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Plasma lipids and VLDL and HDL composition were studied in a control group
of 20 non diabetic subjects and in 31 male middle-age patients with non-insulin
dependent diabetes treated by oral hypoglycemic agent glibenclamide and a weight
maintaining diet. Data for the diabetics were separated based on haemoglobin Ajc of
less or greater than 7 %. VLDL composition abnormalities were more frequent in the
diabetic patients with HbAic of > 7 %. VLDL-cholesterol, VLDL-triglycerides and
VLDL-phospholipids were high in all diabetics whereas VLDL-apo B increased only
in diabetics with HbAic > 7 %. Apo CII and apo CIII levels and also apo CH/apo
CIII ratio were also reduced in the diabetic patients with HbAic levels of more than
7 %. Increases in the apo E and apo E/apo C ratio were also seen in the more hyper­
glycemic diabetics with HbAic levels > 7 %. In contrast apo CII and apo CIII levels
and also Apo CII/Apo CIII ratio remained unaltered in diabetic patients with less
than 7 % HbAic levels. In these patients increases in the apo E levels were found
while the apo E/apo C ratio remained unaltered. All diabetic patients showed
increases in HDL-triglycerides and triglyceride/total cholesterol ratio with respect to
control. Decreases in HDL-apo Al were also seen in both groups of diabetics, but the
HDL-apo AI/HDL-apo All ratio did not differ from control.
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Abnormalities in serum lipoproteins
are frequent and may contribute to the
increased incidence of atherosclerosis in
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diabetic patients (3). Most commonly,
triglyceride-rich lipoproteins are high (7)
and HDL may decrease (2).

It is generally the rule that more mod­
erate degrees of hypertriglyceridaemia
due to accumulation of VLDL in plasma 
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respond to a tightening of diabetic control
(20). In addition in most published
reports a good correlation of HDL com­
position with the control of diabetes was
lacking, because levels of glucose are not
often a valid indicator of metabolic con­
trol in adults due to the changes in renal
threshold associated with diabetic
nephropathy.

Glycated Hb is being used with in­
creased frequency to monitor long-term
blood glucose control in diabetes mellitus
(8). This is the basis for the present report,
which investigates the modifications of
plasma lipids and VLDL and HDL
lipoprotein composition male diabetic
patients with HbAjc < 7 % or AbAjc > 7
% treated by the same oral hypoglycemic
agent glibenclamide and a weight main­
taining diet. Hence all the patients were
well matched with regard to hypo­
glycemic agent and diet.

Materials and Methods

Thirty one diagnosed male patients
from 50-60 years old with non-insulin
dependent diabetes mellitus (Type II dia­
betes), selected by using a table of random
numbers from a diabetic population
(Institute de Diabetologia, Madrid,
Spain), took part in this study. They all 

consented to participate voluntarily in this
study. The diabetic patients were tested
for factors which have an effect on lipid
metabolism (5). Each person was inter­
viewed by an experienced registered nurse
about physical activity, diet, smoking
habits, alcohol consumption and whether
drugs affecting lipid metabolism were
being taken. Age, height, weight and
blood pressure were also recorded.

Table I shows that the three studied
groups, normal subjects and both of the
diabetic groups were well-matched with
regard to age, % of light obese subjects
according to their body max index (BMI)
calculated as weight (kg) divided by
height (m) (19); % of light smokers (10-15
cigarettes day) as described previously (5),
% of light drinkers (daily ethanol intake
lower than 40 g) according to WHO crite­
ria (28) and % of subject with a moderate
physical activity according to WHO crite­
ria (27). Diastolic blood pressure was
lower than 95 mm Hg (25).

Further the patients were divided in
two groups according to their HbAic lev­
els, less or more than 7 %. A 7 % of gly­
cated haemoglobin as a cut off point was
established according to the data reported
in a previous work (23).

The patients were treated by diet and
were administered 15 mg of the oral hypo­
glycemic agent glibenclamide, distributed
in three doses per day.

Diabetic patients

Table I. Percentage of men with moderate physical activity, consuming alcohol or cigarettes, age and
Body Max Index (BMI) of control and diabetic patients.

Values are mean ± SD; n = number of subjects.

Control
(n = 20)

HbA1c<7 %
(n = 14)

HbA1c>7 %
(n = 17)

Age 55.2 ± 0.5 54.8 ±1.3 55.9 ± 0.7
BMI (Kg/m2) 25.8 ± 0.3 26.0 ± 0.2 26.6 ± 0.6
Smokers (10-15 cigarettes/day) 42.0 47.4 45.4
Alcohol intake (< 40 g/day) 25.0 30.0 27.0
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The diabetic patients received a weight
maintaining diet providing 55 % of the
calories as carbohydrate, 30 % as fat (10
% of polyunsaturated fatty acids, 10 % of
monounsaturated fatty acids and 10 % of
saturated fatty acids) 15 % as protein and
30 g/day as fibre.

Blood was collected after 10-12 h fast­
ing in EDTA. VLDL and HDL lipopro­
teins were isolated from plasma according
to procedures described by Havel et al.
(10). Plasma samples were centrifuged in a
Beckman model L8M ultracentrifuge
using a type SW 50.1 rotor.

Triglyceride, phospholipid and total
cholesterol levels in plasma and in the iso­
lated VLDL and HDL lipoproteins frac­
tions were quantified using Enzymatic
Color Kits (Boehringer Mannheim,
GmbH).

VLDL-Apoproteins levels were mea­
sured by polyacrilamide gel electrophore­
sis. Equal volumes of VLDL and tetram­
ethylurea were mixed and centrifuged.
After determination of the protein con­
tent in the supernatant (17), 0.1 mg of the
soluble VLDL-Apoprotein were applied
to polyacrilamide gel columns (c = 7.5 %)
containing 8 mol/L urea and elec­
trophoresis was carried out in order to
determine the apoproteins (apo) CII, CIII
and E according to the method of Kane
(14). The resulting bands were stained
with Coomassie R-250 Brilliant Blue,
(0.25 % in acetic acid) and destained in 7
% acetic acid. The dye uptake was deter­
mined by scanner integrator 570 nm
Preference Sebia Atom.

VLDL-apo B and HDL-apo Al, and
HDL-apo All levels were measured using
the immunoturbidimetric automatized
method standarized by Technicon Lab­
oratory in an Autoanalizer Technicon Ra-
500.

Glycosilated haemoglobin Ajc was sep­
arated by isoelectric focusing of erythro­
cyte haemolysates using the method of
JEPPSON et al. (13), with light modifica­
tions (22). The relative concentration of
HbAic was expressed as a percentage of
the total haemoglobin.

Lipid and Apo quality control was car­
ried out according to the Laboratory
Manual of the Lipid Research Clinics
Program (16). The interassay variation
coefficients were: Total cholesterol 3 %,
Triglycerides 3.4 %, Phospholipids 2.6 %,
HDL-cholesterol 7.3 %, HDLa-choles-
terol 6.8 %, HDL3-cholesterol 5.9 %, apo
Al 7.2 %, apo All 6.9 %, apo B 8.4 % and
HbAic 7.2 %. The recovery rate of total
cholesterol, triglycerides and phospho­
lipids in the isolated VLDL, LDL and
HDL particles, ranged from 99 % to
100 %. A recovery rate of apo B was also
found in the isolated VLDL particles
ranging from 99 % to 100 %.

Statistical analysis was performed using
the Mann-Withney “U” test.

Results

Table II data demonstrate that triglyc­
eride levels rose in both groups of diabetic
patients with respect to control. In
addition, triglyceride levels were also
higher in diabetic with HbAic levels of >
7 % than in diabetics with HbA]C < 7 %.
Decreases in HDLi-cholesterol and
HDLj-cholesterol levels were only seen
in the diabetic patients with HbAic levels
of more than 7 %.

Both groups of diabetic patients, table
III, showed increases in VLDL-choles-
terol, VLDL-triglycerides and VLDL-
phospholipids with respect to control
while VLDL-apo B and cholesterol/
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Diabetic patients

Table II. Glucose concentrations (mg/dl) HbAic levels (%) and Total cholesterol (TC), HDL2-cholesterol
(HDL2-C), HDL3-cholesterol (HDL3-C), Triglycerides (Tg) and Phospholipids (Ph) concentrations (mmol/L)

of the control and male diabetic patients with HbAic <7 % or HbAic >7 %.
Data are mean values ± SEM. n = number of subjects. Statistical analysis was performed using the Mann

Whitney “U" test.

Control
(n = 20)

HbAic <7 %
(n = 14)

HbAic > 7 %
(n = 17)

Glucose 82.12 ± 1.15 140.27 ± 6.80a 192.20 ± 8.80ab
HbAic 5.83 ±0.12 6.52 ±0.15a 8.10 ± 0.23ab
TC 5.27 ±0.10 5.68 ± 0.16 5.73 ± 0.36
HDL2-C 0.56 ± 0.02 0.57 ± 0.03 0.40 ± 0.04ab
HDL3-C 0.80 ± 0.03 0.77 ± 0.05 0.57 ± 0.05ab
Tg 0.80 ± 0.03 1.23 ± 0.13a 1.57 ± 0.16ab
Ph 2.54 ± 0.05 2.60 ±0.12 2.58 ± 0.21
ap < 0.010 comparing vs control.
bp < 0.010 comparing diabetic patients with HbAic > 7 % vs diabetic patients with HbA1c < 7 %.

ap < 0.010 comparing vs control.
bp < 0.010 comparing diabetic patients with HbAic > 7 % vs diabetic patients with HbAic < 7 %.

Table III. Plasma VLDL composition of the control and male diabetic patients with HbA-\c < 7 % or
HbAic > 7 %.

VLDL-lipid concentration (mmol/L) VLDL-apos concentration (mg/dL). Data are mean ± SD. n = number
of subjects. Statistical analysis was performed using the Mann Whitney “U” test.

Control
(n = 20)

Diabetic patients

HbAic <7 %
(n = 14)

HbA^ > 7 %
(n = 17)

VLDL-Cholesterol 0.62 ± 0.03 0.83 ± 0.14a 1.35 ± 0.28ab
VLDL-Tryglycerides 0.53 ± 0.04 0.67 ± 0.03a 0.71 ± 0.02a
VLDL-Phospholipids 0.31 ± 0.02 0.49 ± 0.05a 0.58 ± 0.17a
VLDL-Apoprotein B 4.25 ± 0.64 4.88 ± 0.35 9.62 ± 0.34ab
Cholesterol/Tiglycerides ratio 1.17 ±0.20 1.24 ±0.18 1.90 ± 0.10bc
Apoprotein Cll 1.09 ±0.26 1.12 ±0.24 0.48 ± 0.02bc
Apoprotein CIII 4.51 ± 0.47 4.72 ± 0.15a 2.94 ± 0.28ab
Apoprotein E 1.38 ±0.16 11.72 ± 0.15a 1.74±0.22a
Apoprotein E/Apoprotein C ratio 0.23 ± 0.03 0.29 ± 0.04 0.50 ± 0.12ab
Apoprotein Cll/Apoprotein CIII ratio 0.24 ± 0.05 0.24 ± 0.04 0.16 ± 0.02ab

triglycerides ratio increased only in the
diabetic patients with HbAjc levels of
more than 7 %.

These patients with HbA]c > 7 % had
also a high apo E/apo C ratio but a low­

ered apo CH/apo CIII ratio compared to
control. In contrast, apo E/apo C and apo
CH/apo CIII ratios from diabetic patients
with HbAic levels of less than 7 % did not
differ significantly from control.

Rev. esp. Fisiol., 50 (3), 1994



LIPOPROTEINS AND HbAic IN DIABETICS 149

ap < 0.010 comparing vs control.
bp < 0.010 comparing diabetic patients with HbAic > 7 % vs diabetic patients with HbAic< 7 %.

Table IV. Plasma HDL composition of the control and male diabetic patients with HbA-\c < 7 % or
HbAic > 7 %.

HDL-lipid concentration (mmol/L) HDL-apos concentration (mg/dL). Data are mean ± SD. n = Number
of subjects. Statistical analysis was performed using the Mann-Whitney “U" test.

Control
(n = 20)

Diabetic patients

HbA1c<7 %
(n = 14)

HbAic>7%
(n=17)

HDL-Cholesterol 1.38 ±0.03 1.37 ±0.10 1.26 ±0.07
HDL-Tryglycerides 0.13 ±0.02 0.20 ± 0.03a 0.30 ± 0.03ab
HDL-Phospholipids 1.15 ±0.04 1.05±0.04a 0.94 ± 0.09ab
Tiglycerides/Cholesterol ratio 0.09 ± 0.01 0.14±0.04a 0.24 ± 0.02ab
Apoprotein Al 140.51 ±3.80 122.50 ± 1.92a 123.40 ± 6.03a
Apoprotein All 37.80 ± 0.76 36.25 ± 0.70 34.54 ± 1.50
Apoprotein Al/Apoprotein All ratio 3.72 ± 0.39 3.38 ± 0.40 3.57 ± 0.52

Furthermore cholesterol/triglyceride
ratio were increased in diabetic patients
with higher HbAjc levels compared to dia­
betics with lower HbAic levels. Increases
in the apo E/apo C ratio were also seen in
diabetics with HbA]C of more than 7 %
compared to diabetics with HbAic of less
than 7 %. apo CH/apo CIII ratio de­
creased in diabetic patients with HbAic >
7 % with respect to diabetics with HbAic
< 7 %.

Both groups of diabetic patients, Table
IV, showed increases in HDL-triglyc-
erides and triglycerides/cholesterol ratio
with respect to control. Decreases in
HDL-apo Al were also seen in both
groups of diabetic patients compared to
control, while HDL-apo All and HDL-
apo AI/HDL-apo All ratio did not differ
significantly from control.

Discussion

In this work, plasma triglycerides were
high in both groups of diabetic patients
with respect to control and in diabetics 

with HbAic levels of > 7 % compared to
diabetics with HbAic < 7 %. These results
were in agreement with those found pre­
viously (6, 7, 20).

In agreement with the findings of
Ishibashi et al. (12) in the patients with
HbAic > 7 % a lowered significant apo
CH/apo CIII ratio was found. In addition
these patients had a high apo E/apo C
ratio, elevated cholesterol/triglyceride
ratio and increased apo B in VLDL, which
are assumed to reflect a tendency to raise
the concentration of remnant particles
(11). This accumulation of remnant parti­
cles implies an alteration in the catabolic
pathway of triglyceride-rich-lipoproteins.
One explanation may be the altered distri­
bution of apo C in VLDL, favouring a
reduced activity of lipoprotein lipase (26).
Another possibility is an altered turnover
rate of apo B (24). In normal subjects rem­
nant particles are rapidly removed by the
splachnic region, but in the insulin-resis­
tant state, this uptake is significantly
reduced (15). Remnant particles are capa­
ble of crossing the capillary endothelial
barrier (21) and can bind to specific recep­
tors at the smooth muscle cells (1). Their 
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uptake by peripheral tissues could provide
an increased supply of cholesterol to those
peripheral tissues (9) and may contribute
to increased cardiovascular risk in dia­
betes.

In contrast, diabetic patients with
HbAjC levels of less than 7 % showed an
improvement in the apo composition. An
analysis of soluble VLDL-apo reported
similar composition between these diabet­
ic patients and control subjects.

The apo CH/apo CIII ratio and apo
E/apo C ratio were also not significantly
different from those of the controls. In
addition VLDL-apo B and cholesterol/-
triglyceride ratio were also not signifi­
cantly different. These results may be
associated with a better clearance of
VLDL. The improvement in the catabolic
pathway of triglyceride-rich lipoproteins
could reflect a lowering of the remnant
particle concentrations and decreased car­
diovascular risk in diabetic patients with
HbAic levels of less than 7 %.

In agreement with the findings of
SCHONFELD et al. (24) both groups of dia­
betic patients showed enriched triglyc­
eride HDL.

Our data suggesting that HDL from
diabetic patients was enriched in triglyc­
erides support the finding of NlLSSON-
Ehle (18) that type II diabetes is associat­
ed with increases in HDL-triglycerides
although the amount of HDL particles
remains unaffected.

On the other hand both groups of dia­
betic patients showed decreases in HDL-
apo Al,- while HDL-apo II and HDL-apo
AI/HDL-apo All did not differ from
control. Castelli et aL (4) found de­
creased levels of HDL-apo Al in diabetic
patients.

The presented data demonstrate that
HDL2-cholesterol and HDLj-cholesterol
plasma levels were only decreased in dia­

betic patients with HbAic levels of > 7 %
compared to control. These data suggest
the existence of impaired catabolism of
triglyceride rich lipoproteins in this group
of diabetic patients as described before.
These results allow us to point out the
usefulness of HbAic determination and it
could be a reference value of the lipid
metabolism status in Type II diabetic
patients, treated by the oral hypoglycemic
agent glibenclamide and a weight main­
taining diet.
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M. SANCHEZ-CABEZUDO, S. RODE­
NAS y C. CUESTA. Composition anormal de
las lipoproteinas plasmaticas relationada con los
niveles de HbA\c en diabeticos no insulino
dependientes. Rev. esp. Fisiol. (J. Physiol.
Biochem.), 50 (3), 145-152, 1994.

Se estudian los niveles de h'pidos y la com-
posicion de las VLDL y HDL plasmaticas en
varones varones no diabeticos (control, n = 20)
y en pacientes diabeticos no insulino depen­
dientes (n = 31) de mediana edad tratados con
un hipoglucemiante oral glibenclamide y dieta
para mantener un peso adecuado. Los pa­
cientes diabeticos se subdividieron en dos gru-
pos en funcion de que el porcentaje de
hemoglobinas glicosiladas HbAic fuese infe­
rior o superior al 7 %. Las alteraciones de la
VLDL son mas frecuentes en los pacientes dia­
beticos con HbAic > 7 %. Las VLDL-coles-
terol, VLDL-trigliceridos y VLDL-fosfolipi-
dos se incrementan en todos los pacientes dia­
beticos, mientras que la VLDL-Apo B se
incrementa solo en los diabeticos con HbA)C >
7 %. Estos pacientes presentan tambien dis-
minuidos los niveles de apo-CII, apo-CIII y la
relacion apo-CII/apo-CIII junto con un incre-
mento en la apo-E y en la relacion apo-E/apo-
C. No obstante la concentracion de apo-CII y
apo-CIII y la relacion apo-CII/apo-CIII per-
manecen inalteradas en los pacientes diabeticos 
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con niveles de HbAic menores al 7 %. En estos
pacientes se observan incrementos de apo-E,
mientras que la relacion apo-E/apo-C no se
altera. Todos los diabeticos presentan aumen-
tada la concentracion de HDL-trigliceridos y
la proporcion trigliceridos/colesterol total con
respecto al control. En ambos grupos de dia­
beticos se observa un descenso de HDL-apo
Al aunque la relacion HDL-apo AI/HDL-apo
All no difiere del grupo control.

Palabras clave: HbAic, Lipoprotefnas, Apopro-
tei'nas, Diabetes Tipo II.
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