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Summary. Serum lipoproteins and the heparin-releas- 
able lipoprotein lipase (LPL) activity of adipose tissue 
and skeletal muscle were measured in 36 untreated 
obese patients with Type 2 (insulin-independent) dia- 
betes and the values were compared with those of 
non-diabetic subjects of similar age, sex and relative 
body weight. In diabetic men, the LPL activity of adi- 
pose tissue was significantly reduced when expressed 
per tissue weight or per fat cell (p < 0.01). Diabetic fe- 
males had slightly but not significantly lower LPL ac- 
tivity in adipose tissue than the non-diabetic females. 
The muscle LPL activity was similar in diabetic and 
non-diabetic subjects of both sexes. When the diabet- 
ic men were classified according to fasting blood glu- 
cose, the patients with high glucose levels had lower 
adipose tissue LPL activity than those with moderate 
hyperglycaemia. In both diabetic and non-diabetic 
subjects, there was a significant positive correlation 
between HDL cholesterol concentrations and adi- 
pose tissue LPL activity. It is concluded that Type 2 
diabetes influences adipose tissue LPL activity and 
plasma lipoprotein concentrations and that this effect 
is superimposed on the similar changes produced by 
obesity alone. 
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Serum lipoprotein levels are often altered in Type 2 
(insulin-independent) diabetes although the reported 
data are not totally consistent. Cholesterol and tri- 
glyceride concentrations in whole serum and in very 
low density lipoproteins (VLDL) have been shown to 
be either increased [1, 2] or normal [3], whereas high 

density lipoprotein (HDL) cholesterol values are 
slightly reduced [ 1] or unchanged [3]. The mechanisms 
behind these changes are not fully understood. Since 
simple obesity also influences serum triglyceride, 
VLDL and HDL levels [4, 5], it is often difficult to sep- 
arate out lipoprotein alterations caused by diabetes, 
obesity or other factors. The VLDL production rate is 
enhanced in both Type 2 diabetes and obesity [5-9]. 
The increase of VLDL synthesis is thought to result 
from hyperinsulinism caused by peripheral insulin re- 
sistance and to account for the elevation of serum tri- 
glyceride [9]. 

The lipoprotein alterations of diabetes may also 
be caused by changes in the activity of lipoprotein li- 
pase. This enzyme participates in the regulation of 
plasma levels of both VLDL and HDL [10]. The main 
sources of lipoprotein lipase activity are vascular beds 
of adipose tissue and skeletal muscle. It is well estab- 
lished that adipose tissue lipoprotein lipase activity is 
controlled by insulin; the enzyme activity being low in 
insulin deficiency [11] and during caloric restriction 
[12]. In untreated Type 2 diabetes the lipoprotein li- 
pase activity of adipose tissue is reported to be re- 
duced compared with non-diabetic subjects [13, 14]. 
However, in these studies, the diabetic patients were 
not adequately matched with non-diabetic subjects 
for weight [13] and sex [ 14] both of which are known to 
affect adipose tissue lipoprotein lipase activity [5, 10, 
15]. Furthermore, in the study of Pyk~ilist6 et al. [13], 
some of the non-diabetic control subjects had definite 
hyperlipidaemia. 

This study aims to assess the heparin-releasable 
lipoprotein lipase activity of adipose tissue and skele- 
tal muscle, serum lipids and lipoproteins in untreated 
Type 2 obese diabetics subjects and in normolipid- 
aemic, non-diabetic subjects carefully selected to 
match for age, weight and sex. 
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Table 1. Age, relative body weight, fasting blood glucose and plasma insulin in obese non-diabetic and diabetic subjects 
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No. Age (years) Relative body weight Blood glucose Plasma insulin 
of subjects (%) (mmol/1) (mU/1) 

Males 
Non-diabetic 27 38 ___ 2 156 _+ 7 4.4 _+ 0.1 21 _+ 3 
Diabetic 25 43 + 2 157 _ 6 8.9 _+ 0.7 32 + 3 b 

Females 
Non-Diabetic 22 40 + 2 176 _+ 9 4.3 ___ 0.1 18 + 2 
Diabetic 11 46 _+_ 3 179 _ 12 8.9 + 1.1 32 _+ 8 a 

The results are expressed as mean _+ SEM 
~p < 0.05, bp < 0.01 diabetic versus non-diabetic obese men or women 

Subjects and Methods 

SubJects 

The clinical material included 36 obese diabetic (11 women, 25 
men) and 49 obese non-diabetic (22 women, 27 men) subjects. The 
characteristics of the subjects are presented in Table 1. Relative 
body weight was calculated using Metropolitan Life Insurance 
Tables [16]. Obesity was defined as relative body weight > 120%. 
Diabetes was diagnosed when either fasting blood glucose ex- 
ceeded 6.7 mmol/l or both the 2�89 h or 1 h values during an oral glu- 
cose tolerance test were > 10mmol/l [171. The diabetic patients 
were newly diagnosed and untreated. All control subjects had fast- 
ing blood glucose < 5.6mmol/l and normal oral glucose tolerance 
test (1 h values and maximal value < 10.0retool/1 and 2h value 
< 6.7retool/l) [17] and were normolipidaemic (fasting serum tri- 
glyceride <2.0mmol/1 and cholesterol <7.5retool/I). Twenty- 
three of the 37 diabetic subjects had Type 4, four had Type 2b and 
three subjects Type 5 hyperlipoproteinaemia [18]. All subjects had 
normal liver, thyroid and renal function according to laboratory 
tests and none was known to use regularly alcohol or any drug af- 
fecting lipid metabolism. 

The subjects were studied as out-patients on two consecutive 
mornings. They abstained from all alcoholic beverages for 3 days 
before the study. On the first experimental morning, venous blood 
was taken for the lipid analyses after a 12-h overnight fast. There- 
after, an oral glucose tolerance test (1 g glucose/kg body weight, 
maximal dose 100 g glucose) was performed on each subject. Tissue 
biopsies for the assay of heparin-releasable lipoprotein lipase were 
taken on the following morning, again after a 12-h fast. The pur- 
pose and possible adverse effects were explained to each subject 
and informed consent obtained. 

Assay of Tissue Lipoprotein Lipase Activities 

Heparin-releasable lipoprotein lipase activity was measured from 
needle biopsy specimens of adipose tissue and skeletal muscle. 
Samples of SC adipose tissue were taken from the gluteal region 
and from skeletal muscle on the lateral midpoint of the thigh. The 
skin at both biopsy sites was anaesthetized with 1% lignocaine. Tis- 
sue pieces were put into saline, rinsed, blotted, weighed and imme- 
diately assayed for heparin-releasable lipoprotein lipase activity 
[15]. The enzyme activity was expressed per weight of fresh tissue. 
For adipose tissue the activity is also given per fat cell and per esti- 
mated total body fat mass [19]. Total body fat mass was obtained by 
subtracting estimated lean body mass from actual weight [19]. The 
fat cell size was calculated from the average diameters of the adipo- 
cytes measured by microscopy. The number of fat cells was calcu- 
lated by a Honeywell Bull 66/20 computer [20]. 

Chemical Analyses 

Blood glucose [21] and plasma insulin [22] levels were determined 
from venous blood. The sensitivity of insulin assay was 2mU/1 and 
coefficient of variation 3%. Concentrations of cholesterol (enzy- 
matic colorimetric method, kit 1873/3, Boehringer Mannheim, Di- 
agnostica) and triglyceride [23] were measured from whole serum 
and from separated main lipoprotein fractions (chylomicrons, 
VLDL, LDL and HDL). If the serum showed turbidity or opales- 
cence the chylomicrons were removed at the density of 1.006 g/ml 
by spinning for 30min at 18,000 rev/min using a Type 50 Ti rotor 
(Beckman) in Sorvall OTD 15 preparative ultracentrifuge. There- 
after, VLDL was separated at the density of 1.006 g/ml by spinning 
for 18 h at 40,000 rev/min. LDL was isolated at the solvent density 
of 1.063 g/ml after spinning for 24h at 42,000rev/min [24]. The 
infranatant of the density 1.963 g/ml was taken to contain the HDL 
lipids. 

Statistical Analyses 

The results are expressed as mean + SEM. Statistical analyses 
were carried out using computer programs for unpaired differ- 
ences, unilinear regression and correlation analysis and for analysis 
of covariance. 

Results 

T h e  ave rage  re la t ive  b o d y  w e i g h t  was  s im i l a r  i n  d ia -  
be t i c  a n d  n o n - d i a b e t i c  m e n  a n d  w o m e n ,  r e spec t ive ly  
( T a b l e  1). T h e  d i a b e t i c  p a t i e n t s  h a d  s i g n i f i c a n t l y  h igh -  
er  f a s t i ng  p l a s m a  i n s u l i n  levels  (p < 0.05) t h a n  the  
n o n - d i a b e t i c  con t ro l s  ( T a b l e  1). 

Serum Lipids and Lipoproteins 

T h e  d i a b e t i c  sub jec t s  o f  b o t h  sexes  h a d  h i g h e r  tri- 
g lyce r ide ,  V L D L  a n d  L D L  c o n c e n t r a t i o n s  in  s e r u m  
t h a n  t he  respec t ive  n o n - d i a b e t i c  sub jec t s  ( T a b l e  2). 
T o t a l  cho le s t e ro l  a n d  V L D L  cho le s t e ro l  levels  were  
a l so  e l e v a t e d  in  t he  d i a b e t i c  pa t i en t s .  I n  con t ra s t ,  t he  
H D L  cho le s t e ro l  level  was  d e c r e a s e d  b y  14% (p < 
0.01) i n  d i a b e t i c  m e n  a n d  b y  25% (p < 0.01) i n  d i abe t -  
ic  w o m e n  c o m p a r e d  w i t h  the  r e spec t ive  c o n t r o l  s u b -  
jec t s  ( T a b l e  2). W h e n  the  d i a b e t i c  m e n  were  g r o u p e d  
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Table 2. Triglyceride and cholesterol concentrations in whole serum and in lipoprotein fractions 

Males Females 

Non-diabetic Diabetic Non-diabetic Diabetic 

Triglyceride (mmol/1) 
Total 1.39 • 0.06 3.87 • 0.61 c 1.09 • 0.10 3.79 • 0,94 c 
VLDL 0.88 _+ 0.06 3.12 • 0.48 c 0.64 _+ 0.09 3.03 + 0,59 ~ 
LDL 0.34 • 0.02 0.56 _+ 0.03 ~ 0.31 • 0.02 0.54 • 0.06 c 
HDL 0.17 • 0.01 0.18 _+ 0.07 0.15 + 0.01 0.22 _+ 0.03 a 

Cholesterol (retool/l) 
Total 5.64 _+ 0.18 6.54 • 0.20 ~ 5.56 • 0.19 6.55 ___ 0.80 a 
VLDL 0.55 • 0.04 1.53 _ 0.19 c 0.36 +_ 0.04 1.76 +_ 0.44 ~ 
LDL 3.95 • 0.16 4.02 • 0.26 3.94 -+ 0.18 3.84 + 0.44 
HDL 1.14 +_ 0.04 0.99 • 0.04 b 1.26 • 0.08 0.95 • 0.07 b 

Results are expressed as mean • SEM. 
ap < 0.05, bp < 0.01, Cp < 0.001 compared with non-diabetic men and women 

Table 3. Heparin-releasable lipoprotein lipase activities of  adipose tissue and skeletal muscle in obese non-diabetic and diabetic subjects 

Adipose tissue LPL activity Skeletal muscle LPL activity 

per weight per  cell per total body fat per weight 
(Ixmol N E F A  g -  I h -  i (pmol N E F A  h -  1 cell-  1) (mmol N E F A / h )  (~tmol N E F A  g -  1 h -  1) 

Males 
Non-diabetic 2.16 _+_ 0.26 1.93 • 0.26 84 • 10 0.85 + 0.10 
Diabetic 1.36 • 0.15" 1.08 + 0.14 a 63 _+ 10 0.60 • 0.10 

Females 
Non-diabetic 4.86 • 0.69 4.73 +_ 0.59 203 • 27 0.65 _+ 0.08 
Diabetic 3.39 __ 0.63 3.70 _+ 0.73 160 • 42 0.52 ___ 0.12 

Results are expressed as mean + SEM. 
ap < 0.01 compared with obese non-diabetic men 

on the basis of fasting blood glucose, patients with 
blood glucose above 7.0mmol/l (mean value l 1.2 +_ 
0.7 mmol/1) had significantly higher VLDL triglycer- 
• levels than those with lower fasting blood glucose 
values (mean 5.7 + 0.2mmol/1). Diabetic subjects 
with a fasting blood glucose > 7.0 mmol/1 had signifi- 
cantly lower average HDL cholesterol levels than 
those with a fasting blood glucose < 7 mmol/l  (0.92 
+ 0.08 versus 1.08 +_ 0.06 mmol/1,p < 0.05). 

Tissue Lipoprotein Lipase Activities 

The mean values of heparin-releasable adipose tissue 
lipoprotein lipase (AT-LPL) activity in diabetic pa- 
tients and controls are shown in Table 3. Most diabet- 
ic men had AT-LPL activity below the mean value of 
non-diabetic men. The average AT-LPL activity of di- 
abetic men was decreased by 37% (p < 0.01) per tissue 
Weight and by 44% (p < 0.01) per fat cell. In diabetic 
women on the other hand, the range of individual AT- 
LPL values was similar to that of non-diabetic wom- 
en. The mean AT-LPL activity of diabetic women was 
reduced by 30%/tissue weight and by 22%/fat cell, 
but these changes did not reach statistical significance 

(Table 3). The muscle LPL activity of diabetic patients 
of both sexes was similar to that of non-diabetic sub- 
jects (Table 3). When the diabetic patients were 
grouped by their fasting blood glucose using 
7.0mmol/1 as the dividing point, AT-LPL activity of 
subjects with blood glucose > 7.0mmol/1 was 38% 
(p < 0.05) and skeletal muscle enzyme activity 34% 
(NS) lower than corresponding values in the less hy- 
perglycaemic group, despite similar plasma insulin 
values (33 + 5 versus 32 _+ 4mU/1). 

Interrelations Between Body Weight, Blood Glucose, 
Serum Insulin, Lipoprotein Lipids and Tissue 
LPL Activities 

In non-diabetic subjects, VLDL triglyceride was posi- 
tively correlated with relative body weight (r = 0.42, 
p < 0.01) and basal plasma insulin levels (r = 0.32, 
p < 0.05), whereas HDL cholesterol showed an in- 
verse correlation with relative body weight (r = 

- 0.48, p < 0.01). In contrast, no correlation existed 
between these parameters in diabetic subjects. In both 
non-diabetic and diabetic subjects HDL cholesterol 
correlated inversely with VLDL triglyceride (r = 
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-0 .50 ,p  < 0.001 and r = -0 .53 ,p  < 0.01) but posi- 
tively with adipose tissue LPL activity (r = 0.44, p < 
0.01 and r = 0.41,p < 0.05). Furthermore, in diabetic 
subjects, HDL cholesterol showed a weak but signifi- 
cant negative correlation with blood glucose (r = 
- 0.38,p < 0.05) and plasma insulin (r = - 0.34,p < 
0.05). In non-diabetic subjects, the positive correla- 
tion between HDL cholesterol and adipose tissue 
LPL activity was not influenced by relative body 
weight, blood glucose or plasma insulin. The correla- 
tion fell slightly with VLDL triglyceride as an inde- 
pendent variable (r = 0.30, p < 0.05). On the other 
hand, in the diabetic subjects the relationship be- 
tween HDL cholesterol and adipose tissue LPL was 
weakened when blood glucose was taken into ac- 
count (r --- 0.34, NS). In the combined material, adi- 
pose tissue LPL activity was inversely correlated with 
blood glucose in men (r = - 0.35,p < 0.05) but not in 
women (r = - 0.24, NS). 

D i s c u s s i o n  

The present results show that obese men with Type 2 
diabetes have lower heparin-releasable lipoprotein li- 
pase activity in adipose tissue than non-diabetic men 
with similar relative body weight. Since the more se- 
verely diabetic men also had higher plasma insulin 
levels than the non-diabetic men, the fall of lipopro- 
tein lipase activity cannot be attributed to insulin defi- 
ciency. It is likely that the low LPL activity represents 
one of the many consequences of insulin resistance. 
In contrast to adipose tissue, the skeletal muscle of di- 
abetic men showed only a slight but non-significant 
decrease of heparin-releasable lipoprotein lipase ac- 
tivity. This difference between the two tissues may be 
due either to a lower degree of insulin resistance in 
muscle, or, more likely, a lower insulin sensitivity of 
muscle lipoprotein lipase [11, 12]. 

Diabetic women did not exhibit a significant re- 
duction of adipose tissue lipoprotein lipase activity. 
The reasons for this sex difference are not apparent. A 
low adipose tissue lipoprotein lipase activity in Type 2 
diabetes has been found previously [13, 14] but the di- 
abetic subjects in these studies were not adequately 
matched for body weight [13] and sex [14] with the 
non-diabetic subjects. The present data are compati- 
ble with the observation that, in Type 2 diabetes, the 
clearance of both exogenous and endogenous tri- 
glyceride-rich particles is impaired [25, 26]. 

The prevalence of hypertriglyceridaemia in the 
present material was very high, exceeding the fre- 
quencies reported previously for Type 2 diabetic pa- 
tients [2, 3]. Therefore it may be questioned whether 
the observed deficiency of LPL is in fact accounted 
for by clustering of patients with a primary hypertri- 

glyceridaemia in the obese population rather than be- 
ing due to diabetes itself. The diabetic patients in the 
present study were selected on the basis of obesity and 
this may explain the high prevalence of elevated tri- 
glyceride values. Since hypertriglyceridaemia and 
Type 2 diabetes are inherited as separate entities [27], 
it is likely that this hypertriglyceridaemia was secon- 
dary to diabetes and obesity. This is supported by our 
separate unpublished observation that the adipose 
tissue LPL activity of diabetic subjects is lower than 
that in non-diabetics with a similar degree of hyper- 
triglyceridaemia. 

The diabetic men had decreased heparin-releas- 
able LPL activity in their subcutaneous fat when the 
activity was expressed per unit weight of adipose tis- 
sue. On the other hand, when the enzyme activity was 
calculated per estimated total body fat mass, the total 
LPL activity was slightly higher than previously 
found in normal weight non-diabetic men [28]. There- 
fore the overall VLDL removal efficiency and maxi- 
mal capacity should be theoretically sufficient for the 
adequate clearance of VLDL particles from the circu- 
lation. However, the LPL activity expressed per given 
amount of tissue may be more important than the 
whole body activity as a determinant of the removal 
efficiency. An alternative explanation is that VLDL 
production is so much increased in obese diabetic 
subjects that the removal capacity even when above 
normal is unable to compensate sufficiently without 
elevation of the plasma concentration. This possibili- 
ty is also supported by the kinetic data [8, 9]. The lack 
of correlation between LPL activity and VLDL con- 
centration in diabetic subjects suggests that the rise of 
VLDL concentration is mainly caused by increased 
production of VLDL. 

In addition to the increased VLDL concentration, 
the diabetic patients showed significantly lower plas- 
ma HDL concentrations than the weight-matched 
non-diabetic subjects. This abnormality has been pre- 
viously reported in some studies on Type 2 diabetic 
subjects [29-31] but not in all [3, 32, 33]. The variation 
between the results may be due to differences be- 
tween the patients studied. In some studies, the dia- 
betic patients have been compared with non-diabetic 
subjects who had different relative body weights [3, 
29, 32] or no information on body weight was given 
[30]. Other studies have included patients treated with 
either a weight-reducing diet and/or  oral anti-diabet- 
ic drugs (both sulphonylureas and biguanides) [30, 32, 
33]. The possible effects of sulphonylurea treatment 
on plasma HDL cholesterol have not been estab- 
lished. In cross-sectional studies, therapy with sul- 
phonylureas was associated with low HDL values 
[29-31] whereas chlorpropamide treatment for 1 year 
was followed by an increase in plasma HDL [34]. The 
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underlying mechanism behind the fall of HDL in 
Type 2 diabetes is not yet established. It is possible, 
however, that the decrease of LPL activity partly ac- 
counts for this change. 
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