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patients with and without Type 2 (non-insulin-dependent) diabetes

mellitus

P.Damsbo!, A. Vaag’, O. Hother-Nielsen' and H. Beck-Nielsen’

' Hvidore Hospital, Klampenborg and * Department of Endocrinology, Odense University Hospital, Denmark

Summary. In order to evaluate the importance of a defect in
insulin mediated non-oxidative glucose metabolism and gly-
cogen synthase activity in skeletal muscles in obese subjects
with and without Type 2 (non-insulin-dependent) diabetes
mellitus we studied: 10 lean and 10 obese control subjects
and 12 obese diabetic patients using the euglycaemic hyper-
insulinaemic clamp technique (basal, 20 mU - (m?) ' - min-,
80 mU - (m?)~'-min-1) in combination with indirect calori-
metry. Muscle biopsies were taken from m. vastus lateralis at
each insulin level. We found that non-oxidative glucose me-
tabolism could be stimulated by insulin in all three groups
{p<0.01). The values obtained at the highest insulin lev-
els (around 140 pU/ml) were lower in both obese groups
compared to the lean control subjects (118 +£21, 185+31,
249+ 14 mg - (m?)-'-min~! (p <0.01)). Insulin stimulation of
the glycogen synthase activity at a glucose-6-phosphate con-
centration of 0.1 mmol/l was absent in both obese groups,

while activities increased significantly in the lean control sub-
jects (19.6£4.2% to 45.6 £6.8%), p < 0.01). Glycogen syn-
thase activities at the highest insulin concentrations only dif-
fered significantly between lean control subjects and obese
diabetic patients (45+7% and 31 £5%, p <0.05). We con-
clude that insulin resistance in peripheral tissues in obese
subjects with and without Type 2 diabetes may be partly ex-
plained by a reduced insulin mediated non-oxidative glucose
metabolism and that this abnormality might be due to an ab-
sent insulin stimulation of glycogen synthase in skeletal mus-
cles. This enzyme defect is correlated to obesity itself.

Key words: Type2 (non-insulin-dependent) diabetes,
obesity, insulin resistance, non-oxidative glucose metabo-
lism, skeletal muscle, glycogen synthase.

Insulin resistance in peripheral tissues of obese patients
with Type 2 (non-insulin-dependent) diabetes mellitus is
reflected in both reduced glucose oxidation and reduced
non-oxidative glucose metabolism [1-7]. The abnormal
non-oxidative glucose metabolism seems to play the
quantitatively most important role [8, 9] and has further-
more been demonstrated in first degree relatives to
Type 2 diabetic patients [10]. Therefore, this defect could
be of primary origin. The key enzyme in this metabolic
pathway in skeletal muscle is glycogen synthase [11, 12],
and has been found to correlate positively to non-oxida-
tive glucose metabolism [13]. Glycogen synthase activity
is reduced in obese Type 2 diabetic patients after a meal
{14], and recently the importance of this defect for the de-
velopment of insulin resistance was further emphasized
when it was shown that patients with low insulin-mediated
glucose disposal had a lower glycogen synthase activity
than lean subjects with normal glucose disposal [15].
Whether this defect in glycogen synthase activity is due to
obesity itself or a characteristic feature in obese Type 2

diabetic patients remains unanswered. Another impor-
tant question is whether the glycogen synthase defect is of
primary origin or a secondary event due to metabolic ab-
normalities such as high plasma glucose and non-esteri-
fied fatty acid (NEFA) values. To eliminate this “metabo-
lic insulin resistance”, plasma glucose and NEFA values
are generally normalized by acutely raised plasma insulin
concentrations. The question is, however, whether this
rapid increase in plasma insulin is able to reverse a meta-
bolic insulin resistance? If not, a primary or secondary de-
fect in glycogen synthase activities may not be revealed by
this method. The purpose of our study, therefore, was to
investigate:

1. whether non-oxidative glucose metabolism and gly-
cogen synthase activity in skeletal muscle at physiological
insulin concentrations was reduced in obese Caucasians
with Type 2 diabetes,

2. whether these defects could be explained by obesity it-
self, and
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3. whether the defects could be overcome by an § h pre-in-
vestigation period with normalized plasma glucose values.

Subjects and methods

Subjects

Twelve newly diagnosed obese patients with Type 2 diabetes (OD)
were studied and compared to 10 obese control subjects (OC), and
10 lean control subjects (LC). The control subjects were matched for
age and sex and had normal glucose tolerance and no family history
of diabetes. Clinical data are presented in Table 1.

No patient had received any kind of anti-diabetic medicine, and
none suffered from liver or kidney disease as evaluated by clinical
andstandard laboratory examinations. None had received any medi-
cation which is known to influence the glucose or lipid metabolism.
Prior to participation the purpose and risks of the study were care-
fully explained to all the subjects and their informed consent was ob-
tained. The protocol was approved by the local Ethical Committee
of Copenhagen and is in accordance with the Helsinki Declaration.

Study protocol

Patients were admitted to the hospital in the evening before the day
of the study and connected to a glucose controlled insulin infusion
system (Biostator, Life Science Instruments, Miles Lab., Elkhart,
Ind., USA). A catheter was inserted into a dorsal wrist vein for con-
tinuous blood sampling and blood glucose analyses. Blood glucose
was normalized before midnight through insulin infused via a cath-
eter inserted into an antecubital vein in the contralateral arm. The
glucose analyser of the biostator was calibrated hourly through-
out the night using a Beckman glucose analyser (Beckman Instru-
ments, Fullerton, Calif., USA). Blood glucose was clamped at
5.0+ 0.5 mmol/l throughout the night.

In the morning a bolus of 25 uCi 3-*H-glucose followed by a con-
tinuous infusion (0.25 wCi/min) was given in order to assess total glu-
cose disposal (Rd) [16].

Euglycaemic hyperinsulinaemic clamp. Insulin infusions were per-
formed at three levels by a modification of the technique of DeFron-
70 [17]. After 2 h of tritiated glucose infusion, all subjects were stud-
ied for 30 min at their basal insulin levels. Euglycaemia in diabetic
patients was maintained by means of an insulin infusion (Actrapid,
Novo, Bagsvaerd, Denmark) which was necessary to overcome the
individual insulin resistance.

Clamp 1and 2 (20 and 80 mU'- (m?) ~*- min ') were performed by
continuous insulin infusion. These insulin levels were chosen in
order to stay close to physiological insulin concentrations found in
obese Type 2 diabetic patients. Euglycaemia was maintained by an
infusion of 20% glucose by the Biostator (mode 7:0) and external in-
fusion pumps (Infusomat). When glucose infusion from the Biosta-
tor exceeded 150 mg/min for more than 3 min an external glucose in-
fusion was started or increased by 100 mg/min. After 120 min of
insulin infusion, the subjects were considered to be in a condition of
steady-state and the results presented are mean values for the fol-
lowing period of 30 min, with blood samples collected every 10 min.

Glucose disposal. Total glucose disposal (Rd) was calculated from
the plasma concentrations of tritiated glucose and plasma glucose
using Steele’s non-steady situations equation [18]. At the highest in-
sulin level when the glucose production from the liver presumably is
zero, glucose infusion rates (GIR) were used to calculate glucose dis-
posal (Rd).

Glucose and lipid oxidation. Indirect calorimetry was performed
using a computerized flowthrough canopy gas analyser system (Del-
tatrac Metabolic Monitor, Datex Instr. Corp., Helsinki, Finland).
Briefly, air is sucked at a rate of 40 /min through a canopy placed
over the head of the subject. Samples of the inspired and expired air
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Table 1. Clinical data of the groups studied

Lean Obese Obese
control control diabetic
subjects subjects patients
Sex (M/F) 7/3 7/3 1012
Age (years) 51 (42-62) 47 (39-71) 51 (41-59)
BMI (kg/m?) 222+0.6 31.9+2.5 31.0+£1.22
Fasting
Plasma glucose
(mmol/1) 5002 5.4+0.1 11.6 +1.1°
Plasma insulin
(WU/ml) 10.0£ 1.7 23.2+5.0° 21.7+3.3°

Fasting plasma glucose and insulin values were sampled on the
morning of the day before the study

2 p<0.01 compared to lean control subjects; ° p <0.01 compared
tolean and obese control subjects

are analysed for oxygen concentration using a paramagnetic dif-
ferential oxygen sensor and for carbon dioxide using an infrared
carbon dioxide sensor. Signals from the gas analysers are processed
by the computer, and oxygen consumption and carbon dioxide pro-
duction are calculated and recorded once a min. After an equilibra-
tion period of 10 min the average gas exchanges in the 30 min study
period were used to calculate rates of glucose oxidation and lipid ox-
idation.

Nitrogen excretion was assessed from urine samples throughout
the study period and corrected for changes in pool size [19]. Glucose,
lipid and protein oxidation was calculated from Frayn’s equation
[20].

Non-oxidative glucose disposal was calculated as:
Rd - oxidized glucose, and expressed in units of mg-(m?) ! -min~1.

Muscle biopsies. At the end of each study period (basal, clamp 1 and
clamp 2) a muscle biopsy was taken from m. vastus lateralis 20 cm
above the knee, under local anaesthesia (2% lidocaine without
epinephrine) using a modified Bergstrom needle (Stille-Werner,
Copenhagen, Denmark). Biopsies were immediately (within 20 s)
frozen in liquid nitrogen. Before the enzyme analyses muscle bi-
opsies were freeze-dried and microdissected free from non-muscle
constituents (blood, fat and connective tissue). Thereafter, the
muscle fibers were homogenized and assayed by a modification of
the method of Thomas et al. [14]. Briefly, glycogen synthase activity
was estimated by incubation of homogenates with “C-UDPG
(0.3 mmol/l) using glucose-6-phosphade (G6P) concentrations of
0.0, 0.1 and 10.0 mmol/l. Enzyme activity was expressed as nmol of
“C-UDPG incorporated into glycogen per min per mg protein ex-
tract. Maximal enzyme activity was determined at saturating con-
centrations of G6P (10 mmol/l). Fractional velocity of glycogen syn-
thase was calculated as a percentage of maximal activity.

Blood samples. A catheter was inserted into a hand vein in the con-
tralateral arm of the arm infused with insulin and glucose, and the
hand was placed in a heated box throughout the study. Blood sam-
ples were collected before the 3-*H-glucose infusion was started and
every 30 min, except during the study periods when sampling was
made every 10 min.

Blood samples were collected in fluoride treated tubes for deter-
mination of plasma glucose and plasma 3-°H-glucose activity, and in
2 ml aprotenin-heparin tubes for determination of plasma insulin, C-
peptide, and in potassium-EDTA tubes for determination of NEFA.
For determination of plasma lactate 2 ml blood was precipitated in
perchloric acid. Blood samples were immediately centrifuged at 5°C
and plasma stored at —70°C until assay. Plasma glucose was anal-
ysed by a routine glucose oxidase method. Tritiated glucose was
analysed as previously described [21]. Plasma insulin [22], and C-
peptide [23] concentrations were measured with radioimmunologi-
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cal methods. Plasma NEFA and lactate were determined with a com-
mercial kit using an automated analyser (Cobas Mira, Roche, Basel,
Switzerland).

Statistical analysis

Non-parametric statistics were used: Mann-Whitney test for un-
paired data and Wilcoxon test for paired data, and Spearmann test
for correlation analyses. A significance level of 0.05 was chosen. All
values are presented as means + SEM unless otherwise indicated.

Results
Plasma insulin

The values achieved during the insulin infusions are
shown in Table 2. The basal insulin level in OD was deter-
mined by the insulin infusion rate necessary to keep the
diabetic patients normoglycaemic. Insulin values ob-
tained at the highest clamp level were not statistically sig-
nificantly different between the three groups (p > 0.1).

Rates of total glucose disposal and glucose oxidation

Values during each study period are shown in Table 3 and
Figure 1. Both glucose disposal and oxidative glucose me-
tabolism increased statistically significantly (p <0.01)

Table 2. Plasma insulin concentrations (WU/mi) during euglycaemic
hyperinsulinaemic clamp

Lean Obese Obese
control control diabetic
subjects subjects patients
Basal insulin 92+1.7 227+50° 358+52°
Clamp 1
20mU-(m?) ' min~! 343+17 458+57 47416.2
Clamp 2
80 mU-(m? ! min~! 130.0£50 1485+109 156.1+12.2

* p<0.05; * p<0.01 compared to lean control subjects

Table 3. Glucose turnover (mg: (m’)”'-min~') during the last
30 min of: basal period, clamp 1 and clamp 2, respectively

Lean Obese Obese
control control diabetic
subjects subjects patients
Basal Glucose
level disposal 83+7 87+6 87x2
Glucose
oxidation 606 58+9 609
Clamp 1 Glucose
disposal 179+£19 120+ 112 94 + 9
Glucose
oxidation 113+8 89110 66 £ 6°
Clamp2 Glucose
disposal 416 15 309 £ 352 215£22%°
Glucose
oxidation 16619 125£8° 97 £&°

* p <0.01 compared to lean control subjects;
® p<0.05 compared to obese control subjects;
¢ p <0.05 compared to lean control subjects
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Fig.1. Total glucose disposal rate (mg-(m*) ~'-min~") during basal
period, clamp 1 and clamp 2, in lean control subjects (LC), obese
control subjects (OC) and obese Type 2 (non-insulin-dependent)
diabetic patients (OD).  Non-oxidized glucose; & oxidized glu-
cose; * p <0.01 compared to LC; *p < 0.05 OD compared to OC

from the basal state to each of the hyperinsulinaemic lev-
¢ls except for the first insulin level in OD (p > 0.5). At the
highest insulin concentration both obese groups had a
statistically significant lower total glucose disposal and
glucose oxidation than L.C (p < 0.01).

Non-oxidative glucose metabolism

Non-oxidative glucose metabolism was increased about
ten-fold from basal to the highest insulin level in L.C,
whereas the increases in OC and OD were about six- and
four-fold, respectively (Fig.1). In all three groups the in-
crease was statistically significant (p < 0.01). At the high-
est insulin level the non-oxidative glucose metabolism was
significantly lower in OD compared to OC (p <0.01)
which again was lower than in LC (p < 0.01).

Non-esterified fatty acids (NEFA)

Before the study NEFA was significantly higher (p < 0.05)
in OD (0.86 + 0.05 mmol/1) compared to both OC and LC
(0.67£0.09 and 0.61 +0.08 mmol/l). NEFA were similar
to control subjects after normalization of blood glucose
during the night (Fig.2). During the clamp study insulin
did not suppress NEFA to the same degree in the obese
groups as in the lean control subjects (Fig.2). At the high-
estinsulin level NEFA concentrations were suppressed to
the same level in both obese groups but were significantly
higher than the lean control subjects (OD: 0.14 +0.03,
0OC:0.11£0.04,LC:0.03 £0.01 mmol/l, p < 0.05).

Lipid oxidation
In LC lipid oxidation was suppressed with increasing in-

sulin concentrations (37+3,15+4 and 1+ 5mg-(m?) -
min~', p <0.01). OC showed a minor suppression which
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Fig.2. Plasma NEFA (mmol/l) the day before the study (fasting), be-
tween 05.30 and 06.00 hours in the morning before the study (night),
and during basal period, clamp 1 and clamp 2 level. * p <0.01 com-
pared to lean control subjects; *p < 0.02 compared to obese control
subjects; tlean control subjects; obese control subjects;
gz obese diabetic patients
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Fig.3. Lipid oxidation (mg-(m?~' min~') during basal period,
clamp 1and clamp 2in lean control subjects (LC), obese control sub-
jects (OC) and obese Type 2 (non-insulin-dependent) diabetic pa-
tients (OD). * p < 0.01 compared to LC

was only statistically significant at high insulin concentra-
tions (39+3, 32+4 and 20+3mg-(m? ' min”’,
p<0.01), while OD attained no statistically significant
suppression (36 £4, 34 £3 and 26 £4 mg-(m?* ' -min ",
p<0.5) (Fig.3).

Glycogen synthase activity

Maximal glycogen synthase activity (i.e. with 10 mmol/l
G6P) did not differ statistically significantly between the
groups (LC: 49109, OC: 74£1.2, OD: 6.8£1.0 nmol-

min~*-mg protein~!, p>0.2) as seen in Figure 4. The
maximal glycogen synthase activities remained un-
changed during insulin infusions. Insulin increased frac-
tional velocities of glycogen synthase activity from basal to
the highest insulin level, measured without G6P, in LC
(4.6+12%1015.6 £3.8%,p <0.01)andin OC (3.9 £0.9%
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Fig.4. Individual values of maximal glycogen synthase activities
(10 mmol/l glucose-6-phosphate (G6P) ) at the basal insulin level, in
lean control subjects (LC), obese control subjecsts (OC), and obese
diabetic patients (OD). No statistically significant difference was
found between the three groups (p > 0.2)
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Fig.5. Glycogen synthase activity, fractional velocities (% ) when no
glucose-6-phosphate (G6P) was added to the suspension. At the
highest insulin level a significant difference was found between lean
control subjects and obese diabetic patients (p < 0.05). A Lean con-
trol subjects; O obese control subjects; ® obese diabetic patients

to 10.1£3.1%, p < 0.05), whereas no statistically signifi-
cant stimulation wasseenin OD (4.1+12% t06.8£1.1%,
p >0.5). The maximal response (glycogen synthase frac-
tional velocity at highest insulin levels) were significantly
lower in OD compared to LC (p < 0.05), whereas OC vs
OD or OCvsLC didnot differ (p > 0.1) as seen in Figure 5.

Studying glycogen synthase activity at physiological
G6P concentrations of 0.1 mmol/l (Fig.6), we found a
similar pattern except for the OC. No statistically signifi-
cant stimulation by insulin was seen in OC and OD
(p >0.1) but was observed in LC (p <0.01). At the highest
insulin values, glycogen synthase activity was significantly
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Fig.6. Glycogen synthase activity, fractional velocities (% ) at physi-
ological glucose-6-phosphate (G6P) concentrations (0.1 mmol/l). At
the highest insulin level a significant difference was found between
lean control subjects and obese Type 2 (non-insulin-dependent)
diabetic patients {(p < 0.05). A Lean control subjects; O obese con-
trol subjects; @ obese diabetic patients
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Fig.7. Allosteric activation of glycogen synthase in the basal period,
calculated as the percentage of maximal activity in all three groups.
Glycogen synthase activity analysed with no glucose-6-phosphate
added, 0.1 mmol/i and 10 mmol/l. No difference was found between
the three groups, EDs, = 0.6 mmol/ (p > 0.2). A Lean control sub-
jects; O obese control subjects; @ obese diabetic patients

lower in OD compared with L.C (p < 0.05) with OC in be-
tween.

The allosteric activation of glycogen synthase by G6P is
indicated in Figure 7 and shows that half maximal stimula-
tion of the enzyme seems to be obtained by the same con-
centration of G6P (EDso= 0.60 mmol/l) in LC, OC and
OD (p>0.2).

In order to investigate the importance of glycogen syn-
thase activity (0.1 mmol/l G6P) in skeletal muscle for sys-
temic non-oxidative glucose metabolism, we correlated
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Fig.9. The relationship between increase in glycogen synthase activ-
ity fractional velocities (glucose-6-phosphate (G6P) 0.1 mmol/l)
during insulin infusion from basal to high insulin level and obesity
expressed as BMI (kg/m?). A Lean control subjects; O obese con-
trol subjects; @ obese diabetic patients

the insulin-stimulated increases of these two variables
during insulin stimulation in all three groups, and found a
positive correlation of r=0.52 (p <0.005). No statistical
correlation was found in any of the subgroups (Fig.8).
Since a reduced glycogen synthase activity seems to be
linked to the two obese groups, we correlated the insulin
mediated increase in glycogen synthase activity with BMI
and found a significantly negative correlation r= —0.52
(p <0.004) (Fig.9). No statistically significant correlation
was present in any of the subgroups.
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Discussion

Poor metabolic control in Type 2 diabetic patients result-
ing in hyperglycaemia and high concentrations of NEFA,
are presumably factors pronouncing cellular insulin resis-
tance (metabolic insulin resistance) [3], and reducing glu-
cose disposal [3, 25]. Removal of these factors opens the
possibility of investigating the effect of insulin alone on in-
tracellular glucose metabolism and the enzyme activities
involved. In this study a small insulin infusion normalized
plasma glucose at 5 mmol/l for 8 h prior to the investiga-
tion, and lowered plasma NEFA in the diabetic patients to
the same level as in the control groups.

During the euglycaemic hyperinsulinaemic clamp we
found that non-oxidative glucose metabolism and glucose
oxidation were not stimulated to the same degree in obese
subjects (OC and OD), as in lean subjects (LC), and lipid
oxidation was hardly suppressed in the obese subjects.
The quantitative major defect in glucose disposal was due
to reduced non-oxidative glucose metabolism.

Assayed in the presence of physiological G6P values,
glycogen synthase activity was not stimulated by physio-
logical insulin concentrations in OC and OD. The dose
response curves in the two obese groups seemed parallel
and were shifted to the right compared to lean control
groups. Glycogen synthase activity is correlated to non-
oxidative glucose metabolism and BMI, and the defect in
this metabolic pathway seems mainly to be linked to
obesity itself.

Despite normal plasma glucose and NEFA values for
8 h prior to the investigation, both lipid and glucose oxi-
daticn were found to be insulin resistant during the study
period. Lipid oxidation was totally suppressed in LC but
only suppressed by 50% and 25% in OC and OD, respec-
tively. The enhanced lipid oxidation in the obese subjects
inhibits glycolysis and might inhibit glucose storage
through negative feedback [7]. These data indicate that
insulin resistance in the obese subjects was probably not
secondary to metabolic derangements, but may represent
a primary (not metabolic) intracellular defect. The ten-
dency, however, to a lower non-oxidative glucose meta-
bolism and glycogen synthase activity in OD compared to
the findings in OC may be of metabolic origin. Thus, the
defect in insulin stimulation of glycogen synthase activity
in skeletal muscle is associated with obesity itself, but
may be worsened by metabolic abnormalities as seen in
OD.

The overnight induced hyperinsulinaemia (per se) in
the diabetic patients, could be claimed to influence the
glycogen synthase activity in this group. None the less, the
insulin sensitivity of this enzyme is extremely low in
Type 2 diabetic patients, and since an increase in plasma
insulin of 10 uU/ml results in very small increases in gly-
cogen synthase activity in LC, the hyperinsulinaemic ef-
fect in OD (from 22 wU/ml to 32 uU/ml) is unlikely to in-
fluence the enzyme activity during the night. It is more
likely, though, that muscle biopsies if taken during fasting
hyperglycaemia, as in previous studies [13, 14], might in-
crease glycogen synthase activity through an increase in
the allosteric activation by G6P, and thereby partly con-
ceal an insulin effect on the enzyme.

P.Damsbo et al.: Glycogen synthase in obesity and diabetes

The sensitivity of glycogen synthase to G6P in the basal
state was found to be identical in all three groups studied,
leading us to the conclusion that the allosteric activation
of the enzyme by G6P was normal. The finding of a more
pronounced defect in glycogen synthase fractional veloc-
ity, when studied without G6P, compared to the results ob-
tained at 0.1 mmol/l of G6P supports this conclusion.
Hyperglycaemia, in vivo, partly compensates for insulin
resistance in Type 2 diabetic patients [14]. This compensa-
tion could be accomplished by an increase in allosteric ac-
tivation of glycogen synthase by G6P, which is supported
by the normal to increased G6P concentrations found in
Pima Indians [15]. In accordance with this a defect in the
glycogen synthase phosphatase has been proposed [15,26]
and may be the location of a primary defect.

The defect in glycogen synthase activation, however,
could also be due to an insulin receptor defect, but insulin
receptor number has been found to be normal in obese
diabetic patients, whereas the kinase activity of the insulin
receptor has been found to be abnormal [27-29]. Until
now, however, no correlation between glycogen synthase
and insulin receptor kinase activity has been shown.

On the basis of this it is reasonable to hypothesize that
the defect in insulin-stimulated glycogen synthase activity
could be due to an increased lipid oxidation in obese sub-
jects, and furthermore a defect in glycogen synthase phos-
phatase in diabetic patients. Whether this defect is linked
to a reduced insulin receptor kinase activity (or vice versa)
has still to be studied, although the receptor kinase defect
has been found to be reversible in fat cells after weight loss
[30], indicating that this defect is of secondary origin.

BMI was, in our study, found to correlate negatively to
the activity of glycogen synthase, indicating that obesity it-
self may play a role for the enzyme defect. In support of
this upper body obesity has been found to be correlated to
glycogen synthase activity in non-diabetic women during
insulin infusion [31]. Whether reduced glycogen synthase
activity is a primary defect in obese subjects leading to in-
sulin resistance, hyperinsulinaemia and eventually to
obesity is still an open question. Interestingly, insulin re-
sistance in peripheral tissues in Pima Indians seems to be
inherited [32], and first degree relatives to patients with
Type 2 diabetes suffer from a reduced glucose disposal
[33], and reduced non-oxidative glucose metabolism even
before the oral glucose tolerance test is impaired [10].

In conclusion, we found that insulin stimulation of gly-
cogen synthase activity was reduced in skeletal muscle
from obese subjects with and without Type 2 diabetes.
The defect in insulin stimulation of the enzyme could not
be reversed in the diabetic patients despite 8 h normaliza-
tion of plasma glucose and NEFA values, indicating that
this defect may be of primary origin to the diabetic state.
The glycogen synthase activity defect seems to be associ-
ated with obesity itself and may be of primary origin, but
could also be secondary to an increased lipid oxidation in
obese subjects.
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