
Abstract

Aims/hypothesis. To test the hypothesis that adipose
tissue lipolysis is enhanced in patients with Type 2 
diabetes mellitus, we examined the effect of exercise
on regional adipose tissue lipolysis and fatty acid mo-
bilisation and measured the acute effects of exercise
on the co-ordination of adipose tissue and splanchnic
lipid metabolism.
Methods. Abdominal, subcutaneous adipose tissue and
splanchnic lipid metabolism were studied by conduct-
ing measurements of arterio-venous concentrations
and regional blood flow in six overweight Type 2 
diabetic subjects before, during and after exercise.
Results. Exercise induced an increase in adipose tissue
lipolysis and fatty acid release. However, the increase
in adipose tissue blood flow was small, limiting fatty
acid mobilisation from this tissue. Some of the fatty
acids were released in excess in the post-exercise
phase. The splanchnic fatty acid uptake was un-

changed during the experiment but splanchnic keto-
genesis increased in the post-exercise phase. The arte-
rial glucose concentration decreased during exercise
and continued to decrease afterwards, indicating an
imbalance between splanchnic glucose production and
whole-body glucose utilisation.
Conclusions/interpretation. Regional subcutaneous,
abdominal adipose tissue lipolysis is no higher in pa-
tients with Type 2 diabetes than in young, healthy sub-
jects. Exercise stimulates adipose tissue lipolysis, but
due to an insufficient increase in blood flow, a high
fraction of the fatty acids liberated by lipolysis cannot
be released to the blood. Splanchnic glucose release 
is smaller than whole-body glucose utilisation during
exercise and post-exercise recovery.
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Introduction

One characteristic of Type 2 diabetes mellitus is dis-
turbances in fatty acid metabolism and glucose metab-
olism. The utilisation of plasma fatty acids is impaired
in obese Type 2 diabetic patients [1] while it seems 
to be normal in non-obese Type 2 diabetic patients
during exercise [2]. When measured at rest, the plas-
ma concentration of fatty acids is usually elevated in
Type 2 diabetic patients. This has in part been as-
cribed to insulin resistance in adipose tissue, which 
results in an increased lipolytic rate because the inhib-
itory effect of insulin on hormone-sensitive lipase ac-
tivity is reduced [3]. The increased fatty acid concen-
tration leads to an increased fatty acid supply to the



liver. It has, moreover, been suggested that fatty acids
play a key role in the regulation of hepatic glucose
metabolism, thereby increasing glucose production
[4]. During exercise, the glucose concentration in
Type 2 diabetic patients decreases steadily, so glucose
production does not match utilisation in this situation,
a fact thought to be due either to an insufficient in-
crease in production [5, 6] or to enhanced utilisation
[7, 8, 9]. During prolonged exercise of moderate in-
tensity, adipose tissue lipolysis and the release of fatty
acids increase in normal healthy subjects [10]. This is
primarily due to an increased sympathetic adrenergic
activity concomitant with reduced insulin concentra-
tions. Furthermore, fatty acid mobilisation is increased
to a greater extent than fatty acid utilisation, leading
to higher arterial fatty acid concentrations. In insulin-
resistant subjects this increase could be intensified,
which would cause an increased supply of fatty acids
to the liver, provided that splanchnic perfusion is not
reduced excessively during exercise.

Only few studies of lipid metabolism in patients
with Type 2 diabetes mellitus have been done during
exercise, and adipose tissue lipid metabolism has to
our knowledge never been measured directly in such
subjects during and post-exercise. Simultaneous mea-
surements of local adipose tissue and splanchnic tis-
sues have also never been done in such patients. To
test the hypothesis, therefore, that adipose tissue lipol-
ysis is enhanced in patients with Type 2 diabetes mel-
litus, we examined the effect of exercise on regional
adipose tissue lipolysis and fatty acid mobilisation and
measured the acute effects of exercise on the co-ordi-
nation of adipose tissue and splanchnic lipid metabo-
lism during exercise and in the post-exercise recovery
period in overweight Type 2 diabetic subjects.

Subjects and methods

Subject characteristics. Six untrained, overweight (android
type) Type 2 diabetic patients (five men, one woman) were
studied. Two of the subjects were being treated with diet alone
and four were being treated with sulfonylurea or metformin.
Both drugs were discontinued for at least 3 days before the
main experiment. The subjects gave their informed consent to
participate in the study, which was conducted according to the
Helsinki Declaration and approved by the local ethics commit-
tee of Copenhagen (project no. KF 11-90/02). Significant car-
diovascular disease was excluded in all subjects by an exercise
stress test. None of the subjects were taking medication affect-
ing triacylglycerol (TAG) or fatty acid metabolism. Anthropo-
metric and metabolic characteristics are given in Table 1.

Measurement of body composition. Body composition was 
determined by dual energy X-ray absorption scanning (Lunar
DPX-IQ, software version 4.6c; Lunar Corporation, Madison,
Wis., USA) using the medium scan mode and extended re-
search analysis.

Determination of peak oxygen consumption. Prior to the exer-
cise experiment the subjects performed a test to determine
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their peak oxygen consumption (VO2,max). They exercised in 
a semi-recumbent position on an electrically braked cycle 
ergometer (Ergometrics er900L, Ergoline, Bitz, Germany). The
initial workload was 30 W, increasing by 30 W every 2 min-
utes until exhaustion. Oxygen uptake and carbon dioxide out-
put were measured continuously with an Oxycon Champion
System (Jaeger, Würzburg, Germany) using facemask and
breath-by-breath technique. A 12-lead ECG was recorded con-
tinuously during the test and brachial blood pressure was mea-
sured every minute by auscultation.

Main experiment. The experiment started in the laboratory 
at 08.00 hours after an overnight fast. A catheter (Artflon;
Ohmeda, Swindon, UK) was inserted into a radial artery of
each subject during local analgesia obtained by local infiltra-
tion of 1.0 ml 1% Lidocain. A subcutaneous, abdominal vein
was catheterised during ultrasound/colour Doppler imaging 
of the vein as described previously [11]. A 22G 10-cm
polyurethane catheter (Ohmeda) was inserted using the
Seldinger technique. The right femoral vein was catheterised
during local analgesia (Lidocain 1%, 5–10 ml), and a poly-
ethylene catheter (outer diameter 2.0 mm) was advanced to a
right-sided hepatic vein and left in position during the rest of
the experiment. Catheterisation was done during fluoroscopic
control. The catheters were kept patent throughout the experi-
ment by continuous infusion of isotonic sodium chloride at a
rate of 40 ml/h. After the catheterisation procedures, a primed
constant infusion of indocyanine green (ICG) (1 mg·170 µg−1

min−1) was begun. When steady-state arterial concentrations of
ICG had been established, a 30-min basal control period be-
gan, in which three blood samples were drawn from the three
catheters to determine basal resting metabolite concentrations.
The subjects were then transferred to the bicycle ergometer
and exercised for 60 minutes at 60% of peak oxygen uptake.
After exercise the subjects were transferred back to the catheri-
sation table where they were studied for another 3 hours during
rest. During the pre- and post-exercise rest periods the subjects
were in the recumbent position.

Whole-body measurements. Whole-body oxygen consumption
and respiratory exchange ratio were measured by a ventilated
hood system (Oxycon) in the pre- and post-exercise resting pe-
riods and by facemask and breath-by-breath technique during
exercise. During the whole experiment continuous measure-
ments of heart rate and intra-arterial blood pressure were per-
formed by an Athena monitor (S&W, Copenhagen, Denmark)
interfaced to the Oxycon Champion system.

Table 1. Anthropometric and metabolic characteristics of sub-
jects studied

Characteristic Mean value Range

Age (years) 63 57–70
Height (cm) 180 171–186
Weight (kg) 101 83–130
Fat (%) 32.4 22.8–47.2
Fat (kg) 33.6 18.9–46.7
BMI 31.0 25.6–38.4
C-peptide (pmol/l) 742 531–2135
HbA1c (%) 7.0 5.1–9.9
Triglycerides (mmol/l) 1.7 0.7–2.9
HDL (mmol/l) 1.6 1.3–1.9
LDL (mmol/l) 3.2 1.9–4.4
VLDL (mmol/l) 0.8 0.3–1.3



654 L. Simonsen et al.:

Blood flow measurements. Blood flow through the abdominal
subcutaneous adipose tissue was measured using a modifica-
tion of the classical 133Xe-washout technique as recently de-
scribed [12]. About 1 MBq 133Xe gas [13] was injected into the
subcutaneous abdominal adipose tissue in the contralateral side
of the catheter position. The washout of 133Xe was measured
by a scintillation counter system strapped to the skin surface
above the region with the 133Xe depot (Oakfield Instruments,
Oxford, UK). The adipose tissue blood flow was calculated
from the washout rate, assuming a tissue/blood partition coeffi-
cient value of 10 ml/ml. Total hepatic blood flow (splanchnic
blood flow) was measured by continuous infusion of ICG [14].
Blood samples for the determination of splanchnic plasma
flow were drawn in triplicates (at 5-min intervals). In the 
middle of these periods blood samples were drawn for the
measurement of metabolite concentrations. The plasma ICG
concentration was determined by spectrophotometry at 805
and 904 nm.

Blood sampling. Blood samples were drawn simultaneously
from the catheters. Three samples were taken in the pre-exer-
cise period and the average of these was used as the pre-exer-
cise basal value. During exercise blood samples were drawn
after 40 and 60 minutes of exercise. In the post-exercise period
blood was drawn every 30 minutes for 3 hours. The blood was
immediately deproteinised or collected in ice-cold vials, and
the plasma was separated by centrifugation at 4 °C. The sam-
ples were stored at −20 °C until analysis.

Analysis of hormone and metabolite concentrations. All analy-
ses were performed in duplicate. Arterial insulin concentra-
tions were determined using a commercial radioimmunoassay
kit (NOVO Nordisk, Bagsvaerd, Denmark). Blood samples for
the determination of oxygen content were taken anaerobically
in heparinised syringes and stored on ice until analysis. Oxy-
gen concentrations in arterial and hepatic venous whole blood
were determined spectrophotometrically using an OSM 3 and/
or an ABL 725 (Radiometer, Copenhagen, Denmark). Glucose,
lactate, 3-hydroxybutyrate (3-OHB) and glycerol concentra-
tions were measured in neutralised perchloric extracts of whole
blood and by standard fluorometric enzymatic methods, adapt-
ed to an IL Monarch Plus microcentrifugal analyser (Instru-
mentation Laboratory, Warrington, UK) [15]. Fatty acids con-
centrations were measured in duplicate in heparinised plasma
with a commercial kit (Wako, Osaka, Japan), and total plasma
TAG concentrations were measured as total glycerol concen-
trations after hydrolysis corrected for the free glycerol concen-
trations as previously described [15].

Calculations. Energy expenditure was calculated from oxygen
uptake and respiratory exchange ratio [16]. Splanchnic plasma
flow was calculated as previously described [15] and con-
verted to whole blood flow after correction for haematocrit.
Splanchnic oxygen consumption was calculated as the product
of splanchnic blood flow and the differences in arterio-hepatic

venous oxygen concentrations. Net metabolite fluxes from the
subcutaneous adipose tissue and the splanchnic tissues were
calculated by multiplying the arterio-venous (uptake) or the
veno-arterial (output) difference in metabolite concentration by
the appropriate blood or plasma flow (whole blood flow for the
calculation of glycerol, glucose, 3-OHB and lactate fluxes;
plasma flow for the calculation of fatty acids and TAG fluxes).
The adipose tissue fatty acids:glycerol output ratio was calcu-
lated from the net fatty acids and glycerol outputs corrected for
the contribution from intravascular lipolysis of TAG.

Statistics. All data are presented as means ± SEM. The effects
of time were analysed by two-way ANOVA (SPSS version
11.5). The post hoc test of significant changes between specific
time points was performed by Dunnett’s test. When testing the
specific effect of exercise, the post-exercise data were not in-
cluded in the analysis. A p value of less than 0.05 was regard-
ed as statistically significant.

Results

In the man weighing 130 kg it was technically impos-
sible to catheterise a femoral vein. Thus results on
splanchnic metabolism are based on five subjects,
while those on adipose tissue were obtained in all six
subjects.

Oxygen consumption and respiratory exchange ratio.
The peak oxygen consumption was 2195±90 ml/min
corresponding to 21.8±2.7 ml·kg−1·min−1. The mean
values for oxygen uptake, respiratory exchange ratio
and energy expenditure during the pre-exercise, exer-
cise and 3-hour post-exercise periods are given in 
Table 2.

Blood concentrations. Arterial concentrations changed
as follows (Table 3). The arterial glucose concentra-
tion decreased significantly during the whole experi-
ment. The lactate concentration increased during exer-
cise and decreased to pre-exercise values at 60 min
post-exercise. Glycerol concentrations increased about
2.5-fold during exercise but returned to the pre-exer-
cise resting level 30 min after the end of exercise. Ar-
terial fatty acids concentrations did not increase dur-
ing exercise. However, 30 min after exercise they 
rose to values 40% higher than the pre-exercise value.
At 60 min post-exercise fatty acids concentrations
dropped to the pre-exercise level, remaining there for
the rest of the experiment. The adipose tissue venous

Table 2. Oxygen uptake, respiratory exchange ratio and energy expenditure (means ± SEM)

Pre-exercise Exercise 1 h post-exercise 2 h post-exercise 3 h post-exercise
(60% of VO2,max)

Oxygen uptake (ml/min) 275±18 1237±114 300±15 285±15 290±14
RER 0.79±0.02 0.77±0.02 0.76±0.01 0.78±0.01 0.77±0.02
EE (kJ/min) 5.49±0.34 24.61±2.26 5.97±0.30 5.69±0.29 5.76±0.26

RER, respiratory exchange ratio; EE, energy expenditure; VO2,max, peak oxygen consumption
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concentration of fatty acids increased during exercise
and 30 minutes post-exercise to mean values above
2 mmol/l. The arterial TAG concentration did not
change significantly during the experiment. Concen-
trations of 3-OHB did not change during exercise, but
did increase about two-fold in the early post-exercise
phase, staying increased for the rest of the experiment.
The insulin concentration decreased both during exer-
cise and in the post-exercise recovery period. An ex-
ception was the 30-min post-exercise period, where
insulin concentrations increased about 60% against
the exercise level.

Metabolic fluxes in abdominal, subcutaneous adipose
tissue. Other results [10, 17] for adipose tissue metab-
olism in nine normal-weight, healthy subjects under
identical experimental conditions are given as refer-
ence values for the results of the present study
(Fig. 1). With regard to adipose tissue blood flow, 

a small but significant increase was observed during
exercise in abdominal, subcutaneous adipose tissue.
Immediately after exercise the blood flow decreased
to the pre-exercise level and remained at this level for
the rest of the experiment (Fig. 1a). Net adipose tissue
glycerol output (Fig. 1b) increased on average 4.4-
fold during exercise. It fell to the pre-exercise level
30 min after exercise and did not change during the
remainder of the experiment. During exercise the fatty
acids output (Fig. 1c) increased on average 2.9-fold,
returning to the pre-exercise level 60 min after exer-
cise and remaining at this level for the rest of the 
experiment. The fatty acids:glycerol release ratio
(Fig. 1d) decreased from about 2.4 in the pre-exercise
period to 1.8 during exercise, increasing to 4.8 and
7.1 at 30 and 60 min after exercise respectively. It
then returned to the pre-exercise level for the remain-
der of the experiment. The net TAG uptake was
52±12 nmol·100g−1·min−1 in the pre-exercise rest peri-
od. During exercise and post-exercise it was not sig-
nificantly different from zero (data not shown).

Splanchnic metabolic fluxes. The splanchnic blood
flow did not change significantly during the experi-
ment (Table 4). Glucose output increased during exer-
cise. However in the post-exercise period it was not
significantly different from the pre-exercise output, al-
though on average it was only about 50% of the pre-
exercise level (p=0.16) (these and other results in this

Fig. 1. Abdominal, subcutaneous adipose tissue metabolism in
the pre-exercise rest, exercise and post-exercise rest periods.
Results shown are (a) adipose tissue blood flow, (b) adipose
tissue net glycerol output, (c) adipose tissue net fatty acid out-
put and (d) adipose tissue fatty acid:glycerol release ratio. 
● denotes results from Type 2 diabetic patients, ●● denotes
previously published results for 9 young, healthy subjects [10,
17]. Values are means ± SEM



paragraph; Table 4). It was not possible to show a sig-
nificant change in splanchnic fatty acids uptake during
the experiment. With regard to 3-OHB output, this in-
creased significantly in the post-exercise period. The
splanchnic lactate and glycerol uptake increased sig-
nificantly during exercise, but both dropped to pre-
exercise levels at 30 min post-exercise and remained
there for the rest of the experiment. In contrast, it 
was not possible to show any significant change in
splanchnic TAG output during the experiment.
Splanchnic oxygen uptake was about 3.5 mmol/min
(corresponds to 30% of whole-body oxygen uptake) in
both rest periods. It increased about two-fold during
exercise.

Discussion

The main findings of this study are:

1. The increase in subcutaneous, abdominal adipose
tissue blood flow during exercise is impaired in un-
trained, obese patients with Type 2 diabetes melli-
tus, implying that the mobilisation of fatty acids
from the tissue becomes restricted.

2. The lipolytic rate (per unit tissue weight) in abdom-
inal, subcutaneous adipose tissue is neither in-
creased in the resting fasting state, nor during exer-
cise, when compared to that in young healthy sub-
jects under comparable conditions.

3. Exercise at 60% of peak power output for 1 hour in
the fasting state induces a steady decrease in the
blood glucose concentration, which continues for at
least 3 hours in the post-exercise recovery period.

Our experimental design has strengths and some
weaknesses.

The main strength is that net fluxes of glycerol and
fatty acids were measured directly and simultaneously
in adipose tissue and in the splanchnic tissues. In most
previous studies lipid metabolism has been extrapolat-
ed from whole-body measurements of rate of appear-
ance of fatty acids and glycerol using isotope dilution
techniques [1, 2, 18] or from local measurements in
adipose tissue using the microdialysis technique [19,
20, 21]. Both methods are encumbered with uncertain-
ties. The glycerol measured using the isotope dilution
technique originates from lipolysis in adipose tissues,
skeletal muscles and circulating lipoproteins, and it is
impossible to distinguish between these sources.
Moreover, in studies where whole-body and local adi-
pose tissue measurements were performed, the rate of
appearance of glycerol and fatty acids was consider-
ably higher than concomitantly measured net fatty
acid and glycerol release from subcutaneous, abdomi-
nal adipose tissue [17, 22]. Data obtained by the mi-
crodialysis technique do not allow measurement of the
fatty acid concentration and release. They are also 

difficult to interpret, because quantitation is based on
several assumptions [23, 24].

The weaknesses of the present study are: (i) the low
number of experimental subjects, (ii) the lack of a
proper reference group. However, as emphasised in a
recent study [2], it is difficult to find healthy subjects
who are simultaneously matched for age, body com-
position and physical fitness. For this reason we com-
pared our results with those previously obtained in
young, healthy, non-obese subjects [10, 17]. The
groups are comparable with regard to relative exercise
intensity and duration, although the absolute amount
of exercise was about three-times greater in the 
healthy subjects.

Traditionally the release of glycerol from adipose
tissue has been assumed to reflect the rate of intracel-
lular lipolysis, as glycerol can only be re-used to a
very limited extent in the adipocytes, owing to the
very low activity of the enzyme glycerokinase [25,
26]. If all the fatty acids released by lipolysis in the
adipocytes were released to the blood concomitantly
with glycerol, the fatty acid:glycerol release ratio
should be 3. In the pre-exercise rest period the ratio
was about 2.4, similar to that in healthy subjects [10,
17] (Fig. 1d). However, it decreased to 1.8 during ex-
ercise, increasing to the pre-exercise value 1.5 hours
after exercise. This contrasts with the increase seen in
healthy subjects during exercise [10]. On the other
hand, the ratio in the initial post-exercise recovery 
period (0–60 minutes) was much larger than 3.

The amount of fatty acids released from adipose
tissue is determined primarily by the lipolytic rate and
secondarily by the ability of the blood perfusing the
adipose tissue to transport fatty acids away from the
tissue [27, 28]. Thus, the reduction in the fatty 
acids:glycerol release ratio during exercise shows that
there is a discrepancy between the increase in the 
lipolytic rate and the concomitant increase in adipose
tissue blood flow, implying that the fatty acid release
becomes restricted. In young, healthy subjects adipose
tissue blood flow increases about three-fold during
prolonged exercise of moderate intensity [12]. In the
patients we studied, the blood flow increase was only
about 50%, and the absolute increase, amounting to
about 0.5 ml·100 g−1·min−1, was five to six times
smaller than the increase generally seen in healthy,
lean subjects (Fig. 1a). It remains to be shown
whether this is a protective mechanism preventing the
concentration of circulating fatty acids from increas-
ing to toxic levels, or whether it is a blunted flow re-
sponse comparable to that described in obese subjects
postprandially [29].

The high fatty acid:glycerol release ratios found 30
and 60 minutes post-exercise (4.8 and 7.1) indicate
that some of the fatty acids liberated by lipolysis dur-
ing exercise had been retained in the tissue and re-
leased post-exercise. It has previously been suggested
that fatty acids are to some extent trapped intracellu-
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In spite of the fact that arterial fatty acid concentra-
tion was increased in the early post-exercise phase, we
were unable to show significant changes in splanchnic
fatty acid uptake, although it increased by about 25%
on average against the pre-exercise level (p=0.26).
The increase in the splanchnic output of ketone bodies
post-exercise indicates that a larger fraction of the 
fatty acids taken up in the liver was directed to partial
or total oxidation instead of to re-esterification and
VLDL assembly. The splanchnic energy expenditure
during rest was greater in absolute and in relative
terms than that of normal healthy subjects. In normal
subjects, splanchnic oxygen consumption is about
2.5 mmol/min, which corresponds to 20 to 25% of
whole-body oxygen consumption [16, 17, 34], as 
opposed to about 33% in the present patients. The
splanchnic oxygen consumption found in our experi-
ments is similar to that found in other Type 2 diabetic
patients in [9]. Judged from the uptake of gluco-
neogenic precursors, it is unlikely that the high oxy-
gen consumption can be explained by increased glu-
coneogenesis. Similarly, although ketogenesis was
about two-fold higher than in normal, healthy subjects
[17], this higher value can only account for about 10%
of the difference in oxygen consumption. One possi-
ble explanation is that the increase in splanchnic oxy-
gen consumption was due to increased oxidative stress
to the liver [35].

Conclusion. In untrained, overweight subjects with
Type 2 diabetes regional subcutaneous, abdominal 
adipose tissue lipolysis is not different from lipolysis
in normal-weight, healthy subjects. Exercise stimu-
lates adipose tissue lipolysis, but in abdominal, subcu-
taneous adipose tissue the lipolytic rate increases
much more than the fatty acid release rate, probably
due to an insufficient increase in adipose tissue blood
flow. This implies that a high fraction of the fatty 
acids liberated by lipolysis in the adipocytes cannot be
released to the blood during exercise. On the other
hand, fatty acids are being released to the blood in 
excess of lipolysis during the first hour post-exercise.
The exercise-induced increase in splanchnic glucose
release is lower than the increase in whole-body glu-
cose utilisation, resulting in a decrease in blood glu-
cose concentration during exercise. The blood glucose
concentration continues to decrease for at least up to 
3 hours during post-exercise recovery, showing that
there is also a discrepancy between endogenous glu-
cose production and glucose utilisation in the post-
exercise period. Due to the low number of subjects
studied in our experiments, further studies will be 
necessary to elucidate whether the present findings are
due to the diabetic state itself, and to discover the
mechanisms responsible (i) for the blunted increase in
adipose tissue blood flow during exercise, and (ii) for
the low endogenous glucose production during, and
especially after, exercise.
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larly in adipose tissue during exercise in healthy, nor-
mal-weight subjects [30], but the release of excess 
fatty acid seems to be larger and of longer duration in
diabetic patients [10, 17] (Fig. 1d). As described by 
us [10, 17], lipolysis and fatty acid mobilisation in
healthy subjects begin to increase again about one
hour after exercise and stay increased for several
hours. We did not observe a similar increase in the
post-exercise recovery period in the present experi-
ments (Fig. 1b,c). This could be due to the much 
lower exercise intensity applied in the present study.
In our earlier study [10], we found that exercise at
60% of peak power output resulted in a significantly
higher post-exercise lipid mobilisation than exercise at
40% of peak power output. However, the mechanism
that causes the post-exercise increase in lipid mobili-
sation has not been explained.

It has been a matter of debate whether lipolysis
and fatty acid mobilisation from adipose tissue are
enhanced in insulin-resistant states. Findings have
been divergent, possibly owing to different ways of
expressing the lipolytic and fatty acid mobilisation
rates, e.g. per adipose tissue mass, cell number, cell
size etc., as reviewed by Lewis et al. [31]. In the pres-
ent experiment, the regional lipolytic rate (~ net glyc-
erol release rate) per unit adipose tissue weight was
not larger in the patients, either during rest or during
exercise, than in healthy young subjects (Fig. 1b).
From this perspective, therefore, insulin resistance
does not result in enhanced lipolysis. Recently it has
been proposed that resting whole-body fatty acid mo-
bilisation correlates better to resting energy expendi-
ture than to lean body mass or fat mass [32]. The rest-
ing energy expenditure was not increased in the pres-
ent subjects, while their total fat mass was about
three-fold larger than that of the subjects studied pre-
viously [10, 17]. Thus, assuming that the subcutane-
ous, abdominal adipose tissue represents the average
adipose tissue, the whole-body adipose tissue lipolyt-
ic rate was much larger in these present patients than
in healthy subjects. It therefore seems that the total
adipose tissue is insulin resistant, since lipolysis is
stimulated in excess of need during rest and especial-
ly during exercise.

The plasma glucose concentration decreased steadi-
ly in our subjects during exercise, in accordance with
previous findings [5, 6, 9, 33]. In contrast to one of
these studies [33], we found a further decrease in the
plasma glucose concentration in the post-exercise 
recovery period. Splanchnic glucose production in-
creased significantly during exercise, while tending to
decrease to a level below the pre-exercise level in the
post-exercise period (p=0.16). In light of the decreas-
ing arterial glucose concentration, hepatic glucose
output was not sufficient to match glucose utilisation.
The uptake of gluconeogenic precursors (glycerol and
lactate) increased significantly during exercise, but
was not increased post-exercise.
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