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Summary. Hypertriglyceridaemia, which is frequently seen 
in Type 2 (non-insulin-dependent) diabetes mellitus, is asso- 
dated with insulin resistance. The connection between 
hypertriglyceridaemia and insulin resistance is not clear, but 
could be due to substrate competition between glucose and 
lipids. To address this question we measured glucose and 
lipid metabolism in 39 Type 2 diabetic patients with hyper- 
triglyceridaemia, i.e. mean fasting serum triglyceride level 
equal to or above 2mmol/1 (age 59+1years,  BMI 
27.4 + 0.5 kg/m 2, HbA~o 8.0_+ 0.2 %, serum triglycerides 
3.2 + 0.2 retool/l) and 41 Type 2 diabetic patients with normo- 
triglyceridaemia, i.e. mean fasting serum triglyceride level 
below 2 mmol/1 (age 58 + 1 years, BMI 27.0 + 0.7 kg/m 2, 
HbAlc 7.8 _+ 0.2 %, serum triglycerides 1.4 + 0.1 mmol/1). In- 
sulin sensitivity was assessed using a 340 pmol. (m 0 -i. min-1 
euglycaemic insulin clamp. Substrate oxidation rates were 
measured with indirect calorimetry and hepatic glucose pro- 
duction was estimated using a primed (25 gCi)-constant 
(0.25 gCi/min) infusion of [3-3H]-glucose. Suppression of 
lipid oxidation by insulin was impaired in patients with 
hypertriglyceridaemia vs patients with normal triglyceride 
levels (3.5+0.2 vs 3.0+0.2gmol.kg ~-min-~; p<0.05).  

Stimulation of glucose disposal by insulin was reduced in 
hypertriglyceridaemic vs normotriglyceridaemic patients 
(27.0 _+ 1.3 vs 31.9 _+ 1.6 ~tmol. kg -I- min 1;p < 0.05) primarily 
due to impaired glucose storage (9.8 + 1.0 vs 
14.6 + 1.4 gmol- kg- 1. min- 1; p < 0.01). In contrast, insulin- 
stimulated glucose oxidation was similar in patients with 
hypertriglyceridaemia and in patients with normal trigly- 
ceride concentrations (16.9_+ 0.8 vs 17.2 + 0.7 gmol. kg -1. 
min-Z). Hepatic glucose production in the basal state and 
during the clamp did not differ between the two groups. We 
conclude therefore that oxidative substrate competition be- 
tween glucose and lipids does not explain insulin resistance 
associated with hypertriglyceridaemia in Type 2 diabetes. 
The question remains whether the reduced nonoxidative glu- 
cose disposal observed in the patients with hypertrigly- 
ceridaemia is genetically determined or a consequence of in- 
creased lipid oxidation. 
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Type 2 (non-insulin-dependent) diabetes mellitus, glucose 
metabolism, lipid metabolism. 

Lipid and lipoprotein abnormalities are common among 
patients with Type 2 (non-insulin-dependent) diabetes 
mellitus. Both newly-diagnosed Type 2 diabetic patients 
and those with established treatment regimens tend to ha- 
ve 50-100 % higher triglyceride levels than control subjects 
[1-6]. Insulin resistance, primarily due to a defect in the 
non-oxidative glucose metabolism, is a characteristic fea- 
ture of Type 2 diabetic patients [7]. However, insulin re- 
sistance is also present in non-diabetic subjects with endo- 
genous hypertriglyceridaemia [8=12]. A previous study 
showed that hypertriglyceridaemia was associated with a 
reduction in peripheral glucose uptake, whereas the sup- 
pressive effect of insulin on hepatic glucose production was 
intact [12]. Furthermore, hypertriglyceridaemic subjects 
display resistance to the antilipolytic effect of insufin [11]. 

The basis for the connection between hypertriglyceri- 
daemia and insulin resistance is not known. As the ability 
to suppress non-esterified fatty acids (NEFA) by insulin is 
reduced in hypertriglyceridaemic subjects [11], insulin re- 
sistance might be metabolically induced by increased 
availability of NEFA which might restrain the consump- 
tion of glucose. Effective competition between glucose 
and NEFA was demonstrated in isolated rat hearts and 
diaphragms by Randle and coworkers almost 30 years ago 
[13]. Subsequent studies investigating the operation of 
Randle's cycle have shown that experimental elevation of 
NEFA in man leads to substrate competition between li- 
pids and glucose, i.e. increased lipid oxidation and de- 
creased glucose oxidation [14-18]. Furthermore, there is 
accumulating evidence from acute studies suggesting a 



E. Widtn et al.: Insulin resistance and hypertriglyceridaemia 

t ime -dependen t  suppress ion  of non-oxida t ive  glucose me-  
tabol ism by increased  lipid oxidat ion [17, 18]. However ,  it 
is no t  k n o w n  how chronic  hyper t r ig lycer idaemia  might  in- 
f luence the in t racel lu tar  fate of glucose in  an  insul in  resis- 
tant  state character ized by  defective non-oxida t ive  glu- 
cose metabol i sm,  such as Type 2 diabetes.  Therefore ,  we 
have invest igated the impact  of hyper t r ig lycer idaemia  on  
glucose and  lipid me tabo l i sm in Type 2 diabet ic  subjects. 

Subjects and methods 

Eighty Type 2 diabetic patients and 17 control subjects without fam- 
ily history of diabetes participated in the study. The diabetic patients 
were further divided into those with hypertriglyceridaemia (HTG) 
and those with normal triglycerides (NTG) based on three consecu- 
tive measurements of fasting serum(s) triglycerides. The patients 
were considered hypertriglyceridaemic if their mean s-triglyceride 
value exceeded or was equal to 2 mmol/1 and as normotriglycerid- 
aemic if the mean s-triglyceride was below 2 mmol/1. The cut-off 
value of 2 mmol/1 was chosen as the mean value of good and accept- 
able metabolic control recommended by the European NIDDM 
policy group [19]. The clinical characteristics of the study groups are 
shown in Table 1. Twenty-nine of the patients in the HTG group 
were on oral hypoglycaemic therapy, four were on insulin therapy 
and six patients were controlled by diet alone. In the NTG group 
32 patients were on oral hypoglycaemic therapy, four were on insulin 
therapy and five patients were controlled by diet alone. None of the 
patients were taking hypolipaemic medication. Informed consent 
was obtained from all the subjects and the study protocol was ap- 
proved by the ethical committee of the Fourth Department of Me- 
dicine, Helsinki University Hospital. 

Glucose metabolism was assessed by the euglycaemic insulin 
clamp technique [20]. The clamp was started at 07.30 hours after a 
12 h overnight fast. The patients did not take their normal medica- 
tion the morning of the clamp. Substrate oxidation rates and energy 
production were estimated by indirect calorimetry [21]. A primed 
(25 gCi)- constant infusion of [3-3H]glucose was used to assess glu- 
cose turnover and hepatic glucose production. After obtaining three 
basal samples for glucose and insulin, a primed-constant infusion of 
short-acting human insulin (Actrapid; Novo-Nordisk, Copenhagen, 
Denmark) was administered at a rate of 340 pmol(.m2) -~.min -I. 
The plasma glucose concentration was determined with 5-min inter- 
vals during the clamp and a variable infusion of 20 % of glucose was 
adjusted to maintain the plasma glucose concentration constant for 
120 min in the control subjects. In the diabetic patients, no glucose 
was infused until plasma glucose had declined to approximately 
6 retool/1 and had been maintained at that level for 60 min. The 
clamp lasted for 152_+ 4 min in the HTG group and 138 + 4 in the 
NTG group. 

At unchanged plasma glucose concentration, the amount of glu- 
cose required to maintain euglycaemia equals whole body disposal 
of glucose, provided that there is no entry of glucose from the liver. 
Hepatic glucose production was measured by the isotope dilution 
technique using [3-3H]glucose (Amersham Inc., Amersham, Bucks, 
UK) (99.6 % purity) administered as a primed-constant 
(0.25 gCi/min) infusion. The priming dose was adjusted for the de- 
gree of fasting hyperglycaemia. After a 150-rain tracer equilibration 
period, the insulin infusion was started. Blood samples for determi- 
nation of insulin and [3-3H]glucose specific activity was obtained in 
the basal state and at 15-rain intervals throughout the insulin clamp. 

Indirect calorimetry was employed for 60 rain in the basal state 
and during the last 60 min of the insulin clamp to estimate net rates 
of carbohydrate and lipid oxidation. A computerized, open-circuit 
system was used to measure gas exchange through a transparent 
plastic canopy (Deltatrac; Datex, Helsinki, Finland) [22]. The moni- 
tor has a precision of 2.6 % for oxygen consumption and 1.0 % for 
carbon dioxide production. Protein oxidation was calculated from 
the urinary urea nitrogen excretion obtained before and during the 
insulin clamp and corrected for changes in the urea pool [23]. 
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Lean body mass was determined by the tritiated water technique 
[24]. Briefly, 40 gCi of tritiated water (Amersham) diluted in 0.9 % 
NaC1 was given as an i. v. injection. Blood samples for determination 
of tritiated water specific activity in plasma were drawn before and 
80,100 and 120 rain after the injection. 

Analytical determinations 

The plasma glucose concentration was measured in duplicate by the 
glucose oxidase method on a Beckman glucose analyzer II (Beck- 
man Instruments, Fullerton, Calif., USA). S-insulin was measured 
by a double-antibody radioimmunoassay (Pharmacia, Uppsala, 
Sweden). S-triglycerides, s-cholesterol and HDL-cholesterol were 
determined by a commercially available enzymatic method 
(Boehringer Mannheim, FRG). Plasma NEFA were measured 
with the microfluorometric method described by Miles et al. [25]. 
[3-3H]glucose specific activity was measured in duplicate on super- 
natant of 0.5 tool/1 perchloric acid extracts of plasma samples, after 
evaporation of radiolabelled water. 

Calculations 

Basal hepatic glucose production was calculated by dividing the 
[3-3H]glucose infusion rate by the steady-state plateau of [3-3H]glu - 
cose specific activity acllieved during the last 30 rain of the basal 
tracer infusion period. After administration of insulin and glucose, a 
non-steady-state condition in glucose specific activity exists, and the 
rate of glucose appearance was calculated by a two compartment 
model [26]. The infusion rate of cold glucose was integrated over 
20 min intervals and subtracted from the total rate of glucose ap- 
pearance to obtain hepatic glucose production rate. However, under 
conditions of hyperinsulinaemia and high glucose utilization, as 
present during a euglycaemic clamp, the two compartment model 
has been shown to underestimate glucose disposal [27]. The under- 
estimation is probably due to expansion in the glucose pool which is 
attenuated at high glucose utilization rates. This will result in physi- 
ologically impossible negative hepatic glucose production rates. Ne- 
gative rates of endogenous (hepatic) glucose production were occa- 
sional observed during the second hour of the insulin clamp. These 
values were taken to indicate that hepatic glucose production was 
completely suppressed. Total body glucose metabolism was calcu- 
lated by adding the mean rate of hepatic glucose production (if a 
positive number) during the last 60 rain of each insulin clamp step to 
the mean exogenous glucose infusion rate required to maintain eu- 
glycaemia during the same period. Non-oxidative glucose metabo- 
lism was calculated as the difference between total body gIucose up- 
take and glucose oxidation, as determined by indirect calorimetry. 

Substrate oxidation: Net glucose and lipid oxidation rates were 
calculated from indirect calorimetric measurements in the basal 
state and during the last 60 rain of each insulin clamp. The constants 
to calculated glucose, lipid and protein oxidation have been reported 
previously [21]. Net lipid oxidation was converted to moles by divid- 
ing by the molecular weight ofpalmitate (tool wt. 256). At a non-pro- 
tein respiratory quotient greater than 1.0, the equation for the calcu- 
lation of substrate oxidation remains valid; the remaining negative 
value for lipid oxidation is, in fact, equivalent to net fat synthesis. 

Total body water was calculated from steady-state kinetic data 
assuming that i ml of plasma contains 93 % water. Lean body mass 
(LBM) was obtained by dividing total body water by 0.73, since the 
LBM contains approximately 73 % water. Fat mass was calculated as 
the difference between body weight and LBM. 

Statistical analysis 

Data are expressed as mean _+ SEM. The significance of differences 
between experiments were tested by Mann-Whitney U test using 
BMDP statistical package (Biomedical statistical program) [28]. 
Scheff6's method was used for multiple comparisons. Correlations 
were tested by linear regression analyses. Since triglycerides were 



1142 

Table 1. Clinical characteristics of subjects 

Control Type 2 diabetic 
subjects patients without 

hypertrigly- 
ceridaemia 

Type 2 diabetic 
patients with 
hypertrigly- 
ceridaemia 

Number 
(female/male) 17(9/8) 41(15/26) 

Duration of diabetes 
(years) . - 8 _+ 1 

Age (years) 56 _+ 3 58 _+ 1 

Body mass index 
(kg/m 2) 26.0 _+ 0.5 27.0 _+ 0.7 

HbAlc (%) 5.3 _+ 0.3 7.8 _+ 0.2 b 

Serum cholesterol 
(mmot~l) 6.1 _+ 0.3 5.9 -+ 0.2 a 

HDL-cholesterol 
(mmol/1) 1.40 _+ 0.09 1.36 -+ 0.05 c 

Serum triglycerides 
(mmol/1) 1.2 + 0.1 1.4 -+ 0.1 d 

Fat mass (%) 33-+2 34_+2 

39(22/17) 

9_+1 

59_+1 

27.4 _+ 0.5 

8.0_+0.2 b 

7.1 -+ 0.3 a 

1.16 -+ 0.05 b 

3.2 _+ 0.2 b 

37-+2 

p < 0.05, b p < 0.01 vs control subjects; 
c p < 0.05, d p < 0.01 VS diabetic patients with hypertriglyceridaemia. 
Values are mean -+ SEM 

Table 2. Plasma glucose, serum insulin and non-esterified fatty acid 
concentrations (NEFA) measured in the basal state and during the 
clamp 

Control Type 2 diabetic Type 2 diabetic 
subjects patients without patients with 

hypertrigly- hypertrigly- 
ceridaemia ceridaemia 

Basal glucose 
(mmol/1) 5.1 • 0.5 10.7 + 0.7 a 11.4 _+ 0.5 ~ 

Clamp glucose 
(mmol/1) 4.9_+0.1 5.7 +0.F 6.0+-0.1" 

Basal insulin 
(pmol/1) 37 + 5 67 + 6 c 102 + 14 a 

Clamp insulin 
(pmol/1) 568 + 30 598 -+ 22 643 + 23 

Basal NEFA 
(gmol/1) 669 + 43 676 + 30 760 + 34 

Clamp NEFA 
(gmol/1) 71 + 10 98 _+ 12 b 123 _+ 8" 

p < 0.01 vs control subjects; b p < 0.05 VS diabetic patients with 
hypertriglyceridaemia; c p < 0.01 vs diabetic patients with hyper- 
triglyceridaemia and control subjects. 
Values are mean +_ SEM 

not normally distributed in the control subjects and the HTG pa- 
tients, correlations were calculated after logarithmic transformation 
of the triglycerides. A p value less than 0.05 was considered statisti- 
cally significant. 

Resul ts  

Plasma glucose, NEFA and insulin concentrations 

Basal p lasma glucose concentrations were elevated in the 
diabetic compared  to the control subjects, but there was 
no difference between H T G  and N T G  patients (Table 2). 
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The H T G  group displayed significantly elevated fasting 
insulin values when compared  to the N T G  group and con- 
trol subjects (p < 0.01). Also the N T G  group showed elev- 
ated basal insulin concentrations when compared  to the 
control subjects (p < 0.01). 

During the insulin clamp s-insulin was raised by ap- 
proximately 530 pmol/1 in all groups achieving similar 
steady-state insulin concentrations (Table 2). In the 
diabetic groups plasma glucose declined to approximately 
6 mmol/1 and was kept  at that level during the last 60 min 
of the clamp (Table 2). Basal N E F A  levels were similar in 
all groups, whereas the ability of insulin to suppress N E F A  
was impaired in the H T G  group compared  with the N T G  
group (p < 0.05) and control subjects (p < 0.01) (Table 2). 

Glucose and lipid metabolism 

In the basal state both  the H T G  and N T G  groups showed 
similiarly elevated rates of hepatic glucose production 
(22.2 + 0.8 vs 21.1 + 0.8 gmol -kg  L B M  1. min-1) com- 
pared to the control subjects (15.5 + 0.9 gmol-  kg L B M  - 1. 
rain-% p < 0.001). Basal glucose oxidation was equal in 
both  H T G  and N T G  patients (9.3+0.6 vs 9.0+ 
0.5 gmol .kg  L B M - l . m i n - 1 ) ,  which did not differ f rom 
the control subjects (10.0 + 0.5 Bmol. kg L B M -  1. min-  1). 
However,  basal lipid oxidation was increased in H T G  
compared  to N T G  patients (5.5 + 0.2 vs 4.8 + 0.2 ~tmol. kg 
L B M - l . m i n  1; p < 0 . 0 5 )  and the control subjects 
(4.3 + 0.3 gmol-  kg L B M -  1. min-  1; p < 0.01). 

Both diabetic groups were insulin resistant when com- 
pared  to the control subjects. However,  in H T G  patients 
total body glucose metabol ism was impaired even when 
compared  to N T G  patients (27.0_+1.3 vs 31.9_+ 
1.6 gmol .  kg L B M -  1. min-  1; p < 0.05), 

During insufin stimulation there was a two-fold in- 
crease in glucose oxidation in all groups but compared  to 
the healthy control subjects both diabetic groups showed 
impaired stimulation of glucose oxidation by insulin 
(21.4+ 1.4 gmo l . kg  L B M  -1.rain-I ;  p <0.05). Glucose 
oxidation was similar in H T G  and N T G  patients 
(16.9 _+ 0.8 vs 17.2 + 0.7 gmol .  kg L B M -  1. min-  1). 

Suppression of lipid oxidation by insulin was reduced 
in H T G  compared  with N T G  patients (3.5+0.2 vs 
3.0 + 0.2 gmol .  kg L B M  -1. min-1; p < 0.05) and control 
subjects (1.8 -+ 0.4 gmol .  kg L B M -  1. min-  1; p < 0.001). In 
addition, N T G  patients showed enhanced rates of lipid 
oxidation compared  to the control subjects (p < 0.01). 
The reduced total  glucose uptake was due to impaired 
non-oxidative glucose metabolism in H T G  (9.8+ 
1 .0gmol -kg  L B M - l - m i n  -1) vs N T G  patients (14.6_+ 
1.4 gmol .  kg L B M -  1. min-  1; p < 0.01) (Fig, 2.). There  was 
no statistically significant difference in the suppression of 
hepatic glucose production by insulin in H T G  and N T G  
patients (5.0_+0.6 vs 3.8 + 0.5 g m o l . k g  LBM -1.min-1).  
Nevertheless,  the diabetic patients showed an enhanced 
rate of hepatic glucose production compared to the 
control subjects (0.3 -+ 0.2 gmol .  kg L B M - l - m i n - 1 ;  
p < 0.001). 

S-triglycerides correlated with lipid oxidation both in 
the basal state (r = 0.38, p < 0.00i) as well as during the 
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Fig. 1. Total glucose disposal during clamp in healthy control sub- 
jects ( �9 ), in Type 2 diabetic patients with normal triglyceride levels 
([]) and in Type 2 diabetic patients with hypertriglyceridaemia 
( [] ).*p < 0.05 vs patients with normal triglycerides. # # p < 0.01 vs 
control subjects. LBM, Lean body mass 
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Fig.2. Non-oxidative glucose metabolism in healthy control subjects 
( �9 ), in Type 2 diabetic patients with normal triglyceride values ( [] ) 
and in Type 2 diabetic patients with hypertriglyceridaemia ([]). 
**p < 0.01 vs patients with normal triglycerides. # # p < 0.01 vs 
control subjects. LBM, Lean body mass 

clamp (r = 0.51, p < 0.001) (Fig.3). There was an inverse 
correlation between s-triglycerides and basal glucose oxi- 
dation (r = -0.26,p = 0.01) and between basal glucose oxi- 
dation and basal lipid oxidation (r -- -0.46,p < 0.001). Fur- 
thermore, there was an inverse correlation between total 
glucose disposal and s-triglycerides in all subjects (Fig. 4). 
When groups were separately analysed, a correlation be- 
tween the two variables was found both among the control 
subjects (r = - 0.62, p < 0.01) and in the HTG and NTG 
groups combined (r = - 0 . 2 9 ,  p < 0.01). Consequently, 
glucose oxidation during the clamp correlated inversely 
with triglycerides in all s ub j ec t s  ( r  = - 0.34,p < 0.001) and 
with lipid oxidation (r = - 0 . 5 9 ,  p <0.001). Although 
insulinstimulated non-oxidative glucose metabolism 
correlated inversely with s-triglycerides in all subjects 
(r = - 0.37,p < 0.001), no correlation was found in the dif- 
ferent groups analysed separately. There was an inverse 
correlation between lipid oxidation and non-oxida- 
tive glucose metabolism during the clamp in all subjects 
(r = - 0.26, p = 0.01). However, no correlations between 
the two variables were found when different groups were 
analysed separately. 

Energy expenditure 

Basal energy expenditure was increased in HTG com- 
pared with NTG patients (105 + 2 vs 98 + 3 J-kg LBM -1. 
min- 1; p < 0.05) and control subjects (94 + 4 J. kg LBM- 1 
�9 rain-l; p <0.05). During insulin stimulation energy 
expenditure was similar in HTG and NTG patients (104 + 
2 vs 100 + 3 J. kg LBM - 1. min- 1) as well as in control sub- 
jects (99 + 4 J. kg LBM- 1. rain- 1). 

Discuss ion 

In this study Type 2 diabetic patients characterized by 
hypertriglyceridaemia were found to be more insulin re- 
sistant than Type 2 diabetic patients with normal trigly- 
cerides. The further impairment in glucose utilization in 
the HTG patients was mainly accounted for by reduced 
non-oxidative glucose disposal, while glucose oxidation 
was similar in the two diabetic groups. Previously, several 
studies have shown associations between serum lipopro- 
tein concentrations and glucose metabolism [11, 29-31], 
among others a negative correlation between triglycerides 
and glucose uptake has been observed. In the present 
study a negative correlation between total glucose dispo- 
sal and s-triglyceride levels was found in all subjects. 

There are several possible mechanisms that could ex- 
plain the interaction between glucose disposal and trigly- 
cerides. Hypertriglyceridaemia may directly contribute to 
the impairment of insulin action. Plasma triglyceride-rich 
particles might influence the binding of insulin to its re- 
ceptor [32] or interfere with early post-binding steps. In 
vivo, infusion of Intralipid has been shown to impair glu- 
cose disposal [14-18]. Whether this observation is due to 
increased levels of NEFA or triglycerides per se is a matter 
of dispute [14-18]. On the other hand, both hypertrigly- 
ceridaemia and impaired glucose metabolism could be a 
reflection of impaired insulin action. 

In general, hypertriglyceridaemia might be caused by 
increased excretion of VLDL triglycerides from the liver 
or decreased clearance of triglycerides from plasma by re- 
duced action of lipoprotein lipase [33]. Furthermore,i t  has 
been shown that suppression of lipolysis by insulin is re- 
duced in HTG patients, thus providing excess NEFA for 
VLDL-triglyceride formation [11]. The elevated NEFA 
levels could also directly influence glucose metabolism. 
Since, NEFA are the major determinants of lipid oxida- 
tion [34] the HTG patients could be expected to have 
higher rates of lipid oxidation which might directly inter- 
fere with intracellular glucose metabolism. 

In our study, the HTG patients showed elevated clamp 
NEFA concentrations as well as impaired suppression of 
lipid oxidation during insulin stimulation. Furthermore, 
there was a positive correlation between triglycerides and 
lipid oxidation both in the basal state as well as during the 
clamp in the entire study population indicating that hyper- 
triglyceridaemia is associated with increased lipid oxida- 
tion. Does increased lipid oxidation cause decreased glu- 
cose uptake? Almost 30 years ago Randle and coworkers 
[13[ introduced the concept of substrate competition be- 
tween glucose and lipids, based on the finding that in- 
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Fig.3.  Correlation between serum triglycerides and lipid oxidation 
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Fig.4. Correlation between serum triglycerides and total glucose 
metabolism during the last 60 min of the clamp in healthy control 
subjects ( �9 ), Type 2 diabetic patients with hypertriglyceridaemia 
( � 9  and Type 2 diabetic patients with normal triglyceride levels 
(.~) (r = - 0.48, p < 0.001) 

creased lipid oxidation leads to decreased glucose oxida- 
tion in rat heart  and diaphragm. These findings have been 
confirmed in human studies, showing that acute ex- 
perimental  enhancement  of lipid oxidation leads to an im- 
pairment of glucose oxidation [15-18]. Although in the 
present study a negative correlation was found between 
glucose and lipid oxidation, the role of an activated 
Randle cycle as a cause of decreased insulin action in the 
H T G  patients is challenged by the finding that glucose ox- 
idation was not impaired in the H T G  compared to N TG  
patients. 

Is impaired non-oxidative glucose metabolism in 
Type 2 diabetic patients with hypertriglyceridaemia of 
genetic or metabolic origin? Serveral studies have sug- 
gested that NEF A might inhibit the non-oxidative path- 
way of glucose metabolism [15, 17, 18]. Supporting the in 
vivo data, increased NEFA oxidation has been demon- 
strated to inhibit glycogen synthase activity by causing dis- 
sociation of its subnnits in vitro [35]. Accordingly, in the 
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present study, the reduction of insulin action in the H T G  
patients was accounted for by impaired non-oxidative glu- 
cose metabolism. However, there was no correlation be- 
tween triglycerides and non-oxidative glucose metabo- 
lism during the clamp in the H T G  patients but an inverse 
correlation was observed between triglycerides and non- 
oxidative glucose metabolism, as well as between lipid ox- 
idation and non-oxidative glucose metabolism, during the 
clamp for the entire study population. 

However, this cross-sectional study design cannot dif- 
ferentiate between hypertriglyceridaemia inducing in- 
sulin resistance and both hypertriglyceridaemia and in- 
sulin resistance being co-existing corollaries of genetically 
impaired insulin action. Findings in a recent study by Shen 
et al. [36] supports the theory that both reduced glucose 
utilization and hypertriglyceridaemia are co-existing re- 
flections of a genetically determined impairment of in- 
sulin action. In that study, lowering of triglycerides with 
gemfibrozil in Type 2 diabetic patients with hypertrigly- 
ceridaemia did not lead to significant improvement  of the 
mean clearance rate of glucose. Since indirect calorimetry 
was not performed in the study, conclusions on possible ef- 
fects of lowering triglycerides on nonoxidative glucose 
disposal cannot be drawn. 

In conclusion, oxidative substrate competition be- 
tween glucose and lipids does not explain decreased in- 
sulin action in Type 2 diabetic patients with hypertrigly- 
ceridaemia. The observed reduction in non-oxidative 
glucose metabolism may be genetically rather than meta- 
bolically determined. 
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