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Summary. The purpose of the present investigation 
was the study of HDL lipoprotein changes in pa- 
tients with diabetes mellitus. The comparison was 
made between 40 normal and 109 diabetic subjects 
and the following data was obtained: relative HDL 
concentration (polyacrylamide gel electrophoresis), 
HDL-cholesterol and apolipoprotein A concentra- 
tions. We found significant decreases in HDL 
(18-28%) and HDL-cholesterol (31-40 rag/ 
100 ml) in most diabetics except in those with nor- 
malized serum levels of glucose and lipids (34% and 
50 rag/100 ml respectively). There was a statistically 
significant difference in HDL and HDL-cholesterol 
concentrations between patients in the latter group 
and other diabetic patients. There was a negative 
correlation between HDL and HDL-cholesterol and 
serum glucose levels. No statistically significant dif- 
ference was found when apolipoprotein A was com- 
pared in normal and diabetic subjects. Our results 
suggest that a deficient binding of cholesterol to 
apoprotein A might be present in diabetes. 

Key words: High density lipoproteins (HDL), HDL- 
cholesterol, apolipoprotein A ,  serum glucose, dia- 
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It is generally accepted that diabetics may have in- 
creased serum lipids and lipoproteins and a greater 
degree of atherosclerosis than normal individuals. 
Very few studies have been done on the phos- 
pholipid and cholesterol content of HDL in diabetic 
patients [1, 2]. These studies have been done in a 
small number of uncontrolled diabetic patients with 
marked hyperlipaemia and have shown a decrease in 

the HDL cholesterol and phospholipid levels, with 
an increase in those levels after control of the dia- 
betes with insulin therapy. 

Recently, there has been an upsurge of interest 
in the study of the role of alpha lipoprotein (HDL) 
in determining the risk of ischaemic heart disease. 
Glomset postulated a role of alpha lipoprotein in 
clearing cholesterol from tissues [3]. Miller and Mil- 
ler [4] found a correlation between a low level of 
HDL and atherosclerotic disease. Rhoads et al. [5] 
described a lower concentration of HDL cholesterol 
levels in individuals with ischaemic heart disease. 
Recently Berg et al. [6] and Albers et al. [7] de- 
scribed a significantly lower concentration of apo- 
protein A-I in patients with coronary heart disease 
when compared with normal individuals. Special at- 
tention to diabetic patients was lacking in these 
studies. 

The present study was undertaken with the pur- 
pose of determining whether similar changes could 
be found among diabetic patients, among whom the 
incidence of atherosclerotic heart disease is defini- 
tively increased [8]. 

Materials and Methods 

Serum Samples 

Serum was obtained from 109 male diabetics who 
had been admitted to the hospital or who were fol- 
lowed regularly in an outpatient clinic. The diag- 
nosis of diabetes had been previously established in 
these patients by the repeated demonstration of 
fasting hyperglycaemia (>  125 mg/dl). In 3 of them, 
chemical diabetes was diagnosed using the criteria of 
Fajans and Conn [9]. If diabetes had its onset before 
age 20, a diagnosis of juvenile onset diabetes was 
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Table 1. Main clinical features of the patients studied 
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Number of Patients in each group 
patients 

Group (2) (3) (4) (5) a 

106 22 27 21 36 
3 1 1 - 1 

Type of diabetes 
Adult onset 
Juvenile onset 

Duration of diabetes 
0-5 years 44 
5-10 years 27 
More than 10 years 38 

Medication 
Insulin + diet 90 
Oral agents + diet 9 
Diet alone 10 

Weight 
Degree of obesity 

Normal 87 
Moderately obese b 14 
Markedly obese ~ 8 

Mean • S. D. (lb) 169 • 30 
Percentage deviation from ideal body weight (xiSE) 4.1 • 1.1 

9 14 7 14 
6 4 10 7 
8 10 4 16 

19 26 15 30 
1 2 2 4 
3 - 4 3 

18 26 15 28 
5 1 5 3 
- 1 1 6 

168 • 24 156 • 20 171 • 34 180 • 34 
3.6 • 1.5 1.3 • 1.9 4.6 • 2.6 6.4 • 2.6 

a For definition of the groups refer to Table 2 
b Between 15-25% above ideal body weight 
c >25% above ideal body weight 

made.  If  the onset was over  age 20, a diagnosis of 
maturi ty  onset  diabetes was made.  Ninety-four  per-  
cent of the patients were on no other  medicat ion ex- 
cept the one prescribed for diabetes control. The  re- 
mainder  were also taking ant• or  anti- 
l ipaemic medication. 

The mean  age of the patient  group was 50.1 
years and the range was f rom 28 -77  years. The  
mean  weight of the group was 169 + 30 lb and the 
range was f rom 120-245 lb. 

Serum samples f rom 40 control males with ver-  
ified normal  values of serum lipids, l ipoproteins and 
glucose were collected. Thir ty of the controls had no 
known disease and were under  no medication. The  
remaining ten were patients hospitalized in the ser- 
vices of Urology and Geriatrics with the following 
diseases: prostatic hyper t rophy [4]; pulmonary  
tuberculosis [1], t reated with Isoniazid; chronic 
bronchitis [2] t reated with Tedral  and amino-  
phylline, femur  and tibial fractures [2]; cataract  [1]. 
The mean  age of the control group was 39.0 and the 
range 2 0 - 8 2  years. The  mean  weight of the control 
group was 162 + 22 and the range 110 to 210 lb. 
All b lood samples were  collected after an overnight 
fast. 

Lipoprotein Electrophoresis 
and HDL Determination 
Serum lipoproteins were separated by conventional 
l ipoprotein polyacrylamide gel electrophoresis using 

Sudan Black B as the lipid stain [10, 11]. The  sep- 
arations were scanned with a Quick Scan Den-  
s i tometer  and the relative concentrat ion of H D L  de- 
te rmined f rom the integral values for each fraction 
provided by the scanner. 

Separation of HDL 

H D L  was separated by precipitation of L D L  and 
V L D L  with sodium phosphotungstate  in the pre-  
sence of MgC12, as described by Burnstein [12, 13]. 
We added 100 ~1 of 4% sodium phosphotungstate  
solution and 25 ~tl of 2M MgC12 to 1 ml of serum. 
This resulted in an immediate,  complete  and selec- 
tive precipitation of L D L  and VLDL.  

Sodium phosphotungstate  was used as a pre-  
cipitating agent instead of heparin to avoid the in- 
complete  precipitation that occasionally occurs with 
some preparat ions of heparin [14]. 

T h e  supernatant  was used for determinat ion of 
the cholesterol content of H D L .  In highly lipaemic 
sera, if the initial precipitation was not  complete  (as 
judged by l ipoprotein electrophoresis),  the serum 
was diluted and the procedure  repeated  to ensure a 
complete  precipitation. 

In  order  to determine if the cholesterol determi-  
nation by the method  used in our laboratory was af- 
fected by  the presence of sodium phosphotungsta te  
or magnesium, supernatants  of 10 sera with variable 
cholesterol, triglycerides and glucose concentrations 
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were precipitated with 4% sodium phosphotungstate 
as described above and with heparin (5000 U/ml) in 
the presence of 1M MnCI 2 [14]. We used 40 ~tl of 
heparin and 50 ~tl of 1 M MnC12 for 1 ml of serum. 

Completeness of precipitation by both methods 
was assessed by electrophoresis. Equivalent values 
of cholesterol were found in the supernatants ob- 
tained after precipitation with both precipitating 
agents. 

Quantitative Study of Serum Apolipoprotein A 
(Apo A) 

Apolipoprotein A was determined in normal indi- 
viduals and diabetic subjects by radial immunodiffu- 
sion [15]. Specific antisera to human alpha lipopro- 
tein produced in rabbits was supplied by Behring 
Diagnostics (Lot 2792 C, titre 0.1 U/ml). This anti- 
serum has been characterized by Lee and Alaupovic 
and found to contain antibodies to A apolipoprotein 
only [16]. 

A standard of HDL prepared in our laboratory 
following a method described by Burnstein [12] was 
used. The purity of H D L  standard was demon- 
strated by immunoelectrophoresis [17]. 

Each radial immunodiffusion plate was prepared 
with 16 ml of 1% (w/v) agar-gel solution; the an- 
tiserum concentration used in each plate was 4%. 
The sera samples were diluted to 1 : 10 and 1 : 20 in 
saline and 5 Ixl of the sample applied. Each serum 
sample was tested at least in duplicate in each of the 
above dilutions. The immunological reaction was al- 
lowed to develop at room temperature for 24 to 
48 h. In each plate we included 4 dilutions of the 
HDL standard as references, run in duplicate. The 
plates were washed with several changes of saline 
and finally rinsed overnight with distilled water and 
stained after drying with Coomassie brilliant blue R. 

Protein Determination 

Protein determination of the HDL standard was 
done by the biuret reaction. 
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Glucose Determination 

Glucose levels were assayed using an automated 
method [20]. ~" 

Lipoprotein Ultracentrifugal Separation 

Venous blood samples were collected in EDTA 
(1 mg per ml of blood) from 5 diabetic patients after 
a 12-14 h fast. The plasma was separated by cen- 
trifugation at 2500 rpm for 20 min at 4 ~ C. 

Lipoprotein separation was initiated in the same 
day of collection, by sequential ultracentrifugation. 

Ten ml of plasma were pipetted and overlaid 
with 0.16 M NaC1, pH 9, density 1.006 g/ml. These 
samples were ultracentrifuged at 40000 rpm for 
24 h at 16 ~ C in a type 40 rotor in a Beckman Model 
L5-75 ultracentrifuge. 

The tubes were sliced at the middle of the clear 
zone separating the supra and infranatant. The bot- 
tom fraction was stirred and aspirated to a 10 ml 
volumetric flask. The walls of the tube were careful- 
ly washed with saline and the sample adjusted to a 
final volume of 10 ml. 

Five ml of that fraction containing LDL and 
H D L  lipoproteins were adjusted to a density of 
1.063 g/ml with solid NaC1 and run at 40000 rpm 
during 24 h at 16~ 

The tubes were sliced again in the middle of the 
clear zone separating the supra and infranatant and 
the bottom fraction was transferred to a volumetric 
flask of 5 ml. 

Total plasma, H D L + L D L  fraction and H D L 
fraction were used for cholesterol and apolipopro- 
tein A assay as described. 

Statistical Methods 

Mean differences between groups were tested using 
the two tailed t test. 

The correlation coefficient (r) was determined 
by linear regression analysis. Statistical significance 
of the correlation coefficient was determined by the 
method of Fisher and Yates. 

Cholesterol and Triglyceride Determinations 

Total cholesterol was determined by an automated 
colorimetric method described by Block et al after 
extraction with isopropanol [18]. The cholesterol 
content of H D L  was assayed in a 1 : 10 isopropanol 
extract instead of the usual 1 : 20 extraction done for 
total sera. 

Triglycerides were determined by an automated 
fluorimetric method [19]. 

Results 

We included 149 individuals in the present studies, 
divided into one group of normal subjects and four 
groups of diabetic patients. Table 1 shows a sum- 
mary of clinical data. In Table 2 our laboratory 
studies are summarized. 

Diabetic patients have low levels of HDL and 
HDL-cholesterol. These findings are seen mainly in 
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Table 2. Serum lipids, glucose, HDL, HDL-cholesterol and apolipoprotein A levels in normal and diabetic subjects 

No. of Serum Total Serum Serum Glucose HDL Levels Cholesterol Apolipoprotein 
Subjects Cholesterol Triglycerides (Polyacrylamide Content of A Levels 

Electrophoresis) HDL 
(mg/100 ml) (mg/100 ml) (mg/100 ml) Percentage Values (mg/100 ml) (mg/100 ml) 

Group 1 40 188+29 a 86+32 88+13 38+7.0 53+10 201_+33 
(134-250) b (35-160) (55-108) (25-57) (40.5-74) (121-270) 

Group 2 23 194+40 94+30 101+14 34+8 c 50+10 ~ 203+34 ~ 
(136-247) (30-135) (75-117) (23-55) (34-70) (161-265) 

Group 3 28 197+31 100+26 188+57 28+6 d 40+11 d 187+30 c 
(160-249) (55-147) (126-362) (16-42) (24--66) (121-239) 

Group 4 21 225+50 410+461 110+11 21+70 40+16 a 193+4U 
(132-300) (104-1168) (97-123) (9-33)  (14-74) (120-251) 

Group 5 37 238+45 376+378 197+65 18+7 d 31+90 187___38 c 
(157-329) (114-1885) (126-368) (7-35)  (13-47) (100-270) 

Group 1 - Normal individuals 
Group 2 - Diabetic subjects with normal serum lipid and glucose levels <125 mg/100 ml 
Group 3 - Diabetic subjects with normal serum lipid and increased glucose levels 
Group 4 - Diabetic subjects with increased serum lipid (cholesterol and/or triglycerides) and normal glucose levels 
Group 5 - Diabetic subjects with increased serum lipid (cholesterol and/or triglycerides) and glucose levels 

a mean and standard deviation 
b range 
c N. S. (as compared to Group 1) 
d p<0.001 (as compared to Group 1) 

Table 3. Cholesterol and Apo A levels in total plasma and ultracentrifugal lipoprotein fractions 

Patient Glucose Trigl. Total HDL VLDL LDL Total HDL 
Chol. Chol. Chol. Chol. Apo A Apo A 

rng/100 ml mg/100 ml mg/100 ml mg/100 ml mg/100 ml rag/100 ml mg/100 ml mg/100 ml 

LDL + HDL 
Apo A 
mg/100 ml 

Group 2 
H.L. 89 114 188 53 5 130 180 187 185 
B.V. 124 80 221 46 17 158 190 192 188 

Group 3 
G.B. 140 140 179 44 29 106 200 210 195 
L.B. 254 108 171 39 28 104 220 210 220 

Group 5 
H.M. 239 580 198 30 74 94 225 213 215 

Table 4. Age-related variation of HDL and HDL cholesterol in 
controls 

Age Number HDL HDL 
of Cholesterol percentage 
subjects mg/100 ml (% of total lipid) 

20-30 yearsl6 56+ 12 36+8 
30--40 years 8 52+10" 39+7 a 
40-50years 5 53+ 6 a 40+5 a 
50-60years 6 51+ 8 a 38+8 ~ 
60-82years 5 51_+ 9 a 39+3 a 

a N.S. (as compared with the group with ages between 20-30 
years) 

the  g roup  of  h y p e r g l y c a e m i c  a n d  h y p e r l i p i d a e m i c  
pa t i en t s  ( G r o u p s  3 - 5 ) .  T h e  levels  of  a p o l i p o p r o t e i n  
A d o  no t  show signif icant  d i f fe rences  a m o n g  the  
severa l  g roups  of  ind iv idua l s  i n c l u d e d  in the  s tudy.  

T h e  d i f fe rences  in the  p r o p o r t i o n  of  H D L  l ipo-  
p r o t e i n s  a n d  in the  c o n c e n t r a t i o n  of  H D L - c h o l e s -  
t e ro l  a m o n g  the  d i f fe ren t  g roups  w e r e  s ta t i s t ica l ly  
ana lyzed .  T h e r e  we re  s ignif icant  d i f fe rences  a m o n g  
b o t h  d e t e r m i n a t i o n s  w h e n  n o r m a l s  ( G r o u p  1) we re  
c o m p a r e d  with  d iabe t ics  wi th  e l e v a t e d  s e r u m  glu-  
cose  a n d / o r  l ip id  va lues  ( G r o u p s  3, 4, and  5) whi le  
t h e r e  was no  d i f f e rence  b e t w e e n  n o r m a l s  and  d ia -  
be t ics  wi th  n o r m a l  s e r u m  g lucose  and  l ip id  levels  
( G r o u p  2). 
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Fig. 1. Relation between glucose concentra- 
tions and the percentage value of HDL 
among total lipoproteins. The patients with 
normalized glucose and hyperlipo- 
proteinaemia (Group 4) were excluded 
(n = 128, r = -0.50,  p < 0.01) 
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Statistically significant differences were also 
found when the group of well controlled diabetics 
(Group 2) was compared with the other groups of 
diabetics (3, 4, and 5). This was particularly striking 
in the comparison of Groups 2 and 5. 

Statistical analysis confirmed the apparent lack 
of a significant difference between the apoprotein A 
concentrations in the several groups of patients and 
normal individuals. 

3 2 0  3 6 0  

Fig. 2. Relation between glucose concentra- 
tions and HDL cholesterol levels. The pa- 
tients with normalized glucose and hyper- 
lipoproteinaemia (Group 4) were excluded 
(n -- 128, r = -0.51,  p < 0.01) 

In view of the normal levels of Apo A in diabe- 
tics with low levels of HDL cholesterol, we per- 
formed experiments to determine if, in these pa- 
tients, there was a shift of Apo A from HDL to 
another lipoprotein fraction mainly VLDL. 

In Table 3 our results are summarized. It is ap- 
parent that there is no alteration in the total amount 
of Apo A in each one of the fractions separated by 
ultracentrifugation. As in normals most of the Apo 
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A was in the HDL fraction. The small differences 
that we found are due to the normal variation of the 
method used for Apo A assay. 

The correlations between the several variables 
studied were further explored by linear regression 
analysis comparing glucose concentrations with a) 
percentage value of HDL among total lipoproteins, 
b) HDL-cholesterol, and c) apolipoprotein A con- 
centrations. Some of these studies are graphically il- 
lustrated in Figures 1 and 2. There were negative 
correlations between HDL and HDL-cholesterol 
and glucose levels, but no correlation was apparent 
when apolipoprotein A and glucose concentrations 
were compared. 

Fourteen of the patients were moderately obese. 
They were distributed in groups 2, 3, 4 and 5 and 
their values for HDL cholesterol and HDL percent- 
age were not significantly different from the mean 
values for the non-obese members of the same 
group. Among the eight patients with marked obesi- 
ty, six of them were in Group 5. There was no sig- 
nificant difference between the mean values for 
HDL and HDL-cholesterol for these individuals 
(15% and 29 mg/100 ml) and the non-obese mem- 
bers of Group 5 (18% and 31 mg/100 ml). 

The other two markedly obese individuals were 
in Groups 3 and 4. In both cases, the values for 
HDL (24.8% and 18.7%) and HDL-cholesterol (28 
and 22.5 mg/100ml) were markedly below the 
mean values for the non-obese members of the 
group. 

Discussion 

This study demonstrates that male diabetic patients 
have abnormalities in their HDL-lipoprotein system, 
consisting of a decrease of the percentage value of 
HDL among total lipoproteins and in a decrease of 
HDL-cholesterol. On the contrary, apolipoprotein 
A concentrations were not significantly changed. An 
interesting correlation between other indices of 
metabolic dysfunction and HDL abnormalities ex- 
ists. Well controlled diabetics with normal glucose 
and normal serum lipid levels have normal HDL 
values, while those patients with normal serum 
lipids, but with abnormal glucose concentrations, 
show abnormal HDL values. Furthermore, linear re- 
gression analysis demonstrated a correlation be- 
tween glucose concentration, HDL percentage and 
HDL-cholesterol. 

This finding can be significant considering the 
evidence that has been recently accumulated sug- 
gesting that low alpha cholesterol values are as- 
sociated with atherosclerotic coronary disease [4, 5]. 

The increased incidence of atherosclerotic disease in 
diabetics could then be related to the postulated 
clearing action of alpha lipoprotein on tissue choles- 
terol. 

Recent studies have also shown a correlation be- 
tween HDL cholesterol levels and apolipoprotein 
A-I values [7]. This was not the case in our study, 
but we used an antiserum that would recognize both 
polypeptides of apoprotein A (apo A-I and A-II). It 
is known that the ratio of Apo I to Apo II is very 
important in determining the binding capacity of 
these polypeptides to HDL lipids [21]. 

It is possible that our lack of correlation between 
Apo A concentrations and HDL cholesterol levels 
results from an imbalance of Apo I and Apo II con- 
centrations that somehow would result in a de- 
creased binding capacity for cholesterol. This is a 
point that deserves further investigation. Alterna- 
tively, a possible consequence of the metabolic 
changes occurring in diabetic patients is that the 
availability of cholesterol to apoprotein A decreases. 

One possible criticism of our study is the age dif- 
ference between the group of normal individuals 
and the patient group. However, Berg et al. [6] have 
reported that HDL concentrations, although sex-de- 
pendent, do not vary significantly with age. HDL- 
cholesterol has also been found not to vary with age 
[6] or alternatively, to increase with increasing age 
[14]. In our studies, we saw no age-related changes 
of HDL or HDL-cholesterol in the control group 
(Table 4): Further, in spite of the fact that the ages 
did not differ significantly in the 4 diabetic groups 
(Group 2: 48.8+11.1; Group 3: 52.1+12.6; Group 
4: 48.9+8.5; and Group 5: 50.1+10.3), we saw sig- 
nificant differences in HDL and HDL-cholesterol 
when Group 2 was compared with the others. There 
does not appear to be a major influence of obesity 
on HDL or HDL-cholesterol levels in our studies. 
Occasionally, however, the presence of marked 
obesity was associated with unusually low levels of 
HDL and HDL cholesterol. This observation re- 
quires further study. 

We conclude that HDL and HDL-cholesterol 
levels may be a very critical index of metabolic nor- 
malizatiol~ in diabetics. They provide a better evalu- 
ation than total lipid determinations, since we have 
found that hyperglycaemic and normolipaemic pa- 
tients have significantly lower values for both HDL 
and HDL-cholesterol. 

Finally, the implications of these findings regard- 
ing precise control of blood glucose and its possible 
influence on vascular disease in diabetes deserves 
comment. In view of the fact that HDL-cholesterol 
and percentage is only normalized at plasma glucose 
levels of about 125 mg/100 ml or below (Figs. 1 and 
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2), a strong argument for diabetic management to 
normoglycaemia can be made. If the postulate of 
Miller et al that lowered alpha lipoprotein relates to 
cholesterol clearing from tissues is correct, then nor- 
malization of this value in diabetics, a group highly 
susceptible to atherosclerosis, could be critical in the 
prevention of atherosclerosis. 
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