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Abstract

Muscle microvascular surface area determines substrate and hormonal exchanges between plasma
and muscle interstitium. GLP-1 (glucagon-like peptide-1) regulates glucose-dependent insulin
secretion and has numerous extrapancreatic effects, including a salutary vascular action. To
examine whether GLP-1 recruits skeletal and cardiac muscle microvasculature in healthy humans,
26 overnight-fasted healthy adults received a systemic infusion of GLP-1 (1.2 pmol/kg of body
mass per min) for 150 min. Skeletal and cardiac muscle MBV (microvascular blood volume),
MFV (microvascular flow velocity) and MBF (microvascular blood flow) were determined at
baseline and after 30 and 150 min. Brachial artery diameter and mean flow velocity were
measured and total blood flow was calculated before and at the end of the GLP-1 infusion. GLP-1
infusion raised plasma GLP-1 concentrations to the postprandial levels and suppressed plasma
glucagon concentrations with a transient increase in plasma insulin concentrations. Skeletal and
cardiac muscle MBV and MBF increased significantly at both 30 and 150 min (P < 0.05). MFV
did not change in skeletal muscle, but decreased slightly in cardiac muscle. GLP-1 infusion
significantly increased brachial artery diameter (P < 0.005) and flow velocity (P = 0.05) at 150
min, resulting in a significant increase in total brachial artery blood flow (P < 0.005). We conclude
that acute GLP-1 infusion significantly recruits skeletal and cardiac muscle microvasculature in
addition to relaxing the conduit artery in healthy humans. This could contribute to increased tissue
oxygen, nutrient and insulin delivery and exchange and therefore better prandial glycaemic control
and tissue function in humans.
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INTRODUCTION

GLP-1 (glucagon-like peptide-1), a major incretin produced by intestinal L-cells in response
to nutrient ingestion, regulates postprandial glucose levels through glucose-dependent
insulin secretion, delayed gastric emptying and suppression of glucagon secretion [1,2]. In
patients with T2DM (Type 2 diabetes mellitus), the secretion of GLP-1 has been reported to
be diminished [3-6], but its biological actions are largely preserved [7]. As a result, GLP-1-
based therapies have emerged as major therapeutic options for patients with T2DM.

In addition to its well-characterized glycaemic actions, studies in both animals and humans
have repeatedly demonstrated a beneficial action of GLP-1 in improving endothelial
function [8-10]. Infusion of GLP-1 into Dahl salt-sensitive rats attenuated the development
of hypertension, reduced proteinuria and improved vasodilatory response to Ach
(acetylcholine) [11]. In healthy humans, infusion of GLP-1 increased Ach-induced
vasodilatation (independent of alterations in blood levels of glucose and insulin) without
changing the vasorelaxant response to nitroprusside, probably via the NO pathway involving
KaTp channels [12]. In patients with T2DM and stable coronary artery disease, infusion of
GLP-1 ameliorates endothelial dysfunction as made evident by improved flow-mediated
dilatation [10]. The molecular pathway(s) activated by GLP-1 in endothelial cells remains to
be defined. Studies using rat arterial rings have shown a direct dose-dependent vasorelaxant
effect of GLP-1 which was abolished by removal of the endothelium, confirming the
endothelial dependence of GLP-1-mediated vasodilation [13]. Similarly, inhibition of NO
production with L-NAME (N C-nitro-L-arginine methyl ester) abolishes the vasorelaxant
effect of GLP-1 on rat pulmonary arteries [14]. Multiple in vitro studies using cultured
endothelial cells have also shown that GLP-1 can directly activate NOS (NO synthase) [15-
18]. Taken together, there is strong evidence that GLP-1 exerts its NO-dependent
vasodilatory effect by a direct action on the endothelium. This is not surprising as GLP-1
receptors are abundantly expressed on the vascular endothelium [10].

We have reported recently that GLP-1 infusion acutely relaxes pre-capillary arterioles to
recruit skeletal muscle microvasculature and increase muscle perfusion, probably via PKA
(protein kinase A)-mediated eNOS (endothelial NOS) activation [15,16]. This was
associated with an increase in muscle delivery of insulin and muscle interstitial oxygenation
[15,16]. These findings are important in that tissue microvasculature (including pre-capillary
arterioles, capillaries and venules) regulates tissue energy metabolism and function as it
provides the needed exchange surface area for tissue delivery of oxygen and nutrients as
well as hormones, such as insulin, and the removal of metabolic waste [19,20]. Whether
GLP-1 increases muscle microvascular perfusion in humans has not been studied.

In the present study we infused GLP-1 systemically to raise the plasma GLP-1 concentration
to the level seen postprandially and examined microvascular as well as conduit artery
responses in healthy humans. Our results indicate that GLP-1 infusion potently recruits
microvasculature in both skeletal and cardiac muscle in addition to increasing brachial artery
diameter, flow velocity and total blood flow.
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MATERIALS AND METHODS

Human subjects and study protocol

Healthy young volunteers (18-35 years of age) were screened at the University of Virginia
Clinical Research Unit. Comprehensive metabolic panels, complete blood counts, lipid
profiles and pregnancy tests (if female) were measured, vital signs, weight and height
obtained and BMI (body mass index) calculated. Exclusion criteria included BMI <18 or
>25 kg/m?, diabetes mellitus, hyperlipidaemia, hypertension or hypotension [BP (blood
pressure) <100/60 mmHg], first-degree relative with T2DM, smoking, use of medications or
supplements that affect vascular function (angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, statins, fibrates, fish oil, vitamins E and C, aspirin, and
others), history of congestive heart failure, ischaemic heart disease, severe pulmonary
disease, liver disease, kidney disease, presence of intracardiac or intrapulmonary shunt, or
known hypersensitivity to perflutren.

The study protocol was carried out in accordance with the Declaration of Helsinki (2013) of
the World Medical Association and approved by the University of Virginia Institutional
Review Board. Written informed consent was obtained from each subject at the screening
visit.

A total of 26 healthy subjects (ten male/16 female; mean years of age, 23.5+0.5; mean BMI,
21.8+0.4 kg/m?) completed the study protocol. After the initial screening, subjects returned
for a second outpatient visit where they underwent a treadmill -, max (maximum oxygen
uptake) test using the Bruce protocol as well as measurement of body composition (Bod-
Pod™).

Subjects were then admitted to the Clinical Research Unit after refraining from exercise and
caffeine for 24 h and undergoing a fast that started at 20:00 the night before and continued
until the end of the study session the next day. Female subjects had a negative urine
pregnancy test before the study. On the day of the study, venous access was obtained at the
antecubital fossa for GLP-1 and microbubble infusion and distal forearm for blood
sampling. After obtaining baseline blood samples for glucose, insulin, GLP-1 and glucagon
measurements, brachial artery diameter and blood flow velocity were obtained as described
previously [21]. Colour Doppler imaging was then performed by a certified cardiac
sonographer to evaluate for cardiac shunts. Once a cardiac shunt was ruled out, skeletal and
cardiac muscle MBV (microvascular blood volume), MFV (microvascular flow velocity)
and MBF (microvascular blood flow) were determined using CEU (contrast-enhanced
ultrasound)/MCE (myocardial contrast echocardiography) as described previously [21-24].
A systemic infusion of GLP-1 was started at 1.2 pmol/kg of body mass per min and
continued for a total of 150 min. At the rate selected, plasma GLP-1 concentrations have
been shown to improve endothelial function in healthy humans [12] and normalize blood
glucose in patients with T2DM [25], without inducing a significant increase in insulin
secretion [26]. CEU and MCE measurements were repeated after 30 and 150 min. Brachial
artery diameter and blood flow velocity were measured again at 150 min. Blood samples for
glucose and insulin were measured every 30 min and for glucagon and GLP-1 after 30 and
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150 min. We did not infuse saline as previous studies have confirmed that saline infusion
does not significantly alter muscle microvascular perfusion [27,28].

Determination of brachial artery diameter, blood flow velocity and blood flow

Brachial artery diameter and blood flow velocity were determined using a SONOS 7500
ultrasound system and an L11-3 linear array transducer (Philips Medical Systems) with a
transmit frequency of 7.5 MHz to allow 2D imaging of the brachial artery in the long axis as

described previously [21,22]. Brachial artery blood flow (¢)) was calculated from the

averages of three diameter (d) and velocity (v) measurements using the equation ¢) = v x
(d/2)2.

Determination of microvascular parameters in the skeletal and cardiac muscle

CEU and MCE were performed using a SONOS 7500 ultrasound system and an S3 phased
array transducer (Philips Medical Systems) with the subject lying in the left decubitus
position as described previously [21,22]. The contrast agent, octafluoropropane gas-filled
lipid microbubbles (Definity®; Lantheus Medical Imaging), was infused systemically to
trace the microvasculature. Once the microbubble concentrations reached steady-state in the
circulation, usually within 2-3 min, three images were captured at each pulsing interval
ranging from one to eight cardiac cycles in the caroiac muscle microvasculature (mechanic
index, 0.8) and one to 20 cardiac cycles in the skeletal muscle microvasculature (mechanic
index, 1.5). Cardiac imaging included the two-, three- and four-chamber views and the
fcrearm muscle imaging was performed in a transaxial plane 5 cm distal to the antecubital
fossa. Data was recorded digitally and analysed using the QLAB software (Philips Medical
Systems) as described previously [21,22]. MBF was derived from the product of MBV and
MFV (i.e. MBF=MBVxMFV).

Biochemical analysis

Compre nsive metabolic panels, complete blood counts, lipid profiles and pregnancy tests
were assayed at the University of Virginia Clinical Chemistry Laboratory. Plasma glucose
was measured using a YSI glucose analyser (Yellow Spring Instruments). Plasma total
GLP-1 concentrations were measured using a Millipore ELISA kit. Plasma insulin levels
were determined using a Siemens Healthcare Diagnostics Immulite 2000 random access
analyser and glucagon levels were quantified using a Millipore Glucagcn RIA kit (catalogue
number GL-32K) at the University of Viiginia Center for Research in Reproduction Ligand
Assay and Analysis Core Laboratory. The QUICKI (quantitative insulin sensitivity check
index) was calculated as 1/[log(fasting insulin micro-units/ml) + log(fasting glucose mgdl)]
(29).

Statistical analysis

The principal end points were the changes in myocardial and skeletal muscle microvascular
parameters and the brachial artery parameters. All results are means+S.E.M. Comparisons
were made between baseline and after 30 and 150 min using ANOVA or paired Student's t
test where appropriate and Pearson's correlation testing was performed (SPSS Statistics for
Windows, Version 21.0). P < 0.05 was considered statistically significant.
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RESULTS

Subject characteristics and biochemical profiles

Table 1 shows the clinical characteristics of all 26 study participants. All subjects had a
normal BJIVfl and were normotensive with normal plasma lipid levels. GLP-1 infusion did
not change either systolic BP (110+2 compared with 111+2 mmHg, 0 min compared with
150 min; P = 0.83) or oxygenation (determined using pulse oximetry; 98.9 +0.3% compared
with 98.5 +0.3%, 0 min compared with 150 min; P = 0.08) throughout the present study. It
did slightly increase the heart rate (57 +2 compared with 612 beats/min, 0 min compared
with 150 min), which, although small, was statistically significant (P = 0.003). It also
decreased diastolic BP slightly although at statistical significance (68 +1compared with 64
+1 mmHg, 0 min compared with 150 min; P = 0.03).

The GLP-1 infusion-induced changes in plasma insulin, glucose, glucagon and GLP-1
concentrations are shown in Table 2. GLP-1 infusion increased total GLP-1 3-fold to the
levels seen postprandially after carbohydrate ingestion [30]. This was associated with a
statistically significant decrease in plasma glucose concentrations at 30 min, which remained
low during the entire study. When plasma insulin levels for the 26 subjects were compared,
there was a small, but statistically significant, increase from baseline after 30 (P < 0.005),
120 (P < 0.05) and 150 (P < 0.05) min. We also measured plasma insulin levels in six
subjects after 10 minand found them tobe 4-foldthe baseline valres (P < 0.05); however,
they returned promptly back to close to baseline after 30 min. Plasma glucagon levels
decreased significantly at both 30 (P < 0.005) and 150 (P < 0.05) min when compared with
the baseline.

GLP-1infusion significantly increased brachial artery blood flow

A previous study has shown that GLP-1 at the same infusion rate as used in the present
study increased fcrearm total blood flow by 30% [12]. To examine whether this increase in
total blood flow was secondary to changes in brachial artery diameter and/or flow velocity,
we quantified these parameters before and after GLP-1 infusion. Systemic infusion of
GLP-1 significantly increased both brachial artery diameter (3.62+0.10 mm compared with
3.84 +£0.12mm, baseline canpared with 150 min, P < 0.005) and brachial artery flow velocity
(8.64 £0.62 compared with 9.96 +0.50 emfs, baseline canpared with 150 min, P = 0.05. As a
result, brachial artery blood flow increased by ~30% (55.1 £5.4 ml/min compared with 70.5
+6.0 ml/min, baseline compared with 150 min, P < 0.005).

GLP-1 infusion significantly recruited skeletal muscle microvasculature

Figure 1 shows the changes in skeletal muscle microvascular parameters during GLP-1
infusicn. Two subjects were excluded from the analysis due to poor image quality. GLP-1
infusion promptly increased skeletal muscle MBV (~36%; P < 0.001) after 30 min, which
remained elevated at 150 min (~43%; P < 0.001). There was no significant chan in muscle
MFV during GLP-1 infusion (0.42+0.01 compared with 0.40 £0.01 1/s, 0 min compared
with 150 min; P = 0.15). As a result, GLP-1 infusion led to a significant increase in muscle
IBF at both 30 min (~26 %; P < 0.001) and 150 min (~32%; P < 0.001).
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GLP-1 infusion significantly increased cardiac muscle MBV and MBF

Figure 2 shows GLP-1-induced changes in cardiac microvascular parameters. One subject
was excluded from the analysis due to poor image quality. GLP-1 infusion significantly
increased cardiac muscle MBV by ~53% (P < 0.001) after 30 min and by ~57% (P < 0.001)
after 150 min when compared with the baseline. These changes were associated with a
small, but significant, decrease in cardiac MFV (P < 0.001). Overall, cardiac MBF increased
by ~48%(P < 0.001) after 30 min and by ~47% (P < 0.001) after 150 min of GLP-1
infusion.

Correlation analysis

We finally conducted multiple regression analyses to assess whether the patient
characteristic sand the conduit artery response to GLP-1 were related to the responses to
GLP-1 in the skeletal or cardiac muscle microvasculature. As shown in Table 3, the
percentage body fat correlated negatively and lean body mass positively with skeletal
muscle MBV, whereas age, y-» max and QUICKI had nocorrelationwith skeletal muscle
MBV. As for cardiac muscle MBV, only QUICKI correlated positively at baseline and after
150 min. Changes in brachial artery diameter did not correlate with either skeletal muscle or
cardiac muscle MBYV at any time points. The absolute decrease in plasma glucose levels
after 30 min correlated positively with lean body mass (r = 0.38; P = 0.03) and changes in
brachial artery diameters (r = 0.39; P = 0.03), but not with the MBV values in either the
skeletal or cardiac microvasculature.

DISCUSSION

The results of the present study demonstrate that GLP-1, when infused acutely at levels seen
postprandially, exerts a potent vasodilatory action on both conduit artery and pre-capillary
arterioles in healthy humans as indicated by increased brachial artery diameter and blood
flow and skeletal and cardiac muscle microvascular recruitment. Although this observation
was made in healthy humans, we speculate that GLP-1 is able to act on the microvasculature
in subjects with obesity and insulin resistance, with or without diabetes, as the biological
actions of GLP-1 are laigely preserved in patients with diabetes [7]. Our findings are
physiologically and clinically important and suggest that GLP-1 not only contributes to
glycaemic control, but also plays a significant role in maintaining endothelial, and thus,
vascular health and tissue function; both aspects are particularly important in patients with
T2DM as they exhibit hyperglycaemia and are prone to cardiovascular complications.

The positive effects of GLP-1 on the cardiovascular system have been observed frequently
in both animals and humans [11,18,31-33]. Our observaticn of increased
brachialarterydiameter and total brachial blood flow during GLP-1 infusion clearly indicates
a vasodilatory effect on the conduit artery. This is consistentwith aprevious report which
showed that systemic infusion of GLP-1 at the same infusion rate as the present study
increased total forearm blood flow by 30% (measured by plethysmography) and flow
responses toacetylcholire [12]. Feeding healthy humans a mixed meal similarly increased
brachial artery diameter and blood flow [34]. As dilation of the conduit arteries increases
total blood flow to tissues/organs and coronary MBF increased significantly in the present
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study, it is very probable that total coronary blood flow may have also increased during
GLP-1 infusion in the present study.

Similar to our previous reports that GLP-1 acutely and potently recruits muscle
microvasculature in rats [15,16], we observed in the present study that GLP-1 recruited
microvasculature in both skeletal and cardiac muscle. This is particularly physiologically
relevant as the GLP-1 infusicn rate (1.2 pmol/kg of body mass per min) used in humans is
much lower than that used in animal studies (30 pmol/kg of body mass per min). Whether at
these concentrations GLP-1 also exerts its microvascular action via the PKAJNO-mediated
pathway in humans, similar to our rat studies [15,16], remains to be determined. However,
the present study does suggest strongly that in humans GLP-1 regulates prandial glycaemia
probably via at least three distinct, yet inter-related, actions: stimulation of glucose-
dependent insulin secretion, inhibition of glucose-dependent glucagon secretion, and
microvascular recruitment with increased insulin delivery to and thus action in muscle.

In addition to increasing tissue delivery of insulin, a major function of the microvasculature
is to regulate the oxygen supply of tissues. Thus our findings that GLP-1 infusion potently
recruits skeletal and cardiac muscle microvasculature are of great clinical importance.
Patients with T2DM tend to have atherosclerotic complications such as coronary
atherosclerosis and peripheral arterial diseases, two conditions that cause significant
morbidity and mortality in this patient population by limiting the tissue supply of nutrients,
oxygen and hormones. We have shown in skeletal muscle that expansion of the muscle
microvascular endothelial area by microvascular recruitment markedly increases tissue
glucose use and interstitial oxygen saturation [15,35]. In the setting of limited tiss total
blood flow, as seen in patients with atherosclerotic diseases, a small increase in tissue MBV
could significantly improve tissue oxygen supply and thus function. Indeed, during low-flow
ischaemia, GLP-1 enhanced functional recovery and increased ccronary blood flow and
myocardial uptake of glucose in a Langendorff-perfused rat heart preparation [36].
However, this remains to be examined in humans.

The acute decrease (small but statistically significant) in plasma glucose concentrations at
30 min is rather intriguing. This was probably secondary to a combination of transient
increase in insulin secretion, inhibition of glucagon secretion and increased tiss use of
glucose due to microvascular recruitment. As insulin has been repeatedly shown to acutely
recruit muscle microvasculature in healthy humans (21,23,27,37,38), we cannot entirely rule
out the possibility that insulin has contributed to our observed microvascular recruitment.
However, this small and brief increase in plasma insulin concentration may have only
minimally contributed to our observation as insulin concentrations promptly returned almost
back to the baseline and previous evidence has demonstrated that insulin-mediated
microvascular recruitment persisted for only 15-30 min after insulin concentrations returned
back to basal levels [39]. In addition, in humans raising plasma insulin concentrations to ~
200 pM only increases muscle MBV by ~ 30 % [22]. Furthermore, a previous study has
suggested that GLP-1 probably increases muscle glucose uptake independent of its ability to
enhance insulin secretion [40]. Basu et al. [12] clearly demonstrated a salutary vasorelaxant
effect on brachial artery during acute GLP-1 infusion when endogenous secretions of insulin
and glucagon were inhibited by continuous infusion of somatostatin. Taken together, the
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results of the present study strongly suggest that the increase in skeletal and cardiac muscle
microvascular perfusion observed during GLP-1 infusion resulted from an effect of GLP-1
at least partially after 30 min and entirely at 150 min.

During GLP-1 infusion, plasma glucose concentrations decreased with a nadir of 4.1 mM.
However, it is unlikely that this decrease in glycaemia induced a significant catecholamine
response as our subjects remained asymptomatic, heart rates only increased by 4 beats/min
and systolic BP did not change. In addition, systemic infusion of adrenaline (epinephrine)
does not alter MBV despite increasing femoral artery blood flow in rats [41], and during
euglycaemic hyperinsulinaemia in lean healthy humans blockade of f-adrenergic receptors
does not alter insulin-induced increase in muscle blood flow [42].

Our observation of a small, but significant, increase in heart rate during GLP-1 infusion is
similar to a previous report that infusion of GLP-1 in patients with chronic compensated
heart failure resulted in a 2 beats/min increase in heart rate [43]. This may reflect the
chronotropic effect of GLP-1 receptor activation [44] and/or feedback from MBV expansion
and is unlikely to explain the 30-50 % increase in muscle or cardiac MBV observed in the
present study.

In conclusion, acute GLP-1 infusion in healthy humans resulted in skeletal and cardiac
muscle microvascular recruitment as well as an increase in brachial artery diameter and
blood flow. As increased total blood flow to tissue and larger microvascular endothelial
surface area are associated with improved tissue delivery of oxygen, nutrients and insulin,
the results of the present study strongly suggest that GLP-1 receptor-mediated vascular
actions could contribute to the glycaemic effect of GLP-1 receptor agonists used to treat
T2DM and may help decrease the cardiovascular morbidity and mortality associated with
T2DM.
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Ach acetylcholine

BMI body mass index

BP blood pressure

CEU contrast-enhanced ultrasound
GLP-1 glucagon-like peptide-1
MBF microvascular blood flow
MBV microvascular blood volume
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MCE myocardial contrast echocardiography

MFV microvascular flow velocity

NOS

nitric oxide synthase

PKA protein kinase A

QUICKI quantitative insulin sensitivity check index

T2DM Type 2 diabetes mellitus

1702 max maximum oxygen uptake
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CLINICAL PERSPECTIVES

The vascular endothelium expresses abundant GLP-1 receptors and GLP-1 has
been shown to exert beneficial cardiovascular actions in both humans and
laboratory animals in addition to its well-known effects on the pancreatic islets.

The present study shows that acute GLP-1 infusion in healthy humans resulted
in skeletal and cardiac muscle microvascular recruitment as well as an increase
in brachial artery diameter and blood flow.

These findings are of physiological as well as clinical importance as
microvasculature controls the delivery of oxygen, nutrients and hormones into
tissue and their exchanges between plasma and tissue interstitium by providing
endothelial exchange surface area. These GLP-1 receptor-mediated vascular
actions could contribute to the glycaemic effect of GLP-1 receptor agonists used
to treat T2DM and may help decrease the cardiovascular morbidity and
mortality associated with T2DM.
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Figure 1. GLP-1 infusion significantly increased skeletal muscle MBVand MBF
Each subject received a systemic infusion of GLP-1 at 1.2 pmol/kg of body mass per min.

(A) MBV. (B) MFV. (C) MBF. Results are means+S.E.M. *P<0.001, **P<0.04 and

***P<(.008 compared with baseline.
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Figure 2. GLP-1 infusion significantly increased cardiac muscle MBVand MBF
Each subject received a systemic infusion of GLP-1 at 1.2 pmol/kg of body mass per min.

(A) MBV. (B) MFV. (C) MBF. Results are means£S.E.M. #P < 0.001 and ##P< 0.003
compared with baseline.
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Mean subject characteristics Results are means £ S.E.M. (n = 26). HDL, high-density lipoprotein; LDL, low-

density lipoprotein.

Characteristic Value
Age (years) 235+0.5
Sex (male/female) 10/16
Mass (kg) 63.8+2.0
Height (cm) 170.3+1.8
BMi (kg/m?) 21.8+0.4
Body fat (%) 21.2+15
Waist (cm) 73.7+11
Systolic blood pressure (mmHg) 1147 +22
Diastolic blood pressure (mmHg) 65.8+2.1
Total cholesterol (mg/dl) 164.8 +6.1
LDL-cholesterol (mg/dl) 92.8+5.0
HDL-cholesterol (mg/dl) 60.1+2.4
Triacylglycerol (mg/dl) 74756
451+18

V 0, max (ml/kg of body mass per min)
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Plasma concentrations of insulin, glucagon, glucose and GLP-1

Time (min)  Insulin (pM)  Glucagon (pg/ml)  Glucose (mM)  GLP-1 (pM)
0 175+2.1 66.2+2.7 48+01 243+20
10 67.8+17.9% - - -

30 247317 60.0+26" 41+01" 69.7 £3.3"
60 21.8+27 - 43+01° -

90 209£3.0 - 14401 -

120 236+39% - 45+0.1" -

150 221+30%  618+30% 42202 75.1+25"

Results are means + S.E.M.

#P <0.05

*
P < 0.005 compared with zero time.
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Table 3
Correlation analysis
V O,max (ml/kg of body
MBV Age (years) Body fat (%) Lean mass (kg) mass per min) QUICKI  AGIU( 3y
Skeletal muscle
0 min -0.08 047 0.38% 0.36 0.24 0.24
30 min 0.18 48" 0.41#t# 0.25 -0.04 0.31
150 min -0.08 06 067" 0.12 -007 032
Cardiac muscle
0 min 0.06 -0.16 0.26 -0.02 0.45A -0.18
30 min 0.11 -0.06 0.08 -0.18 0.11 -0.12
150 min 0.28 -0.10 -0.18 -0.10 oarftt 033

AGlu(0-30), absolute difference between glucose after 30 min and baseline.

*
P =0.02,

*

*
P =0.001,

#P =0.07,

##P =0.04

AP <0.03.
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