027507.

Results are given as mean values and the SEM unless
otherwise stated. The areas under the curves (AUCs)
were calculated for blood glucose and insulin concentra-
tions, satiety, CO, HR, SV, systolic and diastolic blood
pressure, S’s, S’l, E’s, E’l, A’s, and A’l in each subject
using GraphPad Prism software (version 4; GraphPad,
San Diego, CA). All other statistical calculations were
performed in SPSS for Windows version 14.0, 2005
(SPSS Inc., Chicago IL, USA). The changes in levels of
blood glucose, plasma insulin and satiety were calculated
as the difference between levels before the meal (fasting
value) and 30 and 120 min after the start of the meal.
The changes in HR, SV, CO, systolic and diastolic blood
pressure, S’s, S’1, E’s, E'l, A’s, and A’l were calculated as
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the difference between levels before the meal (fasting
value) and 30 and 110 min after the start of the meal.
To determine whether the meal affected a given para-
meter, the baseline value was compared with the 30 min
and 120 min postprandial value using the Wilcoxon t-
test. The postprandial values at 30 min and 120 min
were also compared using the Wilcoxon t-test. Possible
correlations between CO, HR, SV, systolic blood pres-
sure, diastolic blood pressure, S’s, ', E’s, E'l, A’s, A’],
blood glucose level, plasma insulin level, GER, and sati-
ety were analyzed with Pearson’s correlation. Values of
P < 0.05 were considered significant.

Results

Postprandial glucose and insulin responses

The glucose level at 30 min was significantly higher than
the baseline value (P = 0.003), and the value at 120 min
(P = 0.000) (Figure 1). The insulin levels at both 30 min
and 120 min were significantly higher than the baseline
value (P = 0.000). The insulin level at 30 min was signif-
icantly higher than at 120 min (P = 0.000) (Figure 1).

Gastric emptying rate

The mean value of the antral cross-sectional area was
significantly larger 15 min after the end of the meal
than 90 min after the meal (667 + 48 mm? vs. 384 + 41
mm?, P = 0.000). The mean value of the GER after the
meal was estimated to be 43 + 4%.

Satiety
The satiety 30 min after the meal was significantly
higher than the baseline value (P = 0.000). The satiety
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Figure 1 The mean (+ SEM) blood glucose (left) and serum insulin (right) concentrations in 23 healthy subjects after the ingestion of
a meal consisting of rice pudding. ‘a’ denotes a significantly different value in the postprandial phase compared to fasting, according to the
Wilcoxon t-test (P < 0.05). ‘b’ denotes a significantly different value in the postprandial phase at 30 min compared to 120 min, according to the
Wilcoxon t-test (P < 0.000).
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subjects after the ingestion of a meal consisting of rice
pudding. ‘a’ denotes a significantly different value in the
postprandial phase compared to fasting, according to the Wilcoxon
t-test (P < 0.000). ‘b’ denotes a significantly different value in the
postprandial phase at 30 min compared to 120 min, according to
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120 min after the meal was significantly lower than at
30 min (P = 0.000) (Figure 2).

Cardiovascular parameters

The S’ at 30 min was significantly higher than the base-
line value (P = 0.016). The E’l at 30 min was significantly
higher than at baseline (P = 0.038), and at 110 min (P =
0.003). The A’s at 30 min was significantly higher than at
baseline (P = 0.001), and at 110 min (P = 0.006). The A’l
at baseline was significantly lower than at 30 min (P =
0.000), and at 110 min (P = 0.005). The A’l at 30 min
was significantly higher than at 110 min (P = 0.041)
(Figure 3). The CO at 30 min was significantly higher
than the fasting and at 110 min (both P = 0.000). The HR
at 30 min was significantly higher than fasting and at
110 min (P = 0.009 and P = 0.002, respectively). The SV
at 30 min was significantly higher than fasting and at
110 min (both P = 0.000). The SV at 30 min was signifi-
cantly higher than at 110 min (P = 0.003) (Figure 4). The
systolic blood pressure at fasting, at 30 min and at
110 min was not significantly different. The diastolic
blood pressure at 30 min was significantly lower than the
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Figure 3 Mean values (+ SEM) of S’s, S'l, E’s, E'l, A’s, and A’l in 23 healthy subjects after the ingestion of a meal consisting of rice
pudding. ‘a’ denotes a significantly different value in the postprandial phase compared to fasting, according to the Wilcoxon t-test (P < 0.05). ‘b’
denotes a significantly different value in the postprandial phase at 30 min compared to 120 min, according to the Wilcoxon t-test (P < 0.05).
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Figure 4 Mean values (+ SEM) of cardiac output, heart rate and stroke volume in 23 healthy subjects after the ingestion of a meal
consisting of rice pudding. ‘a’ denotes a significantly different value in the postprandial phase compared to fasting, according to the Wilcoxon
t-test (P < 0.05). ‘b’ denotes a significantly different value in the postprandial phase at 30 min compared to 120 min, according to the Wilcoxon

fasting and at 110 min (P = 0.000, P = 0.026, respec-
tively). The diastolic blood pressure at 30 min was signifi-
cantly lower than at 110 min (P = 0.001) (Figure 5).

Correlations

At 30 min there was a significant correlation between E’l
and glucose level (P = 0.036, r = -0.44) and antrum area
at 15 min (P = 0.000, r = -0.67). At 30 min there was
also a significant correlation between the E’s and satiety
(P = 0.028, r = -0.45). A significant correlation was
found between E’l at 110 min and antral area at 90 min
(P = 0.020, r = -0.48), and between E’s at 110 min and
GER (P = 0.042, r = -0.43). There was a significant cor-
relation between the change in A’s at 30 min and the
change in satiety (P = 0.008, r = -0.54). There was also a
significant correlation between the change in A’s at 110
min and the change in insulin level (P = 0.029, r =
-0.47). A significant correlation was found between the
change in E’s at 110 min and GER (P = 0.006, r =

-0.55). There was significant correlation between the
glucose AUC at 30 min and the AUC for E’l at 30 min
(P =0.029, r = -0.46). A significant correlation was also
found between the satiety AUC at 120 min and the
AUC for S'1 at 110 min (P = 0.049, r = 0.41). There was
significant correlation between the satiety AUC at 30
min and the AUC for HR at 30 min and the AUC for
the diastolic blood pressure at 30 min (P = 0.028, r =
-0.46; P = 0.021, r = -0.48, respectively). A significant
correlation was found between the insulin AUC at 120
min and HR at 110 min (P = 0.023, r = -0.48).

Discussion

The purpose of this study was to measure the postpran-
dial changes in LV longitudinal, systolic and diastolic
functions, using TDI, and to investigate possible correla-
tions to GER, satiety, and glucose and insulin concentra-
tions in healthy subjects. Our hypothesis was that an
intake of food would change LV function, and that this
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change would be related to postprandial changes in glu-
cose and insulin levels, the antral area of the stomach or
satiety. In this study, postprandial values of S’s, S'l, E’l,
A’s, and A’l, increased significantly and concomitantly
with increases in glucose and insulin levels, antral area,
and satiety. LV contractions result in shortening of both
the short and long axes of the left ventricle. The longi-
tudinal movement of the left ventricle has been shown
to be correlated with the LVEF [12]. Since mechanical
myocardial activity and regional functions result in the
ejection of blood, it is not surprising that the longitudi-
nal systolic function, as measured as tissue velocity, also
increases postprandially. Previous studies have shown
that the ingestion of a meal increases the CO, HR, and
SV [23-25] and decreases diastolic blood pressure [26].
This is in concordance with the results in present inves-
tigation which showed that postprandial CO, HR and
SV increased. Diastolic blood pressure decreased and no
change was observed for systolic blood pressure. The
satiety was correlated to HR and diastolic blood pres-
sure. The insulin level was also correlated to postpran-
dial changes in HR.

The autonomic innervation of the heart and stomach
is divided into the parasympathetic and sympathetic sys-
tems. Sympathetic stimulation increases heart rate (posi-
tive chronotropy), inotropy and conduction velocity
(positive dromotropy), whereas parasympathetic stimula-
tion of the heart has the opposite effects. Changes in
HR variability and blood pressure may reflect changes in
the balance between the sympathetic and parasympa-
thetic nervous systems. Postprandial hemodynamic
changes could be mediated by the innervation of the
heart. The vagus nerve mediates the adaptive relaxation

of the proximal stomach, the fundic-antral co-ordination
(by controlled delivery of the food from the fundus into
the antrum), and the peristaltic contractions of the distal
stomach after a meal [27]. The endocrine system, the
autonomic nervous system and the antral area have
been shown to be important in the control of satiety
and hunger [28-33]. In our study, the ingestion of food
led to a decrease in the diastolic blood pressure, without
affecting the systolic blood pressure. The postprandial
satiety was correlated to the HR and diastolic blood
pressure. Previous studies have shown that gastric dis-
tension influences blood pressure, probably due to acti-
vation of the gastrovascular reflex in patients with
autonomic failure [34-36], and in older healthy subjects
[37]. However, the systolic blood pressure was not
affected in healthy adolescents [35].

Postprandial changes in heart activity may be influ-
enced by changes in glucose and hormonal signals. It is
known that insulin has hemodynamic effects, such as
positive chronotropic and inotropic effects on the heart
[38]. In this study the postprandial insulin level was cor-
related to the HR. To the best of our knowledge, the rela-
tions between increasing antral area, gastric emptying
rate, and satiety on postprandial changes in LV function
measured with TDI, have not been studied previously. In
this study, the antral cross-sectional area at 15 and 90
min was not correlated to the postprandial changes in E’l,
while the GER was correlated to E’s. This study shows
that postprandial changes in glucose levels are correlated
to E’l, and that the insulin level is correlated to A’s. Intra-
venous insulin administration has previously been
reported to increase the CO before any significant
decrease in glucose levels was seen in healthy subjects
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[39,40]. The endocrine system, the autonomic nervous
system and the antral area have been shown to be impor-
tant in the control of satiety and hunger [28-33]. We
found that satiety was correlated to E’s, S’ and A’s.
Therefore, it appears that postprandial glucose and insu-
lin levels, and antral distention may play a role in the
postprandial hemodynamic response of the heart. It is
reasonable to suggest that the changes observed are
partly related to the increased heart work and subsequent
changes in loading conditions. The exact mechanisms for
these relationships remains, however, undermined and
represent an area for future investigations.

A limitation of the present study was the fact that it
was not possible to perform the echocardiography or
gastric empting examinations at the same time, or
blinded to the state of food intake. However, both mea-
surements were performed by a single observer thereby
avoiding intra-observer variability. The echocardiogra-
phy examinations were stored digitally and analyzed
later in random order in an attempt to avoid bias.

Conclusions

This study shows that both postprandial LV global and
longitudinal function increase concomitantly with
increased satiety, antral area, and glucose and insulin
levels. Patients should therefore not eat prior to or dur-
ing cardiac evaluation because the effects of a meal may
affect the results and their interpretation.
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